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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.
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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
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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
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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

¥
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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
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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
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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
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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
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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
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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

17




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
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ns of that island.He ohserve

n
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time series for the wvarious
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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
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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
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appeared lo respend to (8.8 vyears Yuri-zolar signal

]
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statistical average value of the sigrnal periodicily In

1y
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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
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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.
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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
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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
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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.



