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The seasonal and annual rainfall of India have been
worked out for each year of the 60;year period from 1901 to
1960 by using the data of abouﬁ 3,000 raingauges distributed
uniformly all over the country. These time series of rain:
fall have been intensely studied by subjecting them to the
latest statistical techniques, This analysis has brought
out that the mean anﬁuai reinfall is 119 cms with a standard
deviation of 9.5 cms, Fisher's measures of Skewness (gi)
and Kurtosis (gz) are not significantly different from
those for the normal distribution. Chi-square test also
generally confirms that the frequency distribution of
these time series is normal for the seasonal and annual
rainfall distributions. Significant increase.of 5 percent
in %0 years' mean is observed in the southwest monsoon and
the annual rainfall; However, the increase of 6 percent
in the post monsoon rainfall is not statistically signi:

ficant, Power spectrum analysis has revealed the presencs
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of 2.3 to 2,5 years' cycle and a weak cycle of about 10 to
15 years,

1. Introduction :

Studies of large scale changes in atmospheric pheno-
mene over wWider areas especially in rainfall and temperatures
are pre-requisite for any p;anning and development of a
country's natural resources. Regional variations of annual
rainfall for British Isles wérg studied by Gregory (1956)
and for Japan by Suzuki (1968)., In this country, variations
in the annual rainfall for some selected stations have been
studied by Jagennathan and Parthasarathy (1973). Recently,
Parthasarathy and Dhar (1974) have studied secular varia:
tions of annuel rainfell of the 31 meteorological sub:
divisions of India excluding theltwo island sub=-divisions
of Arabian sea and‘Bay of Bengal, In the present paper,
seasonal and annual rainfall of the country as a whole has

been taken up for a detailed study.

The year as a whole has been divided into four diffe-
rent seasons by the Indian meteorologists as per weather
conditions prevailing in this country. The different
seasons are (i) winter (Jenuvary and February), (ii) summer
(March to May), (iii) southwest monsoon (Jupe to Séptember)
and (iv) post monsoon (October to December). The seasonal
and annual rainfall have been worked out for the country as

a whole for each year of the 60-year period from 1901 to 1960.

The data of about 3,000 raingauges have been utilized in the
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present study. This study could not be brought upto
1970 as rainfall data of all the 3,000 raingauges are
not available in published form for all the meteorolg-

gical sub-divisions of the country beyond 1960 or so,

2, Statistical pardméters of sessonal and anmual rainfall

2.1 Mean rainfall and standard deviation @

Mean seaéonal and annual rainfall have besi. worked
out for the entire country on the basis of about 3,000
raingauge stations uniformly spread all over tﬁe country
for each year of the GO:year period from 1901 to 1960,
Taking into consideration all the rainfall stations in a
meteorological sub:division for a particular season/year,
average rainfall for that sub:division was first worked
out for the different seasons as well as year as a whole,
In this way, average rainfall of all the sub:divisions of
the country (vide Fig.l) was worked out for each season/
year of the So:year period., Knowing the areas of each
Sub;division, weightéd mean rainfall for different
seasons and year as a whole were worked out for the ?ntire
country for each year of the BO:year period, From thé
60:jear series of seasonal/annual rainfall of India, various
statistical parameters were worked out and the same are

given in Table-1, From this table, it is observed that

the mean annual rainfall of the contiguous Indisn area
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is about 118.8 cms with a standard deviation of 9.5 cms and

coefficient of variation is 8 percent.

It is also observed

that about 75 percent of mean annual rainfall occurs in the

southwest monsoon season, and hardly 11 and 10 percent res-

pectively occurs in summer =md post monsoon seasons,

The

winter months of January and February receive only 4 percent

of the mean annual rainfall,

The coeﬁficient of wvariation

values are the highest for the winter and post monsoon seasons

for the country as a whole,

Table~l : Statistical parameters of Indian rainfall,

—

Winter Summer Sw
season Season monsoon
~season
Mean (cm) 4315 . 2232 | BO. T
Percentage of annual Jed {5557 Tha5
Lowest valiie (cm) i P g 856 TOi16
corresponding .year (1902) (1922) -(1918)
Highest value (cm) T20 - 16589 106461
corresponding year (1906) (1933) (1917)
Standard Deviation 148 " - sl T8
ke i (cm) s o
Coeff. of varidtion §5,6,p,ca%§q8p,c, 8.6PsC0
Skewness ( gy ) +0.160 +0,188 ~0,382
Kurtosis ( g, ) 0,597 -0.974 =0.444
g, /5B(g)) 40,533  +0.626 =-1.27T1
g, /SE(g,) -0,892 =1.566 =-0,618
oK 1065 13595 16,67

