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ABSTRACT 
 

By using the knowledge of the Shannon’s entropy, the uncertainty of the transitional system of 

the south-west  monsoon daily rainfall characteristics (such as non- rainy day, light rains, 

moderate rains, heavy rains, very heavy rains) have been studied in this paper. The favorable or 

unfavorable condition for different states of Markov chain model of order one  during the south-

west monsoon period have also been studied by the redundancy test. 
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Introduction 

The agricultural scenario of India is closely linked with the distribution of rainfall throughout 

the year. Particularly in semi-arid zones rainfall is one of the governing factor in planning 

agricultural operations. As the distribution of rainfall varies over space and time, it is essential to 

analyze statistically rainfall data covering long periods for better planning of cropping pattern in 

semiarid zones, where irrigation facilities are very less and farming is mostly dependent on 

rainfall   

 Several researchers have used various statistical technique for studying the behavior of 

rainfall and related aspects. Fisher (1924) was the first to make a systematic study in this field by 

studying the influence of rainfall on the yield of wheat at Rothamsted Agricultural Experiment 

Station and showed that distribution of rainfall during a season is more effective force than its 

total amount in the yield of a crop. Several authors like Gabriel and Neumann (1962) and Medhi 
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(1976) have studied the probability of occurrences of dry and wet days through Markovian 

model. Basu (1988) has studied the probability of occurrences of different rainfall characteristics 

through one step transitional probability matrices during monsoon period at Maithon by 

Markovian model. Sarkar and Subramanyam (1995) have  studied the characteristics of 

persisitence and recurrence of precipitation and derived the order of Markov chain. Singh et 

al.(2002) studied the analysis of statistical behaviour of daily maximum and monthly rainfall.  

Maruyama et al.(2005) studied Entropy based assessment and clustering of potential water 

resources availability. Kwarteng et al. (2009) analysed rainfall data for 27 years by using Mann-

Kendall test statistics to detect trends in time series data of rainfall. Pechlivanidis et al.(2010) 

used Entropy for Model diagnostic in rainfall modelling.  Saxena et al. (2013) studied the order 

identification of daily rainfall  by using Akaike's Criterion. But Shannon's entropy has not been 

yet used to study the uncertainties of rainfall and an attempt has been made  in this paper to 

analyze the daily rainfall data of Hisar station for the period from 1925 to 2013 using Shanon's 

entropy. 

Haryana state receives rainfall in the range of 300mm-1200mm in different agro-climatic 

zones. Hisar is situated at latitude 29
0
10

/
N longitude 75

0
76

/
 E. Its height is 215.2 mt above mean 

sea level. Hisar receives an average of 318mm rainfall in S-W monsoon which is about 81% of 

the average annual rainfall. In this study the daily rainfall at Hisar have been categorized into 

five classes according to definition such as non-rainy days, light rains, moderate rains, heavy 

rains, very heavy rains. The main objective of this study is to estimate the transitional 

probabilities of all states of occurrence and to test the uncertainty of transitional probabilities of 

all state of occurrence by using Shannon’s entropy. Data of daily rainfall at Hisar during 

monsoon period for 89 years (1925-2013) have been used here. 

Methodology 

Estimation of transitional probabilities: A one step 5X5 transitional probability matrix 

from one transitional state to another has been found for each of the rainy month from June to 

September from the frequency of occurrence of daily rainfall amount at Hisar. The Maximum 

Likelihood method of estimation of transition probabilities daily rainfall has been used. The dis-

orderness of such transitional probability is tested from the redundancy of the system. The test of 

uncertainty of transitional probabilities of all states of occurrence for determining the favourable 

or unfavourable of the system has been developed through redundancy method.  
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 One step 5X5 transitional probability matrices from one transitional state to another have 

been computed for each monsoon month. The transitional probability matrix is given by  

 

 

 

 

 

 

                       P00…………….P04 

                       P10…………….P14 

        Pij =        :                            : 

                       :                            : 

                       P40……………..P44  

            
where Pij (i,j = 0,1,--------4) is the transitional probability from the j

th 
 state of occurrence to the 

i
th

   state and 1
j

ijP  for each i. 

            Here ‘0’ indicates non rainy days; ‘1’ for light rains, ‘2’ for moderate rain; ‘3’ for 

heavy rains; ‘4’ for very heavy rain. 

Measure of Entropy 

    A measure of uncertainty (entropy) of the transitional probability (Pij) of the above system 

is given by Shannon’s formula as 

 ij
j

iji PlogPH 


4

0

 ,  for each i , 
          

 where Hi denotes the entropy of the i
th
 state of occurrence (i = 0,1,-----,4).

 

 The entropy H of the Markovian system of transitional probability matrix Pij obtained 

from the probability of individual state of occurrence Pi and weighted entropy Hi is obtained as 

under: 

      











4

0i
ii HPH ,   where Pi is the probability of the i

th
 state of occurrence. 

 The measure of the entropy M of the Markovian model is obtained as 

       HPlogPM
i

ii 








  

   The favorable & un-favorableness of the system is tested by redundancy R which is defined 

by  









maxH

H
-1  R , where  Hmax is the maximum possible entropy and its value is equal to  log 



 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

International Research Journal of Mathematics, Engineering and IT (IRJMEIT) 

71 | P a g e  

5= 0.6990. When the redundancy value R tends to 1, the system tends to maximum favorable 

conditions. 

