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

[v]
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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
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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
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L
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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
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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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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
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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
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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
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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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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
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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]

k3



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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