Statistic
Value

Note : % shows significance at 5

=

percent 1

Post Anmual
monsoorn
“season -
12,23 118,82
10.3 100.00
527 96,10
(1908) (1918)
20,86 14436
(1956) (1917
"3.60 " 9,55
29.4 p.c. 8,0 .p.c
+0.556 +0.154
-0.067 +0,121
~1.,850 0,512
+0.055 " 40,392
17.51" 1.70
evel,
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2.2 Extreme rainfall and the corresponding years

The average annual rainfall of the 60-year period
wes examined in order to have an idea of the extreme values

of ennual rainfall of the gountry;

From these statistics,

the five wettest and driest years have been picked out and

these are shown in Table-2,

Tables2 : Wet'test and driest years of the country,
Serial Wettest years Driest years
Number Year Annual Percentage | Year Annual Percenbage
rainfall of mean rainfall of mean

- {tems) anmual— - |- ~fems)- - - annual-

55 1917 144.6 12157 1918  96.1 80,9

o 1956  139.6 117.5 1920  100.4 84,4

3, 1933  136,3 114.7 1905  102,8 86.5

4. 1955 133.8 112,6 1941  105.6 88.9

B, 185G Azem Tt 1901  106.2 89.4

|

From Table-2, it is seen that the wettest year of 1917

was immediately followed by the driest year of 1918,

In

the case of five wettest years the percentage excess of

rainfall varies from 12 to 22 while in the case of driest

years the percentage deficiency varies from 11 to 19 of the

mean annual,

More details regarding monthly and annual

gtatistics of Indian rainfall are available in the studies

of Dhar, Parthasarathy and Ghose (1974).

299 6



k-

2,3 Frequency distribution of seasonal/fanmual rainfall :

It is essential to know the nature of the fre@uency
distribution of any time series under consideration for the
application of different statistical tests., The series of
seasonal and annual rainfall were tested for normality by
Fisher's statistics g, and gé, where g = m, 3/ (skewness )
and g =m, fﬁéz (Kﬂrt051s), 2, e ‘and m, belng second,
third and fourth moments, and these were compared with

their respective standard errors (SE) as shown in the

equations (1) and (2) Telow :=

& 2 e (N+1) (N+3) s
SE(g, ) 3 3 /5 6(N=2) -
2

B i e \/"(‘N.'Jrn%cw)ff (555) ... (2)
SE (gp) Ay i 24N (N-2) (N-3) ‘

In 2ll the cases, the values of gl/SE(gl) and
gz/SE(gz), given in Tableul, are found to be less than 1, 96
Hence none of these values of g and g2 ig significant at
5 percent level, Thus as judged by the significance of gi

and €5 the seasonal and annual rainfall of Indla ag a whole

is normal.

To confirm the normality of the time series, Chi-Square

test ( 72 test) has also been applied to the annual and
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geasonal rainfall data of Indi=z, The equation used in

applying Chi-Square test is as follows &=~

2 Oy e A ' i i
= { ) 7 i e H 'R R ] (3)
X. Z i leil O_z ey :

In Bq.(3) %2 1is Ghi;Square statisticy o; is obserwved
and ei-iﬂ expected frequencies of the ith elass, The
time series of seasonal and annual rainfall have been
normalised (i.,e., with zero mean and standard deviation
a8 one) and their corresponding freguencies have been
arranged into 10 different classes and their respective
?(2 statistic have been worked out and are given in
Table=1, The degrees of freedog are 7 and _J(2 value: .
at S percent level should be 14.1. However, the e
valﬁés for all the seasons except for post—mongoon season
and for the anmual rainfall are less than 14.1. For the
post-monsoon season, the chi—équa;e value is 17.5 which
is significant at 5 percent level. Hence, for all
practical purposes thé Indian rainfall for the period of
1901 to 1960 is normal and as such all statistical tests
which imply norma;ity of distribution can be applied to

thege time series,

3, Trend analysis :

