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CHARPTER IV

VARIATION OF ANNUAL PRECIPITATION

4.1. INTRODUCTION

In the Terai,égrn—Ciimate zone,above 75X of its annual
rainfall ococours during June to Seplamber. The majior share of the
walter need of this =zone during Lhe entire year has to be msel with
the rainfall that is received during these four monsoon months.
Large variétions in rainfall disltribution have been observed {from
vyear Lo year in this zons. Deficient and excessive rainfall are
the resull of exlremes of the rainfall disiribution.Cooch Behar is
one of the districls which receive 1his lype of varizslions of
rainfall.

Very few studises have been underitaken to tatistically

]

gexamine the interval hkelwesn Succézsive drought years and {lood
years. Here we assume that Lhe drought and flood, 1In meleorology
may be considered as the deficit and excess of average rainfzll
over the historic time series of rainfall. Studies of droughit and
flood from this angle would bring out .mnre diagnostiic feature
which could be ussful in deficgit and excess rainfsall in  this
district.
The main objectives of this chapler are given below :

i} To test the normaliity of time series of rainfall.

ii) To determine Lhe probability distribuiion of time intarvals

between successive deficilt rainfall yesars.
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intervals betwean the successive excess ra
iv) To study the'distribﬁtion of largest intervals of drought and
flood years.
v} To tesil the homogeneily of thé distribution of same event at
differant places.

4.2. INDEX =

dore than 754 of the annual rainfall in Cooch Behar

gccurs in the deep monscen  season months if.e. from Junme Lo

Septembsr. For the purpose of identifing thé gexcess and deficit

vears of rainfall,we inlroduce an index, which is tha

standardized annual rainfall to the time series data. The index,in

the resent study,serve
¥

1]

the reaquiremenis to identify and ta
quantify the behaviour of the rainfall character. This criterion
of rainfall series would express a standardized normal variale and

is defined as

Indanx =
where ¥ is the rainfall in the ith year in terms of annual.
t
X is the mean of annual rainfall over the time frame of the study

A
O .

[

m

BeEr

¢ is the standard deviation of annual rainfall over the study

A desirable condition for 1he propossd index is that it
should be a dimsnsionless number wilh negative and positive sign.
The index should take into account Lthe year io year variability of

rainfall in this district.
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The index would be positive when the ith year rainfall
is greater lthan the mean rainfall and these would be regarded as
the sucess year n?lrainfall. And when the index is negative, the
year would hLe trséted as deficient ysar or drought year.

The index and it; intensity would alszo be considered tp
identify the intensity of drought and flood yesar.

The classificalion of - drought and flood

intensities are shown in Table 4£4.I.

4.3. YEAR OF DROUGHT A ND FLOOD

fhe ldrcuéht years along with their intensities and
ran&ing order to index valuss are given in Tablas 4.2(a}) and 4.2(h}
for the staltions.Cecoch Behar and Dinhata respectively. All  the
drought years for sach of the above mentioned stations are arrangsd
in ascending order of magnitude of the index to their intensities
and are given the rank numbei. The wvalue of the index for
individual year is considered for tfthe ranking. The years which

experienced drought of moderale intensity, are 1201, . 1930, 1232,

1232, 1942, 1947, 1957, 1972, 12772 and 1280 at the Cnﬁch Behar
station where il is ascertainead iﬁ the northern bart'of Cooch
Behar district. In 1his area, 1930 appears to be the worst
affected drought year. At the station Dinhata the ‘moderate

drought years are experienced in the years 1201, 1207, 1214, 1912,
4930, 19332, 1932, 193¢, 1957, 1978 and 1980. 1278 experiences 1o
be the worst drought affected year.

The occurrence of draﬁght in two consecutive years 1is

observed on egighlt occasions at Cooch Behar and four oeccasions at




Dinhata. These are 19202-4,1214-15,1922-23, 1925
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12445—-47 and 1972-7
and 1270-71 zat Dinhaia.

The consscuilive occcurvence of

observed two Limes al Cooch Behar viz. 1928-30

-26,1936-37, 1939-40,

1214—15,19287-30, 1930-51,

droughlt in three years is

and 1?52-534 while

it appear’ at Dinhaia in four times viz. 1917-12,1932-34,1945-47

and 1980-82.
Occurrence of drought in five and

years is

1959-463 and 1275-82 21 the Cooch Behar station.

gccurrence of drought in  four,five and -six
appeared once each tfTime respeclively and

195942, 193640 and 17046—11.
The flood years along wiilh their
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4.3¢b)Y for Cooch

The years which super ced flood of

cbserved ance esach time respectively and thes

eight consecutive

8 Years are
Bult at Dinhata,the

conseculive

the years are

iniensitizss and the

4.3(a) and

Behar and Dinhala stalions respecliiviy.

moderate

ars 1202, 1905, 1904, 19207, 12410, 19215 and 1974 at Cooch Behar and that

-a? Binhata are 1214, 1927,19254 1954, 19732

1977 and 1988.

