CHAPTER - VII

PERIODICITY IN YEARLY RAINFALL

113



CHAPTER —- VII

PERIODICITY IN YEARLY RAINFALL

7.1. INTRODUCTION

The rhythmic behaviour of precipitation in India and
elsewhere has more imporiance now a days. While this information
iz of interest, it 'giveé an insiéht into the itemporal wvariaiion
of the rainfall p&ucessn A study aof the iime scale variations
would start wifh time—domain and fregquency domain analyses of data
in time series. These are alse the initial steps in bulding
stochasiic models of titime series. The nalure of relationship
between these rhythmic behaviours in a time sseries of rainfall
data becomes more clear through this Lype of analysis. The first
step of the prediction of rainfall with time series analysis
technique involves a ssarch for perindicities in the historical
records. Periodicities ,if presenit,represeni potential predictive
power for the nature of rainfall during a Ffulure Time period.
Major ressarches for periodicities of rainfall time series and
their associaltion wiith periodicities,luni—-salar and solar—-cycle
phenaomena are now very common in climatological investigation.
Other LThan these periodicities several shorl term cycles which are
known as quasi—biennial,quasi—triennial and gquasi—-five vear elc.
periodicity show significant resulis in mostoef 1the raingauge
stations or métearulugical sub—divisions in India. Suiiable
statistical analysis of time series may prove Lo be ussful in the

sense thal the fluciualtions are unexplainable on the physical
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basis,past history may give some indication aboul the fulure.

In this study an attemplt has bheen made 1o examine the
actual nature of the historical precipiiation time series and 1o
detect ihe periodiciiy in yearly rainfall data al the two stalions
in Cooch Behar district.

7.2. Autocorrelation :

The most cﬁnventinnal method of computing the power
specirum through ithe autocovariance funciion is known as the
lagged product meihod ,referred Lo equally spaced time series of
finite lengih. In this seciion, the Time domain analysis has been
applied to examine the randomness in ithe apnual Fainféll of 1The
two stations in Cuﬁch Behar disiricit wviz. Binhata and Cooch
Behar. In 1lhis situation.available recardé of this natural
phenomenon are limited in lengtih by 88 yesars. These are spaced at
equal time inierval as in year.

We have already discussed in chapler IV of this study
that iLhe annual rainfall al the two stations i.e.at Cooch Behar
and at Dinhata can be considered to follow the normal
distribution. Maximum likelihood estimatnrs have been applied to

estimale the autocorrelalions for lags O To K (KIN) and are given

by
c
r — l‘.
m C
(=)
1 MN-wm
Where cC = = T Oo(x — X))y (X =X
m i t t+m
t=4
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and T{ = ﬂ itL-‘ XL
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r = aulocorrelation coefficient for lag M.

M = total number of yearly rainfalls

& = variate represeniing ith year’s rainfall

X = mean of varialte X

m = period of lag takes the values from OQ,1,2.....¢ K.

Tables — 7.1 and 7.2 show the autocorrelation coefficients for

the>twu time series of rainfall data separately. e have computsd
here the aulocorrelation coefficients up to lag 25 which are
used to test the randomness of the annual rainfall of tThe itwo
stations in Cooch Behar districi.

The standard errors of sample autocorrelalion fqnctiﬂn

are estimated -for esach of the coefficients and are defined by

m-—4 - 1/2
r1+2 = r",_]

l— L=g
v M

Estimate of S.E{rm) =

The computed standard errors of each of the aulocorrslation
coefficients are alse given in Tables— 7.1 & 7.E’Fur the annual

rainfall alt Cooch Behar siation and Dinhata station respecitively.

7.2.1. TEST OF SIGNIFICANCE OF AUTOCORRELATION.

Table 7.1 shows the standard errors of autocorrelation
coefficients which are based on the order of M. On the basis of
the asymptotic normal distribution, The approximaite two—-iailed
critical values for the autocorrelation are = EVT?E which are
known as Bartletl band at the 5 perceni 1level of significance.
Here we have N = 88,s0 the approximalte Bartlett band is Z2.13 at S

percent level. The calculated wvalues of the autocorrelation

116



coefficients do nol fall nui side this band. The auiscorrelaltion
function has the same shape throughoul. This is 1The shape as
characterized by a random process. But in this process,the
critical values are the same ithroughoui. And if we consider the 2
SD band the critical values may be changed accukding to the order
of lag of autocorrelation. However in this cass aisu,we have tLThe
standard errov of each order of lag of aufocorrelation coefficient
as.sﬁated in the table. So,we can easily get the 2 5D of each
order of lag of aulocorrelation coefficieni and it is seen 1hail
the same resulis are oblained. It is To be noted thal the ifws

series appear to salisfy the stationarity condiiion.