The trend analysis of the average seasonal/annual
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rainfall of India for the 60-year period from 1901 to 1960

was carried out using the following statistical tests g=-

3;1 Mann-Kendszll rank statistic

The most likely alternative to randomness in a
climatig time seriesi is some form of a_trend which may be
linear or non linear, it 18, thereforg, necessary, to use
tests of ran@qmness to check the trend. Mann;Kendall_rank
method has begn suggested as a powerful test by Kendall and
Stuert (1961). In this case the statistic 7  was computed

by using the following equation :-

j:ﬂ-

1
: 4 n; SRR
T =z ;;; 1 (4)

N (N-1)

where ni_is_tpe number of values larger than i-th values in
the series subsequent to its position in the time series,
For N more than 10, 1) ig distributed normally with mean

zero and standard deviation is ¢

/4ﬂ+m e 8
ON (N-1)

The significance of ’r was tested. 4&s 'f could be

positive or negative, a two-tailed significance test was applied,
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The values of ’r and their significance are given in
Table-3. It is seen that '7d is gignificant for south;
west monsoon seasonal rainfall at 5 percent level and
for ennual rainfall at 1 percent level. In both these

cases an increasing trend is seen.

Table=3 : Mann-Kendall rank statistic test and
student's t=test results.

— o e e mm e e e s O s e e e s e e e e e e e o e e e o e mem e mm e e

. i SW Post-

- Winter Summer S PN o Annual
--------- T R e T ST R e T
Men-Kendall rank -0.0604 +0,0903 40,2169 40,1124  +0,2440
Statistic value
Value of 1901 to 1930 , _ .

Mean (cm) 4319, d2:40 8754, 11,54 116.07

?ta%dard Deviation 1i557 2,286 8.365 %3.815 9.5172
cm) . A

Coeff. of Variation, 37l D.03B.DP»0s 9ebDeli IE2.EDVC 8.2 P.Cos

Values of 1931 to 1960 L ;
Mean (cm) J2 . IR ok 988 12,62 I2L57T

?tagdard Devietion 1405 . 1.959 6.471 BioD 8,701
o e S L L . :
Coeff. of Variation 34.1p.c.15.1p.c, TiOP'c; 26.4p.c, Tolp.e,
Diff. of means of B _ : e . e,
1931"'60 and 1901_3 } -OIO7 +0045 +4133 +Oo77 +5¢49
in cms 5 ot : ) .
Percentage of Dff, =1.8.  £5.6 4.8 464 T 146
Student's t-walue +0,195 0,811 ~2.209% 0.826 =2 287*

— o s emm e mm e mm mm s e mm e mn e smm e e e e Sem e e e e o e e e e e e

Note % Significant at 1 percent level,

#® Significant at 5 percent level,
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2,2 Student's t-test

The World Meteorologlcal Organlzatlon (WMO) have
recommended the use of SO-year averages(l e, 1871-1900, 1901—30
and 1931-60, etc.) for the interpretation of climatological
normals. In the present study the rainfall series of the
period 1901 to 1é6oﬂwas broken into two equal periods,

1901:30 and 1931;60. The significance of difference’ of the
mean between the first and the Seeond period was tested by |
Student's t;test and the magnitude of the gradient ascertained,
Table-3 gives the statistics regarding the means, stan@ard
deviation, coefficient of variation of the two periods, the
differences of the means for the two periods,'percentage of
change per 30 years and Student's t—value for the geasonal

and annual ralnfall of the country. From Table—3 it is
observed that SW monsoon season and annual rainfall changes
are statistically significant at 5 percent level. Percentage
of change varies from -2 percent to +6 percent Though the
change for 30:year mean 1s +6 percent in post monsoon season,

it is_net significant because of very high coefficient of

variation.

