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ABSTRACT: Recently, one formulation/method has been developed for determining the tendency of integral valued 

numerical data. This article is based on the application of this formulation/method in determining the tendency of 

rainfall (number of rainy days) at Delhi as well as at Mumbai in the twelve months separately. 

 

KEYWORDS: Integral valued numerical data, Tendency of Rainfall, Formulation of Determination, Rainfall at Delhi 

and Mumbai 

 

I. INTRODUCTION 

 

    There had already been a lot of research on searching for suitable measure of average [9 , 79]. The first attempt had 

been made by Pythagoras [12] who developed three measures of average namely  Arithmetic Mean (AM), Geometric 

Mean (GM) & Harmonic Mean (HM) which were later named as Pythagorean means [13 , 38 , 47 , 48 , 58] as a mark 

of honour to him for his ever-significant discovery. A number of measures of average had been developed consequently 

in continuation to the three Pythagorean means [36 , 37 , 47 , 48 , 50 , 58]. In the next step of development of measure 

of average, Kolmogorov [80] formulated one generalized definition of average namely Generalized f - Mean. [75 , 76] 

from which the existing measures of average can be derived as special cases [36 , 37]. In other studies, Chakrabarty 

developed  two generalized definitions of measure of average namely Generalized  fH – Mean  [39] and Generalized  fG 

– Mean [40 , 42] along with one general method of defining measure of average [47, 48 , 62] as well as the different 

formulations of average from the first principles [50].   

In statistics, the three Pythagorean means are treated/ accepted as three basic measures of central tendency [66 , 65 , 67 , 

81 , 82] of numerical data. In fact, if µ is the central tendency of  

X1  ,  X2 , ……………  ,  XN  
 

then they can be described/explained  by the  model   

                                                        Xi = µ +       ,    (i =  1 , 2 , ………… , N)                                                              (1.1) 

 where  

           ...…......     

errors (random in nature) associated to  

X1  ,  X2 , ………  ,  XN  
respectively [17 – 22 , 27 , 55 , 56 , 63 , 64, 65].                         

The available statistical methods of estimation of the parameter [1 – 8 , 10,  11 , 15  , 16 , 30, 31 , 32 , 71 , 73 ,  74 , 77 , 

78 ,80], cannot yield value of the parameter µ accurately [20 , 26 , 28 , 29].  Recently some attempts have been made 

on  developing method(s) of determining the value of parameter µ accurately [18 , 21 , 24 , 25 , 33 , 34 , 38, 43 , 45 , 

46 , 51 – 56, 59 , 60]. In these attempts, some methods have been developed for determining such value of parameter 

and consequently the central tendency [22 , 23 , 55 , 81 , 82] of  X1  ,  X2 , ……  ,  XN . These methods are based on 

Arithmetic-Geometric Mean (AGM) [14 , 49, 51 , 57 , 61 , 72], Arithmetic-Harmonic Mean (AHM) [52 , 53 , 57 , 59 , 

60 , 61], Geometric-Harmonic Mean (GHM) [54 , 57, 61], Arithmetic-Geometric-Harmonic Mean (AGHM) [56 , 57, 61]  

and GM of AM & HM [69].  

    Each measure of central tendency results in value which lies in the middle part or central part of the associated data. 

However, tendency of data may not always be towards the central portion of the data in reality. There are situations in 

reality where the tendency of data is not towards the central / middle portion of the data but towards one end point of 

the data set. Thus there is necessity of some formulation/method of determining tendency of data in such situation. For 
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this reason, one formulation/method has recently been developed for determining the tendency of integral valued 

numerical data [68 , 70].  This formulation/method has here been applied in determining the tendency of rainfall 

(number of rainy days) at Delhi as well as at Mumbai in the twelve months separately. 

     

II. METHOD OF DETERMINING TENDENCY OF INTEGRALVAUED NUMERICAL DATA  

 

    Suppose, 

   ,     ,  ………….. ,    

are N  observations which are non-negative integral values, observed on a non-negative integral valued random variable 

X , so that its central tendency is also a non-negative integral value. 

    

   Arithmetic Mean (AM) of the N observations is defined by   

                                             AM (   ,     ,  …….. ,   )  =  
 

 
     

 
                                                                             (2.1)  

 

Possible Situations and determination of Central Tendency 

 

(1)  If either of  the integer just below AM (   ,     ,  …….. ,   ) or the integer just above AM (   ,     ,  …….. ,   ) is 

identical with the Mode (   ,     ,  …….. ,   ) of the data set then that common value is the value of central tendency 

of x.  