The severe

flood years sxperienced al Cooch Behar are 1920 and 1788 while at

Dinhatla arse 124%,1974.1984 and 1987. A1  thse

m

1221 appeared toc ke the extreme flood affected
The occurvence of worst flood in Two

observed on three orrcasions at Dinhata and

pee
h

Cooch Bshar. Thase ars 192728,

1210-11 and 1920-21 at Cooch Bshar.

Cooch

Beshar station
YEAIF .

consecutltive years

twp oaccasions at

1273~-74 and 1287-88 3t Dinhala and

intensity



The conseculive three years of moderale flood years are
observed once at sach staticon, 1720-22 at Dinhata and 1905-07 &t
Cooch Behar.

The annual rainfall series of Cooch Eehar are
illustrated in Figure 4.1 and that of Dinhata are given in Figurse
4.2.

It is interssting to nﬁte that thes ariel distance of two

ntensity

Bdo

rain gauge stations is very small,about 15 H.M. bul the

of rainfall differs from each olhser.

4.4. S TATISTI1ICAL PROPERTIES OF T NDEX

We wish to learn somelhing of 1he naturally sccurring
variabilitly of time—avesraged mean by calculating tThe siandard
deviation of the fime aversgese means determined from different
realizations. For these standard deviations teo be truly
representative of naturally occurring variakility, lime averaged
means determined‘ from one reali=zstion should be independent.
Therefore,il is important that the assumplion of the independence
of yearly realizatiun‘is to be reassonable one. Therefore,the indsx
from the realization of annual rainfall is also considered as
independent.
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cal tesi 1o the index,it
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Before applying any stat
necessary to ensure Lthe hamogeneiily of the dats. For this purposs
this inde:x series is divided into two parts.viz. 1901 to 1244 and
1245 to 1288. And Standard Mormal test and Snedecsr’™s F—-test have

been applied to establish the homogeneily of Lhe whole series .Tha



tests are applied 1o these index of annual rainfall data for ithe two

m

" raingauge stations in Cooch Behar district. Test of significanc
for differance of means and test of significance for difference of

standard daviations ars given herewiih.

1.4:.1. TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS.

Lel 7& be the mean of a sample of size n with standard
deviation Ei and letl ?; be The meanADf a sample of size n, with
standard deviatian Sz,Thué,null hypothesis is that 1LThe means of
the two sub-periosds are equal. Under the null hypolhesis the test

statistic becomss

X - %
z = ——* %~ nNO, D
—
g g
-.I.+2
13 H
i 2

The calculated values of mean and standard deviation are
given in Table 4.4. for bolth the rainfall series. The calculated
values of Z for Caoch Behar and Dinhata are 1.37and 1.75
respeciively.Calculated valuss of Z for bolh cases are 1ls2ssz  than
the critical value i.e. 1.94 at 5% level of significance. The
values of Z, then, are nol significant. So, it is, as such, consi-
derad that the two sub—periudé for sach time series do nol signi-

ficanlly differ from each olher.
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4.4.2. TEST OF SIGNIFICAMCE FOR EQGUALITY OF VARIANCES .

Suppose we want to test whether the fwo independent
estimates of Lthe variance are hombgeneous or notl.

Under the null hypothesis that the standard deviations of

two subperiods are equsal the statistic is given by

The greaiter of the two variances is to be taken in the
numerator. The calculated valuss of —siatistic for LThaz 1iTwo
stations are also given in the same table. It is ohserved from
Table 4.4. that the F-Valugs are 1.38 and 1.20. The tabular value
of F is 1.58 with Lhe degrees of Jfresedom 43 and 432 a1 1The 55X
level of significance. The calculaled valus of F is less 1Than the
tabular value of variance ralio at 5% level eof significance wiih

3 and 43 degress fresdom. So.it is not significant,we cannot

reject The null hypothesis that the standard devialions are egual

for these two sub—periods. The resultis are the same for 1LThe two
rainfall indices. Considering these resulis of 1Lhe two tLesls
i.e., %ths mean tesi and the standard deviation tesi,the

homogeneily of the data can be ensurad. So, the ifwo index series
of 88 years are taksn to be homogenepus ts the first and second
hal¥ period.

4.4.3. - MORMALITY TEST

Before studying the long term varialtions in th

recipitation data each rainfall sariss is examined for it
‘- .

2

=1



normality aspect. Though the assumpltion of the normal distribution

of climatic time series may nolt be strictly. trus, for a largs

isn is reasonable. Howsver,we

t-b
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number of variables such an assump

[
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may apply a tast statist ch is known as Geary's test. The lest

critarion deﬁends‘nn the ratio  of the mean deviation to the

standard deviation under the null hypolthesis 1hat a normal

distribution is a valid model io the long term rainfall data.

The test statistic is
ZOX - X |/u .
G = -
frex - % 2/
¥ i ‘

WHhere ¥ = ishrervation of the zseries
N

L= Ipi-:‘;calﬂnnnlrnl.lcllﬁ\,

»
I

]

mean of ths zerice

s
n

Total numbsr of observalions

o the critical values of

b,

From the {ablg of ihe G-statist
the itest For Jifferent number of obssrvations carn be shosm and

the rull hypolhesis may be lested. The normzlity teslt Iz carried
: . .

out Lo the twoe itime series data f.e., the annuzs? rainfall at the

T

17 at Coocch Behar and Dinhatz.