3.3 Decadal Averages ¢

The decade averages have been examined to see if they

differ from the mean for the entire period by applying r?:c-e.mei'-'-s

test. Table-4 gives the following statistical parameters for
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each decade, (i) Average ( Ek ) , (ii) Standard
deviation ( s, ), (iii) coefficient of variation

and (iv) Cramer's test statistic ( tk ) where

g n(N-2)
oy v LA | (6)
s N-n (144 ") A

where =n is number of years in sub-group i.e. 10 years
in present case and @& is standard deviation of whole

geries.

and Ak

From the Table-4 it is observed that there is a
gradual increase of decadal averagesin SW monsoon and
annual rainfall from first to last decade except the last
decade (1951—60). The standard deviation of decade léi_Ll_
to 1920 is very high in the case of SW monsoon and annual
ra;nfall because of the occurrences of extreme”rainfal;_
(i.e. wettest and driest years) in ﬁﬁis_decade;_ Decadal
coefficient of variation are large in winter and post
monsoon seasong indicating thereby the unreliability of

rainfall in these two seasons, Cramer's test value

S



L n
= (i.e. comparison of decadal average with the mean of the
whole serles), is slightly smaller than the value 81£n1f1=
cant at_lo_pepcent level in decade 1951—60 of winter, 1947—50

of SW monsoon, and in 1901—10 of post monsocon and annual
reinfall,
Table-4 ¢ Statistical parameters for each decade,

Winter—- Summer-- SW-Monsoen- Post-Mensoon Annual

Decadal-Averages

1901=1910 4516 12,09 86,83 10517 N 1TR06

1911=1920 4.21 12,46 86,89 12,86 117 4%
1921=1930 4,21 11595 88,89 12549 L 53
1931=1940 4a25 12 55U 91,06 12 =45 120,28
1941=1950 4,65 13.14 G517 . LT 122587
1951-1960 545 L9119 91.40 7 15,10 B2 TS
Decadal Std.Dev, 2 " :

1901=1910 1.99 2,06 Ts55 % .80 T.64
1911=1920 1Lsdh 2,06 ¥ 3 4 e 4.14 14,04
1921=1930 L0 Sl 4551 22070 2.68
1931=1940 0.83 2,28 5237 2,68 7259
1941=1950 1.40 1,82 525 s T-06
1951~ 1960 15T 162 193 569 10,80
Decadal - Goeffiof:

vﬂrlation in p.co . ra _

- 1901=1910 47,9 L0 8,6 et 6457
1911=1920 34,6 d ElT i i e BR 2 11,9
1921=19%0 2R 20,0 5a@ R 252
1931=1940 19,7 1855 5.8 219 6.5
1941=1950 - 02 15,8 6.0 2Tas B
1951-1960 45:7 12n3 8_96 2639 : 808

ser 13
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( Table 4 continued)

Decadal tk value

1901-1910 ‘+0i004 =1;010 =1,274 -2:015® =2,055%
1911~1920 +0,122 +1;191 =1.250 +0,603 =0:497
19211930 +0,135 =1,275 =0.355 +0,243 =0.459
1931=1940 +0,220 -0.348 +0.595 0,214 +0,522
19411950 . +1,156 +0.682 +1,543% -0,502 +1.397

Note : @ values slightly less then 10 percent signifi-
cant level,

® significant at 5 percent level.

3,4 Low=pass filter

To understand the nature of the trend, the series
were also subjected to & 'low=pass filt§r3 in order to
supress the high frequency oscillations, The weights used
were nine ordinates oi_the unssian probgbilityzcurve
(;;e.HO.OIQ 0,05, 0,12, 0,20, 0,24, 0,20, 0.12,/0,05 and
0.01). The response curve of the_dauasianilowgfass filter
has a response function that is equal to unity at infinite
vavelength and it tails”off asymptotically to zero with 7
decreasing wave lengths, The response is approximately given

by the equation (WMO-1966)

R(£) = exp ( -2T7°* @& £?) wed 1)
where ¢g2 1is the appropriate standard deviationm, i:e;

