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CHAPTER -1

INTRODUCTION

1.1« Introduction

The population of our couniry 1is esitimalted 1o reé:h
thousand million mark in 2000 A.D. It is implied that Lo mesl 1lhe
basic necessilies, for Lthe existesnce of mankind, the agriculiural
production should have increased rapidly enough 1o keep pacs
with the population growih. But our estimaltes  show 1That ths
irrigated area is nolt expeclted to be more than forty two percent
D% the total cropped arsa ‘in the ensuing tTime. Therefore,
judicious utilization of the direcit precipitation would have to he
thought of for increasing agriculiufral produclticon.

The Direcinr Gengral of Food & Agriculiure Organi=zalion (FAO)
said in a statement to the press on Fsbruary 1st,1973, "It is
intulerable'that this world of the 1970's with &l1l1 its scisntific
_ progress and its slowly growing sense of common purpose,should go
on enduring a situation in which the changes of esnough d=scent
food for millions of human beings may simply dépend on Lhe whim of
one year's wealher". The statemeni would be contemplated in the
SEense ofournation. Consideringthe sconomic impertance - of

agriculture, the important rolzs of weather and climate is patent.

Earlier Ramdas (1267}) had pointed oul "Wealher exercises
& profound influsnce en farm work as well as crop growith. Success
or failure of farming is wvery Iinilimalely linked up with the

pravailing wealther conditions. Farming in Indis iz largely



gamble in wealher conditlions.ceccacsanncsnsan=es8 sound knowledgs

factors and the effecls of weather on crop growlhk

e
1

matl

e

of cl

iy

and yield is , therefore, essential for every farmer..ccesacseacs '

ifficulties of specifying the rainfall

[
e

Doubtless,.thepractical

variables more precisely account forthis gap in the literature.

th

And rainfzll tolals are impsosrtant in defining the climate of

region.

Rainfall is chosen as a climalic variable in this thesis
hecause 1t is Lthe climatic element of maximum significance
specially in this region where tThe inter—annual wvarialtions af

other olther climatltic elemenis are nol so large.

The reporlt of The HNMational Cnmmiﬁsian' on Agriculiurse
(1974) made recommendalions for futlure ressarch thrust in Lhesse
aspecls.some of them ars as follows :

i} The method of working districlt novrmals should be reviewed.

[

ii} Work in the field of Mathematical modeling should be reviewsd.
iii} Crop-weather studiss should be intensified and formulas
shoﬁld be developed on a disirict wise basis.

Thus, a detailed examinaltion of the systematic study of
precipitation,particularly- of =2 relatively small region may
however, be suggested for regional peculiarities of the climatic
system. The presenl investigation concenitralss on the district of
Cunch-Behar, formerly an important region of the independent
Kingdpm of Coach , in the stats of HWesi Bengal . He admit that
our geographical coversge is limited, bul the studies of smaller
region make it possible to investigate in grealer details over tﬁg

Terai agroclimalic =zone of Hest Bengal.



“Bgricultural systems in this region i.e.the district of

Cooch Beshar, are susceptible 1o vagarigs of razinfall received toc a2

very large degree. The precipitstion brings both benefits and
problems to the ecosystem of this district.

The rainfall,with extremss Bring drought.in meleocrology.on
the one hand and flood i.e. sxcess of this phenomenal rate sn  Lhe
other hand. & surfeit of waler ma} be a problem, if 1t causes
flooding but itis not always experienced, drought howevsr, is
invariably a problsm in agriculiture. So,lhe occurrence of droughts
and floods, in metsovrelogy in this districl may have a systematic
patlern which tocgether with tThe interplay belween these 1Two
factors could thersfore be analy=ed.

During the psak monsoon season.,ihe rain does wnol ocour
an all days at a stalion. Rain gceurs  in spells. The prior

knowledge of dry spells , wal spells and weatlher cycles, is

Pl
(=N
oh
]

=

very useful for crop planning. Investigalion g? the probabi
occurrence of these spells and cycles has been undertaken in  Lhis
study .

The present study is intended to seek empirical evidencs
to determine the suitabilitly of praobability distribution model far
representing the character of the daiiy rainfall occurrence.

The nature of the daily precipitation has a compleie

lack of confidence in their occurrence which creates the well

Lnown uncertainty of the nalture of the daily rainfall. In this

study attention has been paid to the measure of this uncertainty.



The dominani characlterisiic of the climate is thes marked
rhythmic recurrence of precipitations, and the droughls or {loods

naturally found, its echo in a marked rhythm of their orcurrence

in this «region. Such a study of rainfall wvariability in this
region has attracted a good deal of attention in Lthis study.
Agriculiure and msleorology ramain s81f contained

disciplines since very ancisenlt time. Bul Lhe resesarch in this
subject requires a thorough knowledge of both thes melecrology and

its influence on crop preduction. For estimating the impact of

e

weather on crop production. the use of otal: rainfall within a

[n

week or a month is nol significant o predict the yield of a crop.
The relation betwesen the yield of winter rice and the nature of
daily rainfall during LThe sensitive months in 1this district has

been of greal interest to study .

All these apprehensions need to be analyzed through

fs

empirical investigations of the aciual bshaviocur of precipitation
in the district of Cooch Behar.

It is surprising o find thalt a detailed study D? the
hehaviaurv of annual and daily anomalises of the almospheric
circulation - pattsrn in this région has not been previously
gndaertaken.

The studies examining the behaviour of nature of daily
rainfall and the possible periedicities in the rain?gll Fecord as
well as the relationship helween yield of winter rice and the

nature of daily rainfall during the crop sensiltive monlths are for

many years gquilte rare in the literalture and most of tLThe ~works



published are studies on the variability of climatological nature

in this meteorological sub—-division.

This thesis is essentially oriented by applisd

mathematics which depends on the understanding of theoretical

‘principles of empirical statistical technigques.

122 - OBJECTIVES

The specific objectives set forth in this present study

are as follows =

al To determine the distribution function of

inter arrival iime of drought years and flood ysars.
| b} To derive the one day dependent Qeather model and
to estimale average lengith of dry spells and wet/ spells and
weather4cycles and to delermine the probability distribution of
spells as well as weather cycles.
| £} To derive Lthe stochastic dependencé model aon the
natﬁre of the wealther o% a day and to assess the measure of
uncertainty.
 d) To detect the hidden periodicities in the recorded
time series of annual rainfall.
ey ~To deueluﬁ'the relation Lbetween the winlter rice

yield and the nalure of daily rainfall during ihe sensilive months

on the 1ife time of that cCrop.




13:PLAN OF THE STUDY

Thi

Ui

study is organized inloc mnine chaplers including
this chapler which states the problem and Lhe scope of the study.

Chapter—II reviews pasil studies on relative pbiecltives.

]

Chapler—11I discusses the malterials and methods used in

this study. It also presents the shorl profile of the district of
Cooch Behar, Hesi Bangal.

Chapler—IV dsals wilh probability distribution of inter
arrivai time of drought years and flood ysars for two identical
rain gauge stations in Cooch Behar districtl.

Chaplter—V provides 1lhe prelimiﬁ%ry analysis af spell
distribution as well as 1the wealheyr cycles of Cooch Behar siation.

Chapter—-VI also provides the measure of uncesriainty of
daily rainfall with the help of information theory. It also
deals with the stochastic depen&ence af daily rainfall and 1%t 1is

tested by enitropy.

Chaplter—VII investigates to datect the hidden
periodicities in the annual rainfall at two stations of Cooch

Behar district.

Chaplter—-VIIYI is designed to 2s5tablish the relationship
between the yield of winter rice and the derived categories of

daily rainfall at Cooch Eehar.

The summary and conclusions drawn from ithe present study

[

are recorded in Chaplter—IX¥. Based on these conclusions cerltain
suggesiions alsoc have been proposed to identify the scopes of

fulure resesarch to strengihen the present study.

I E RN

)
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CHAPTER II

REVIEW OF LITURATURE

2.1. Introduction:

This chapler reviews 1The metlhodology,conclusions anﬁ
limitations of the studies underitaken in the past on the behaviour
cf p%ecipitatian_in our fountry and abroad .

The past studies are «classified inte five categories
according Lo melthodologies adopted by the respecltive
abkiscltives.This segquence o9f methodology alseo hroadly reflects the
chronological order in which this dissertation has beeﬁ

underiaken.

2.2 Variatlions of precipitation :

Halker (1914} in a siudy pressnled a procedure for
classifying the vears of deficit rainfall in three calegoriss i.a.
years wilh rainfall deficiency belwesn 30 1o 45 pevrcent.,45 1o &0
parcent and over &0 pef;ent of the mean annual rainfall and called
them yesars of “Large","Seriaus".and "Disastrous" deficiency.
Walker (1919) used thé sea5una1 rainfall data during
the period 1841 tc 17908 in his study. However,he had some doubt
shout the ﬁegree of accuracy of the data. Drought cuﬁcept was
applied, perhaps, for the firgt time Lo agriculiture by Ramdas

(42467 Y in  his study in 1720, where he defined drought to have

oceurrad if the weekly rainfall was less  than double 1he mean
‘deviation. He identified 1877, 189% and 1243 =zs years of
pulstanding agricultural drought while in 1920 the droughlt was

gnly partial, affeciing Morth, Wesi and Cenlrzl paris of India.

-0



Mallik ( 1938 ) examined the occurrence of droughls in
Bihar and Uttar Prades. He used the definition of drought which
occurred when the acltual rainfall during a week was less than. or

equal to half the normal rainfall.
Dhar and Changrancy ( 1965 )} attempled 1o study the

meteorological situaltions associated with floods in Assam during
the monsoon manths. It was obssrved that the floods and the
associated melteorological conditicons were responsible for somse

-spells of heavy rainfall in the region.

- Sarkar (1979} studied the drbught in India and their
predictabilityn He menlioned 1lhe Llhree {atets of drought. These
were drought in meteprology.drought in hydrology.and drought in
agriculiure. He tabulated éreaé which received less than 75 percent
of the nﬁrmél rain during the monscon season. The years when Lhe
affected area sxceesded 25 percent of the arable land were termed as
droughl years. From the table it was observed thalt ths worst
drought years, in terms of rainfall were 1877,58?1,1?01,1?04 and
1272 during the study period in the meleorsological rsgion of
Sub—Hiﬁalayan West Bengal.It was further found that the droughts‘un
account of rainfall,were very rare in Gangetic West Bengal but it
might pccurr gnce in thé period of &-8 years in Sub-Himalayan

Mest>Benga1.
Chowdhury and Abhyankar (1284) atiempled to compile and

rollect drought climaltology of India. They used the seasonal
rainfall deficiency of more than. 25 percent for -identifying

meteorolaogical drought over various sub-divisions of India.




It was also observed thal lhe occcurrence of good and bad
monsoons was & random phaﬁsmenﬂn' though therewas weak tlendency
for aygood monsoon year iu recur iﬂ the following year. They
Gbéerved that the meteara;agical drought might occur once in six
to Eight.yea%s in the regiun-of Sub—Himaiayan Kest Bengél.lt was
alsoc revealed that using the‘pawer speétral analysis, naﬁe af the
peaks was found significant at 25 perceﬁt lavel. Hawevser.a psak of

2.8 year

W

cycle was fuuﬁd tao be significant at 20 percent level.
This, possibly, could be assnciated’ witﬁ a quasi—-biennial
oscillation. |

Mooley tIciRg4) stﬁdied the droughts wmhich
affectgﬁ the ﬁeniHEui&r India durfné the period IB&I to XIR2BO. They

iterier for identification of well-marked drought. The

£
Ly
[~}
1T
3]
-

e
crfterfcn wasz expressed &5 an Index of siandard variaite. I was
ébserveﬂ ?kom the =study thét Cox"s test For randomization was
a

applied to 2est the exislence oFf trend orn the Lime initerval

betwmeen Lhe successive occurrences of well-marked droughis. The

-

result Gf ihe test cmﬁri}med the randomness of the occurreance of
mell-markad 3r0gght5 over the peﬁfniuza. They alse concluded that
the more frequenil trough pozilion over Lhe ¥foot—-Himalayas during
draughi veaFs wmere seern ito be &ssbciate; with large zcale drought
ever peninsula.

Garesan andlﬁaa (I984) In a study atiemp{ed te aralyze
the climatelogical conditions and their leocal difference. They
analyzed the raintall charat;erisiics over a small area in

Barngalore. Bangalore City centre and Bangalore Air—Porl (within a




distance of 10 K.M.) were uséa Tor the study; It was revealed thatl
thé amgunt of rainfall in the city was in general larger excepl in
post monsnoﬁ season than that in the Air—-Port area. They also
concluded that even within & 1limited aresa the rainfali varied
considerably.

-Elizabeth t1.0(1988) examinad the 'changiﬁg rainf¥all
palierns In Heszterrn Sudan._?ariicu!ar atiention had to be gaid lo
the period since IP&E5 when annua! rain¥all total began to show =&
amarked decliﬁe. It was Gbservedlfram.ihe study Lthal the 20 years
period (from IRE5 — 853 nas a peried of prégregsive .deterfaratiwn
-in relative razrn¥all.

G{aé&m Farmer (I?88) examined Lhe raintzll anomaly Tor
the stht rairs on the ¥Kenyan :0a§t durfné the period I?0QI ilo
984, It was revealed thal there was a rnoilable differeance In the
uariability éf,rain%ai! serfés for the lwe sub-periods,IP01-42 and
3943~84. A ore—tailed war{ance ratio.F-test was performed For
seasonal rainfall series and ﬁe concluded thal the raintall series
of zsub—-period I943 — 84 had sigrificantly larger variance than

¥

ka,

the sub—peripd IP0I-42But the interesting Teature wmas that
the‘rainfazz of 1967 was repoved, then the i1wmwo zub—peﬁiads
might be :onsi&ered homogensous. Fallmmiﬁg on, Trom F-test,lhe
means of the itwe sub-—periods were tested by Berhrens—-Fisher
test. Horne of lhe series tesiled showed a zFigniticanl difference
betwesn the means for #mq time periods.

Chowdhury L I{I289) attemptéd io examineg the

distribulion of time Inlervals belwmeen the successive droughisz.The

g,
[




droughts in melesrology defined by the Drought Index of rainfall
which was expressed as a standard variate. The index was divided
into two egual paris and student®s i1—-lest was applisd 1o ensure
the homogzneily of 1tha oebservaltions. They ohbserved that the
Drought Index series was homogeneous.

They also examined ths intervals belween Lhe successive
drought years which were very important in drought incidence. It
was revealed from lthe study that the fregquency distribuetion of
time intervals belween 1The occurrence of sSuccessive droughts

followed the Poisson distribution. In the study.they obszsrved that
the largest time interval of droughlts among lthe independent fTime

intervals was nolt statistically significant.

1

They also ob

il
i

rved that Drought Indices did not

follow the normal distribultion. The nature of distribution af

s

the series was found Lo be posiltively skewed leplokurtic.

Prasad and Lal {128%) studied the long term varialionz of

the annual and seasonal rainfalls at Jalpaiguri in MNerih Bengal. The

study of the annual and sesasonal (June Lto Seplember) rainfall

varialtions for the period 1901-80 indicated that the highest annual

rainfall (4246 mm) and ssasonal rainfall

fad

27 mm ) occurred in
1938 while the lowast annual rainfall of 1884 mm and seasonal

rainfall of 1676 mm occcurred in 1978,

It was alsoc found that long tsrm means of annual and
seasonal rainfalls were 3274 mm and 2640 mm respectively for the

eighty wyears rainfall sesries. The annual and seasonal coefficisnts



.

of variations were 14.1 percent and 18.2 percent respectively. It
was also dhaerved that the 30 years mean annual and seasonal
rainfalls were highest for the period 191&6-45. There was a steep
rise in the mean annual and seasonal rainfall during this period in
comparison to the mean rainfall of stuﬁy period which decreased
there afler conltinuously till 1980,

Lakshmanaswamy and Jindal (1290} attempted to study the
variability of area weighted annual and maonsoon rainfall for the
3% meleéeorological sub—divisions of India for the period from 1201
to 1988 with a view tg finding any increase aor decreasse of
rainfall over India. It was revealed from the study that the peak
annual‘rainfall gccurved in 1217 followed by anociher peak in 1954.
The least rainfall occurred in 1972. The entire period was divided
into thres sub—-periaods ,fz. IP0I-30.7I2371-&£&0 and I2&81-82. It was
found that the areca wmeighied average raintall of Lhe sub-period
I90f—-30 was greater tharn those of the other tmo sub-periodswhile
the siandard deviatlion of the sub-period 1?61 8 was greater thanm
that of the cther 2wo sub—periods Iin the metecorciogical region of
Sub—Himalayan Hest Bengal and Sikkim. It was also observed from
the analysis of the area weighted wmonsoon and arnual raintall
during study pericd over India thal there was a sieady increase of
raintfall in the period I?01-30 ard graduzl ¥all oF rainftall Froam
1950,

Rukhopadhyay (1922a ) situdied ithe long lerm rariation of
arrual rain¥all in Coochbeghar dislricti. The lime series were mads

of twmo stations. He

Wy

from the average of the annual raintalil

s
a



identified the flood and drought vyvears by an iadex. It was
phserved from the study tﬂat the years 1980 and 1921 were the
lowest and tha highest rainfzall years in Lthe study period. F—-issi
and t—-test were applied to establish the hamogeneity of the tima
series. The tesis were applied considering The iwso sub—periaﬁs. It
is sbhsarved tgat the frequency distribution of the time intervals
between the successive droughl - years was found Lo follow the
Poisson distribution whereas the samz for flood years,the Mixture

of Poisson's distribu

et

ion.