L

Lo raingauge static

He have io begin It a hypolhesisz to be
tested.namely. . hal 2 particular dala set is correcily modeled by a
specitied diitriéutian. I¥ the G value Iis 155; than 0.80 a5 Iin
the éase of annual raiaftall al Cooch Behar,ithe rnature of Lhe
distribution Is sktewed ard Eeptﬂkurtf:.mhfle If the value of & Ix
greater Lthan Q;SO,tbe nature of distribution as in the case  of

arnual raintall at Pinhats is syametric and platykurtic.. But It




may be assumed LThatl approximatel§ the nature of the distribulion
in the lalter case is symmelric and mesokuriic.

So,it may be cnncluded_théi the rainfall time series of
the titwo raingauge statipné approximaltely Follnw..the normal
distribution.

Table 4.5. gives the statiétics af tLhe two‘ annual
rainfall time series where Lhe ﬁean,_the standard deviatltion, tﬁe
mean devialtion and the valus of Geary test with their tabular
values are shown. The nérmal rainfall st Cooch Eehar and Dinhails
are 3532 mm and Z8%5 mm respgttively. The mean ang the standard
devialion at Cooch ﬁehar are greater than(thcse at Dinhaté but in
the case of ihe mz2an devialtion it is rsversed. The-nnrmality test
is carried autl to thé fwo timé series data of annual rainfall. He
héve for the annual rainfall data of Cooch Behar whose mean

deviation and standard devialion are 525.2 and 710 respeclively

and ths valus of G = 0.74. &nd the values of the mean deviation,

the standard deviation and G for Dinhalta centre are 450.58, 540
and 0.81 respeclively.

The totzal number o% observaltions M = 88 'here,ths tabls
value gives a lowsr and upper 2.5 psrcent friiical valuss of
G—test. Theses are approximately .74 and 0.8%5 vespectively. So,our
calculated values of G are within this acceplance region. Then we
may comes to ithe conclusianAthat the.nurmal distribution is shown
to be an acceptable model. Tahle 4.4, gives the values of G and

ogther relaltive statistics.
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4.4.4. RANK CORRELATIOM TEST
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values are also given in that table.

The rank correlation coefficients of the dfaught
sequence at Cooch Behar and of the flood sequence at Dinhata are
very low and their standard ervors are guite high iﬁ relation %o
their respecliive correlation coefficieni. This shows thalt the rank
correlation coefficient in above mentiungd cases are statistically
non—significant.We may come to the tonﬁlusion that the flood
sequence of Dinhala and the drought sequence of Cooch Behar do not
indicate.any trend to the opccurrence - of Fflood at Dinhalta and
drought al Cooch Behar. Thus the droeght at Cooch Eehar and the
flood at Dinhata have Dcﬁurred randomly.

The rank correlation coefficisnt for the droughtl
sequence of Dinhata is eq;al to its 'standard error subsequently
the Z-value is'uné,au we may come 1o the comclusion as described
in ths above case. Thus the drought séquence does not indicale

trend as it is also non—significant.

The rank correlation coafficient of the flood sequence
at Cooch Behar is slightly greater than its standard errvor bul the
Z-value cannot give any significant evidence that we may come 1o
any conclusion reversely.

The analyses aof trend and humogéneity are carried out
in this sub—section in using ths Spsarman rank
correlation,Standard Mormal-test and Snedecor's F-test. These
analyses indicate thal there is no signifTicani change ih rainfall

amounts over Cooach Behar district during last 88 year.
The analyses are in agreement wilth Rac and Jagannathaﬁ
{19463} who obsearved no significant change in rainfall over India

during last 100 years.
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4.5. INTERARRIVAL TIME OF DROUGHT AND FLOOD

The index has the dual purpose for assessing drought
and flood years also with their wvarying intensity. Here,we

lure

f
P

introduce the flood as success evenlt and the rought as §

-

avent in the statistical point of view. On the basis of the value

of the indax.,we have ocbhlained 1tThe basic data of the drought

w

o

sequence ssparaled by drought fres intervals of varying

[

engths.
fnd applying Lthe same method we  would have the flood sequence

vy

¥

"a

separated by flood f res inte nt

=5

(

ls of wvarying lengtlh. ra

un
m
)

-

sub—section of Lthis study initrod

=

ces some sitaltistical teachniguss

[0}

in the analysis of such time intervals. The squalily of the mean
f

o8

nd the variance is an imporiant characieristic o

]

distributltion. Whereas the negative binomial distribulion provides
an excellent model because the distribultion has a variance larger
than the msan. An interesting point is that the mean and the
variance are measured from the origin zero,the mean alone is
affected. éut the wvariance remains unthanged. The distribution of
iﬁﬁerarrival times of drought ar flood sequences;, the zZevg cflass
missing, is assumed 1o be meaningless when we consider to fit  Lthe
praobability distribution on the time interwval belwesn the
successive occurrence of drought or flood sequences. Many research
workers have used differsni statistical melhods to study frequency

ons of drought occurvrences in & fixed interval of tTime

["H
L
e

distributl

or in an interval of wvarying length with the omission of =ero

class. &nd ihe data havs been fitted to Lhe Ppisszson
distribution. Here 1he mean value of ithe Poisson process has a



significant role in delermining the density function for
successive oCcocurrence of drought and Fl&od\ segquences. In
this prncess‘we consider the mean of the Poisson process as a
conatént or as a stochastic process.