6 e = 10 years; it is observed from the filte;-ed series

see 14
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that the trend is not linear but oscillatory consisting of
periods of 10 years length or more., The low-pass filter
curves along actual rainfall values of different seasons and

annual rainfall are shown in Figure-2,

4, ZPower spectrum analysis

Time series of éverage ééasonal and annual ralnfall
were subgected to power spectrum analysis 1n order to see the
perlodlcltles, 1f any. The method followed is that of Blackman _
apd.Tukey (1958) as given in the WMO Technical Note No.T9 (l9§§).
@be“analy51s is carried out in three gtepsog a given time series

of N equally spaced values-of the variate X,

‘(i) Computation of auto-correlation coefficient of series

for.lags zero to m, is given by the formula - -
(F-5) S x; mp - (2% 3 ox.p)
s e .o (8)

[(N'--L}.:y_x?L -y x'i)z:l [(]sr-L) in%n - (ZKl+L)2J

where = rp = auto-correlation coefficient;
N = Number of years‘of data, kil
xi = Variate in "17th ternm, i

L = Period of lags = O, Do 200y B ciow @
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(ii) The cosine transforms of these m + 1 auto-corre-
lation coefficients, are computed to obtain m + 1 raw

spectral estimates of power spectrum.

L=m-1

B, =‘2% Cx ) 11]-_: E r saie O8]
I=1
X L=m-1
o : ™ r ‘ '

R + 2 THE .

B o ~ :EE ry CGos ( ) # — (-1)" ..(9p)
I=1
L=m-1 _ :

e s ‘1 E I »

Em o ‘ [ro + (_l) rm] + _m_ (-"l) I‘L . (90)
om =il

where Bb ig spectral estimate for zero lag and Eh for the
meximum la‘,s.g;'of'.'niI time units.

(xd1) The final spectral estimates are obtained by
smoothing the raw estimates by ads;term weighted average,
- The weights.are equal to 0,25, 0,50 and 0,25 (known as
HWamming method), The smoothing formulas are respectively

ag under -

B, = 0B0(E B ses (102)
8, = 0.25 B, ;+0.50 B; + 0,25 B, ; ... (10Db)
8, = 050 (8 ,+EB ) ees (10c)
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The trend analysis_carried_ogt earlier has shown.
that there is some trend in the serieg; This_means that
power is contained in a very few narrpw_bgﬁds. Such bands
can cause errors in the spectral estimates where there is
less pOWB;_(Jenkins and WattS;i?SS). Hénce, it may be
advanfageoﬁslto filter thé data_@igiéélly in érder to
improve the spectral estlmates at these frequencies, in
thls study the 'dlgltal dlfference fllter' has been employe
to rempvgdlp? frequncy_csql;latlpgs. A difference fllter‘
is defined by the following equation :: :

(11)

where y; is the filtered series and__;t__is.ﬁhe unfiltered
seriesg_ The frequency response function of this filtered
geries is given by the following equation (Jenkins and ﬁa%ts) i=

BR(f) = 2 § exp ( = fw £ fn - ol U1 2]

where } is _ugczfuandw f _is the frequency. This acts

as a '.higl;_l_-Pass filter.' The original rainfall series were
filtered through this_fil#er_andFtﬁe'fiitered serigs t@us‘
obtained were subjected to Powe;_spectrgm_gpalysis? To“achieve
satisfactory resa}utipn in the_spgqﬁ;gm, ?pe_maximum lag m has
been chosén ég 15?__Th§_null hyppthgsis ﬁo:_thempq;poge of the
significance of power in the spectrim was considered in accor;

dance with the fact whether the series revealed any persistence

ase 17
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or not, _in most of the present series %dhewe is no
'Markow-linesr' type persistence. If the lag ome
cerrelatien coefficient wes equal or greater in mag-
nitude than the required value for significance but
higher lag correlation did mot taper off expomentially,
the spectral estimates in the first half of the laags
were tested with reference to the_rgdfnpise spectrum
and the rest against white-noise spectrum, This was
the case in the time series of post monsoon rainfall,
In the absence of any persistence, the spectral esti-

mates were tested against white-noise spectrum, A1l

the filtered series and unfiltered series of indian
rainfall except post monsoon rainfall have been tested

for significance against white-noise spectrum,

Table-5 <« Power spectrum results

- Season Slgnlflcant cycle 1n years
Wifﬂbﬁt with ﬁSing the
- fileer - AT ey
— s W TEm s s o eem Sew e ‘—-f. ——————— | e | — — — —
Winter Ts50@ 2636.
6,008 2148
5.00 2,00%
2,30 _
Summer 3,75 3,758
2,50 2,728
2,508