Mukhopadhyay (1992h )} alltempiled to determine the
probability distribution function of inter—-arrival times of
successive dry and wet yeafs of two stalions in Cooch Behar
district separately . It is observed from  the Study' that no
significanlt Lrend for the occurrence of successive wel and dey
yeérs cauld.be detectad in the szeries of the two stations. The
frequency distribution of Lhe intsir—arrival times for the dry and
wel years could be considered to Ffollow tThe negative bBinomial
distribution. It was also observed tThat Lhe wel sequence as well
as the dry segquence Ffor two places having negalive binomial
distribution could be considered as drawn from the same negative

binomial population.

2.3: Pattern of rainfall.

Sundararaj and Ramchandra (1973} in a study desteimined

the Markov—based geometiric model for wel spalls and dry spells,and
4 .=§ /ﬁ ﬂ'\i kA :_5
1 A Y L) 24
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the lengihs of weather cycle. Il was ravealed 1hal the model was

hest fitled toc the wel spslls bul the ry spells could wnot  be

consideraed fe fii thal model 1o the experimental observations. In
the study the dry-—wetl cycless and wel-dry cycles werese alsoc computed

and the behaviour of these cycles did notlt appear to confirm tThe

o]

Markov dependanl gszomeiric model.
Agnikolri- et al. (1984)attempted 1o predict the

A

1

o

]

behavipour of dry spslls and wel sp 5 a3 well as wealher cycles

0

in Chandigarh.. The study period wa 3 years of daily rainfall.

4]

The Markov chain model was fitted to the daily rainfall data. The
paramelers of two—-state Markov chain model.were'used tc Fit  the
distributian of spells as well as wealher cycles. It was also
obsearved that the ohsarved frequencies of weathsr cycles of
varigus duraticns and dry/wel spells were found 1to feollow the
geometric distribution.

Chuwdhury and Abhyankar (19284) bhriefly analyzed 1the
seasonal rainfall by Markov chain method. They used the  fwo—statle
Harknv chain model. They- situdied t1he droughi spells and
nan—drﬂﬁght>5pells far the various meleorological sub-divisions in
India and alsc compuled the climalic cycle of the regions. They
came Lo the conclusion Thal men—drought cyclés did not conform Lo

the geomeiric fmodel and the lengih of climalic cycle could nol

=

have much significance.
fAinsia and Sribastava (1285) derived a modal for
occurrence of the daily rainfall under ths assumption that

successive day’s rainfall did nol occur independently bul wers

=




inter—dependent. The model was represented by two-state HMarkov
chain. They also compuled the average length of dry spells and

wal pells and esxpected lenglh of weather cycle.

2.4. Measure of uncertainty.

Basu (1288) in a study evaluated the nature of rainfall
with the help QF information theory. vIt wa% revealed that 1the
weighted entropy'values over the transilion probabilities during
the beginning and closing months of mansaanAat Maithon were less in
comparison Qith the other moniﬁun months. The weightsd entropy of
the active monscon months were higher. It was alée revealed that
the di??erence in unceriainty between 1he Markovian model and
the random model were small,almnst negligible. He observed that
during £he monsocon months the degree- af wuncertainiy nF' heavy
rainfall and very heavy rainfall were mare than the light,madérate
and non—ralny rainfalls. He used thE;?EdUHdancy test to delermine
“the favourableness and unfavourableness of Markovian sysiem.

Mukhopadhyay (1992c) attempted to sxamine Lthe Markowv
dependeycé by entropy considering the three states of outlcome.
There ﬁurmal, bad and*‘gbod yéars of rainfall are accardingly'
defined. Re&undancy- fest was 'applied to tesf the stochastic
dependence on Lhe one—-sisp 2 x 2 Markov chain model. Bul it was
observed from the study thalt the redundancy test could not favour
the>syﬁtem of Marknuian'ﬁependente. So,he came 1o the conclusion
that the occurvence of iﬁdividual stalte might not depend on the

previous state of occurrence. Then .he concluded that the
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pceurrence of annual rainfall was a random phenomenon.

2.5. Periodicity in rainfall.

Rao et al.(1972)ina study atlempled to examine the
periodicily of droughls in India for the perieod of sixly years.
The power specirum method was used to identify the pericdicity. It
was revealed from the study ihal there was a peak of 1ithe "periaod
4.6 years which was significant at 795 parcent level. And there was
also a peak of the perisd 3.5 yesars which was significani at 20
percent lewvel. The stﬁdy was conduciad for the various
meleoreological regieons. The above sesullt was obs=srved for 1he
region of Gangelic West EBengal. The same result was ohbservaed in
meleorological region af Bihar plateau. They alsoc concluded that
the overall pitturé did nol encourage one to look with confidence
for thé.periadicity of droughits in India.

Pathack (1282} in a sltudy investigated the periodicity
gf rainfall observaltions over Lthe Island of HMauritius. Speciral
analysis was used to delermine the periodicity a{\ the climstic

X

8

ns of that island.He ohserve

n
ot
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time series for the wvarious

[=N

that the climatic series contained Lhe fluctualtion corresponding

to period of the order to recerd length. Il was also observed in
the study that the presence of periodicity of 10-12 years might be
associated wilth the selar cycles.and some other less prunﬁunced
peaks were noled in the period rangss of slightily over two years,
3-4 years and 16—20 yzars.

Oaallo (1984} investigated to siudy the existence of the

periodic or quasi—-periogdic flucltuations in the ssasonal rainfall



over East Africa. He ussd the Spearman rank correlation fest to

examine the trend of the tim

1

series. The speciral analysis

technigque was used ta detect the periodicity of the seasonal

5. It was ohbserved from the yearly itime

[}
e

rainfall on the yearly ba

=]

series thal no significant trend was delscled at 5 percent level

in most of the time ssries. The resull of the specltral analysis

indicated the dominance of shorlt pericd fluctualtions. The most

prominent spectral peaks were cenlered arsund 2-3 yesars and 5-

years. This analysis also indicated thal a weak peak of =2 period

10-11 years appeared in many ltime series.

Bhalme 1I(i934) atiempted to sludylheperiodicity of
Drought Area Index in India. Pomer specirum aralysis was

applisd to detec? the =sigrificant periodiciiies of “droughts iIn
monrsoon seaser In India. Il was ocbserved from Lhe amrzalyzisz that
the powser specirum of Lthe Drought Area Index series showed quasi
ﬁeriadfcfty of abeul 2.5 to 3.5 yesars. The situdy also suggesied

that Lthe principal cause of recurrence of large =scale droughts

agver India, wmith most cemmon period in the range of 3I-& years

b,

periodicity might possibly be the iInflusrnce of ithe southern

oscillation «

b

¥ BORSOOR.

Ggallo (IPB&) examined the hidden periodiciiy of the

was

5

regicnal annual raintall in Easlt Africa. Speclral anzlysi

used te Jdetect the deminant spectral pesés. Il was observed TFrom

the study thal the dominani speciral pesks were centered sround

o

il

2.2-2.8, I-3.7. 54 years and I0-%13 vyears. Il wmas aise re Ied



thalt similar temporal characteristics werse pbserved in the annual
rainfall records of the individual stations within these
regions.

Currie and O%Brien (1288} examined the 135 yearly total
precipitation record in fThe Marth Eastern United States of America.
The record length distribution of 13&6 series prior to maximum
entropy speclrum analysis were used mdstly between 80 1o 89 langth.
In terms of speclra lhe evidence was found for strong band limited
12 years'luﬁi—solar signal and-a weaker term of periaod 10-11 years
.Gﬂ the yearly total precipitation on record. They established that
the varialtiens in climale data did neot show the 'péeudo periodic”
behavinﬁr.

Olapide (128%) examinad the specira in the derived
growing-seasnn Bhalme—-Moolay drought index series for ithe Interior
Plainé of Morth America. He used Lhe .non—harmnnit speciral
technique for estimating speclira for frequencies in order to
detect%periodic and quasi—periodic'cnmpcnents in the rainfall tims
series. It was further examined for evidence of periodic variation
which had similar frequency of occurrence in adjacent stations. It
was also found that the quaﬁi~bienﬁial,quasi—trienﬁial and
quasi~five year oscillaligns were concenirated in almast all the
stations ﬁf'thé study region. It was further observed that the
periodicities greater Lhan the jquasi—{five year frequency bands was

not significant in terms of the numbsr of stations.




Fong Chao (1990) presented an interesting study on the
use of maximum eniropy spectrum in harmeonic analysis of time

fically examined the amplitude of the

oy

series. This- study cri
maximum spectral peak. It was obhserved that the mawinum entropy
power spacltrum contained no informaltion about thé amplitude of tLhe
spectral peak . He %uggested that the maximum enliropy power
spectrum could be used to estimals thé complex fregquency, hut not
the complex ampliltude.

Currie snd D "Brien (1990} in a study presented the

maximum eniropy specirum &analysis of 120 yearly precipitation

L

.records in the corn bell region of United States of America. It
was ohserved from the analysis that the 18.46 gears luni—-solar
terms in 109 records and the 10-11 year solar eycle signal in
terms of 100 records were found in the region.

Mitra £ I {¥9RI) analysed Lhe raintall déta in
Horth—Hest India.lhe Plains in Wiliar Pradesh and Norith Cerntral
India. They applied the method of maximum enlropy specitral
aralysiz Yor the period of S50 years rainfall data. The rezult oF

the arslysis indicated that ?I ocul oF 115 rain—gauge =station

Ly

d the

ix}

appeared lo respend to (8.8 vyears Yuri-zolar signal

]
=

statistical average value of the sigrnal periodicily In

1y
I\l

i

ainftall

proved to be I8.3 2 .8 vyears. The reszult 2ls0o cobzerved the

existence of a I0-If year =olar cycle in 77 out of II5 rain gauge
stalions in the region.
It waz revealed +{that the presence of an -2  yaar

conponernt periodicity indicated in almosi every statioms Iin tLhe

axperimental region.



2;6. Relation bétween rainfall and.rice yield.

Jain tI (1980} in a2 study attempited to  understand
the effects of climatlic variables on rice yield arnd to Fforecastl
the rice yield usfﬁg'the.cfimaiic wa}iables.‘ They observed tLhat
the maxinum {émperéture,rezaiive humidily and sunshine had small
berevticial ef?ettg in geneéal through out the_ crop =eason. But
effect ﬁf raintall wazs in geneval bemneficial through oul the crop

FE8R50N .

’Agarmaz'tf {17832 in a study examined the joini

b
)

effect Ef climalic variables on ffce yield. They found that Lhe
‘rise“af temperature and humidity had small beneficial effecis.in
~general.lhroughout the cra# seggson. Bul the Ifncrease in 'rainfal!
mé% beneficial for the yféld af rice except _duriag the riperning
Etége‘ﬂf ihe Lot o = s 0

| Agarwmal tI (19862 attempted to study the individual
eftects of weather ¥faclors on Fice %feld. They Eﬂnczﬁﬁed that

zbove average raintall had bene¥ticial effect ithroughout the gramth

phase and deilrimenilal ev¥fecl during lhe ripening phase of the rice

crop In gerneral. Thé effectg of raintall and Increase iIn the
rumber of rain% days were quctuéijng up Lo vegetable stage bul
beneficfa! during rsprﬁdﬁctiwe and detrimerntal during ripenirg
’étags of ithe crop. B

' Hongia and Gajja (1986) examined the influence of

Faintall on productivily performarnce of paddy crep Iin  Andaman &

Rikobor Islands. They intreoduced mainly two Indeperndent varizbles

b
)




of which one (Hl) was normal rainfall when rainfall was above
norm=al otherwise actual rainfall and cither (XZ) was Lthe difference
hetween actual and normal raintall in g¢ase of rainfall above

normal olherwisze =ero. The estimated egression  co- effi nt

|.4.

[ N
<
m

revealed that iﬁ was pasii and significant at wvarious levels
i.e.?1 percent level5 percent Ievel in all the four regions under

study. It was Furiher revealed that impact of seasornal deviaiion
0fF the rarafall on thé vield of paddy was sstipated positive and

highly sigrificanl in the region.

Hoherndra dev (IR87) examined that growlh performance

tonk explicit acceuant of ithe Ifmpact of rainfall o SEop
produclticon. It wmas revealed Trom the study thal the varialion of

rainfall alorne could hel p explain In 2 substantial wmeasure the

variation of crop pgroduction. A compariszoen of unadiusted and
adjusted rainfall grownlh rale revealed Lthat weather adiusted

ronth rate was higher in the statles like Hest Bengal stc.
Prasad and Pudharne {IP8P) ip 3 siludy Iavestigate ihe

relationship betwmesrn r ield in the egin of

5
s}
g
[l
l’i:l
:r
=
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a2 ¥
Garngetic Hest Bengal. The fmpaci of agri:ultu gy On
rice vield was arnalyrsed also by moditied nude using techrnolegical

trend a2F an Independent wariable. A svysiemalic nethodology o
== P

J
1]

a
adopted Lo develop the medel ilo ¥forecast the rice yield in that
region Trom the direct and derived paraneiers of vraintall data. I
wmas revealed that 211 indegendernt varizble emerged signiticant
funcitional relalionship with lhe vrice vield ot thatil

region. Il was
alzo observed thal the salisfaclory performance pf the suggested
model could forecast, 5’::5:3*&32/ the rice yield Trom the

u
derived paramelers of raintall and agr;cufturai techrology.
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CHAPTER -III

MATERIALS . AN D METHODS

3.1. SHORT PROFILE OF COOCH BEHAR DISTRICT

Cooch Behar is a district which is situated at the north
egastern fringe of Jalpaiguri division in the sfate of West EREangal.
In shaps it forms an irregula% triangle _having an  area c?_ 3404
s5q.4.M. and is bhounded by Jalpaiguri ‘district in the north and
west, in the sast partially by Geoalpara district of’vﬁasam and
partly by Rangpore district of Bangladesh and the south is entirely
bounded by Bangladesh. One of the striking features of
Indo—Bangladesh bordar is the Fresence of innumerable
"CHHITMAHAL"s spread throughoul the border line.

The district lies betwéen the parallels 2" 50% 40" and
75° 32°* 20" Morth latitudes and is bounded on the esast and west by
8%° a7+ 40" and 85" sS4+ 35v East longitudes.

The diatri;t ﬁ? Cooch Behar geographically forms a part
of Himalayan-Terai of HWesi Bengal. The district belongs 1o the
Terai'agro—climatic zone of West Bengal. This district also
beiongs o Lthe Metlesorological sub-division of Sub-Himalyan Hest
Bengal. It is also situsated in the high almospheric pressure  zZone.
The atmospheric pressure is 1000 millibar.

The climatle gf Lhis district is basically per—humid in
ﬁature with- distinctive characteristics of highﬂ rainfall,high

relative humidity and low itemperalture. Aboul three—{fourth of ‘the
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total annual rain fall is received during the south western
monsoon {(June to Seplamber). The first intermonsoon period (March
o May) and the second intermonsoon period (October to November}
héve a relatively low intensity of rainfall. -

The nﬁmher af rainy days arse récarded highest in the
months of June & July. The number of rainy days aften crossed
fweniy days in tﬁe months of June and July followed by 15 tao 20
days in August and Seplember. Bul in the months of April,May ‘and

Octoher it varied in mainiaining a central tilendency towards 10

days in, & month. During the season, minimum and maximum
. - < O

temperatures recorded are in the range 5 C to 32 C .. The

temperature reached 1The maximum in August and @ tLhe lowest

temperature is recerded in the month of Jandary. During the rainy
season, the relative humidity apﬁeara arpund 0% in this district.
In winler season it ranges from &0 teo . 75 percent. The overall
climate of Cooch Behar is damp and ngt 50 hot. The normal annual
rainfall of this districl is 3292 millimetefs.'

The district is & nel-work of rivers and small streams,
beds of which haue formed The soil of Cooch Behar. The principal
rivérs are Lhe Te;sta,Tcrsha,Jaldhaka,Kaljaﬁi,Eaidak, and Manssi
etc. ; The majority of these rivers lake rise in the Himalayas.
» After passing lhrough Duars these rivers enler this dislrict from
the %ar;hern part and flow intd Bangladesh on their way 1o join
the Brahmapulra.