)

Now,ths paramatier of a Poisson distribution is & random
variable ha#ing gamma distribulion then.the pfacess is & mixed
Popisson process. Barn Droff-Meilson £ I.1989) confirmed the
resuli. But ihe problem arises wmhen the behavicur of Lthe parampetler
of Poiszson process Is UREKRONR.

In the sampling procedure.fendall arnd Stuart ((I277)
suggested that the arbitrary assumplions aboul the distribulion of
the parameler af the Poisson process are of no use Lo il Lhe daila
on negative binemial distribution. Now we proceed on thiéiangie of
direcliion.

fet ¥ix f r,.pt) denote the probability that there are «x

55 vear in r * x itrial. Noa

N
m

failure years preceding the r—th suc
the Iast trial aust be a success whose probabiiilty iz p. Im  tLhe

remaining {x+*r—31i} irigls (yearsl? we musti have (r—1) success whoss

where - g = I-p
Theretore by compound probabliliity theoren

Tixer,pl is the produclt of these two probabilities,i.e.

v—d ® x#r—I 7 rou
P = r—1 J £ q

Hhich is the required demsity Furnctien of negative



binomial distributlion.

4.5.1 ESTIMATION OF PARAMETERS OF NEGATIVE BINOMIAL DISTRIBUTION

The method of momenis and The maximum likelihood

mathod

have been applied to esiimate the parameters of this distribuiion.

The estimators are unbiased alsg. The estimaticn of r

straight forward. However,the method of moments can be applied

an indirect fashion.

We have to estimalte Lhe parameters for tLhe

i

binomial distribution which are given by

Mean {(u} = 4
_ P
Yariance =13
2
.

Thus, g, 3 and r have been calculaled

phserved freguency distributian by using the

is nolt so
in

nagaltive
from the

sstimates of Lthe mean

and the ariance of the distribution.
The recurrence Félatisn for fitiling the negative
binomial distributlion is given by
flxrt) = T2 00
where x = 0,1,2,.caucunnana
and, ?(é} = p
Subseguently,we g2l Lhe probabilities of each class. The
calculated p%abability of each tlass is muliipliad by the tolal
nﬁmber of frequency. We gel the expeclted frequenciess of esach class
which are presented in Tables 4.7.(a & b} for both drought and

flood Ssquences of the stalions.



4.5.2. GOODNESS OF FIT TEST

& very powerful test for testing Lhe significance of the
discrepancy belween thes theory and experiment is Chi-sguare test of

joodness of Tit.

If, B{i = d;..ce.nt} iz a sei af sxperimential
L :
fraquencies and E1 (i = 17ccuneeati} is Lthe correspending set of
theoratical fregquencies, then Karl pearson®s Chi-square given by
z
wn (3 —-E3
- L T
¥ =z - ' where =0 =2 EF
. E - PR .t
L=4 |8 1 L

n

fo0llows Chi—-sguars diztribﬁtieﬂ with (n—1} degrees of
fresdom.

Tables 4.2.(a & h) show ithe years of drought or flsod. A
-parusal of the occurrence of droughi or flood years show that tLhe
sequence for bolh calegories ars rathér random which have bheen

-tested sarlier-

ul

Following the prscedure mentioned earlier wé gel the
?;equenty distributisn of interarriVal times of draugh; ¥EaFrs as
weil as inlerarrival times of flood Qears for bhboth the raingauge
stations.

Tﬁs ohserved fregquency distribution of drought inte%vals
‘for Caoch’ Behar and Pinhala are chown in f@bles 4.7.(a),and the
abserved frequency diétrihutian of flood intervalszs Ffor hoth the
statiuns are given in Table 4.7(h). The observed frequency
distribution of lime inltervals hbetween the pCcurrence of
successive droughlts and floods are illusiratad in Figures 4.3.(a)

and 4.4.(a} far' Coochhehar station’ and in Figures 4.32.(h},

ag



and 4.,4.(b) for Diﬁhaté staticn.
The frequency distributions of tTime inltervals be

the occurrence of successive droughis and Flun&s are of the nalure
af sxponential. The gbserved data are fitted 1to 1the negaltive
binomial distribution. The parameiers of tLthe distribution ars
estimated from the observed frequency disitribution. The paramsisrs
for the interarrival times of droughi years for boih the sialions
are given in Table 4.7(a): &nd that for the interarvrival timss aof
flood years for both the staltiens are given in Table 4.7(h).
Introducing the FECUFFEHEE'FElatiDH we get.the zxpecied valus of

the corresponding frequencies which are &aiso given in  these

interarrival times of flood or drought years ars fitted to tithe
negative binomisl distribulisn.
Chi-sqguare goodnsss of fit test has been applisd to tast