@8 e
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SW Monsoon 10,00® 2. T2%
2,30% 2,50%%
T 2.30%x%x

2.14x

Post Monscon 15.00% e L

Ta28 3.,00%

3 .00 % 2.,50%

2,30

Anmaal 10,00 2:50%
G [P 2430%%

Vg 2,14%

Note : R Significant at 1 percent level.
% Significant at 5 percent level,

Remaining values aré significant
at 10 percent level,

The results of the power spectrum analysis of ori-
ginal and filtered series results, which are significant
at 10 percent, 5”percept and 1 percent levels, are only
chown in Table-5, Tt is seen from the Table-5 that a
cycle of_2.3 to 2.5 years is seen in all the series of
rainfall, more prominently in the filtered data. Another
eycle of_lﬁ to 15 years is also observed in the original
Series“fgr souﬁh west monsoon, pqst;monsoon_gnd ennual
reinfell, There are o well known oscillations in the

meteorological elements, theyJape_(i) Quasi-biennial
oscillation (Qﬁb)_and (ii) Splar-cycle_ngnspoﬁ'cyqlgla
Ex;stgncs s Qﬁb as wgrld wide phenomena in surface metgo—

rological parameters is well established by Landsbers (1962),

vos 19



In Indian rainfall, the QBO was observed for West :
Coast stations of India by Koteswaram and Alvl (1969),
Bhargava and Bansal (196?), Jagannathan agd_Pgrt@asa:
rathy (;973)9 This QB@ is also seen by Eha;me fl972)

in anzual frequencies of cyclonic disturbances
(storms/depressions) cf Bay of Bengsl and in Palmer
drought indices pf varicus Sub:division of fndia by

Rao et al (l§73); Thgs the analysis made here supportah

the findings cof the cther =E=inerweews research workers,

Studies in the reglonal rainfall of Madras (Tamil Nadu)
by SQQ_Gupta fl957)_showgd that an increase of sunspot
activity is associatad Wiﬁh the decrease of rainfall
and Vice;versa, However, Jaganmathan and Bhalme (lé?B)
showed an increase in W monsoon rainfall at a mumber
of north Indian ;ubmdivisions especially along the foot
of ths H;malayaaa Tﬁe studies of Koteswazram and Alvi
(1969) for a few stations along the West Coast qf‘India
also show the effect of solar cycle on SW monsoon
rainfall, Rao et al (}973) showed -the presence of
solar cycle in Palmer d:gught_indicgg for certain sub;
divisions cf the couﬂtryé ih;s study also indicates
the presence of a weak solar cyclg (sign;ficant at_l@
percent level} in Inﬂian rainfg;;} Studies have also
been made of time series cf Tndian rainfall and sunspot

numbers by subjecting them to cross correlation analysis

a2 0 20 -
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(53 diffgrent lags which have not yielded any fruitful

results, However, this fact requires further examination,

5. GConclusions

The analysis carried out with about 3,000 raingauges
for the period of lé@l to 1960 has shown that the mean annuzl
rainfell for the wheole country is llé cems with a standard
deviation of 9,% cms, 75 percent of the annual rainfall
occurs in southwest monsoon season whereas 11 percent and
10 percern vespectivgly occurs in summer and post monsoon

seasons. The coefficient of variation is very high in winter

and post monsoon seasons, The frequency distribution of time

series cf seasonal and annual rainfall are normally distribu-
ted, Significant increase of é percent in mean SW monsoon
and anngal rainfa}l in 30 years (Viz, 1931:60) hag been
ncticed, However, 6 percent increase in poét monsocn raine-
fall is not statistically significant because of high coeffi-
cient of variation in this season, Gramers},test indicates
that the mean of the decade léOl to lél@ for post monsoon

and annual rainfall are significantly different from the

overall mean for the 60-year period., DPower spectrum analysis

shows QBO and a weak solar cycle;
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Fig. 2(a) . Actual and filtered (Low=pass) rainfall serie of India,
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Fig.2(b) . Actual and filtered (Low-pass) rainfall series of India.