The nei cropped area is aboutl 7S5 percent. of the 1lotal

area of this district. The main crop of this districlt during

)
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Hharif season is Winler Ricefi.e. 8man paddyl). & 1lititle over 47

™~
(33
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cent of gross cropped area is shared by Winter Rice {Aman?

this district. The aman paddy is basically rain fad crop  here
. . - 4 - -

bhecause only 0% of cullivaisd land are under irvrigalion scheme.

Rabi

0

Bul Lhe most of facility of irvrigation concerned is in  th
crop and Lo some exient in ths pre—Hharif corp.
The majority of the people of Cooch Behar depsnd on

5 th

m
[N

fode

agriculiure and it ¥ principal source of livelihosod.

3.2. The nature of Data used @

It is pointed oul sarlier thal The Cooch Behar disirict
hias been selscted for the study. The crucial wvariables used in
this study are rainfall and yield of winter rice. On iths whole the

follow =

]

categorises of dala requirad are a

3.2.1. Rainfall (Monthly) =

Thare are more than seven rain gauge sialions in Cooch
Behar district where rainfall is recorded. However thersz are

glarities in the mainlenance of propsr records.
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The toial precipitaltion is nol uniform tThroughoult this

district. It is the highest in th

m

norihern part and as one
proceeds soulh wards il decreases.

The northern part of this district has an  annual
precipiiation rale more than the normal rainfall (23272 mm);, while
the southern parlt of this districi has 1lsss Lthan normal rainfazall.

Therefore,on the assumplion thal the rzainfall 2t the center of

]

the norithern part is highly correlatsd with that at other centers




of this part and as the same assumpiion holds for 1the soulhern

ons Tor

s

part of the districli,we have chosen lwo rain gaugs stat

which proper informalion is available. The chosen fwo rain gauge

i

ons are Cooch Behar and Dinhata. The wmonthly rainfzall datla

b

-5tal

are collected from published ohservations from sources and some of
them are collected from the rain gauge stalions.

The monthly rainfall data of Lthe lwo siations havse been
.collected far the perigd from 1901 itg 1988. The datz consist of

e

Tte
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monthly sum. During compilation of monihly dala some difficull

o
ui

have heen faced dus 1o missing records Ffrom the stations.
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However,the diff g5 in filling up the missing data for some

L.

months;have bszen overcome by considering monithly normals of tLhe

stations or by using ths respscltive long term monithly mean wvaluses

fowd
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for the stalion. Melesrologically more significant annua

are devived from the monthly sums of rainfall of the r
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stalicns.

3.2.2. DAILY RAINFALL

Daily rainfall data for the Cooch Beshar station have been

- Coo

im
4]

collected from the HMelesrological, Cent i Bshar. The daily
rainfall data of Cooch Behar are available for the period from
1971 Lo 1R88.

In this contexti,if is noitsd thal the daily rainfall data

iy
Pl

or Dinhaia cannol be available for long period. This discrespancy

imposed some limitations Io the study.
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3.2.3. Estimated Rice yield :

Aman paddy Eingulérly‘accaunts for about 70 of tolal
Fite area of this districtl. Ii is grown extensively as a rain fed
Crop. The-winter paddy,too,is preﬁuminated by local wvaristies. A
litile over Bd percent of Iolal &area under winier paddy is
occupied by local varielies. |

The climatic factor, particularly rain{all, is used to
estimate the yield of winter rica. Hihter rice yield data in
Hg/hectare have been collected for the period, 1972 tb 1288 from
the recnrd‘published by the Govi. of West Bengal.

"The rice yield daia consist - for iLhe dist}ict of - Cooch
Behar. The yiesld a¥~winter rice ﬂas‘.beén included as dependent

variable in the study for crop—weather relétinnship.

2.2. . SOURCES OF DATA'

The monthly sums of rainfali data faor the raingauge
stations at Ccnch'BEhar and Dinhata are coliscted from India
Meteorological Deparimenl by some published records and from its
lacal Heteoraimgical center. Some relsvant rain?ail‘data have besn
cullezted-fram the raiﬁgauge staiian at Ceniral Tobacco /Eesearch
-Institute, Dinhata,ICEoch Behar.

The yield estimates of winte} rice for Tthe Cooch Behar
district have‘been collected from "Statistical Abstract® published
by ihe\DEpartment of Applied Economics and Statistics, Govt. of
West Bengal and estimales of area and production of principal

crops in West Bengal pubklished by Socio—Economic and Evaluation
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Brénch, Govit.of HWesi Bengal.

Some relevant observalions have bhesn collectisd from  the

e

"Hey Statistics" publishad by the District Statistical

ad Eronomics and statistics, Government of

hds

officer.Bureau of fppl
West Bengal, Cooch Behar.

=

ok

Somg staltistics regarding %the physical features of ik
district have been collecisd from "Agriculilure ‘in Moritharn
Districis of Wesi Bengal-Profile and Prospecis" published by MNMorth
Eengél campus,Bidhan Chandra krishi Viswavidyalava, Cooch Eshar,

Mesi Bengal.

b O O ' METHODOLDOGY USED

The statistical melthod is basad 6n the analysis of real
data. A& particular techniqﬁe is more clearly understond when il is
presented in numerical as well as mathematical term.

The basic statisitical theory and msthods are freely

followed from time Tte time throughout the situdy. Theses are

mean,standard deviation and wvariance.mean deviaticn etc.. The

[

graphical analysis s alsg employed To familiarize with the

mathematical concepis.
The tftwo basic discrets distributions i.e.,negative

binomial and Markov—dependent Geomelric model,ithe most common kind

of discreie wvariahles,are consid

[y
m
-

ed for probability model. The
geomelric probabilily mpdel arising from the Markavian

aie

[N

probabilities are considersd te fit the distribution for 1

varying variable. The variables are freguency varizshles and the
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use ¥ this model have some 2 "“prior" justificalion in  fterms of
modeling of rare evenls occurring over periods of Time.

The slo

1

hastlic process has been smployed by ultilizing the
Markovian properiy. The lransition probabililies conslitutle ihe
Markovian mpodel. Hsre we confine fo the hcmageneaus.chain sysiem.
We have slso considered the unit-siep transiftion wilh ifwo—-stale and

five—-state Markov chains. The eniropy defined by Shannon has been

Bds

used To measuré the uncertainiy of the fTransition prgbabilities
and to test the Markovian dependence of daily rainfall.

To measure the oscillaiory :har:cter\ in the -historic
time series of rainfall,that is.io ssarch for hiddsen periodicities
within the instrumenial time frame,zpecliral analysis is used ta

rhythm. Tha aulocovariance, auolocorrelation are

|
("N
g
n
[ad
or
Pata
[1}]

recog
also uitilized Lo sei up Lthe speclral analysis with its initial
paramelers wilh the help of Bowx—Jenkin®s method.

The multiple regression analysis iz  also applisd in

this study whenever this is found Lo be meaningful,particularly,lo
Estab;ish the empirical crop-wealher relationship in the district
of Céﬂth Behar.

The maximum Iikglinaad method, least sgquares melhod and
the meihod of momsnls are adopied Lo aiﬁ at the evaluaslion of the
unknown basic paramelsrs of ithe populations from the infarmation

of sampls or realization under study.

bu
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Te establish the relailionship belwesn the dist

b

of population and the distribution of sample realization

statistlice ;the sampling theory are employved 1to measure the




reliabhility of statistics. The basic sampling theory is concerned
here mainly wilh the four sampling distributions.

These distvributions are @

I

i} Standard Mormal distribuition.
ii) Student’s t-distribution.

iii} Snedecor®s F—distrihutiﬂn,anﬁ
iv} Chi-Square distribuition

with i1®s limiling forms 3lso.

These are the distributions af corresponding
statistics,e.i. the =z,1,F and ¥ statisﬁica. These siatistics are
applisd whenever Lthese ares reguired and mesaningful.

Besides Lthess 1lssis:; we have employed some athe

tests likse Geary Lest and Durbin-Walson test etc.
The statistical tables of the sampls distyibution and
the statistical tahles for Gesary test - have been usad

comprehensively to gel Lhe Lheareticzal values of the relevant Lest

For i1he analysis of  Chaplter WII, we have usad the

stat

(=8

sticzl sefiware program of BMDP and ths statistical procedurs
hav been. explained duly,C88C, Indian Statistical Instifute
prévide5 the BSilztisticsal Compﬁtér program far appropriala
analysis.

In Chapier VYI1III,we have ussd the statistical program of

the Micro—Datls processor,Personal Computlar (PC-FA-11) of
M.B.Campus,Bidhan Chandra HKrishi Viswavidyalaya,Cooch Beshar.
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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.



Pats
[N
=N
Nt

Te determins the probability distribution cf LTime

nfall vyears.

=N
]

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.

S

[*H

cal tesi 1o the index,it

[}

=1
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fmts

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

]

number of variables such an assump

[

r wh

Inds

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
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£
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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.
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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
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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
A4



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
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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 .
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Fig.4.4.(a) .FLOOD "PIME INYERVAL (COCCHFEIMR)
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PATTERN GOF DAILY RAINFALL




CHAPTER -v

PATTERN OF DAILY RAINFALL

5,1 INTRODUCTION

The knowledge of weather,in gensral,of rainfall in
particular for performing the pre—cultivation operalions and sound
crop planniﬁglneeda much emphasis. HMoestly the work in  this

direction is confined %o the toltal rainfall,maximum and minimum

s

amount of rainfall and its ranges etec. Howsvar,nol only the

“5

inadequacy of rainfall bul alss excess or deficiency is harmful o

3 particular crop « It is also natural to imagines thait for Lhe

of much imporltance but the paltlsrn of ils occocyrrence such as spell
af rainy and dry days, supeclsd number of dry days belwes two
rainy days and Lthelir repslitions are of much uss for 1the rainfed

crops in Lhis region. The repetlit

ive beshaviour sf wealther during
seasonal moniths has always fascinated meleorologists and

Statisticians. Meleorologistis sesk physical explanations for such

b

fuda
e
[
I}
1

phenomena and statisticians éxplare poss 1it of model
‘building to explain random phenomena. Such modsls serve the
impoartant function of providing an orderly basis and permit
%urtﬁer use- of the ﬂeductiué power of malhemaltics To reach
conclusions that may sven provide clues to physitél gndersianding
of the complex phenomena.

Among the 2arlisy studies may be menlioned the work o

Caochran (12328} who proposed a probabilitly mwmodel, based on th

"Theory of Runs" to study the "persistancy" behaviour of rainy day

~J
4

f

2

3



while others like Gahrisl and Neumann{1937) suggested geomelric
distrihution as 2 jsuiiakle model for wel and dry wealher spells.

find

it
b

Gabriel and MNeumann (19&62) considered empirical evidence 1o
gut the suitability of the pattern of cccurrence of rainfall witlh
to the precipiiation

the help of Markov chain model. With resp

2ct
tic approach has Ekzen 1o

i

g
phencmena,a major thrusit of ihis stocha
predict the bshaviour of spell distribulion and subsequently Lhe
weather cycle under the assumption 1Thal the probabiliiy of
pccurrence of precipitation of any day depends upon tLhe previaﬁs
observation and only on it. So.Markov chain model has been used to
serve this purpose.
To be precise,the main objectives of this secltion are :
il To £it the HMarkov chain model ito daily rainfall daila.’
ii} To determine the distributieon of dry spells and wel spells and
dry-wel and wel-dry cycles.
iii} To Eatimaté the average lenglhs of dry spells and wel spells
and the expected length of wealher cyclse.

S.2. MARKOY CHAIN MODEL OF DAY'S WEATHER.

For the purpose of the present study this daily rainfall

data are based on the daily rainfall during the period 20th April

sifisd as wel day

Y]

to

]

O0th Seplember in each year.Each day ig’cla
if the day receives thes amount of rainfall greater than ar equal to
2.2 mm or 3 dry day if the amouni of r%infallxis less than 2.5 mm.
This classificaiion gives a sequence of wel and dry déya
which can be regarded as a3 two—slale Harkov chéin with wel and dry

days. Each day of this segquence 1is classified as ons of 1Lhe

75



following possibilities. 7
i} A-dry day preceded by a dry day.
ii} A wetl day preceded by a &ry day.
iiiy A dfy day preceded by a wel-day.
iv} & weit day preceded by a wel day.
Thus , far sach year,lhe SGth April which is regarded as

the initizl day may be considevred Tor Elassi$yiﬁg the 1lst HMay for

=]
=l
ol
m

<8

each year. Thus, for each year, the nature QF a day 1is «classi
as nné of the four possibiliiies dépending ﬁn the previous day 1is
dry or wet.
Rezpeating the process each cell frequencies for 1he
above four possibilities are obiained.
L et these frequencies bhe T(D/D}, F{W/D}, §(O/7W) . FIL/WD
respecltively with

FIRADY + F{WDD

n:t

and T{D/HY + FOUWY = i,

| The cell ?requeﬁcies are arranged in the malrix form for

the monith of May . June,July fugust and Septemher base& oﬁ daily

rain%all data at Coocch Behar. These cell %requenties for sach month

separétely are given in Takle 5.1. And the corresponding cell

Frequenciez‘af a2ll the moniths are pooled and we geil a2 new form of

matrix compuled by pooling the carresponding frequencies for

ﬁay, June, July, fugust and Seplember. |
These pooled or lotal frequencies arse also reportad in

the same Table.

It is obvious that the tws conditional praobabilitiess,

7&



describing

[v]
-

p_ and Plo which have to he estimated,are required §

iZ
the two state Markov chain model.
The maximum likelihood methods have been applied 1to

zstimaite these paramelers of lhe model.

The conditional probabilitises can be estimaled as below ©
f g
L

FIWD? (WAL
P = 17 and F = =
42 11} 22 1
4 2

-t

So, under the two-state Markov chain model the other 1lwo

frole

1y oblained as

conditional probabililtiss are =2as
P = 1-P and, p = 14-P
dd iz 24 22

Given thalt the previocus day is dry.let the transiiion
probhabilities of a day being dry and wel be respectively
P and P with P + P = 1. :
iz dd 42 .
Similarly given that the previous day is  wel, 12t the

iransitien probakilitises of a day being dry and wel are

respectively P =nd P with P + P =
24 2z p=' 8 z=z

adly

The iransition probabiliiy malrix,in such a case can  be

arranged as

Pd.-l. E B l
P= P P
24 zz |
Since the seguencs of dry and wel days can be regardaed

here as a finite sequence on the time axis,we can take ths

58

ay i.e. Lhe 30th April as an initial day, as dry or wel.

starting

5 then esxpectad to seiltle down to a lwo—siate HMarkov

foda

The process

m
w
L
=
-r
]

chain model for each monlh as well as itheir pooled estimatl
stochastic mairix of sach monih i.e. PMay, June, July, August and

September and the pooled one are also reporied in Table 5.2. It



is indicated in Table 5.2 that the transition probability of tihe
aﬁcurrence af a wel day preceded by a waet day for each  month ail
Cooch Behar is always the highest among all 1he conditional
probahilities during the monsocon months. Bul the conditional
probability for ithe occurrvence of a dry day preceded by a dry day.
is the highest among the other conditional probabilities in the

month of May at Cooch Behar.

3.2.1. TEST OF INDEPENDENCE :

For determining whelher,the scocurrénce of a wel day and a
dry day '‘depends only on the immediatsly preceding day’s
weather, we test the hypuihesis of independance against Markow .
depandenze._

Mow under- ths null hypothesis the likelihood ratio

statistic has been used {or the ltesting. Thes test statistic is

given by'
) z .z (nin
= e 3
A =—-—2lpgr =22 E n, log ——m:r
. . Ly n. n,
L=d  gj=d v
Usual notalions have besen used here.i.ge. n, = cell
L)
frequency of ith raw and jth column, n = total of ith  row,
L
. 2 2
r“ = total of jth column and n = Z n = Z n,
B L J
i
The Lest statistic has an asympltotic Chi-squarse

distribution with one degree of freedom for the two-state Markov
chain modsl. The calculaited wvalues of test statistic (l*)are
given in Table 5.3. for sach of the months and for the pool of
these monihs. The ltesl of independence strongly suggests that the

probahility nf the cccurrence of rainfall of any day is dependent
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on. the weathsr of the previous day as the calculaled values of the

e
oy

test statistic are much grealter - than the tabulated wvalue 0o

ndicatie

"N
0]

[

B

pds

chi-square at one percent level of significance. Th
that the Markov chain modsl is very much affective on the wealher

of h Behar duving the premonsoon month like May and

(]
s

day at Coo
effective monsoon months June ‘to Seplember as well as 1hs pooled
observations for all these months. ‘

Therzfore,we come to the conclusion that the hypothesis
af indegenden:e Bfiweather‘af conseculive days is tc be reiscted
and the%efure,ihe cccurrence of a wet or dry day is influenced by
the previous day®s weather only.