7:3. PERIODOGRAM :

To investigate fthe esexistence of any périudic or  any
Juasi—-pariodic fluctuations, The series is subjeci o
periodogram analysis; The usual procedure adopied ;n periodogram

r

analysis is 1Te localte tLThe frequencies xwk} by wusing search

technigue based on a funclion called Lthe periodogram.

Far N observalional data Eﬁ }g,....n.,ﬁq the
periodogram I(w) is defined for all w in Lhw raﬁga -7 = wZ n by
2 ™ igmtwt | &
Icm:TlTxe" e
L=1t

or alternatively I(w) = %l{ﬁ(m)}z + {B(w)3 |

M M
whare Alw} =z ‘.-‘{LcDSEn_w‘L, Blw} =Z }{LsinE’nwt

L=y - L=d
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- Although I{w} is defined for all w in ( - w, @w} we
cannot evaluate it numerically as a conlinuous funclion of w. He

compute it only at a discrete set of frequencies .eg..,e evalfuate

. _ & _ . “H
Ik = ;tﬁci,_ W= q° B G,f,hy...,a.,g
. . . . J&-
arnd then plot Ek against H | _
fHe sheuld rnote here that some autlhors &caEI it
) 2
spactograr. Theycall the graph of I againet the periods “?H ihe

L &
periodogram I
How we consider the standardized form of Lhe periodogranm
= - 2
= i } A<
I (Hk} I;%c,f?

2

Hhere 5 is the variance oFf the iime series and the .

standardized periodogram Is also pletied against the angulfar

freque&cies,%. The true fregquerncies may be lIocated by noting Lhe
pbsitiﬂas of the peafks Im the graph of the st&ndardfred
periodogram ordinates.

Figure 7.1(al) shows the silandardized periodogram of ithe
arpual raintall Lime servies of Cooch Rehar,plotling the
standardized periodogram versus the angular freguencies. And

Figure 7.1(b) shows +the same for Diphata station. From this

graphical representaiion .lhere are observed Tive peaks on iLhe

spectirum of lthe annual raivall al Cooch Beshayr as weil as at Pinhatla

I

station. Besides these peaks there are alse sone small peaks.
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7.3.1. TEST OF SIGNIFICANCE OF SPECTRAL PEAKS.

The significance iési agf speeiral power estimales may be
determined by several metithods.

For tTesiing LThe significance of speciral peak,we
cﬁnsidér ithe test criteridn,suggested‘by Fuller (1??6}. Therefore

for itesiing the Hypothﬂgiz for detecting tThe periodicity i o«

1}

percent leyel of significance and holding simulitansocusly for
standardized périodogram values is given by

|_=_"i
) i lngg@

m

1.7 m

Where Ao=1 - (1 - a) m%

If we put a = 0.05 m = 44 , we getl,
b = 2.158
et
If any standardized periodogram estimalte is greater
than the tesi value,i.s. E.158,it- indicates the presence aof

significant periodicity in Lthe time series. And the period, P,

corresponding to any speciral estimale is given by

Where hk iz the angular freguency corresponding to the

significant speciral pesak in guestion.

A lisi of ‘significant speciral peaks with their
corresponding periods,identified by speciral analysis for bhoth the
stations are given in Table 7.8 and Figures 7.1 (a & b)
illustrate the standardized periodogram of annual rainfall at
Cooch Behar and Dinhala respeciively. The standardized periodeogram

values of ihe remarkable speciral psaks are 2.201,2.624,2.293, and
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2.29%9 corresponding to the periods 2.46467,3.52.4.88% and 22.0 years
respectively. All1 tThe wvalues ' of standardized periodogram are
greater than the hypolthetical value, 2.158. Hence these show the
presence of peaks, significant at 5 percenl level.,at 1the station
of Cooch Behar corresponding o the wave periods in the range
2.6&67 o BE years. These are indicalions of the exisience of
prominent periodicities in The time series of rainfall ait Cooch
Behar stalion.