the validiiy of the negative binomial model. The ahbssrved and

expecisd fTreguenciss are given in -Table 4.7(a) for ihe
interarrival ltimes of droughts anmd in Table 4,.7(h) for the
interarrival iimes of floods at bhoth The siations. Afiter applying

the chi-square goodness of fit iles and oabserved

[ d
b
[w]
(i
e
m
o]
)
0]
]
b
m
£

£
]

frequencies, get the calculated walus of chi-sgquare. Thesea

values are alsg given in the tabless. Takles 4.7(a & b) also

Fad

show the critical values wilh suiltabls degrees of fresdom.
The compuisd wvaluss of Chi-sgquare are noi found

cant at S percent level for all cases. He,ltherefore,accepl

Pt

signif

4%



the null hypothesis that there are no significant differences
hetwsasn the observed valuss and the thesretical values of the tims
interval for hkoth the events. BSo,the distribution ef interarrival

times of droughts at Cooch Behar and Dinhata can be considered to

follow the negalive binomial distribulion. find the distribution
of interarrival times of floods, the negative binomial
distribution may be Jjudged a valid modal. Therefore the

distribution of interarriuai timas D? drought and flood years for
Coach Behar and Dinhalta are overall best filted 1o negalive
Binomial model.

Hence,we may come to the conclusion that the negative

binomizl distribution is a good Fit to the superimental data.

4.5.3. DISTRIBUTION OF THE LARGEST INTERVAL.

Fisher®s *3% statisiic is introduced here 1o test cyclic

order of the largest interval of drought or flood seguences.

Fisher®s °g°* statistic is the ratio of largest interval bhestween

W

occurrence of an event Io thes sum of such inltervals. If tL ke the
largest among n independent time intervals t be the mean of the

intarvals then the test statisltic "g° is defined as
t

_ L
g4 =
nt
For testing significance of the largest intarval,il is
assumed thalt esach of the n intervals rcontributes a3 cerlain

fraction to the total sum of squares and "g' is taken 1o be the

largest of these fraclions. The pfshability af.'g' exceeding any

50




given wvalue has been worked oul by Fisher as described by Priestily
{(1281).

If the waluese at 5 percenl level of significance is 3 =

- L3

then the largest interval 1. is significant if
[

The significance test described above is based on the
assumpliion thai ihe prnbaﬁility that the largesi of 1he n
intervals shnﬁld exceed "g7 is givén by

a =n(1-""
where « is the level of significance.

z is the critical valuas pof the ftest.

[A]

n i

Wi

the toial number of fregquencies.
The procedure gullined above may alsog be used to test
the larg55§ interval for iis occurrence on drought and lgad
aspect.
The computed value of "g° and the theerelical wvalue of

g® arg given at the snd of Table 4.7(b). The maximum interval

batween droughls alt Cooch Behar and Dinhala are & ye2ars and 5

years respecliively. The computed valuss of "g9" are Q.15 and 0.14
and the hypolhelical wvalues of "g' are 0.13 and 0.14 respecltively
for the two stalions as given in Table 4.7(a). The hypothetical
values 5? the maxkimum interval for droughlis are 5.07 and 5.03
years for Cooch Behar and Dinhala respecliively. The hypothetical
value of the drought interval for Dinhala is greater than 1Lhs

observed interval of 5 years. So 1his largest interval beilween

droughts is nolt significant,so the maximum drought interval al



Dinhata m%y not maintain any cyclic order. Thus this may occur
purely randomly. But theilargest interval belween droughts for
Cooch Behar is somelhing differegnt. Here Lthe hypothetical value
af tL iz less than the ohserved interval of & years. Hence,Lhs
largeét interval is significant. Therefore,ths largest drought
intzrval at Cooch Behar may be expecled to occur perigdically by
& yEaTrS.

The analysis of the larges! inlterval belwsen droughis
at Cooch Behar may recognize in agresmeni with Sérkar U972 and
chowdhury and Abhyankar (1984} thatl droughl may experience once in
& to 8 years in Sub-Himalayan Hest Bengal region. THE
hypothetical values of the largest interval for flood ars 7.54 and
6.74 for Cooch Behar and Dinhata respeclively. The hypothetical
walue of thelargest interval belween ¥floods is less than 1he
obhserved interval of & years al Cooch Bzhar. 8 it sesems 1o be
significani. Therafore,the largest inlterval Lbetwsen {floods may
occur  cyclically by 3‘years, Eo.,1i1 may be concluded that the
flood can bes expeclied to occur once in 8 yesars. The hypoilhetical
value of the largest interval between flogds is greater than the
observad value of The flood interval of & years. Hence,il showé
statistically non—significant.

Studies with this technique of flond incidence in. any
place of India are also noi availabls. The hypolhetical values aof
drought and flood intervalz for Cooch Behar and Binhata are given
in Tables 4.7(a & b). So,we come Lo Lhe fonclusion that drought

and flood may be sxpected Lo gccur once in & years and & years



respectively. And drought. can occur more fregquenily than floods al

Cooch Behar.