1

5.3. SPELL AND WEATHER CYCLE DISTRIBUTION

& rainfall egvent is describad by  ifwo sets of
meteorological dats represeniing wel and dry phases. In =a
saquence of wel and dry days, there are possibilities of Lhe

gccurrence of wel days and dry days in successien. & number of

R

successive wel days preceded and followed by a dry day is regsrded

-

s the lenglh af a wet spall. Subsequently a dry spell is defined

[l

-l

ined as the combination

(™
o

the similar way. & wealhsr cycle is de

-

2 dry spell {wei-dry

("N
“;

of 2 wetl spell wilh the immsdiate succe

—
=

1y

cycle! or a dry spell with thes immediale successive wel spell

(dry—-wet cycle). The following criteria are fixed in the analysis

for classification of & wet day.wel/dry spell and weather cytle.'

]

i} A day is defined Lo be a wetlt day if it receives rainfall

more lhan or egqual to Z.5.mm .
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1]

i) A wet spell is included in a month if any day of 1Thi

e

]

particular spell falls within thatl month.no matiler if th

wet spell does not end in the monih.

[N

& dry spell is included din a monlh aonly £  tLhe

Pt
Iede
|78
L

immediatsly following wei spell is includsd in tihat
particular month. In case.,a month ends with & dry  day
the dry zpell-including that dry day should be accounied
in the following monih.

iv) In case of weather cycles.the whole 1eﬁgih of the cycle

that

e
[}

which overlaps 1itwo adjacent monihs is assigned 1
month which shares more than half its lengilh.In case of
gquality,it is arbitrarily assigned 1o  1the previous
manth;

-

In adopliing above rulss for the assignment of spells and

[y

cycles to 211 the months,we are likely 1o inlroduce 1ittle or no

ias in the long run as a result of the random characteristics

tr

o

associated wiith the mid-points of Lhe spells and cycle lengihs.
Following the ahove procedure ths observed frequencies
of dry an% wel spells of various lengths duriﬁg the rainy months
are shawﬁ iﬁ Tables 5.4'aﬁﬁ 5.5 respectively. I1 is seen from the
Takle 5.4 that Lthe observed Freqqency for ths ﬁuratiun of a dry
spellliz seen up to eleven days in the meonths of May and Gugust
but sewven,sight and twelve days in the wmonths of July,June and
Seplember respeclively. The dry spells of twelve &ays during _the
monlth of Seplember are observed twice while the dry spells of

eleven days during ithe months of May and fugust occur thrice and

a0.



twice réspectively._ Haﬁeuer,it 'is mostly observed that the
frequency of the duration of a dry spell decreases as the size of
the dry spell infreases for a1l the rainy months alt Cooch Behar.

From Table 3.3 the observed ?re%u&ncy of welt spells
iz seen up to sixteen days in the monlh aof July followed by
thirteen days in the month of September. The same for twelve days
in the months of May and June and that of nine days in 1ithes wmonth
of ﬁugusi are also obssrved during the study periad. Though a
wal spell of sixteen days during the month of July is observed
once but in  This mgnth;ihe long wel spells are observed
frequently. |

Tahles 3.6 shuwai tha Dbserﬁad fregquency of dry-wel
cycles for all the rainy menths. It is ssen from Table 3S.&4 that
dfy—wét cycles E?'IDEQEF durations gccur in  the month of July
followed by the months of May,Bugusi anﬁk then by seplembesr and
Juné respectively. This is probably because of longer weil spell
during these rainy months.

From Tahle 5.7 the  wet—-dry cycle of longer
duration occur once in 25 days during the month of Seplsmber
followed by July.June , August and May. This is dus To Lhe
longer wet and dry 5#9115 during theses months.

The probabilities of obtaining these three svenls, a wetl
zpell of lengih w-day,a dry spell of length d—days and a weather
cycle of lsngih n—days £an ke construcied from the
Markov dependeni geomsiric models. The probability generating

expression for wel spell langlih (k) , dry spell lsnglth (y) and the

a1



wealher cycle 1éngth (z}) ars given hbelow 2

\P {x=w}) = ipzz } (1 - pﬂ).
Cded
Ply=d) = (ﬁi) {1 ai}
—i n—i
r p22 - 44 .“
P(z=n) = (p_ X p ) X | — |
E = L Pea Fma“!
Hare
Plu=w) = Frbbability of = wet—spell'ﬂf length w days.
Ply=d} = Probhabilily of a dry—-spell of length d days
P(z=n) = Probability of a wsalher cycls of leanglh n days
= ] —F i i =3 - i l.:-:‘- Y
PL7P 7R, and R, &Fe defined in ub-section 2
The cfonditional p?ﬂbabilities P,* P+ By, ‘and . which
sarve as lhe basic elemenls 1o construcl Lhe Markov dependent

geomelric model, are already sstimated separately for each month

vy a5 well =25 the poolsd estimaies of these months.

i

May to Septemb
These wvalues are given in Takle $S.2. Thess ronditional
probabilities are based on 18 years daily rainfall observalions
at Coaoch Behar during these rainy months.

He can emp}sy these transition probabilitiss into the
foregoing formulas as expresssd in this sub-seaction. The relative
probabilities a5 gensraitad by the Markov dependent m;del) ara
estimalted for sach of the rainy months as weil as- ithe itotal of
these months. These relative probabililies are multiplied by the
appropriale sample sizes,we get the expected fregquencies by
lengths of wet and dry spells and wei—dry and dry—-welt cycla for

-

gzach of thes rainy months as well as the total of thess months.

. The observed fregquencies along with tLtheir expecied

82



frequencies are given in Table 3.4 for dry_sﬁell distribution and
Table-5.5 for wel spell distributinn.
Ncw‘we discuss here separatsly wel spell.dry spell and
dry—-wsl cyﬁle'and wet—dry cycle for the EESpE:Iive monihs.
3.3:1. DRY SPELL : |
| Tablé 5:4 shows the distribution of dry spesll for the
months Mav, June, July, August and Seplember and Lhe pooled

pution of these rainy monihs. The Chi-sguare goodness of fit

e

distr

=8

test has heen applied te test 1the walidity of the model. ‘The

ot

values of the itest statisiic are calculaisd separately for each

distribution of dry spell. These values of the Chi-square are
iven in Table 5.4 with suitable degrees of freedom along wilh

the tabls valuss at five percenl level of significance. Il is seen

that the ohserved and expected fregquencies For dry spslls of

b
o

varying lengths for eachk disiribution 41t wesll sincg thé
calculated values of Chi-sguarse are mnonsignificant at five
percent leﬁel; The aobsarved and expecled frequencies of dry spells
during ths months May to Seplember i.2.totzal of rainy months are
shown in Figure.5.1.

Therefore,we come 1o the conclusicn that the dry spells
with varying lengths can be considered tofollow HMarkav dependent
geomeliric model. So.this model is a valid one to Vthe dry spell

distribution at Cooch Behar.



S5.3.2. WET SPELL

The Chi—square §uodness of fit test hasheen considered
to test the reliability in agreement between the ohserved and 1he
expected frequencies of wel spells to all the distributlions of weil
spells with varying lengths. fhe calculated valuss forthe test
siatiatic are inen in Table 5.5 with suitable degrees of freasdom
at the 3 percent lavel of significance. The calculated valué% of
Chi—square are lessvthan the table walues al 5 percenit level with
suitakbkle deérees of freedom for all the distribulions of wet spsll
wilth varying lengths. So,the values of 1test siatistic ‘are neol
significant ét 5 percent lsvel. Hence,lthere is jood agresment

between lthe obssirved and the supeclied ¥fraquencies for wel .spells

W

af varied lsngths {for each disiribution of wet spells under

consideralion. The ohserved and the expecisd fregusencises of wel

spells during the premonsoon monih {(May) and ths ciive monscon

[il]

I~

moniths i.e. the total of LThese months are shown in Figure 5.2.

Therefore,the distribuition of wet spells for each
- month and ihe ra%ny months can be considered To follow ths
Markov dependent geomeiric model ail Cooch Behar.

3.3.3. WEATHER CYCLE :

The distribution ﬁ? the length of weather cycles
censisls of lwo caltegories as mentioned earlier i.e.dry-wel and
‘wel—dry cycles. Tablels.é and Table 3.7 ra2port the observed and
tha expecled Frequencies for dry-wst and wel—dry cycles.
However.ilt may be noted that dué to symmetry of the appropriate

formulaese by using Lhe = and P, the probabilities for differsnt
B £
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lengths of the cycles remain the same for dry—-wet and wel-dry

: R .Y +
cycles, although the actual expeclted frequencies can be diffesrent

due to the marginal differences of the sample siza. Tahle 3S.6

n

and Takle S.7 show the chserved and the sxpected frequenciss of

faor the consolidated

L'

thesetwo types of weather cycles ssparalel;

periods.

The calculated values of Chi-sguare are less than the
tabulated waluss of Chi-sgquars al five percent legvel  of
significance. Thess values are given in Table 5.6 for dry-wetl
'cyclez and in Table 5.7 for wel-dry cycles For 2all 1ihe
distributions. So,the values af the test statistic arse

nocnsignificani. Figures 5.3 and 5.4. show the observed and the
expected frequencies of dry—wel and wel-dry cyﬁles of the period
May 1o Seplember respeclively.

As judged solely from the iest wvalues,the dry-wet and
wel—dry cycles appearsd to confirm is follow the Markov dependent
geamelric model. The findings are similar in the case  of dry
spells and wel spells.

Acs observed slsewhers in the tass of d

i

y spells, wsl

spells and weather cycles,ihe sxpecied frequenciss alt the long
length are adjusted corvresponding to the observed ones.
However,for large mass of datsa af the prasent

[

ype,accumulated over a2 long periocd of e2ighteen years, the
influence of many exlraneocus factors affeciing the reliability
and uniformity of dats cannol be ruled oput. Pulting all these

type of factors tegether and bearing in mind,some of the



inadequacies in the data base. itself, the fundamental Markovian
assumption and Markov dependenl geomelric distribution model for
weather spells and cycles are nol too unreasonable.

Therefore,it may be concluded that the averages length of
expecied dry spell is 2.5 days while that of a wet spell is 3
days. And they constitute a weatlher cycle of 3.5 days which is as
such,the average value of the observed lsnglh of a wealther cycle.
Hence,the spells as well as wealher cycles have confarmed 1o the
Markaov depeandent geometlric maodel.

3.4. LENGTH OF SPELLS AND WEATHER CYCLES :

In the foregoing analysis,we have tested the fundamenial
Markovian asssumplion involving the daily weather ait Cooch Behar
for different months. In this seciion wa use the parameisrs of two
State Markov chain model on the daily rainfall for the rainy
months and pooled period alt Cooch Behar Lo estimalte the length of
wel and dry spells and also the length of weather cycles. It is
assumed that the geometlric model alsso enables us to  examine the
number of dry or wel spells and weather cycles. But we have
-alresady established thal HMarkov—dependent geomeilric models are
best fitted to the distribution of wel and dry spslls and alés

-

weather cycle

W

Morsover,considering the distribution the expeciad

langih of a dry spell of length *d° days is given by

Ed{d} =

po ) Y

iz

The expecisd lenglh of a wet spell of "w® successive wet

days followed by a dry day, then is given by
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1

Y = e .
E {wi? (1*P22) )

The expectad length of a weather cycle i.e. a dry spell
followed by a wel spell or vice—versa is then given hy

E (c)} = E (d) + E (w)
_1 1
& =

]
Fiz 22

P, and p, are the usual notations as given in earlier
sub—section. |

Employing these itransition probabilities, the expscled
langth of dry and wei spells and alsoc the expecied length of
weathercycles can be evalualed as shown asbove. The observed valueaes
of lengths of dry and weil spells and the lenglths of wealher cycles
are compuisd from thes observed frequency distribution of the
spells and weather cycles Tor seach month from May to Sesplember at
Céuch Eehar,during'the study period of sighleen years.

The observgd and the expected lenglths of =sgells of dry
and wet spells and the lenglths of wealher cycles are given in
Table 5.8. The observed values of wesalher cycles are estimated by
taking the average of the msans of two cycles 1i.e. wsl—dry and
dry—wel cycles. These values are sstimated for 211 the rainy
months i.e. May to September at Coach Behar.

It is seen from that table that the wvariaticon in 1ithe
lengths of wet spells'is large for all months. It is also ohserved
that the e%pected lengtih of dry spells varied from 1.96 to 2.21
while in the case of wet spells it varies from 2.54 to 4.02. A&
note wnrfhy feature is that the expecled lenglhs of dry spells are

greater than the ohbserved lengths in &all tThe months sesxpeci  in
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August where it is reversed. And thes expecisd lengtlhs of wal
spells are greater than the observed lenglhs -in all the months
except in September where il is also reversed.

The ohssrved lengths of weather cycles luctuated from
5.2 days in the months of Jung and August to &.2 days in the monih
July ,whereas thes expecied lenglhs varied frﬁm 5.34 in ths month
of fAugust to &.35 days in the month of July ail Cooch Behar.

3.3 CONCLUSION :

Markov chain modsls have bezen fitted to ithe daily rain fall
during tﬁe mﬂntﬁs,ﬂay to Seplember separately in ithis district.The
distribution of dry and wel spells as well as dry—wel and wel-dry
cycles af the period May to Sesptember and rainy season az a whole
have been Titisd Io Markov dependent gecmetrif model over 1this
érea. The average expected lengths of dry spells and wel spells are
2.5 and 3 days respecltively and they consititute the‘ 2.5 days of
the weather cycle which is nearly lhe same as thal of the averags
pbsarved wealher cycls.

TABLE 5.1.

TRANSITION FREQUENCIES

{ For five months and total )}
Month £(D/D) F(W/D) Total(ni) F(D/W) F (/W) Total(ng)

MAY - 203 1086 309 104 - 143 249
JUNE 1246 . 245 222 2?4 224 318
JUuLY 80 83 163 ’ 20 205 395
AUGUST 172 103 277 104 177 281
SEPTEMBER 153 @7 250 7?4 124 220
TOTAL 734 487 1221 488 1045 12332

GRAND TOTAL = (1221 + 1733} 2754
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MAY

JUNE
JULY
AUGUST
SEPTEMBER

POOLED

MONTH

May

JUNE
JULY
ALGUST
SEPTEMBER

PODLED

# Significant at 1%

TABLE

- 5-2-

TRANSITION PROBABILITIES

For six stochastic matrices.

dd

L&56

~S76

]
F-.tZ

344

[~

a2z
=

J
da

0

.50
377
- 388

. 3988

TABLE

E

24

A24

]
rm
-

£

£
I
Ja

-.3183

= 5.3.

VALUEES OF TEST STATISTICS

CALCULATEDR TEST STATISTIC

leval.

39

]
i

1

-l

D.F

TABLE VALUE OF
¥ with 1 df.at

14 lavel =46£.464



TABLE = 5.4.

Observed (D) and expected (E) freguencies of dry spells @

MAY JUNE

* 0 E

0 E

JULY AUGUST SEPTEMBER
o E 0 E o E

1 42 37.8C 48 43.40 44 423.90 41 40.30 45 27.40 22

2 20 24.80
3 10 16.30
4 12 10.70
= 0a 7.00

& 032 4.60

-J

01 3.00

]

o1 2.20

7 04 2.00

10 0¢ 1.¢0

11 02 .50

12
110 110
¥ (caly 5£.40
D.F. 5
¥ (Tak)
=

it 5% 11.07

# = Dry Spell

0 24 21.50 25 25.00

11 1410 02 10.50 42 15.50

12 8.00 02 05.00 10 09.40
02 4.50 01 2.80 09 &.70
0R Z.60 02 1.20 02 3.70
02 2.00 02 4.00 01 2.30
01 1.50 01 1.40
o2 .20
o .70
o2 .50
101 101 8& && 10& 104
5.45  2.41 2.36
4 a 5
.49  9.49 11.07
{Day}

20

zZ2 22.80

&7 1Z2.90
0= 8.50
a7 Z.20
03 2.20
4 2.50
G 1.20
0z 1.0C
24 24

T B7

5

11.067

TOTAL
o E
8 209.&
112 109.7
051 71.8
040 43,4
027 25.9
012  15.50
014 .30
004 S5.40
006  2.40
001 2.50
D05 1.40
002 1.00
499 499
12,18
2
15.507



Observed and

expected freguencies

of WET SPELL

TOTAL

71

MAY JUNE JULY AUGUST SEPTEMBER

*0 E 9 E o0 E O E O E o E
1 48 45.95 3& 31.90 28 22.30 28 2E2.40 32 30.4 172 150.10
Z 24 2&.40 20 22.40 16 17.20 13 14.20 20 20.7 95 102.00
2 14 15.15 18 15.80 12 13.25 08 18.95 21  14.05 74 &9.40
4 10 8.70 12 11.20 ©7 410.20 03 5.45 07 7.60 3% 47.20
5 5 3.00 5 7.80 S5 7.85 1 2.0 07 6.5 22 32.10
& 12.90 5 5.5 & 4.05 2 2.85 02 4.4 1& 21.80
7 B 1.65 2 2.8¢ 7 4.85 1 1.350 01 2.5 12 14.85
8 <4 2.7¢c 5 32.80 4 - 1.25 03 2.8 15 10.10
2 2 2.50 1 2.80 1  1.00 1 2.00 & &.90
10 1 1.25 2 2.00 2 2.50 &  4.70
11 1 1.40 2 2.10 3 2.80
12 1 1.0 1 1.00 2 2.00 5  2.00
13 1 1.00 1 2.0%
14 1 2.00 1 1.00
Totsl 108 108 108 108 97 97 &1 &1 25 95 459 A4LT
¥ (cal) 0.79 2.15 2.99 2.80 6£.70 10.97
D.F. 5 & & 4 5 9

x* 11.07 12.59  12.59 2.49 11.07 16.92
(al 5% lesl}
¥ = Wel Spell (Day?