 

Result and Discussion 

 
 The rainfall for south-west monsoon period at Hisar has been categorized into five states 

according to amount of rainfall received. 

    Categories   Daily rainfall amount (mm) 

 Non-rainy days (D)     0-6 

 Light rain (W1)    6-15 

    Moderate rain (W2)            15-35 

    Heavy rain (W3)                    35-75 

   Very heavy rain (W4)                        ≥75 

 

The conditional transitional probabilities Pij are calculated by dividing the frequencies of one 

state of occurrence for the day followed from another state of occurrence of the previous day (fij) 

by the frequencies of the state (fi), i.e.  

Pij = fij / fi and are arranged in the form of  a matrix for each monsoon month as shown in 

Table-1. 

Table-1:Transitional probability matrixes for each monsoon month (June-September) at Hisar. 

                June                                               July      

                 

      .94   .04   .02   .00   .00                .88   .06   .04   .02   .00 

      .75   .12   .12   .01   .00             .74   .09   .09   .07   .01 

Pij=     .81   .12   .05   .02   .00          Pij= .71   .11   .09   .08   .01 

  .75   .08   .08   .08   .00             .56   .16   .18   .08   .01 

         1   .00   .00   .00   .00                        .85   .15   .00   .00   .00  

   

                  August                                             September 

 

      .89   .05   .04   .02   .00                       .94   .03   .02   .01   .00 

      .79   .08   .12   .01   .00                       .79   .01   .05   .04   .02 

Pij=     .75   .08   .10   .06   .00          Pij=       .73   .15   .05   .07   .00 

      .68   .09   .12   .11   .00                       .63   .06   .20   .05   .06  

      .43   .29   .14   .14   .00                       .33   .00   .17   .50   .00        

 
Probability of occurrences of all the five states of Markov chain have been calculated and  

are presented in table-2 for each of the months from June to September. 
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Table-2:  Probability and corresponding information for different individual state of occurrence for each monsoon 

month (June to September) at Hisar. 

 

      Prob. of Occurrences    Pi         

June July August September 

Non-rainy-day  P0  .93 .84 .86 .92 

 

Light rain        P1 .04 .07 .06 .04 

 

Moderate rain P2 .02 .05 .05 .03 

 

Heavy rain   P3 .01 .03 .03 .01 

 

Very heavy rain P4 .00 .01 .00 .00 

 
 

 

From these probabilities of occerences of various states given in table-2, we now present  the 

Information in bits and [- ∑Pi log Pi ] in table-3. 
 

 

Table-3:  Information in bits for each state  
 

               Information in bits I(Pi)= log Pi 

June July August September 

Non-rainyday   -.03 -.08 -.07 -.04 

 

Light rain         -1.39 -1.15 -1.22 -1.39 

 

Moderate rain  -1.69 -1.30 -1.30 -1.52 

 

Heavy rain   -2.0 -1.52 -1.52 -2.0 

 

Very heavy rain  - -2.0 - - 

 

   - ∑Pi log Pi   

 

0.14 0.28 0.24 0.15 

 
By using the values obtained in Table-3, the weighted entropy values for different 

categorized states of rainfall amounts for  each of the months are calculated. Finally the  

Redundancy value of  R for each month has been calculated. These values  are presented in 

Table-4. 
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Table-4: Measure of entropy and redundancy at Hisar  

 
 It is clear from Table-4 that the value of the weighted entropy is less during the beginning 

month June and ending month September as compared to middle months July and august at 

Hisar.  

The redundancy values of the system during monsoon period at Hisar in Table-4 show that 

the maximum value is 81% during the month of June and minimum value is 66% during July at 

Hisar. This indicates that favorableness of the Markovian system is maximum in July at Hisar 

during the monsoon period. 

Conclusion 

  The transitional probability at all states of occurrence for each of the monsoon month at 

Hisar is estimated by the method of Maximum Likelihood. The entropy (disorderness) of such 

probability for each of the categorized classes of rainfall amount at Hisar during monsoon period 

with their weighted entropy values have been determined and the monthly redundancy of the 

system for each of the monsoon month have been obtained on the basis of weighted entropy and 

Hmax. 

The results in Table-4 show that the redundancy value is more during the month of June and 

September as compare to its value in July and August. Since this redundancy value is used to 

determine the favorableness or unfavorablness of the system, as the redundancy value R tends to 

1, the system tends to maximum favorable conditions i.e. almost certain. Hence, at Hisar during 

S-W monsoon season, the Markovian system has been found to be favorable by redundancy test.   

 

 

 June July August September 

Non-rainy days (H0) 0.12 0.21 0.24 0.12 

Light rain (H1) 0.33 0.39 0.30 0.35 

Moderate rain (H2) 0.28 0.41 0.37 0.37 

Heavy rain (H3) 0.36 0.51 0.42 0.48 

Very Heavy rain (H4) 0.00 0.18 0.55 0.44 












4

0i
ii HPH                               

                           

 

 

0.13 

 

0.24 

 

0.21 

 

0.14 

Redundancy, R(%) 81 66 70 80 

Measure of entropy 

M= (-ΣPilogPi)- H 

.01 0.04 0.03 0.02 
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