Mow we come Lo consider the wave period in tLThe tTime
series of rainfall at Dinhala where five remarkable peaks are
under considerationin this analysis.The specltral peaks;in
consideration,with Lheir corresponding periods for Dinhata station
are given in the same table (Table 7.3) . Here the wvalues of
standardized periodogram of remarkable speciral peaks are 2.301,
2.275, 3.831;, 4.117 and 3.438 corresponding to the periods, 2.75,
3.253, 3.52, 14.47 and 29.32 years respeciively. All these wvalues
of the standardized periodogram are grealer than the hypolthetical
value {2.158). These are highly significant at the 3 percent
level. The significant spéctral peaks indicate the prominent
periodicities in The yearly rainfall at Dinhaila.

The extenl and significance of 2.0 - 2.9 years frequency
band have concentrated in this region. The significant peaks at the
approximaltely quasi—biennial nscillatlion (2.2 years} are |
particularly characteristics of Cooch Behar disirict.

The signi?icani quasi-triennial (3.0 - 3.9 years}

periodicity is concentrated alss. Sialions with significant
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quasi—guadrennial ( 4.0 to 4.9 years) oscillation is also
identified in the time series. The quasi—quadrennial uscillatiun
iz approximately quasi-five year oscillalion as the 4.88%9 years
has been considered as 5 years oscillation.

The speciral asnalysis has revealed some interesting
evidence for the 14.47 and 29 years periodicities in  the yearly
rainfall at Dinhata while Z2.0 years periodicity in tThe annual
rainfall =2t Cooch Bshar. Bul the exisience of the 14.47 and 29
years periodicitias a1 Cooch Behar and ithalt of 22.0 years
perigdicity alt Dinhala is not statistically significani.

However the periodicifiy of 14.47 years in tiLThe annual
rainfall series gt Dinhata and ihal of 22.0 years al Cooch Behar
have been found statistically significant in this homogeneous
metsorological region.

So, slightly different pattern for the 10-11 year solar
cycle ocecurs alt the location al Dinhata:but the same w&ve'band is
not significant ait Cooch Behar %tatiann The yearly rainfall
records at Cooch Behar have yielded an evidence for slighily
different patiern of luni—-solar cycle.

The presence of 279 yesars wave is significant at the S
'percent level in the rainfzll of Dinhata station while the
presence of such a period al The other staltion is nol significant.
Moreover, some neighbouring speciral esitimates may also be
considered significant bul to overcome this problem, Qe try to
employ ithe procedure of smoothing tThe periodogram in the next

sub-sectiion.



7.4. SMOOTH SPECTRUM

Smoothing the periodogram is 1o smooth the neighbouring
autocovariances with a tTime domain m;ving avVErage. Every
frequency domain window (moving average} has a time domain
represeniation and reversely.every Llime domain window has a
frequency domain representatiun.

_However,the niew speciral estimales are abilained by
smoothing Lhe raw_estimatés af periodogram by a set of weighls.

Humming estimsates the periodogram by Tuckey-Hamming window
the estimated smoolth periodogram is given by

P N

P} = = {C + 2 Z AN C Cos Znw)
T = |3 k .

K=4

Where Rk is the lag window wilh tfruncation point #
defined alt discrele points k. In 1This compuiaiion tLhe Tukey-
Hanning window has been used as

. Tk
AL = 24 + .4& Cos (Fr), K= M.

Various band width% have been used in this compuiaiion. As
various wave lengihs are detéctgd in the previous section,
progressively larger band widths are employed 1To estimale the
smoolhed speciral density.

The chosen default is & where @ is the cube rool of
the number of obssrvations. Here & is approximately Z20.

Fﬁlluwing the computaltion procedure mentioned above,ws
have Dbtaingd the smoolh spectral estimates at the anéulav

frequency %c.
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The smooih spectrum has heen siandardized. So.,we have.
P(hL)

LR -—

Mherelﬁ? is the variance of the series of X . The
standardized spectrums are used Lo detect tThe peak of the power
specitram for truncation points (M) o There are 1lhree distinct
wave periods in the smoothed speciral densiiy of Lhe .rain?all ail
Cooch Behar station. Bul there are four remarkable spsciral peaks
in the rainfall ét Dinhalta sialion. Thé freguency scale is 1ineal
since the bandwidith is independent of fregquency.

The standardized smooth speclral densily funciions
corresponding to their angular fregquencies are illustrated in
Figures 7.8(a & b) far tThe stations Cooch Behar and Dinhatla
respeciively.