(2)  If none of  the integer just below AM (   ,     ,  …….. ,   ) and the integer just above AM (   ,     ,  …….. ,   ) is 

identical with the mode of the data set then identify the outlier(s) in the data set and repeat the process to obtain the 

common value of Mode (   ,     ,  …….. ,   ) and either of  the integer just below AM (   ,     ,  …….. ,   ) or the 

integer just above AM (   ,     ,  …….. ,   ) which is the value of central tendency of x. 

(3) If Mode (   ,     ,  …….. ,   ) is found not to be unique and/or if found not to be identifiable, then  

     the integer just below AM (   ,     ,  …….. ,   )  

                                                or  

     the integer just above AM (   ,     ,  …….. ,   )  

     is the value of central tendency of x  

     depending upon  

     the set of possible positive errors associated to  x1 , x2 , .…… , xN  is bigger than the set of possible negative errors  

     associated to them  

                                                                        or 

     the set of possible positive errors is smaller than the set of possible negative errors. 

 

Note 
(1) The above formulation/method is for non-negative integral valued observations. 

(2) If the observations are all non-positive integral valued then by changing the origin, the observations can be 

transformed to all non-negative integral valued so that the method can be applied to determine the tendency of the 

transformed data.  

   If c is an arbitrary number which transforms all the original observations to non-negative integral valued numbers 

then 

       Tendency of original data = Tendency of transformed data - c  

(3) If the observations are mixture of non-negative and non-positive integral valued then the technique mentioned in (2) 

can be applied.  

 

III. TENDENCY OF RAINFALL AT DELHI AND MUMBAI 

 

    Data on number of rainy days (month-wise) at Delhi and Mumbai corresponding to the twelve months during the 

period from 1969 to 2001 have been collected from Indian Meteorological Department, which have been shown in  

Table - 3.1 and Table - 3.2 respectively. The values of tendency of number of rainy days at these two places, obtained 

by the formulation/method outlined above, have been shown in Table - 3.3 and Table - 3.4 respectively. 
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Table - 3.1 

(Number of Rainy Days at Delhi)   

 

Year 

 

Month 

 

Jan Feb Mar April May June Jul Aug Sept Oct Nov Dec 

1969 0 1 2 0 3 5 11 6 6 0 0 0 

1970 3 4 2 0 1 5 5 11 9 1 0 0 

1971 1 1 0 1 3 4 6 13 6 1 0 0 

1972 1 1 0 2 0 2 10 13 3 1 2 0 

1973 2 1 0 0 2 2 8 18 3 2 0 1 

1974 0 0 1 0 0 4 14 5 1 3 0 1 

1975 2 1 1 0 0 6 11 14 11 3 0 0 

1976 0 2 2 1 3 6 11 17 2 0 0 0 

1977 4 0 0 5 3 8 21 4 11 2 0 2 

1978 0 2 3 1 0 5 17 14 5 0 0 1 

1979 4 4 2 1 2 4 11 7 3 1 0 2 

1980 1 1 3 0 2 3 18 7 4 2 0 1 

1981 2 3 3 0 0 2 12 4 2 0 4 0 

1982 2 2 5 4 4 4 7 13 0 4 1 2 

1983 3 2 2 6 3 3 9 10 10 1 0 2 

1984 0 1 0 1 1 4 11 12 4 0 0 0 

1985 0 0 0 3 0 5 17 10 5 5 0 6 

1986 1 2 2 1 2 3 4 7 4 0 0 2 

1987 1 2 1 1 5 3 5 5 3 0 0 1 

1988 0 3 4 1 1 8 14 13 5 0 0 1 

1989 2 1 3 0 0 4 6 6 4 1 1 1 

1990 0 5 1 1 0 4 11 8 9 0 2 1 

1991 0 2 1 0 0 1 5 11 3 0 2 3 

1992 2 M M M 0 1 11 M M M M M 
 1993 2 1 1 1 1 5 9 5 10 0 0 0 

1994 2 1 0 2 3 6 18 10 0 0 0 0 

1995 2 4 3 0 0 3 4 18 5 0 0 0 

1996 1 2 0 1 2 6 13 14 9 1 0 0 

1997 2 0 2 2 4 6 8 11 3 4 1 4 

1998 0 2 3 1 2 5 10 12 7 3 1 0 

1999 3 0 0 0 2 5 7 3 4 2 0 0 

2000 3 2 2 0 2 7 11 9 2 0 0 0 

2001 1 1 1 2 6 9 8 6 2 1 0 0 

(M means Missing) 
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Table - 3.2 

