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A study of monsoon daily rainfall at Maithon by
Markovian model and information theory
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ABSTRACT. A statistical study of monsoon daily rainfall at Maithon during the period 1968-1982,
is carried out by Markovian model through one-step transitional probability matrix (stochastic matrix), obtained
from one transitional state to other for different rainfall characteristics. By the knowledge of the ‘Information
Theory’, the uncertainty (or disorderness) of the transitional system of the monsoon rainfall characteristics
(such as non-rainy days, light rains, moderate rains, heavy rains & very heavy rains) according to definition are
studied. The favourable or unfavourable condition of different states during the monsoon period at Maithon
are also studied by the redundancy test.

1. Introduction for the purpose of determining favourable or
unfavourableness of the system through redundancy
method. It is obtained by the average of all
entropy values weighted in accordance with the
probabilities of occurrence of the individual states.
He chose the Markovian model to test whether the
individual state of occurrence depends on previous states
of occurrence.

Gabriel & Neumann (1962) and Medhi (1976) have
studied the probabilities of occurrences of dry & wet
days only by fitting a Markov-chain model and a geomet-
ric spell distribution. In this paper the nature of the
day’s rainfall at Maithon dam, categorised into five
classes according to definitions below, has been studied
by a Markovian model from one transitional state to

another and using also information theory. 2.2. The total probabilistic picture of possible changes

that occur during a transition from one state of occur-

The data of daily rainfall used are those recorded at rence to another, is given by one-step transitional matrix:

Maithon dam site which is an important place in the
Damodar valley area. The inflow of water into the

reservoir at Maithon depends on the monsoon rainfall 500 """""""" Py,
as 907, of the annual rainfall is received there during — | Py = LU )
the monsoon period. The variation of monsoon rainfall EE=NEH] == | asmisgueannslsEiadags f
(June-September) over Damodar valley area studied pol P
m ---------------- “

by Basu (1981) gives an idea of the yearly deviation of

. monsoon rainfall from the mean at Maithon. Py(i,j=0,1,2,3,4) isthe transitional probability

from the jth state of occurrence to the ith with
2. Methodology J % :

2.1. A one-step 535 transitional probability matrix
from one transitional state to another has been found
for each of the rainy months June to October from the
frequency of occurrence of daily rainfall amount at
Maithon. The disorderness (entropy) of such transitional
probability is tested from the redundancy of the system.

Domenico (1972) suggested the test of uncertainty
of transitional probabilities of all states of occurrence

4
Z Py=1, for each i.
j=0

2.3. A mathematical model of Shannon serves as
a measure of uncertainty of the transitional probability
(P;) of the above system and is :

4
Hy=— Z Pjlogy Py, for each i,
j=0

(83)
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TABLE 1

Conditional one-step transition probability matrices for each monsoon month at Maithon by
Markovian model

June July
.76 .07 13 .03 .01 .58 16 .19 .07 .00
.55 .21 .18 .06 .00 | 4223 .25 10 .00
Pi =, .60 .12 .21 07 .00 Py = .31 .24 .33 .12 .00 ks
47 .12 18 .23 .00 38 .29 15 (18 .00
00 .50 00 .50 .00 00 .00 1,00 .00 .00
August September
-
62 16 17T .04 .01 .74 09 14 03 .00
41 .21 .31 .07 .00 44 17 .31 .08 .00
Py = | .41 A8 L34 07 .00 Pij = | .38 .17 .32 .13 .00‘
30 .25 .25 (15 .0s 48 .09 .33 .05 .05
.50 .00 .00 .50 .00 .00 .00 .50 .50 .00
Cetober

8% 04 05 .01l 01
76 06 (12 .06 .00
P - | .63 .14 18 05 .00
29 14 43 14 .00
.00 1.00 .00 .00 .00

Py (i,j=0,1,2,3,4) ~ transitional probabiiity of the ith state from the jth state.

where, ‘0" indicates ‘non-rainy days'; ‘1" ‘light rain® ‘2’ *moderate rain’ , ‘3’ ‘heavy rain’
and ‘4" ‘very heavy rain’

TABLE 2

Probability and corresponding information (in bits) for different individual state of occurrence for each of the
monsoon months at Maithon

Probability of occurrznces Information mn bits I(P; )= log P:
) June July August  September October
Non-rainy day PyI(Py) .67/.17 .45/ .35 .52/.28 .61/.21 .86/.07
Light rain PiI(P)) .10/1.00 .21/.68 A71.77 J11/.96 .05/1.30
Moderate rain P.lI(Py) L18/.74 .247.62 .24/.62 .21/.68 .06/1.22
Heavy rain PLGPs) L05/1.30 CLo/1.0n .06/1.22 L06/1.22 .02/1.70
Very heavy rain ~ P,/I(P,) (01/2.00 .00)- .01/2.00 .01/2.00 .00/-
-ZP; log P 44 .55 .32 V47 .23
TABLE 3