Table 7.4 also presenis the remarkabhle high speciral

peaks corresponding fo their respective periods Ffor bolth 1h

Y

stations.

In the next sub-section ,we adopt a2 test statistic to

I

Ttest the hypathesis for the presence of periodicity in  the

individual rainfall series.

7.4.1. TEST OF SIGMIFICANCE OF SPECTRAL PERKS.

For testing the presenée of periodicity in the rainfall
series,an o significance level holding simulfaneously for M values

af F° (WL) is given by

whers £ o=
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and "d* denotes the degrees of freedom of the spectral window. The
degress of freedom of the lag ‘window is 2.51&4(M/M}. The test
criterion is used to compuite the critical 1limit under Tthe null

hypothesis.'The test has been used by Helmul (17846).

Mow in our assignmeni,we have teo put « = 0.05, H = 20

and N = 88, then we obtain

= Q.
.20

The standardized smooth spectral densilties are employed
- here,to detect the presence of periodicities in the individual

rainfall series.

If any of the speciral estimates 1lies oulside this
critical pcini,it means the presence of significant periodicity
in the rainfall series.

The standard smoothed specirum density values of the
remarkable speciral peaks are 1.771, 1.245 and 1.257 corresponding
to The periods 2.667 , 3.58 and 5.176 respectively in the annual
Fain?all series at Cooch Behar station. &l1 these values are
greatef than the hypoithetical wvalue of Chi—-sgquare at 1the 5
percent level of significance . The resulis give evidence Tor low
band-limited signals near guasi—biennial, Juasi—-iriennial and
quasi~—five year.in the rainfall of this staition. It is obvious
from the Figure 7.2(a) that periodicities greater than quasi—five
year bands are nol statistically significant in the climatoleogical
time series al Cooch Behar station.

But it is interesting to note tithat the eQidence to he
presented laler is more convincing Ffor tithe presence of high
band-limited signal near 18.4 year luni—-solar cycle. The

standardized smoothed speciral densily values of ©The remarkable
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spectral peaks are 0.958, 1.4672, 0.805 and 1.99?2 corresponding 1o
the periods 2.378; 2.52, 8.80 and 17.40 respectively in the annual
rainfall series at Dinhata. &1l Lhese values of Lhe speciral peaksl
are also greater than the hypothetical values of Chi—square ai tLhe
5 percent level of significance. BSo,this smoothed spectrum
consists of one signal induced by the highly resonanit 17.4& year
quasi—-sitanding wave and additionally there are Lhree smaller cycle
terms of near 9 years, guasi—-iriennial and gquasi-biennial in the
annual rainfall at Dinhala stalion.

In this analysis,lhere is a band-limited power near 17.6
years periodicity al Dinhata stalion which yields the evidence aof
slightly different pattern of 18.6 luni-solar cycle but it is not
identified in the rainfall al Cooch Behar. And ihe analysis of tlhe
smooih power spectrum has reported evidence for a signal with
period &.8 years in Lthe rainfzall at Dinhata ,but this period is
not found in the annual rainfall at Cooch Behar station while the
exisience of the guasi-five year oscillation in the rainfall at
Cooch Behar hag been reported by this analysis.Most of the
prncedureé of analysjs are discussed by Jenkins & Waiis (1958},
Priestley (1281) and Chaifie=ld (i982).

So,there are some significant differences ohservad
between Lhe simple periodogram and the smooth spectral estimates.
Bui it is also indicated That the dominance of short duration
fluctuations has Been confirmed by the fwo methods of analysis iﬁ
the individualvrainfall series of The fwo stations. While a lﬂng

duraltion periodicity cannot be ruled out in the annual rainfall in
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Cooch Behar district.

7.3. CONCLUSION.

The spectiral analysis technigue has a very laﬁg history
during which various approaches have been developed for the
computation of Lhe speciral estimates of the ohbserved data. The
simple periodogram analysis and Lhe adlocorrelaltion itransformation
technigque have been used in this siudy.

The quasi—biennial oscillation in the annual rainfall in
this regiﬁn has been indicated prominently. This is in conformiily
with the well known faclt thal guasi-biennial oscillations exisi
in 1tThe several metleorological phenomena over India. The
quasi—triennial and quasi—-five year periodicities are also
identified in the annual rainfall series al tLhese homogeneous
meleorclogical sftations.