TABLE=5.6.

Observed and expected frequencies of Dry—Wet cycle :

May JUNE JULY AUGUST SEPTEMBER TOTAL
* 9 'E @ E ©8 E O E @O E O
zZ EE 13?87 ;7 1;.65 iz 10.21 14 14.30 13 14.20 72
3 17 17.08 17 14.8%9 47 12.86 20 17.98 14 14.3C 85
4 7 45.77 8 14.33 13 12.35 1& 14.8% 14 14.10 &5
= 2 12.22 11 12.2¢ 08 10.71 12 14.08 5 12.17 &2
& 14 106.45 09 2.°92 05 8.87 8 10.95 Q08 ?.75 44
7 68 7.6 05 F.71 85 7.0 04 8.25 05 7.25% 29
& Q4 4.75 O7 .84 g4 .40 a2 - &.00 08 5.75% 25
T 03 2.8 02 4.34 046 4.4 oz 4.20¢ 03 4.25 17
10 02 2.8% 07 .20 02 3.40 04 2.01 01 3.15 &7
11 02 1.90 02 2.32 2 =2.70 03 2.1 02 2.25 062
12 02 1.24 00 1.47 g2 2.40 0 01 4.4% 01 1.4 04
12 00 .73 01 1.2C G3  1.80 0= 1.20 1.80 09
14 01 .51 04 87 02 1.40 co .80 0B 1.5¢ 08
15 Q2 .50 02 - 76 1 1.850 01 1.00 0&
14 Q0 .50 01 1.00 01
17 62 .51 01 - 80 .80 03
18 a0
1 0z 1.8 o2
Tota

25 95 21 21 87 &7 102 102 20 0 455
(caly 12.08 744 2.%95 8.3 4.32 20.40
Df & 7 7 7 7 12
X 12.52 14.07 14.07 14.07 14.0G7 21.03

at 54 lsval

# = Dry—-Wetl Cycles(Days)

~
nl



TAEBL

E =

5.7.

Observed and expected frequencies of Wet—Dry cycle.

May JUNE JULY AUGUST SEPTEMBER TOTAL
# 0 E 0 E 0 E [1] E 0 E o E
Z 15 13.87 12 11.52 12 10.00 21 14.10 47 11.15 77 58.70
2 18 17.08 20 14.72 17 12.60 21 47.50 41 14.35 82 75.20
4 17 15.77 1& 14.20 14 12.10 13 16.50 14 413.00 74 72.50
5 14 12.92 0% 12.10 8 40.00 12 13.80 13 11.9% 5& &2.70
& 11 10.45 5 9.80 9 8.40 7 10.75 7 .45 39 49.50
7 2 7.6 7 7.3 & 6.9 9 B.10 S5 7.50 29 3&.7
& 4 4.75 7 5.80 & 5.5 4 5.80 8 5.70 29 B28.90
¢ 3 3.80 2 4.80 4 4.30 1 4.20 S 35.3C 1& 21.10
10 2 2.85 & 4.00 1 2.40 2 2.95 0 O 11 15.40
11 0 2 3.00 3 2.80 3 2.10 5 4.20 14 11.10
12 4 R2.1& ' 2 2.0 1 1.40 0O 7 7.80
13 2 1.0 1 1.8& 2 2.00 2 1.00 2 3.20 10 5.0
14 1 1.00 4 4.80 1 0.70 © & 4.10
15 1 2.00 1 2.&0
1% 1 0.75 i 0.50 2 2.00
17 1 1.00 1 1.5 2 1.80
18 1 1.00 1 1.50
22 1 0.50 1 0.50 2 1.20
25 1 1.00 1 .50
Total
95 95 90 90 85 85 . 100 100 89 89 459 459
¥ (Cal) 4.50 5.40 2.90 &£.98 &.72 18.14
D.F. & 7 7 7 & 12
{at S%)12.59 14.07 14.07 14,07 5.507 21.03

# = Hel-Dry Cyvcles{Days]
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TABLE =5.8

DBSERVED AND EXPECTED LENGTHS OF DRY SPELL, WET SPELL AND WEATHER CYCLES

(Observed and expeacted length (in days)

DRY SPELL . HET SPELL HEATHER CYCLE
0i Ei 0i  Ei oi Ei
MAY 2.83 2.91 2.34 2.35 £.05 L£.25
JUNE 2.23 2«35 214 3.328 S.2 5.74
JULY 1.84 1-?6 4.02 4.3% &.2 &£.35
AUGUST 2.72 2.54 2.54 2.70 5.20 S.34

SEPTEMBER 2.51 2.58 2.77 2.09 5.35 5.&67

AVERAGE | 2.43 2.42 2.%4 3.18 >.6 5.87.
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CHAPTER - VI

MEABURE OF UNCERTAINTY ON DAILY RAINFALL

6.1. INTRODUCTION =

Many scizsnlists and

probabilities of the occurrence

meieorologists

of

have studied ihe

dry and wel days only by

fitting a Markov chain model and geomeiric and Markovian—geomelric

spell distribution. Bul 1he

situdies

of unceriainty aboul the

nalure of a day®s rainfall are rarely available. Every probabilitly

b

distribution has some uncerisinlty associaled with it. The concepl

of entropy is introducsd here 1o
this unceriainly and tc Lest the

The main objectives of

provide a guantitalive measurs of

m

tochastic dependsence.

i}

in

this chapler are

values of degres of uncertainiy.

the nature of rainfall evenlt by Markov chain method.

i} To examine Lthe guantiftative
ii) To study
4.2, STOCHASTIC MATRICES FOR EACH MONTH

=

A one step 5 = B

transition probability matrix

from ons

transitional stats 1o anether has bhessn formed for each of the rainy

months,May 1o Seplember from the fregquency of

the nf

GECUVrFrENICE

daily rainfall amouni at Cocch Behar.

The nalure of the daily

accerding to ithe intensity of daily rainfzll.

rainfall has been classified

The categoriss are

100



given below =

Category Rainy days Intensity of daily rain-
No. ‘ fall (in m.m.}
1 Mon—rainy day ' 0 - 2.4
1 Light rainy day 2.5 — 10.0
2 Moderale rainy day 10.1 - 50.00
3 Heavy rainy day 50.1 - 124.7
4 Yery heavy rainy day 125 and ahove
The mode of classification yields a seguencea of

non—-rainy,light rainy.,moderale rainy.heavy rainy and very heavy
rainy days which can be resgarded as a five—-stale Markov chain.

gified 2as ang of

ui

‘Thus,for each year,lransiticn fto 1st May is cla
ihe twenty five possibilitiss depending on the wealher of 30th
ipril which is & non—rainy day or other fype of tLhe nature of
rainy days. Repealing lhe process each year, the cell frequencies
for The above lwenly five possibilities are oblainad. Hera we
use the daily rainfall dalta from 1971 to 1288. In this siudy 1Lhe
daily rainfalls afe utilized from 30th April te 30th Ssplember
for sach year. Se,esach year consists of 153 sbservations and tThe
total number of obssrvalions is 2Z754.
Let the «€ell frequancies of these twentyfive
possibilities be denoted by n. where
i&je5 ;3 §=1(0,1,2,2,4 and i — j

where 'S7 is the stale—spacs.

1]

These freguencies are arrangsd in the form of a matvrix

for sach monsoon monith i.e., June, July, August, Sepltember and

pre—monsoon month i.e. May. The cell {frequenciss are arvanged in

ane



=

matrix form for the five months which are given in Table d.1.
The conditional probabilities which gfan be estimaled by ma
likelihood method are defined as

= Jd

3¢

&
1Y
%
i
[N
"

P =P{

ij &

= (0,1,8,3,4}
The conditional probabilities g:»"_‘j are c¢alculailed by

dividing the £sll frequencies of gong state by the total

pds

fregquencies of that state. This yields the estimation of sach cell

prohability and the cell probabilities are given by
n_ .
L}
P = -
L) .
L
4
where n =z ..
i . Lj
j=o
suhiect to the restrictions
=z P = 1, for each i
. i)
Jj
and P.=0¢ for all i & j.

Fach row constituies the probability veclor and it is

convenient to give the zel of a1l such veclor

u

as a malrix. This
matrix is knauﬁ as ithe itransiltion probability malrix or Lthe malrix
of transition probabilitiss aof The Markov chain ar simply 1Lhe
Markov malrix. This is a square malrix (5x3) with nnn—négative
elements and uniil row sum.

: The one-step titransition probability matrix for each
monsoon monih and one pre-monsoon month are given in Table 4.2(a).

The esiimale of ithe probakility of individual siate of

ocourvrence (w, } is given by

15
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7= = wherse n=%2 n, =Tr, = 1, (= 5.
L 1 i i

af nand n are given in Table 6.2(b) and the
L

0]

The valus

values of = ars given in Tabkle 6.2(b}.

*

&.3. REDUNDANCY TEST

The concept of senlropy given by Shannon, in his
mathematical model serves as & measure of unceriainty of 1he
transition probabilities (P} and this is definsd by

Li
4
= - Z lasg g
H = Ry Yo i
j=o
Rl

Where H dencies the entropy of the ith state af

The values of H for different states and for different

months are given in Tabkles 6.3.

The weighied entropy value for sach of ‘the monihs is

calculated as a sum of the entropy values of a1l the different

]
o

[ N

he corresponding siates.

™
o]
e
m
u

origs wilh the probabilities o

The wegighied entropy H tan be calculated as

H =-Z2a H

bhere w iz 1hes prohabilily of individual state of
. L

orcourrencs i.2.in the ith sizis.

And . H is the entropy of the 1 th state. The wvalues of
L

the weighled eniropy are given in Table 6.3.

ties

ety
[=n

The weighied wzaluess over the ftransiltion probabil
during the monscon months and the pre—monsocen month have showed a
typical nalure. The weighlted enirapy value for ihe monih of July

5 abserved thai

[

is the highest and it is followed by June. It

'
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June and July are considered to bs the most active monsoon monihs

(W

in Cooch Bshar district. The most interesting matter is 1hat tihe

rant role for

-

|a.

gnif

i1}
i
1,

Wi
p-a .

T

month of May h

]

weighlised éntropy for Lih
May to be considered as a monsoon month. The weighted entropy of
thiz month is likely to be egquivalsnt to that of ithe month of

fBugusi. Mow we ﬁ“y consider May as the begimning month of wmonsoon

at Caoch Behar.

The entvopy of the statiomary distribution i.e. 1he
entropy of the individual stats of occurrence is given by
H = —-Z n logm,
dd s L
HWHhers @, is the probability of the ith stale of
AN
QCCUFIEenCE.
s
The wvalussz of the sniropy of the individusal sitate of

cccurrence have been given in  Table 6.3. The entrépy has an

mporiant use in measHring ths unceriainlty a5 wall

[

as in testing 1LThe hypothesis of FMarkov dependence.
A measure of unceriainty.M.of the stalionary model is

shtained from the individual states of accurrence over the

Markovian modsl in the sysi and is given by
M = H —H=(—En,lﬂd—z,}—E‘ﬁH
dd : [ i L %

The values of M for all Lhe monihs are given in Takle 6.3,

The measure of uncertainly of siationary modsl and that

i

of the Markovian model have soms difference which 1is very

=iy

small.zlmost negligible. The differsnce in uncerisinly belween the

Markovian model and the stalionary model at Cooch Behar lies



betwesn + 8% to —12 percent.

The redundancy of thes stats of occurrence,R,is obtained

as the difference from one of the ratioc of 1he weighled enlropy
value H 1o the maximum possible enlropy (Hr“x)

T
Hare, H = Log3

[}
j3i=% 4

as we haves here only 5 states of occurvence as Thail (1973).

So,

This redundancy wvalus is used to delermine the

]

avourahlsness or unfavourableness of the Markovian system. As the

-

redundancy value,R,tends %o 1l,the Markovian system tends 1o

ot
-
1]

maximum favourable conditiosn i.e. almost ceriain. Mow on

n

light of this argumenit,we may examine the Markovian dependency an
the manza;n months or rainy months. From Takle 4.3 it is
chserved thal the redundancy value of the month of May is 1he
maximum bul it is very low in cnmg;risan tc the Qalue one. The

redundancy valuss of the monsoon months lisz bhetween O0.14 and 0.2%9.

Considsring these wvalues,we may conclude that th
/
dependence cannol be considersed a

T
ju}
=
i

|

[»8
fu

bl

4

egxplaining the rainfal

[

o
fu
ol
ek
Y
%
|

at Cooch Eshar. .
In the next sub-secltion,we would verify this conclusion
by adopling anclher method ts Test tLhe Markovian dependence

Lthrough informalrix of Lhe rainy moniths.

&4, LIKELIHOOD-RATIO TEST BY ENTROPY

In this seciion we use the informalional measure to test

the hypolthesis of Markovian dependence.



The mathematical model of Shannon is used to pbitain thse

A

nce which w2 have

1T

measurs of entropy in individual state of occourr
calculated in the previpus section.denoled by Hﬂ and also the
transitional probabilities of infarmatrices. We have F&i a5 given
in Table &.3.

The average condiltional unceriainly can be measursed by

H = —~ = nLﬁj log ﬂi

4

r"-‘-‘ 11 ——Z b .]
4 Z n logn nu iog rx_Hi )

=1

It

Pds
u
(]
Ead
]
P
m
i

- This is Lhe same as lhe weighted entropy which

[}
L
[
m
o
L]
£

ion. These values are alsoc given in T

fad

in the previous sec
for sach of the months.

ting.,involving Markev chains has - besan

1]
0]

The hypothesis t

considered by saveral ways. HMainly the Chi-sqguare and thea
likelihood ratio—criterion have bhasn used for testing Lhe

hypothesis of independence of 1the random wvariables. Here we

introducse & test criterion which involves the entropy bul this is
egquivalent 1test of the likelihood-ratiso criterion.The test
' n .
statistic is T =2n (H - H } = 2% n, log —
i 4 24 nd nnsn
L
n.n
)
=2 0. log —
L) L n.
L
That is T; is the same as thes likselihood—ratio
criterion. The test staitistic has a limiting Chi—square
distribution with (m — 1) degrees of freedom (here m = S) and the

pond ite rejesciion of the

[iv]
ui

large values of the statistic corr
hypolhesis.

Before applying this test, we mnow sel up ths null

104



hypothesis: the occurvence of one day rainfall is independent
against Markov dependence. The tesi statistic has been applied
to each of the months Separately; The test procedure followed
here ﬁaa heen described in Basawara & Rag (1280). Here we have 1o
indicate that the total numbers of obszsrvations (n) are diffarent
for different months. The total numbsv of observations for  each
ofithe monlhs Dé May, July and August is (3I1=18) = 5358 , idignaring
the initial abgervatiaﬁ;the last  day of aApril. And the tolal
number of ohservations for each of the months of June and
September is (20 = 18) =540 each. These 1fotal numbers of
observalions of gach month are given in Table 4.4.

The tabulated valus of Chi—sguare with {m—1§2r = 1&
degress of freedsom.zt 52 level of significance is 26.30 and that
at 14 level is 3E2.00. It is élao shown in Takle b.4. The

50 shown in tLhs same

el

calculsted value of T; for each monith is =2
table. The computed value of T; for the month of May is 12.54
~which is less than the theoretical wvalus of Chi-square with 14
degrees of freedom at 5% level of significance. This is
non—significant. Therefore,we cannot reject the null hypolhesis .
Hence,.null hypolhesis 1is accepted. Then we may came to the
conclusion that the occurrences of dai}y rainfall in the maﬁth af
May are really independgnt. In the month of May, the day*'s
precipitation does not depend on the precipitation of the previous
day. Hence,we m#y say that the daily weather osccurs randemly in
the monith of Méy at Cooch Behar.

"Mow we consider the case of active monscon months which

indicales an interesting result. The computed wvalues of thetest
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statistic for these four months are greater than the tabulated

value of Chi—-square with 16 degress af fresdom at 3 percent lewvel

o

of significance. So.these are all significanl. Thus,we can reject

the null hypothesis for esach of the four monlhs. The active

F

monsocon months esxcept September are alseo significan ~one
percent level of significance.

Ahove test suggests thal the weather of a day is influenced by the
immediately preceding day®s weather only during the monscon menihs
a2l Cooch Behar.

