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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
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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
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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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