The speciral analysis of yearly tolal precipitaltion
records at Cooch Behar yields evidence for 17.& year «cycle
signal. The periodicity of 17.& years wmay approximaiely be
considered as presence of 8.4 years luni-solar cycle. The 10 —11
years solar cycle in the rainfall series have nol been detecled as
such in tThe analysis though approximaltely similar resuli,ths
periodicity of 14.467 years has been found as evidence for a

significant signal.
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TABLE 7.1. Autocorrelation function
& its plotl of yearly rainfall at Coochbehar

- 10
- 11
-08

- 13

AUTOCORRELATIONS
1— 42 .19 0.0 .17
ST.E .11 .11 .11
13-24 .04 .24 .09
ST.E .12 .12 .13
25-25 -—.C2

ST.E. .13

PLOT OF AUTOCORRELATIONS
LAG CCRR.

1 0.120

2 -0.004

3 0.174

4 0.105

5 0.115
& —-0.0282

7 0.007

8 -0.059

2 -0.144

10 0.107

11 0.204

12 -0. 161

13 0.045

14 0.201

15 0.093

1& 0.081

17 0.052

18 0.015

19 0.024
20 -0.009

21 -0.012
2z 0.042
23 - 0.055
24 - 0.017
25 - 0.017

-1.0

11
)
.05

132

-0.8 —0.

—-.0Z
=12
02

=13

8 -0.4
FocnatencnTassstaanataanatacaTaaeFenrFauenFaaat
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02
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-.01 -.02
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A1

-2

20 —.16

2

- i2

.04 —.08 —-.02
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=13

- 13
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TABLE 7.2. Autocorrelation function and its plot of yearly
rainfall at Dinhata. '
AUTOCORRELATIONS

i- 12 .12 .09 .20 .09 -.05 -.21 .04 -.08 —.1&8 .09 .12 —-.13
&T.E. i T I & I b B | N T = L2 12 W12 B2 L 12
13-24 -.G7 .02 .01 —-.0%2 -.07 -.02 .01 -—-.0&6 .07 —-.02 .02 —-.08
ET.E. <12 W13 12 13 .12 1B .43 13 12 13 13 .13

25- 25 .C&
ST.E 13
PLOT OF AUTOCORRELATIONS

-1.0 0.8 -0.6 —0.4 —-0.2 0.0 0.2 0.4 0.6 0.8 1.0
LaG CORR. HuvasFtavantacoeFunnetaecatosateanataoneFonnatonsat
I

1 0.121 I+

2 C.093 Inw +

3 0.203 + I
4 Q.092 I  +
s -0.052 + x=I +
G =0.20% RS +
7 0.040 + I=< +
& -0.0382 +  wmw] +
9 —-0. 163 Fremere I +
10 0.085 + Iseme +
14 G.123 + Inmse +
12 -3.13% + wmw ]I +
12 —0.05464 + ==X +
14 ¢.023 + I +
15 g.015 C ¥ I +
14 -0.094 + owmw] +
17 ~-0.0468 +  owxI +
18 -0.016 + I +
19 0.014 + I +
20 —-0.059 + w1 +
21 " 0.047 + Ixx  +
22 -0.019 + I +
23 G.018 + I +
24 —-0.0746 + ==I +
25 0.0564 + Iww +



3rd
Ath

Sth

3rd

4th

peak
peak
peal
paak

peak

pealk
peak
peak

peak

TABLE

Spectral peaks of standardized periodogram

Cooch Behar

Periodogram Feriod
values
&
2.299 Z2.00
2.293" 4.389
E )
2.425 3.52
2.201" 2.667

# Significant at 5S4 level.

TABLE

Spectral peaks of standardized smoolh spectrum.

Conch Beshar

Spectrum Period
values
s

1.257 5176
&

1.2565 3.52
: =

1.171 2.6467

Dinhata
Periodogram Period
valuesg
£
3438 29.33
.5“
4,117 14 .67
*
5.631 3.52
&

2.275 3.25
2.201" 2.75
. Dinhata
Specltrum Period

values
%
1.929 17 .60
E:=3
G6.805 8.80
=33
1.672 3.5
0.958" 2.37

#8ignificant at 5% level.



STANDARDISED PERIODDGRAM

STANDARDISED PERIODOGRANM
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Figure 3 73l1(a). Standardised Periodogran.
of annual rainfall at Cooch Behar,
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Pigure, 7o.1(b). Standardised Periocdogram
of annual rainfall at Dinhata,.
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Figure, 7.,2(b); Standardised smoothed
spectrum of annual fainfall at Dinhata.
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