The analysis of ihe beh-"laur of the daily wealher has

gstablished that ocur result is in goosd agreement with 1that  of
Medhi (1974). Bul hes considered only ithe ilwo state Markov chain

model of the daily rainfall in Guwahali, Assam.

&.5 - CONCLUSION.

[

el

b
L

The daily wealher pal aof Cooch Behar during the

.
P

o follow the PMarkov . chain

4]
=T

monsoon months has been zstabli

e

-

v tha monih of July is the highest

I'."J
4]

model . The weighled sntropy §
during the monsoon months. fmong 1Lhe prabah litis af

individual state

]

of occurrence LThe probabilities of non-rainy
dsys ars  highest, followed by moderale rainy days during the
monsocan season sxcepl the monih of July whsre 1this feature is

reverssed.

The validity of the redundancy test is verified by using

the test equivalent 1To the likelihgpd-ratio ifest. So,it i
osbserved thail ithe redundancy T=si is nolt so powerful tftzst of
Markav dependence. Bul i1hs 1esi egquivalent to the



likelihpod—ratic tesi has shown better resull against the
Markoy dependance  on Lhe same ocbhservations. But considering

the empirical resull of Medhi (1976&).it would have been suggested

that the latter test is more powsrful test as well as ithse most
appropriates  1lessi against the Markov dependencge of daily

rainfall.

TABLE--&.1.

Transitional cell frequencies in matrix form for rainy months / at

Coochbehar
- May June

o 1 2 3. 4 0 1 z 3 4
203 45 =1 8 1 128 22 473 7 3
3& 11 21 2 G 24 K 328 £ 1
54 23 55 10 G 25 12 &1 =22 11
148 3 7 O G 10 g 20 12 %

0 o C O G 3 2 7 3 o

July - August

a 4 2 3 4 O 1 2 2 4
EC .33 3& ? s 172 44 45 13 2
a7 4= 30 10 2 44 21 15 5 =
33 30 &2 a3 & 40 20 23 12 2
14 10 25 1= ) 12 7 20 14 7

& =2 2 Kl z 2 1 & 2 3

Seplember:
1 2 3 4

153 32 44 13 4 0% — Non—rainy day,*1"-Light

37 23 22 i1 3 rainy day.

44 28 42 12 2 2% — Moderale rainy day,

10 7 12 ? & *3%— Heavy rainy day.

! 2 7 z 2 "4 — Vary heavy rainy day.




“a

TABLE: 6.2(a).

One—step(5<5S) stochastic matrix for rainy months alt Cooch EBehar.

May June
o 2 2 4 o 1 2 2 4
LG8 5 s W03 00 58 12 W17 .04 .07
44 .14 28 .04 00 . .22 .12 .49 .05 .01
LJ= .27 156 .3 07 G0 PU= .32 11 .35 12 .07
38 .13 .22 o0 GO L1 W15 W37 22 .47
Q0 o0 Q0 oo 00 17 17 B0 18 00
July August
o 1 2 3 4 0 1 2 2 4
A9 20 20 056 .03 52 15 <47 .04 .01
.30 .34 24 .G8 .02 530 .22 .16 086 .05
D,J= 17 .18 .40 Wi .04 P = l .32 12 .22 .18 .02
19 . L)
L1 a0 W24 Bt L2 24 o1 w32 .22 .11
=23 07 .20 .23 .07 <14 W0 272 .38 .14
September

.36 22 .22 .11 .03 (ii = 0,1,2,3,4}) wherse,
.= | .35 .e2 .22 .09 .02 07 - Mon-rainy day,*17-Light
L] rainy day,

23 16 27 20 .14 *Z27 — Moderaile rainy day,'3°-

Heavy rainy day,

"4 — Very heavy rainy day.




TAEBLE - &.2(b)

Stationary vectors and probabilities of rainy months at

Cooch Behar.

STATIOMNARY VECTOR

o 1 z 3 4 Tatal
May 209 | 81 144 24 0 558
June 222 78 168 sS4 - 18 540
July 163 425 170 73 27 558
August 277 93 104 &2 24 558
September 250 104 130 44 15 540
GRAND TOTAL = 2754

STATIONARY PROBABILITY

O 1 2 3 4
May ‘ 55 15 24 - 04 &
June -4 =15 =31 10 .03
July .20 .22 .20 .13 .05
fAugust -=20 - 17 =12 =11 03
September I ¥ N 24 - 08 « 03
-0 " - Man—-rainy day. "1° — Light rainy day.
*2 * — Modevrate rainy day,
*2 ' - Heavy rainy day,

*4 " “Mery heavy rainy day.
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TABLE : 6.3

MEASURE OF ENTROPY AND REDUNDANCY TEST

(For the experimental months)

May June July August September
Mon—Rainy Day(Hﬁ) .4%5 484 . 385 34T 474 .
lLight Rain {ﬁi} 492 . 504 - 587 -S43 &0
Moderate Rain{H } 327 G20 523 - &0% =321
Heavy Rain {%g)a . 422 &85 - 6&F 553 &7
Yery Heavy Eaiﬁ(H4) O 54 ~&24 520 . &05
Entropy ﬂﬁ} - 47 .58 43 .57 57
Heightisd Entropy 45 54 - &0 .42 .55
Redundancy - 248 217 « 140 288 215
M .02 .04 - .12 .08 .02

TABLE &£.4.

Entropy of individual state,weighted entropy and the value of

test statistic for the experimental months.

May June July Augustl September
H 4744 .5847 . 4398 5767 574
H .AS48 \S477 &0 .5244 .549
n ss58 540 558 s88 540
¥*(caly 19.44 a1.0a"" 43.30°" a7 .21 7.0
¥ 5% 246.30
DF 18
# Significant at 3% lsvel.

## Bignificant at 14 level
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CHAPTER - VII

PERIODICITY IN YEARLY RAINFALL
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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
9 N
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
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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
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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.
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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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CHAPTER - VIII

RELATIONSHIP BETWEEN RAINFALL AND RICE YIELD.

8.1. INTRODUCTION

Agriculiure is considered as the prim#ry sector
for economic de#elnpment of our -couniry .In iarn agricultural
productivity «can hbe defined in diffarenl senses of which
agriculiure yield per heclare is one .

The influsnces of weather elemeni,particularly rainfall
on iLhe agriculturai ﬁperatiuna and crop yield, can affect
favourahble and unfabourble conditions during Lthe different sitages
of developmeni. So,rainfall is the faclor determining the success
or failure of agriculturél enterprises. This is because
cultivators have no control over this natural random phénnmenan.

In this area farming is done under unirrigated
conditions as such it depends mostly on weather and «climate. The
impaci of weather,and climaie on agriculiural productivity is of
vital importante.lﬁainfall is The most imporiant weather parameler
that affecis paddy crop in This region where i;rigatinn plays
minor role. Paddy is the principal crop of the kharif season. It
is mostly rain fed crop. The fotal absolute rainfall of a
particular season and the total producltion of crop are considered
for mosl of Lhe economic analygis on food grain production. Butl
the nalure of intensity of daily rainfall has much influence on
varialtions of yield of this particular crop. These effects are
manifested through plant characierisiics like heighi;, number of

tillers,leaf area and number of sar heads which ultimalely affect
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the yield of the crop.For 1Lhe purpose of our thesis e
concentrate on the effect of this climatic facltor 1o ﬁhe yigld of
rice.And it has besn considered in this study as economic Ffaclor
in agriculiure .

This chapter attempis To establish tThe relatlionship
between rice yield and the nature of daily rainfall in 1his
distritt,

8.2. VARIABLES

& Lime s=ries ﬁF crop yield may he divided into three
major sources of varialion in The yield af rice uveé any region.
These are identified as (i} technological change,(ii}
mefeorological wvariability and (iii} random moise". The
technological changs iﬁ yields <€reeps in due Lo tThe recent
advancement in agriculiural fechnology. A suitable linear
time—scale variable is inlroduced in erop—-yield model Tto account
for ‘Lhe technological t%endg Among meleorological paramelers
rainfall is one of ithe most imporiani elements which affect Crap
yield significanily. The third component has the impaci and
contribution of random noise which is very little.

- OFf all the factors affeclting aﬁricultural production,
availability of water is undaubtedly the most important one. For
rainfed crops,rainfall consiitules waler gain while the nature of
rainy days are of much importance dduring different stages of
developmenl of crop. The nature of daily rainfall data,derived
from it.,are used in this study. The classification is made by

comparing the amount of rainfall received during 1The past 24
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hours. The daily derived rainfall parameiers are classified inlo

the following caiegories @

il Rainy Days (RD) Days when ithe rainfall is equal To or more
then 2.5 mm.

ii} Resiricied Rainy Days (RRD). Nuﬁber of raihy days exﬁept when
preceded by a day having 30 mm or more rainfall.

iii} Crop Rainy Days (CRD}! Mumber of days when the rainfall is 5
mm or more. Bul a day having rainfall 3.8 mm is considered

as a crop rainy day with a gap of Twe nnn_rainy days.
'The daily derived paramelers as described above are
based on rainfall,during the period 1772 to 1988 at Cooch Beha;,
The monthly derived wvalues from June lo The middle of Ociober

of sach ysar have besn compuled. The nature of ithe day’s rainfall

for the wmonths of sensiiive period of crop ife time are
considered as the explanatery wvariahbles {for this study. The
average yield of winler rice in 1his districi is wused as 1the
dependent variable in this study. & data series of average' yield
of winter rice for the same period i.2.1972 1o 1288 has been used
in the present étudy to develop the muliiple regression model.

The yield rale of winier rice has been considered as the
dependent variable throughoul this chapler. The olther wvariables
are poleniial explanatory variables.

Mow we first consider tThe model witlh fourleen
explanatory variables namely 3

I} Rainy Days (RD} =

i = Rainy days during July.
X4 = Rainy days duvring &ugusi.
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¥ = Rainy days during Seplember.

(3

ao = Rainy days during Dctober.

Y

id

I1} Restricted rainy days (RRD)-

= Rainy days during June

}% = Rasiricled rainy days during July

Xs 7= Restricied rainy days durihg August

)% = Restficted rainy days during Seplember
%2 = Restricted rainy days during June

I11} Crop rainy days (CRD)} —

Xa = Crop rainy days during July

Xd = Crop rainy déya during August

X9 = Crop rainy_days during Seplember

s = Crop rainy days during June

e = Technulugical trend in time—-scale variable fakes from 1

to 17.

8.3. DATA MATRIX OF EXPLAMATORY VARIABLES

The individuals of 17 ysars and 14 variables are mainly
related to the derived varishbhles from ihe daily rainfall datla.
These variables are separaisd by rainy monihs included in tThe life
cycle of the crop. We denoie The number of individuals by n, 1Lhe
number of variables by k. So.,itherse are nk variable values.The
individual wvariahles are denoled by the subscriplis : 31, ...... %c.

Mathematically,a set of valuss are arranged in rows and columns in

the matrix form (data maltrix). The single symbol X stands for the
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numerical information fﬁ this dala malrix as a whole . The dala.in
the form of a malrix are given in thé Gppendix.

A preliminary summarisation of the dalta is provided by
calculating the mean and standard deviatien of each wvariable.
These basic statistics of lhe variables are given in Table &.1.
This table also shows the standard error of mean of each variable.

It is also seen from The table fThat excepi the dependent
variable, the means of The independeni variables are in the range
from 3.765 1o 21.412 days while their standard deviations arefrom
2.322 1o 32.704. Bui those of the dependent variables are 1124.882
and 140.2845 respectively. Il is also ohserved 1Lthat the standard
errors of Lthe means of The variables, %A and ﬁ4 are greater than
one while those of Lhe olher variables are less than uniiy. The
standard error of LThe means of the dependeni variable is 34.01°2.
So, there are high variabilily on the observalions of the yiesld of
winter rice in this district. |

Besides these basic statistics,the other measuremenis of
association beltwsen each paivr of explanaltory variables . are
corfelatian coefficients. The Table 8.2 reports 1The correlation
matrix between the sxplanaltery variables as well as ithe dependent
variable witlh each explanalory variable. The correlation malrix is
a symmetfic matrix.

The mosi strongly and positively correlated pair of
variables are %A and %B with a correlalion coefficient 0.0 and
the weakesl are Xs and X with a correlation coefficient 005,

=]

virtually zsro.
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Table 8.2 also shows tithe correlation between tLhe
dependent variable and each of the expianatary variables in which
‘the dependenlt variable is posiitively correlaled wilh KQ, x;, X s
X, X , ¥ andX whereas it has negalive correlalion wilh the

= 10 i3 14 ]
variables ¥ ., X ; X ; ¥, X, ¥ and X .
i Z v 8 4

= .odd 2

8.4. MULTIPLE REGRESSION MODEL.

An agroclimaltic study of the relaltionship between the
crop yieids and wealher parametlers is carvied oul with tThe help
of empirical statistical multiple regression model. This model is
also generally employed for making guantitative crnﬁ yield

forecast on operational basis.

The itechnigque has been utilized in Lthe pressnt study to
devslop linear mulitiple regreséiun model 1o sstablish ihe
trop weather relalionship. The relaltionship betwean yield per
hectare (in Kg} of paddy crop and the nalure of daily rainfall is

io be established employing the following functional form @

Where y is lthe dependenit variable i.g. yield of winter rice in
Cnﬁch Behar.

ﬁ's are lhe derived parameters from the nature of daily
rainfall for Lhe sensiitive period hy monith. These are also known
as nonstochastic componentis of the model.

u is the stochastic component. This is also known as

disturbance ierm.



&.4.1. ASSUMPTIONS.

The linear multiple regression model is based on some
assumptions . Some of them are related to the distribution of
stochastic wvariables,; SOmE to ithe relationship between
nonsiochastic and stochastic variables and finally some refer 1o
the relationship between these nonstechastic variables.

a} Assumplions aboul the stochastic variables.

Assumpiion —I.Mormaliiy—the siochasiic wvariables are

normally distributed with =zers mean and consiant varliance.

Regarding constanit variance,for all values of X, u® s would show .

the same dispersion round their mean.
i.e.

E {u ) =20
d -

and E (u)) =o°  (Constant)

Assumption 2. Monautororrelation or serial independence
of the u4ufs. This assumplion stailes that any 1iwe values of
;isturbance term (sitochastic} u, and uJ are not linearly
ctorrelaied i.a.

E (utuj) =0 i&® j.
(b} Assumplion B.Assumpiion for siochastic and nonstochastiic
variableé.
Independence of uLand ®, - This assumpiion stales thét avery
stochastic term is independent of the explanatory variakles i.e.
E'(ui ¥ 3} =0

L)

Hhere xﬁ is the element of the data matrix,i.e.,in the

ith variable and The jth individual year.
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This assumpiion is nol wvery crilicsl. It is au

fulfilled if the explanalory variable is nonstochasiic.

tomalically

fssumption 4. Assumpiion aboul the relalionship between “the

explanaltory variables tLthemselves.
This assumpifion states the closeness of

variables 1o sach other. This is the case of melticolli

8.4.2. ESTIMATION OF COEFFICIENT OF REGRESSION MODEL

We try to use the rules of thumb by which we
(a} The regression co—efficienis ,
{(bh) The variance of the co—efficients
and

(£} The cpefficient of muliiple delermination,

Tha . population regression space involving

variable Y and k explénatary variables =

ﬂ, 3%, ...... ....,fu..,ﬁf may be described as -
4= B + R ¥L f.%aii cmam=mnaa ..ﬁkiL + u

Hhere Eb is the intercepl , 31 T.n_Blc are Lhe
{slope)} cDeJPFiq:fu=_lrﬂt.v_=,,u_L is the disiurbance term Lhs
indicateé the ith ohservation af the population which

observalions. We should therefore,have n numbsr of

explanatory

nearity.

can derive

dapendent

regression
sutfix i
comprises n

linear

equations. These eguations can be put in a compacit form using

matrix notation :
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where

Y= énx1) column vector of observalions on the dependent

variables ¥

¥= nx{k+1) matrix giving n observations on k explanalory
Tor

variables. The {first column of Tthe mairix is uniity represeniing
the intercept term.

B= {(K+1)x1}culumn ‘vector of the regression

e
cosfficient.

u= (nX1) column vecior of n obhssrvaltions on disturbancé

term i.2.,

Y I
A \{ = \.{2 '
hd .
5 '
L)
! id XEJ. )igg_ '
x =/ N .
i 1 xiz :{22 Xk-a
1 X
i XZr\ an
B i
N . < i
E - B . u
i 2
. Bk U-n

141



The ordinary leasi square method has been applied fo

estimate ithe regression coefficienis. This is given by

B o= (X *'¥3)y Y x
iy

Y
Here the estimaltors follow the Gauss—Markov properiy.
In this model the ordinary leasi squares estimators are
those which minimize EE? with respecit io bL whera e is the n
elemenl column vecior of n residuals in 1the sample regression
space and it can bes measured by
2 N _ _ v - 2
e A A L TESCRETITLPEL S
The Lolal varialion in the dependeni variable (Y} can bs

pariitioned into wvariation due to chosen regressors and tLthe

residual variance. The partitioning is obilained as follows =

o ~ -
v, -V =z (v -9 +=2 &
i.8.,2 y? = = yf + = Ei:
Where,
= y? = Tolal sum of square
- (TSS)
= = Hegression sum of sguare
({RS5}
and
= Ef = Error sum of sqguars
The coefficient of muliiple deiermination or ihe
squarad multiple correlation coefficient is the ratio - of

regression sum of square 1o total sum of square and is denoied by
2
R .