4.4, EQUALITY OF DISTRIBUTIONS OF SAME EVENT =

fab

fa prcblem of great imporiance
zpvepral random realizalions of thes samse metaﬁralcgical
£57 1dered as drawn from the same populatlion af rainfal
two distributinons of ithe sams meleorslogical event 11

and fleod. HWe may consider that. the distribulions

s
(33

intervals and flood intervals come {from
respeciive evenis. MWe also have ithal the inlerarrival

dr fit vears as well as flosd vears sre considsred 1o
ug ¥

5 thal whe

ther

gevent can be

i. Mé

have

ke drought

a¥f drao

Limes

follow

negative binomial distribulion. He like %o test here thal tLhe

distributions of interarrival limes of drought or flood years

homogenegus. To fest this,we sel the null hypothesis that the

ne atlve b1r0m1a1 distributionsfor sach svent are same.

He group the frequencies of each ¢lassz and

group includes all frequencies grsater than 4. The

theivr corresponding frequenciss are given in Table 4.8.

gGroups

By u

the method of moments and the maximum likelihood method,ws hav

estimale the paramelers of the £Oommon negative

bino

distribulion of each svent like drought and flood separately

\

The sxpecied frequencises of =sach group ares es
recurrence relation as usuzal. To sesiimate the expecled
of sach group,we have multiplied the fitted probakiliti
average number of observaticns of the respeclitive

ohserved frequenciss and lThe sxpeclied fregquencises ars

|
£

Timaied
frequ

25 by

svent.

given

ughtl

he same populsalion of ths

of
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two

and
sing
2 1o
mial

by
ETCY
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Table 4.8. The hypothesis can he

b

estad in a variety of way one

£ 3 = TR R B - -
of which is the limiting chi-square distribution as given below :
z

2 (M - n p)
G, =E = e s
: . n .
L=d =0 i.pJ
T 3o 5% s - = s = - - .
has a limiting chi-sgquare distribution with (2K-2) degrees of

“h

reedom. Here 2 degrees of fresdom are lost due to two parameter

being estimated from the chserved values.

Where K is the number of groups,MN . is the frequency of the
i)
J-th.group in the Wwistribuiion.
R p Is replaced here by the estimated frequencies of the

cepmnen distribution.

The calculated value of the lest statistic and tabulated

value of the Chi-sgquare wilth suitable degrees of freedom at )
percent fevel of significance are given in Table 4.8. It iz found

that the calculated value of Chi-square Tor the time iInterval of

=0 s

drought years iz less than the tabulated value of Chi—sgquare with

G(8-2) degrees of freedam 2t the 5 percent lesvel of significance.
So,me may accept the null hypothesiz. He «come to the conclusion
that there fx no evidence from the datla to suppoert that the twe
distributions of faterarvrival time of drought vyears for Ltao

different places sre differenl regative binomiazl populations. The

calrulated vralue of test statisztic for the itime inlerval of Floed

years Is less than the tabular value of Chi-square with &(8-2)

[md

degree of ¥reedom at 5 percenit level of =sigrificance. Zo,¥

e
Ya,

=

cannnpt reject the rnull

oo
r«l-
“
wr
M
ot
]
]
K]
m

statistically non—-sigritica

oy

th

hypotheszis that the iwo distribulions of Inlerarrival iime of

flood years are drawn Trom the same pepulation.

o
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4.7 CONCLUSION

Tﬁe annual rainfalls recorded in this region are
independenily and normally distribuled. The drought and flood
years;in this district appear 1o have no titrend i.2., they
occur randomly.The frequency distribution of time interval heiwean
the adcurrence of succassive droughl and flood yesars are
cansidered to follaw 1he negalive binomial distribution. Tha
behaviour of gccurrence of successive drought as well a5 flood.in
meleoroclogy are identical for both the places. Drought and ‘Flaad
may be expecled 1o sppear once in & years and 8 years respecltively
in the district sf Coech Bshar.

TaAaBLE - 4.1

CLASSIFICATION OF DROUGHT AND FLOOD YEARS

CONSIDERING THEIR INTENSITIES.

CLASS INTENSITY

DROUGHT

- .81 te — 0.99 : Slight

- 1.0 1o — 1.992 - Moderaile

- 2.0 te — 3.00 : SEesvere
FLOOD

+ .01 1 +0.99 | Slight

+ 1.0 to +1.99 Moderate

+ 2.0 to +3.00 Sevare

+ 3.00 and =bove Eulrems



TABLE :

4.2(a).