Measure of entropy and redundancy test statistics during the months of monsoon period at Maithon

June July August  September October *
Non-rainy day (H,) 35 48 47 36 .2
Light rain (H,) .48 .56 .54 .54 .34
Moderate rain (H,) .46 .58 93 .56 .44 .
Heavy rain (H) .54 .57 .65 .54 .56
Very heavy rain (H,) .30 .00 .30 .30
Weighted entrophy,
4
H=ZP H, .39 .54 .50 43 .24
i=0
Redundancy, R (in per cent) 44 23 29 39 66
Measure of entropy
M = (—Z P; log P; —H .05 LGl .02 .04 —.01
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Figs. 1 (a & b). Probabilities of occurrence against informa-
tion in bits for differet categories in each
of the menth (Jun-Oct) end (b) distri-

bution of uncertainty of ths Markovian
and random models
where, H, denotes the entropy of the

occurrence ; [ = 0,1,2, 3,4,

2.4. The entropy H of the Markovian system of the
transitional probability matrix (=) obtained from the
probability of individual state of occurrence P, and
weighted by H; is :

H=2X P H
i

ith state of

where, P;is the probability of the ith state of occur-
rence.

A measure of uncertainty M of the random model
obtained from the individual states of occurrence over
the Markovian model in the ststem is :

M:('* ;:P;loglopj)"‘H
i
= — 2 Pilogy Pi — Z Pi H;
i i

2.5. As the probability P; of the individual state
of occurrence of categorised rainfall is taken as random,
its distribution is given by using Shannon’s formula
for ‘Information’ (in bits) of the system in the form :

I(P) = —10g; Pi
The redundancy of the state of occurrence R is obtain-
ed asthe difference from 1 of the ratio of the weighted
entropy value H to the maximum possible entropy
(Hmn; = 10g 5)-

R =1— HfHpna

This redundancy value is used to determine the favour-
able or unfavourableness of the system. When the
redundancy value R tends to 1, the system tends to
maximum favourable condition, i.e., almost certain.

3. Computational procedure

3.1. The nature of day’s rainfall has been categorised
according to amount,

Category No. (rainy day) ~ Daily rainfall amount (mm)

0 Non-rainy day 0-2.4
1 Light rain 2.5.-7.5
2 Moderate rain 7.6-34.9
3 Heavy rain 35-124.9

4 Very heavy rain greater than 125

The conditional transitional probabilities Pj; are
calculated by dividing the frequencies of one state
of occurrence for the day followed from another state
of occurrence of the previous day f;; by the frequencies
of the state fi, i.e., P;j=fi/f; and are arranged in the
form of a matrix for each monsoon month (Table 1).

3.2, The weighted entropy values (Table 3 ) for each
of the months are calculated as a sum of the entropy
values of all the different categories with the random
probabilities of the corresponding states (Table 2).

4. Discussion
4.1. Markovian model and redundancy test

The weighted entropy values over the transitional
probabilities during the beginning of June and in
the closing month, October, at Maithon are less in
comparison with the other monsocn months whereas,
during the active monsoon months, July and August,
these values are higher (Table 3).

4.2. Measure of uncertainty

The distribution of uncertainty of the Markovian &
the random models is shown in Fig. 1(b). The difference
in uncertainty between the Markovian madel and the
random model at Maithon lies between 5% and—1%,
the differences are small, almost negligible (Table 3).

4.3, The study of the logarithmic probability of the
individual occurrences gives the information of the
system in bits (Table 2). The probability of occurrence
P; is plotted against I (P)) information in bits for the
different categories in each of the months and the
envelope of these points is shown as the curve in
Fig. 1(a). The curve has a shape somewhat similar to a
rectangular hyperbola, asymptotic to the axis of infor-
mation bits.

5. Conclusion and remarks

From Table 2, it is evident that the degree of certainty
increases with the increase of information bits. During
the monsoon period at Maithon, the degree of certainty
of heavy rainfall and very heavy rainfall is more than
the other states of occurrence though the values of the
probability of occurrence are very low. The occurrence
of non-rainy days at Maithon during June and October
is more probable whereas during July and August, it
is less.
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The present study has been carried out for the dam
site at Maithon only. The applicability of this method
to various other places/areas requires detailed siudy
after carefully examining the quantitative values of
certainty and redundancy.
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