The ecstimate of RZ can be obilained as
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2 _ Regression 85
TSS i

]

7

M
.

[
r’.-d": b

When the explanatory variables in the funclion are
large with comparison io the number of observalions,the muliiple
determinatinn'cannnever reduce bul it will rise wusually . because
the numeralor will increase in the esxpression of R® while the
denominalor remains the same. To correci this defeclt we adjusi R
by considering The degree of freedom. Sa,tﬁe adiustied coefficient
of multiple determinalion is

2

= = _ g%, (0 - 1
R 1 4 R} R
g _E/n k)
= y?f(n - 13 _
Where R® is tihe unadjusied mulitiple correlatlion

coefficient, n is the number of sample observalions and k& is the
number of paramelers estimated from the samples.

The adijusted value of muliiple correlalion coefficient
2

R when muliiplied by 100 gives the percentage of total wvariation

in Y explained by ithe regression.

The method outlined in Lhis sub-section is concerned io
develop tThe suitahble (multiple ‘Fegressinn model. Multiple
regression analysis;in practice,require the use DF' appropriale
compuier programme. The methods semployed in our analysis are

supporited by the sofiware package of Data matric. The computer out
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puts of multiple regression analysis are presented there step by

step.

The multiple regression equaltion can be wrilten as

Y=h + bx +bx + b ...oe..-..*+Dh ¥+ u
£=] i 4 2 2 83 3 i ded
The extract form of the computaer output For 1ihe

fourteen explanalory variables model is shown in Table 8.3. For

this model,the sxplanaiory variables, X, X, X, ¥, X, X and
1 2 L] 7 8 id

){12 have marginal negaiive affecis and XB . ){‘!r ’ ){5 ” X; . Xm * )iia

and adhave the marginal positive effact on the dependent

Qariable. The tabkle also shows the value of t—statisiics
i,e.,tk!SE(bt) of sach of LThe sxplanatory variables as well as tihe
constant i.e. the inlercepl.

In this equation ihe degree af freedom of t—statisti;
is B,i.e, C17 — (14 '+ 41 3Jd. It is abserved 1that 1The regression
coefficients b4’%4 amd %4 have the i-value less than 2 i.s. the
hyputheticai value of standard-error test which takes the cdnﬁtant
value Z to compare iThe calculaled value. Eut we cannol consider
this procedure fo detect the unwénted uariablés/in the equaiion.

However,to getl the accuracy of the prediciive model we
have to omit the variable which may coniribute liitle to predict
ihe dependeni one.

Mow,ithe step—down method has been applied to salve tithis
problem. One of the rules of this meihod iz lo omit 1The unwanted
variable (¢ } if

o

T=hk 735 ¢ 1
(W3

Hhere QJ is Lhe regression coefficient of the unwaniad
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explanatory variables and s is square of standard error of ithail
foefficienl.

NGW,WE.CGﬂEidEF the multiple regressinh equation af
fourteen explanatory variables. Here ithe variable ® o, is detecied
as unwanied variable whevre The value of T for the variable X . is
02224 (£1). The variable ® o, i.e. time scale variable>i5 omitied
from our muliiple ragression egqualtion.

As the téchnalugical trend i.e. Lime—scale variahle is
omitied from the mulltiple regression equation, 1t is indicated
that the advances in agriculiural technology have very little
contribution on the yvield of winler rice in the disirict of Cooch
Behar.

FMoreover.lhe lechnological trend caused by the us2 of
high yielding-varieties,large scale use of fertilizers,beller
irrigation facilities,use of insecticides and improved management
practices has no significant coniribulion an  the production of
winier rice al the district of Cooch Behar.

The calculated value of Ra,adjuated R and F-value of
the muliiple regression equaltion and the regression coefficients
along with respective values of standard error and t-values are
given in Table 8.8.

Mow,LThe regression of ¥ on the remaining Cid4—13
i.e.,thirteen explanatory wvariables are Lo be compuisd. The

compulied new muliiple regression equation is also given in

Table 8.4 ,and the same rule is followed to identify LThe unwanied

variables.
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Here the value of T for the value %u is ohserved less

than one i.g.,

T (xx ¥} = 0.0627 ( <1 1}
14

z
The values of Rz,adjusted R and F— value and model af

multiple vregression egualtion with ihe values of regression
coefficienl corresponding to their standard errors and LThe
t—valuss are given in Table 8.4.

So,this variable X, is omitted from the eguation.

This is indicated thatl the rainy days during the month
of June have no significant effect on 1LThe  produciion of winter
rice in Cooch Behar districtl.

Here we also ﬁate,that the value of R° is decreased by a

Z
small quantiiy whereas the value of adjusted R and 1the F wvalue

have been increased due To iThe omission of Lhe variable %4 that
is the variable of technological change.
By following tThe same melhod we now compule the
multiple vregression equation by eliminalting the variable xﬂ i.e.
rainy days during the monih of Juns.
We nexi compule the regression :
y = %‘fgi,xz,xg_,x*,xs,xd,:g,)é SRV NS N
Mow ,omitiing the variables %1 and X ,the regression
equation of v on the remaining twelve explanalory wvariables is
compuled. The latesi model of muliiple regression equation is
given in Table 8.5 which finally consisis of one dependent variable

and lwelve explanalory variables. The variahle %4,#ainy days

during the month of June and the wvariable Xié,the technological
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trend are excluded Ffrom the muliiple regression equation by .
adopting the siep—down method. Bui in the new equatian,there.is no
variable which we can omit by applying the step—down methaod.
SD,this equation now has been employed to develop the relaiion
between the winter rice vyield and tThe derived wvarishles of
rainfall of differenl sensitive months.

So,finally,we fit multiple linear regression model on

yield of winlter rice.

2

However the calculated wvalues of R ,adjusted B - and
F-statisiic of 1he equation and the required regression
copefficients along with 1itheir standard errors and the

corresponding t-values are given in Table 8.5.

The estimates of the muliiple correlation cosfficient
and regression coefficient which are defined through Ileast
squares eslimators,are essential to examine the reliability

precision of Lthe estimales.

8.4.3. TEST FOR THE SIGNIFICANCE OF THE MULTIPLE CORRELATION

COEFFICIENT

The test performed in regression analysis is a testi
concerning the overall explanatory power of the regression és
measured by R

The null hypothesis of this test is that tﬂe multiple
correlation coefficient in populalion is zero and The alternative
hypothesis is that it is greater iThan zerﬂ.

The F ratic 1is a test of significance of r® s the
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statistic =

£ R® -k -1

\_i_RZ
Confirms to F-distribution with (k,n—k—-1} degrees of

freedom.
So,we can apply 1The test of this hypolhesis under

consideration,knowing only the wvalue of . observed muliiple

correlation.

: 2
p— = .
The values of R ,adjusted KR and F ratio are Jiven in

Table 8.5,

The calculated Ra,the squared cosfficient of muliiple
correlation is 0.9832 and the adjusted ﬁ?is 0.9327. The calculated
value of F*ratiﬂ is 12.4674. The labulated value of F-ratio witlh
ithe degrees of freedom 12 and 4 is 14.37 at 1 percent level aof
significance. Hence,it is statistically  highly significant.
Therefore ,we considser thalt mulliple regression equalion is_ well
fitted to the derived parameiers of rainfall in Ceooch EBehar
district.

—2

Mow consider the value of adiusted R which is .9327.
We multiply the wvaluse of ﬁ? by hundred,we gel il %3 percent.

The model,iherefore, can explain 93 percent of 1totlal
variation of rice yield with multiple currelatibn coefficient as

0.98. Hence,all the explanatory variables may be emerged

significantly at 1 percent level.

8.4.4. THE MEAN AND VARIANCE OF THE PARAMETER ESTIMATES

Since  the least squars esiimalors are linear

combinations of independent variables. The intercept and slopes
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are normaliy distributed with

Mean = E (ha) = B

) (=1
and 8 E (bi) = B_L

and the variance of any estimator may bhe derived {from
the principal diagonal of dispersion malrix (X*%"™*  and then

muliiplied by P

An unbiased estimator of o is denoted by Q?and is
given by
- 2
-~ = pl
o =
(n—k—13

Where k is the total number of regressors,or independent
explanatory Qariables of the model.

so,standard ervor of bh = v ;2
AN

c.
L
where €, is the diagonal elemenlt of the dispersion maltrix (X X
LL N
Yyt .The procedure described above has been suggested by Rao
(1984).

The value of Hjs and their standard error are given in
Table 8.5 which also shows our best fitted multiple regression

model.

8.4.5. TEST OF SIGNIFICANCE OF PARAMETER ESTIMATES

Nhen>the sample is small (n £ 30) and the parent
population is normal,we may apply a itest siatistic which is based
on Student®s i-distribulion. To perform a Two tailed test of this

test criterion we must adopt the null and alternaitive hypolhesis
with desired level of significance and suitable degree of freedom.

We assume that the leasi squares estimales are normally
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distributed.

The null hypothesis is tThat there 1is no linear

relationship beiween the explanatory variables and the dependent

variable y i.e.

H : B =20
L

<

‘and is tested agginst the alternalive hypoilhesis,

H =B =0
4 L o

In this case the it-statistic reduces Lo
s ba
£ =

3‘453
The sample valuese of t* is estimaited by dividing the

estimaie b by its sitandard error.
v

Hhere
' -.b‘L = least squares estimate of Et_L
oaibi) = ssiimated variance of %_
n = Sample si=zse
k = Total no. of estiimated parameiers.
The valus of L* is compared fo the tLTheorelical

(tabular) values of 1T which defines ithe critical region in
two—iailed tesi wilh {n — (k + 1 ¥} degrees of Freedn&.

I the calculaled valuss of ‘I.E‘E are grealer ihan ihe
tabuiar valus of 1T i.8. t*}t swe may reject the null hypolhesis.
This means Thalt we may accepl 1he estimated h.L which is
statistiically significani al chosen level of significance.

Therefore,it is esseniial To examine The reliability or

the precision of the least sjuare esiimalors.



Table 8.5 rsporis Lhe ualﬁe of 1The estimates of 1ihe
parameters and itheir respecltive standard errors and  the compuied
t*—value of each of the variables.

The observed values of the t*—ratiu would be compared to
the thenrétical value of t,oblainable from the i-table wiilh degree
of freedom fn — (k + 133 = 17 — (12 + 1) = 4 which is the suitable
degree of {freedom for Llhe fiitted model. |

The stalistical reliability of the estimaltsed pafameters
of ithe equation as shown in Table 8.8 is discussed here one by
one paramets?.

The calrculated t—value of the regressibn coefficieni of
E.is 5.295 whi;h is greater Than the tabulated value of T with 4
degres of Freeﬂnm atl one percenit lasvel of significance (4.4604).
Since we reject the null hypothesis with 99 perceni confidence
the variable %ﬁthe rainy days -during July,has a significant
effect on the yield of winter rice in the district of Cooch
Behar. Bui ithe regression coefficient bears negative sign and the
negative coefficient is also statistically significant. Hence tihe
yield of wintér rice is found teo be inversely related to the rainy
days in the monith of July.

The same resulf has also been observed on 1LThe coefficient of
variable Ré, the restricted rainy days in the month of July butl
the coefficient is significant at 5 percent level (1 = 2.774).
This suggestis thal this variable has a significani and negative
influence of the yield of winler rice alt this place. |

The coefficient of these variable XB i.e.,the crop rainy -
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days in the manths pf July has posiitive sign and it is
statistically higﬁly Eigﬂi?icani at 5 percent level. The resull
shows that the variable has & positive influence on the rice
vield.

The coefficient of the variable Hé,rainy days in the
month of ﬁuguét, has & positive sign bul ii is notl statisticallg

significani;showing that this variable is nol a determinanit of the

yield of winter rice at Cooch Behar.

The estimated coefficieni of Lhe variable Xs,the
restricied rainy days in the monith of August,has & positive sign
and it is found to be highly significant, in influencing the

yield of vice. It is sigrnificant at one percent level of

significance.

The coefficienti of ithe variable Xd, ithe crop rainy days
in the month of August, has 4 negailive sigﬁ and 1ii is alsn
statistically significani ait 5 percent level. Hence,itl is
inversely related to the yisld of winler rice.

The estimalted coefficisnis of tLhe variables K and
3B,the rainy days and the resitricted rainy days in 1Lhe month af
Sepitember respeclively, have negative sign and these are found to
he highly significant at one percent level of significance.
SBo,lhese variables are also inversely Felaied to the yield of
winter rice.

The esiimated coefficienis of the variables Xg and ﬁo’
the crop rainy days in the monih of Sapiember and the rainy days
in the month of October,have positive sign and are sialisiically

o

highly significanlt. These are sigrificanlt ai ons percent level of
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significance. The resulis show thal The wvariables have posiltive
influence Lo the yield of winter rice at ithis place.

ted

™t
ﬂ:l

The estimated caefficient of the wvariable %z’ rastri
rainy days in the monith of June, has a staltistically highly
significant at 0.1. percent 1level (1=8&.&61) it has a negalive
in?luente on Lhe rice yield.

The coefficient of the variable %B ; 1Lhe «crop rainy
days in the month of June,has a positive sign and it is found to
be highly significant at 0.1 percent‘level. This suggesis Lhat the

variable has a significant influence on the yield of winter rice

in Conoch Behar.

2.5. SECOND ORDER TEST OF FITTED EGUATION

I the assumplions of an econometric method are violated
in any application,ihe estiimales obilained from the methﬁd do notl
passass some ofF a&ll of the optimal p%aperties, Mow we will
develop Lhe economic crileria or second order tesi for judging the
goodness of the sstimales. Thsese criieria provide some evidence
about the validity of the assumplions of 1Lhe classical linesar
regression model. The méjur problems likely to be encountered atl
lthis stage of analysis are aulocorrelation and multicellinearity.
While muliicollnearily is 1the problem Eanﬁerning claseness ‘af

explanatory variables to each oiher, the other peritains 1o the

behaviour of estimaled residuals.
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8.53.1. AUTOCORRELATION.

Dne of our assumpliions  of ordinary least SquUares

specified sarlier is LThat the successive values of diszturbance

term (u) are independent which is stalted as

E.(usﬁ) = 0 i d;1 & 3 = 1,2;acauasm

When this assumpiion is net satisfised,ihe problem of

autocorrelation arises. For testing ithe presence of aulocorrelated

errors,we use Lthe residual terms by estimaiing the ordinary least

Sguares.

Darbin—Haison have suggesied a tesi for aulocorrelated

errors which is applicable to small samples also.

The iftest may bs ouilined as follows =

The null hypothesis is
Ho 2z p =0

or , Ho: Lthe U°s are not aulocorrelaled. This hypothesis is

tested against The aliernative hypothesis

H : o = 0

i

1.8, F& 2 the U’s are autororrelated

To test the null hypolhesis,we use tThe Durbin—-Walson

statistic =

= =
B A
L=

Where e are sample residuals.

It can be shown thal the value of d liss beltwesen O and 4
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and ithat when d = E,then g = (.
Thus,testing Ho 2 » = 0 is equivalent to tesiting Ho = d
= 2. Expanding the "d* statistic we,therefore,oblain

d = 2(1 —-p)

From this expression,it is clear thal the values of d
lies beilween 0 and 4.
If there is no aultocorrelaiion i.s,
g =0 i.e. d =2
Thus if from the sample daita we asl d =2 and we can

not reject the null hypothesis Lhat there is no autocorrelation in§>
the function.

So,it shéuld be clear that in ifthe Durbin-Waison tesi,tlhe
null hypolhesis of zero auitocorrelation is carried oul indirecily
when ihe explanatory ugriables are large,by testing Lhe eguivalent
null hypothesis, Ho = d = 2

The compuited D —W value (d )} is 2.042 which 1is 1likely

equivalent to 2. Thus,from the sample data it is found ihatl

Hence,we scceplt the null hypolhesis thal there is no
autocorrelation in the wmuliiplied regression gquation. The
calculated values of D-W siatistic is given in Table —8.5.

Therefore, the autocorrelation is not found to be
signi?icaht and hence.il may be concluded tThat statistically,the
yields in winter rice in Cooch Behar district do not persist from

year to year during Lhe Lime frame of this study.