YEAR OF DROUGHT AT COOCH BEHAR

YEAR INDEX VALUE . CATEGORY RANKING
1901 1.052 Modsrals 132
1903 0.171 Slight 4z
1904 0. 191 " Do 4
1908 0.45%9 Do 31
1912 0.124 Do 44
1214 0.8&8 Do 14
1215 0.875 Da 15
1917 0.744& Do 19
1719 0.337 Do 34
1922 .284 Do 38
1923 0.623 Do 24
1925 0.447 Do 30
1924 0.282 Do 37
1928 0.352 Do 35
1929 0.4695 Do 22
1930 1.780 Moderate 01
19332 1.054 Ds 11
1934 0.13& .SIight 44
1934 0.49 Da 29
1937 0.725 Do 21
1237 {=11é Moderale o7
1940 0.705 Slight 13
1942 1.07 Modarate 18

L
[



1944

1744

1247

1773

1975

1974

1281

1282

1784

1286

37

Slight
Do
Moderals
Slight
Do

Do

Do

Moderatlse

Do
S5light
Do
Dg

Po

Bao

Da
Moderate
Da
Slight
Do

Dp

Do

s
M3

o]
]

m
i~



TABLE 4.2(b).

YEARS OF DROUGHT AT DINHATA

YEORS . INDEX VALUE " CATEGORY RAMKING
1901 1.133 Moderate 12
1904 0.949 Slight 20
1904 0.757 Do 2z
1907 1.081 Moderale 14
1908 1.717 Do 03
1909 0.364 S1light 23
1910 0 .540 Do 20
1911 0.106 Do 43
1914 1.04%9 Moderals 13
1915 0.742 S1ight 23
1917 0.830 Do 20
1918 0.20%9 Do 38
1219 1,124 Moderate Q7
1923 0.248 S1ight 24
1929 0.687 ‘Do 25
1230 1.235 Moderatle o7
1932 0.332 S1light a5
1933 1.03 Moderate 14
1934 1.128 Da 08
1935 1.394 Do 05
1937 1.185 Do 10
1938 0.592 Siight 29



1278

1280

1781

Moderate

Do

Bo
Moderate
Sliﬁht
Do
Mod=zrate
Slight
Do

Da

Do

Do

Da

Do

Do

Do
Hndera;e

Do

' Slight

Do

11

oz

17

(
M




TABLE 4.3(a)

AT COOCH

&0

YEAR OF FLOGD HAR
YEARS INDEX VALUE CATEGORY RANKING
1?02 1.3%5 Moderatle 10
1905 1.748 Do 07
1906 1.758 Do 06
1907 1,889 Do 04
1909 0.088 Slight 35
1210 1.4G% Moderale 0e
1911 1.302 Do 11
1913 . 249 Slight 20
1914 1.794 Maderaée o5
1918 0.364 Slight . 25
1720 2.74 Severe oz
1921 4.25 Extreme 01
1924 0.825 Slight . 15
1927 0.542 Do 20
1931 0.40 Do 14
1932 0.575 Do 17
1935 0.349 Do 24
1938 0.367 Do 232
1941 0.088 Do 34

1942 0.365 Do 24
1945 0.214 Da E 21
1948 0.311 Do ' 27



1949 0.87 Do 37
1951 0.105 Slight' 24
1955 0.034 Do 39
1958 0.171 Da 23
1958 0.84 Do 14
1964 00.292 Do zz
1965 0.049 Do 38
1966 0.292 Do 28
1967 0.419 Do z4
1968 445 Slight 20
1949 .26 Slight 29
1971 549 Do 18
1974 1,414 Moderate o8
1983 0.176 Slight 3z
1985 0.963 Do 12
1987 0.884 Da 13
1988 Z2.5%94 Severs 03
TABLE - 4.3(h).
YEAR OF FLOOD AT DINHATA

YEAR INDEX VALUE CATEGORY RANKING
1902 0.96 S1light 19
1903 0.3532 Do 24
1905 0.387 Do 21
1912 0.342 Da as
1943 0.99 Do 18



1944

1243

1952

1955

954
1958
1943
1964
1965

1967

0.0z

0.824

0.571

8. 161

G.7564

0.744

0.002

0.4

1.027

1119

0.07

0.093

G.405

-
L
L

m Q
L
LA

Moderale
Modersale
Do

Da

Do
Slight
Do
Moderatle
Do
Elight
Do
Slight
Slight
Do

Do

Do

Do
Maderaie
Slight
Modsratls
Do
Slight
Do

Do

Do ¢
Severe



1972 g.921 : .Slight 20

1972 1.105 Moderale 14
1974 2.465% Severe o2
1974 0.387 Slight . az
1977 1.224 qoderate 11
1975 0.03°9 Slight 41
1983 0.224 ’ Do 34
1284 2.761‘ Savere G
1985 0.564 Slight 27
1984 0,430 Do 28
1987 2.580 Severe | oz
1988 1.517 Moderatle s

TABLE- 4.4
Z VALUE AND F VALUE OF THE SUB-PERIOD OF INDEX SERIES

STATISTICS  cOOCH BEHAR DINHATA
1st Half 2nd Half Ist Half 2nd Half
n A4 44 44 an
{nn 2 {(n } {(n } (n )}
a z= i zZ

Mean 0.1463 - D151 - 0.145 0.238
Standard . 1.197 0.983& 0.974 1.08687
Calculatead 1.327 1.75
value of Z
Hypothetical 1.94 ‘ 1.24
value ai 5%
Calculated 1.38 1.20
value of F
Table walue 1.58 ' 1.58
F at 5% :
D.F. (43,43} (A3 ,43)



TABLE-=24.5.

BEASIC STATISTICS OF THWDO SERIES
CO0OCH BEHAR DINHATA

N .Y} =8

Mean 35332 2825

Standard 710.00 5&6G.00

devialion '

Mean deviation 525.2 450.58

Calculated .74 Q.ED

value of G

Theareti:al

valuz aof G

{(Lowey & Upper? 0.74 .85




TABLE = 4.4.

‘RANK CORRELATION OF DROUGHT AND FLOOD SEGUENCE

COOCH BEHAR : DROUGHT FLOOD
Mo. of pairs. 49 ’ 58
Correlaltion coefficient. -.027 0.17
S.E.of Corvelation coefficient. 0.144 0.1564
Calculated Z-value. 0.12 1.024
DINHATA DROUGHT FLOOD
Mo. of pairs - 45 43
Correlation of Coefficiant 0.15 - 0.04
S.E.of correlation Coefficient. 015 0.15
Calculated Z walus 1.00 -2&
Hypoithetical value at 5% ' 1.26 1.96

&5



TABLE - 4.7(a)

THE OBSERVED AND EXPECTED FREGQUENCY OF DROUGHT SEQUENCE.

INTERVAL COOCH BEHAR DINHATA
o E o E

o 23 2464 25 23.32
1 18 13.03 9 10.44
z L] 5.04 5 5.15
3 2 267 4 2.5
A 0 1.04
5 1 0.82
& 1 1.50

Total (n} 48 ag L¥] LYl
X 0.84125 .82
a° 1.1942 1.37
p 0.468 0.59
q 0.22 0.41
v 1.7245 1.2
% (cal) 3.20 0.35
DF 1 1
¥ tab(5%) 3.84 3.84
g (call 0.15 0.14
g{theoretical)sx 0.13 0.14
Hypothetical tL : 5.07 5.05

&b



TABLE= 4.7(h)

THE OBSERVED AND EXPECTED FREQUENCY OF FLOOD SEQUENCE.

INTERVAL

m kWM

o

&8

Tutalﬁn)

gl

q

r

x° (call
DF

WE—tah(sSL)

&
g (c=als

g {theorslical}si

Hypothetical tL

CO0OCH BEHAR

o E

1 16.03

12 10.03

a S .68

2 2.02

0 1.59

1 1.00

o

o

1 0.71

38 38

1.24

2.44

0.506

0.494

1.267
2.50
1
2.84
0.17
0.16
7.54

DINHATA
g E
21 20.07
10 10.4&
a 5.5
y) 2.82
1 1.51
1 1.00
1 0.43

az a2

1.07

2.1&

0.494

0.506

1.053
0.74
1
2.84
013
.15
6.74



TABLES=4.8.

DISTRIBUTION OF INTERVAL OF TIME FOR TWO PLACES

DROUGHT
COOCH BEHAR DINHATA
OBSERVED OBSERVED COoMMON EXPECTED
o 23 A 23 48 22,78
1 18 : 2 27 1447
2 a 5 2 5.84
3 2 a a8 2.89
q o 0 - -
5 o 1 - -
1 0 - ~
Total 48 : 44 gz 44
¥ (cal? 4.71
DF &
¥at 5% (tam) ' 12.4
' FLOOD
o 14 2 3s 1&4.28
1 12 10 a2 12,94
2 8 4 12 &.58
3 2 a 11 4.23
a o 1
5 1 1
& o 1
7 0 o
8 1 0
Total 38 ' a4z a0 40
X% (caly 5.55
DF &
¥at S%(tab} 12.6

A5
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of Cooch -Beharl from 1501 to 1968 .

Appval rainfall

Fig.4.1.



e

—
———————
v

.y -

"oty

&

&

e s e

P L T

. B

I

|

@ e bt A e e Mt be & e me

n
x

.;.:---..uunll‘un.-n-hn-.nn'-uuu"onuo"uon-,

. et s o

Yy .l.llll.ll--.-.I.‘Ill-.---.0-.--‘-:-.‘.--.-.---'

beey - 000y LYY 008 ( oset 000C oset
N1t a0t (111 113 s [TT14 1111 vos [113 ouee su pooe seel o
AT P A '
"-" (‘“- U.’TIVJ NIvY z $ Ardgauyg
¥, . . LT ]
a e 3
Al 3 - ' ~ 7008 = s CLATdievto, 0 2VeYINNA

70

g gt e
2

2

-
E .

.
D 13
8 § &

g

T

o
3
2, rpnual rairfall of Pirhats from 1901 to 1958.‘

o
-3

2
€

H

Soul

Fig.4.



-

sarouwanbail

8 1 TIME INTERVAL (VEARS)E

Fig.4.3 (a) DROUGHT TIME 1NTERVAL (COOCHBEHAR)

z’sff

sotousnbaaxg

o t_ =z _ 3 5
TIME INTERVAL (YEARS)

Fig.4.3 (b) DROUGHT TIME INTERVAL (DINKHATA)

Y71



Fig.4.4.(a) .FLOOD "PIME INYERVAL (COCCHFEIMR)
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CHAPTER - V

PATTERN GOF DAILY RAINFALL