8.5.2. MULTICOLLINEARITY

The multicollineariiy in economelrics is defined as a
situation of high correlation beiween the explanalory variables.
Thus,the problem of muliicollinearilty is always preseni suxcept for
an exireme case where the sxplanatery wvariablezs are called
orthogonal. By very definition,two variables are called orithogonal
if the correlation between them is =zsro. Bult such & case is never
encounisered whera the real woirld data are handled.If
muliicollinearily is always preseni.,we have 1o asceritain whether it
is. serious i.e.,whether i1t is of such magnitude as o bother Lhe
analyst.

To asceriain the presence and extent of
muliicpllinearity in fthe data simple zsro urder correlation malrix
of all the explanatory variables are worked out. If none of 1he
correlation coefficient is high,the problem of muliicollinearitiy
is not considered seripus. In general;if Lhe correlation
coefficient is B.8 or more,it is Lo be considered high buf it it
is less than 0.70;it can be considered as low.

in this cnﬁnectian Hizin- has suﬁgesied that
multicollinearity should noi be considered serious if the simple
correlation between a pair of variables is less Lthan the multiple
correlaltion coefficient. Thatl is Klein argues thal collinearity

is harmful if

2 .. 2
r = R
M oM #H s w s nscEEmwoDzwawa
A Yoy M T
2 . - - . . .
where L is the simple correlation coefficient bLeiween any
L
’ . 2 . - -
two explanatory wvariables (XL,XJ and R is the muliiple
J
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corralation coefficieni of the funcition.

In ysing Hiein's meihod of detecling
multicpllinearity,we should consider Lhe value of the estimaied
muliiple correlalion coefficisnt. The simple correlation malrix
of suxplanatory variable; are given in Table 8.2. The multiple
correlation coefficient (R™) has been estiimailed as 0.758.
Then,according To Klein,the simple correlation coefficient
beiwesen explanaltory variables cannol be considered high because
these are all lsss than G.95.

Hence,multitollineérity is not a problem in the fitted

model of multiple regression.

8.6 COMCLUSION =

The linear form of Lthe multiple regression eguation is
found tTe be empirically appropriate as it poSSEsSSes high
explanatory power. The resulis show thal Lhe derived paramelers of
rainfall in the months,Juns fo October (middle) have been.FDund to
be highly significant in influencing the yield of winter rice in
Cooch Behar. The model explains more tiThan %3 percent of total
variation in yield with multiple carrélatinn coefficient
exceading 0.98.

All the independenl variables excepl the variable X4,the
rainy days in the mnn?h of ‘éugust,haue amerged significant ,at
least,at 3% level and reveal stability of regression coefficients.
This model may forecast the %icg yields moderately within
Lolerable limitis ufvstatistical significance. From the result of

Durbin—blatson test for aulocorrslaltions.it may be concluded that
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the successive values §¥ the disturbance.term i.e. stochastiic term
are independant. Hence,thé assumplion of ordinary leasi squares
estimate that the successive values of the random variable i.e.
disturbance term,are independeni,has been established. From
Klien®s approach,multicollinearity is not a problem in the fitted
multiple regression squation. Hence a crucial condition For the
application of least Eﬁuares thatvthe explanatory wvariables are
nol perfecily linearly correlated is sstablished.

The satisfactory performance of well fiited model of
multiple regression Equatinn are develaped to establish tihs

crop—wealther relationship in the district of Cooch Behar.



TAB LE- 8.1

MEAM, STANDARD DEVIATION AND STANDARD ERROR OF MEAN OF INDEPENDENT

AND DEPENDENT YARIABLES

VARIABLES | MEAN STD.DEV STD.ER.
X, 21.412 2.374 0.818
X, 16.706 2.823 0.4685
gi 18.706 ' 3.4%4 | 0.848
X, | 15.421 . z.432 - o.832
X, ‘ 11.529 z.322 0.563
X_ 13.706 3.704 0.898
X 15.882 2.238 0.785
X, 13.235 2.705 A 0.&54 \
X, 14.059 2.5680 0.450
" A 2.705 2.705 0.456
X, 17 .294 4.4469 1.084
X 14.235 3.419 0.829
X, 15.235 3.4632 0.881
X, 2.000 5.050 1.225
Y 1194.882 140 .2465 . 34.019

%'s—lndependent variables (Mature of rainfall) Y-depsndent

variable.
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T ABLE-8.2.

CORRELATION MATRIX

i X X X X b4 X X X X A X X Y

2 8 - 5 s ? a o Ao 11 iz ia 14
L16 62 .38 -.05 .33 .38 .40 .18 —-.07 —.12 —.12 —-.07 .41 -. 3%6
+ .37 .33 .07 .23 -.02 -.02 —-.05 .16 .02 .18 .02 -.13 -. 005
+ + .30 —-.01 .15 .32 .38 .03 —.31 .28 .35 .31 .12 . 074

+ + + —.02 .70 .05 .0% .15 —.24 —-.05 -—-.14 -.02 .30 . 8=

+ + +  + .03 .03 .03.005 —-.31 .13 .46 .21 —-.37 . 059

10
44
12

418

a4

Y—dependent

+ + +  + + .09 .08 .20 —.14 —.27 —.32 —.21 .31 -.075
+ + + + 64 467 —.38 —-.18 —-.18 .04 .32 -.038
+ + + + + 64 —-.45 .04 —.07 .15 27 -. 213
+ + + + + + —-.30 —-.21 -.17 —.03 .29 . 140
+ + + + + + + —.07 —.11 —-.22 —-.13 . 104
+ + + + + + + + .85 .90 —-.21 —. 162
+ + + + + + + + + . &2 -.2 5 —.030
+ + + + + ; + + + + —.2& . 240G
+ + + + + o * + + + + + . 400

variable and &—explanatury variables.
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. TABLE - &.3.

MULTIPLE REGRESSION EQUATION WITH FOURTEEM EXPLANATORY VARIABLES

Paramaeter Estimate Co-— Std.error I—-Value(calculated?}
efficients of ;uefficients
b 849.1006 ' 183.949 4,514
N -34.3120 2.230 2.717
bz' ~17.1002 8.234 2.078
b, 70.4048 — 11.836& 5.948
b, . 30.0341 21.970 1.367
b_ &4 . 1988 ' 15.083 4.289
b_ -48.3085 19,483 2.47%
b, —-64.0784 49271 3.429
b, -42.8111 10.267 4.470
b, 104 .2897 18.419 5. 4662
n 44,3591 12,112 2.662
b, -2.9575 12.498 0.237
. —108.9854 16.937 6.435
b £9.7930 13.804 5.056&
b, 0.4180 4.144 0.14%
R® = 0.9837 ﬁ2 = 0.856%4
F(14,8) = 8.4099 h = 14 T = 0.02224

[N
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TABLE- 8.4,

MULTIPLE REGRESSION EQUATION WITH THIRTEEM EXPLANATORY VARIABLES.

Parametier | Estimated Co-—- Std.errovr t—value(calculated)
efficient. - of coefficient '
b, 857.4954 143.781 5.964
B, | . ~33.5842 5.433 5.221
b ~16.7674 | 6.505 2.578
b, &89 . 4451 8.154 _ 8.514
b, 29.0431 | 17.193 1.4689
b 54,8592 . 2.948 6.520
b, ~47 . 1222 ’ 14.4603 3.8227
B, ~-45.0304 14.732 4.414
b, —43.0244 8.347 5. 154
b 102.6104  44.453 7.071
» 43.3822 8.365 ' 5.185
. —-2.0447 2.803 0.244
b ' —108.0116 12.830 8.4
b b68.7763 9.855 &£.979
R® = 0.9835 r = 0.912
F (12,3) = 13.7529 ' ‘
b = 11 T = 0.0&027
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TABLE - 8.5.

MULTIPLE REGRESSION EQUATION (FITTED MODEL )

Parameter Estimate co— Std.error t—value(calculated)
efficient. of coefficient

b, 844 .2494 120.019 7.057
51 33,3474 5.563 5.995 #x
b ~15.9109 4.802 3.313 #
b, &9 .2470 7.100 F.7S54 xxE
b, 27.2104 13.547 2.009 (NS
b_ £65.2518 5.588 7.598 %
b, -45.7436 11.820 2.872 %
b, -&64 7982 12.85% 5.039 ##
b, | _a43_ 1232 7.293 5.913 =%
b 103.7087 12.812 - 8.095 #u
o 42 6943 6.894 6.193 =%
» -10%.2711 10.284 10.623 #%3
b _ 67.1473 &.374 10.335 ##3

R® = 0.9832 R = 0.9327

F(12,4) = 19.4474°° D-W Stat = 2.042

# — Hignificant at S percent.

#% — Significant at 1 percent.

### — Significant at 0.1 percent

N5 — Mon-significant.
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CHAPTER : IX

SUMMARY AND. CONCLUSIONS

?.1. SUMMARY OF FINDINGS :

In the disirici of Cooch Behar,aboul 103 percent of 1Lhe
total crop area has anjoayed lhe Fatility of idirrigatign. In the
remaining area,crops are grown dnder unirrigated conditions and as
such depend on rainfall. For Scientific crop planning and
operaltion adjustment,ii is necessary Lo have a compleie knowledge
of the various aspecis of precipitation. In order 1o geit a
complete information on this aspect,suitable statistical
methodology is requirsed. Al a particular time and spéce,the
occurrence of a3 given amouni of rainfall is beseti with
uncertainiy. So.the statement aboul it can only be made in iferms
of probabililies. Some efforts are alrsady under way in our
couniry. This study is a step in Thal direciion. The present study
has provided some quantitative estimates of parameters and tested
the relevant hypoiheses.

To develop statistical methodology for studying the
behaviour of rainfall in this region,the annual rainfall for Cooch
Behar and Dinhata slalions spreading over 88 years and daily
rainfall data for 18 years for Cooch Behar station only have been
utilized in this study. The yield datas of winier rice for Cooch
Behar district are also used in the present study.

The important results from this investigation have been

presented here one by one.
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The years of large scale deficiént and ’EKCESS rainfall
fhave heen identifisd in this study. The year 1920 was the worst
flood year and 1930 appeared Lo bethe most drought year,in
meteorology, in the district of Cooch Behar. The occurrence of
droughts and Finnds, in meteorology,has appeared to be a random

phenomanon.

However, the probability distribution of inlterarrival

times belween the successive years of drought and the
probability disiribution of interarvrival TLTimes between the
successive years of flood are considered 1o follow negalive

binomial distiribution. Il is also indicated that the probability
distribution of interarrival times for droughi and flood ysars at
the iwo places can be considered as drawn from the same negative
binomial population. Droughts and floods may be expecied 1o occur
once in & years and 8§ years respectively and droughts may appear
more frequently than floods in this region.

&n aitempt has been made to study the repelitive
behavioaur of the wealther of rainy months by Hsing the
Markov—dependeni geomeiric model. Two—-5tate Markov chain model is
fitted to the daily rainfall dats for Cooch Bshar. The present
study has invesiigated the empirical validity of Markov-dependent
geomaelrical models for wel spells, dry spells and weather cycles
of Cooch Behar. The average expected lengihs of dry spell and wel
spell are 2.5 &ays and 3 days respecliively and they coenstitute
the 5.5 days of weather cycle which is, as such, the average

length of ohserved wealher cyvele.



The presenit study has also provided tThe daily wealher
pattern of Cooch Behar during the monsoon months. One-step Sx5)
Markov chain modsl is fitled to the d&i;y rainfall data at Cooch
Behar. The degres of unceritainiy has been measured with 1he help
of information theory. Ii is also revealsd Lhalt the fest hased on
entropy is mosit appropriate rather than the redundancy test which
iz also based on entropy,against the hypothesis of HMarknovian
dependence.

The present study has also invesiigated the spectrum of
annualvprecipitation’aF two staiiﬁnsAin CnschIEehar districi and
it is found that tLthere are evidences of variuﬁs band—limited
signals. The first signal is guasi-biennial (2.0 to 2.6 years}
signal., The second signal has a period near gquasi-iriennial (3.1
to 3.5 yearng The third signal has 2 period near gquasi-—-five year
oscillations. The fourih signal has a period of 2 years. The fifih
signal has a period of 17.5 years which is nearly in phase with
lunisolar cycle. So;it is nol surprising thalt the time series of
meleorolagical data displays a greal desl of variability from year
to year. In order to deiecit the pressnee of hidden periodiciiies
in the annual precipitaltions ws have found by power speciral
analysis,the evidence of highly éiatistically significani wvaluss
of The five signals.

Since a regional approach has bsen considered, a linear
miltiple regression equalion has besn developed to predict tThe
yield of winier rice in Cooch Behar districi. The regression

equailion is appropriate 1if different physical mechanisms arse



involved in ithe nalure d? daily precipitation. The yield of winter
rice in Cooch Behar district has been :unsidered\as the dependent
variable and the dérived categories of daily rainfall  have been
ronsidered as -explanatory variables. The mulitiple regression
equalion has been fitted to establish the crop—weather
relationship. The yield regressed equaltion is wverified in all
intermedialie states from fourleen explanalory wvariables 1o tThe
final iweslve—ierm sgualion. Thé combination of itwelve explanalory
variables has been selected for which lhese variables are appeared
physically and staltistically realiz;is. The coefficient of
detEfminatinn indicates thal more Lhan 93 percent of the iotal
variation in yield is explained by ithe explanaitory wvariables. It
is,also noied that the values of Lhe yield of winier rice are

independent of the sarlier vwalues.

?.2. FUTURE SCOPE_OF RESEARCH WORK.

There are several boillenecks in The extension of 1Lhis
study. the first and foremoslt is advanced mathemaiical and
statistical ftechnigues.

Though the scope of the situdy is restricisd 1o Cooch
Behar disirici,the resulis are wélid for many areas having %imilar
agroclimalic condition as well as meifeorological sub—division.
ﬁurenuer,meteuralagical behaviour has iimits of accuracy defined
by physical nature of the region and also the rainfall amounit can
exhibit substantial variabiiitg over very small distance. A more

sophisiicaled approach such as the probability of precipitation
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due %o ariel variabiliiy needs %o be examined towards faciliialing
the principal types of local adiusiment. This apparent incuherén;
spatial and temporal behaviour of precipitation in Tthe region of
study may have complicated 1he theoretical development of its
causal mechanisms. However,il is a malier of invesltigaltion. The
study nesds To be replicated under different climaltic conditions.
And the appropriale statisiical technigques would be an impnrtant
field of research work.

Higher order eniropy may\ be introduced to 1LTest the
stochastic dependence by the Lheoretical developmeni and this 1is
aﬁe of Lhe Fields’oF absoluiely new inFu}maiianal measure on 1LThe
probabilistic system.

The knowledge of amouni of rainfall and iis behaviour is
not necessarily sufficient {for crop plénning and uﬁeraticnal
adjustment. For some region, msasures of other climalic wvariables
like s0il moisture,lemperature,humidily,sunshine,evaparation and
average wind speed elc. are also essential Lo considser for better
establishment of crop—wealther relatioﬁship. Moreover,considering
theirlinterattinna, a multiplicative model is 1o be needed for the
better understanding of crop-weather relationship and it would be
one important {field of Ffulure resesarch work for various

agroclimalic regions.
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APPENDIX

NATURE OF DAILY RAINFALL VARIABLES (EXFLANATORY VARIABLES)
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NATURE OF DAILY RAINFALL VARIABLES ﬁNﬁ TIME-SCALE VARIABLE
( EXPLANATORY ) COOCH BEHAR

VERR X X XX 4 X X X X X % % Lk
1972 15 14 i3 13 13 1¢ 145 42 112 2 20 12 19 i
1973 16 15 12 15 12 1% 13 11 43 & 20 18 20 2
1974 23 138 22 12 13 17 20 15 49 3 20 i858 17 3
1975 26 18 23 14 12 12 20 17 115 5 17 14 17 4
1974 i8 13 14 15 10 11 4 2 g 5 24 <7 18 5
1977 23 20 42 d& i1 14 12 16 10 & 16 i3 113 &
1778 18 13 1 10 4¢ &8 115 142 115 2 11 11 10 7
1979 22 17 18 14 10 44 43 10 11 10 141 11 2 8
1980 23 12 20 17 44 1& 42 12 11 2 15 14 13 g
1281 21 14 18 16 43 1 i? 12 7 0 14 11 43 10
1782 24 16 23 17 17 14 115 13 42 0O 23 21 20 141
1283 20 15 i 18 11 10 12 16 16 232 16 14 45 A2
1284 25 & 24 115 12 14 18 13 16 3 13 10 12 13
1285 23 12 22 12 2 141 12 44 14 2 20 14 18 4
1784 20 1% i 12 10 10 17 14 16 B8 ze i8 17 15
1987 27 206 24 22 7 18 17 1& 15 Z 12 12 18 16
12388 20 147 17 22 140 23 17 412 16 232 11 g8 €40 17

RD ARD CRD ' '

1 z2 g
August X X X

< [ [=3
September X X X

v a8 &
Oclober 4 -~ -

E¥a)
Jdune Xl ﬁz Eﬁ X = Time—-scale variahble
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