(Number of Rainy Days at Mumbai)  

 

Year 

 

Month 

 

Jan Feb Mar April May June Jul Aug Sept Oct Nov Dec 

1969 0 0 0 0 0 14 28 20 15 1 2 0 

1970 0 0 0 1 1 18 19 27 17 5 0 0 

1971 0 0 0 0 2 17 19 18 11 2 0 0 

1972 0 1 0 0 0 0 22 12 6 0 1 0 

1973 0 0 0 0 0 12 26 26 25 2 0 0 

1974 0 0 0 1 3 10 24 26 18 10 0 0 

1975 0 0 0 0 0 15 20 27 16 9 0 0 

1976 0 0 0 0 0 15 24 22 16 0 2 0 

1977 0 0 0 0 0 13 27 16 11 3 5 0 

1978 0 0 0 0 0 19 24 23 13 2 3 1 

1979 0 0 0 0 0 12 17 17 10 1 7 0 

1980 0 0 0 0 0 15 17 25 10 2 2 2 

1981 0 0 0 0 0 0 24 21 18 6 1 0 

1982 0 0 0 0 0 0 20 24 15 0 2 0 

1983 0 0 0 1 0 12 27 25 23 5 0 0 

1984 0 1 0 0 0 14 24 19 9 3 0 0 

1985 0 0 0 0 1 18 22 20 8 6 0 0 

1986 0 0 0 0 0 16 16 15 6 0 2 1 

1987 0 0 0 0 0 14 26 21 5 3 0 2 

1988 0 0 0 0 0 17 27 24 25 3 0 0 

1989 0 0 0 0 0 18 24 23 13 3 0 0 

1990 0 1 1 0 5 13 23 27 21 6 0 0 

1991 1 0 0 0 0 10 26 26 6 0 0 1 

1992 0 0 0 0 0 9 22 22 11 3 0 0 

1993 0 0 0 0 0 9 26 23 22 7 0 0 

1994 1 0 0 0 1 13 28 21 16 2 0 0 

1995 0 0 0 0 0 5 24 17 13 5 0 0 

1996 0 0 0 0 0 12 29 25 15 6 0 0 

1997 0 0 0 0 0 16 16 24 12 0 4 2 

1998 0 0 0 0 0 16 22 19 14 12 2 0 

1999 0 0 0 0 4 18 18 16 16 6 0 0 

2000 0 0 0 0 7 4 19 19 7 4 0 1 
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Table - 3.3 

(Tendency of Number of Rainy Days at Delhi)   

 

Month 

 

 

Integral value just  below AM 

 

Integral value just  above AM 

 

 

Mode  

 

Value of Tendency 

January 1 2 2 2 

February 1 2 2 2 

March 1 2 2 2 

April 1 (1 *) 2  (1 *) 0   &  1 1  

May 1 (1 *) 2  (1 *) 0 1 

June 4 5 4  ,  5 4 

July 10 11 11 11 

August 9 10 NI 9 

September 4 5 4 4 

October 1 (0 *) 2 (1 *) 0 0 

November 0 1 0 0 

December 0 1 0 0 

 (* means the value obtained after excluding outliers & NI means Not Identifiable) 

 

 

Table - 3.4 

(Tendency of Number of Rainy Days at Mumbai)  

 

Month 

 

 

Integral value just  below AM 

 

Integral value just  above AM 

 

 

Mode  

 

Value of Tendency 

January 0 1 0 0 

February 0 1 0 0 

March 0 1 0 0 

April 0 1 0 0 

May 0 1 0 0 

June 12 13 12 12 

July 22 23 22 22 

August 21 22 21 21 

September 13 13 16 13 

October 3 4 3 3 

November 0 1 0 0 

December 0 1 0 0 

 

  

IV. RESULTS AND DISCUSSIONS 

 

    From the results, shown in  Table - 3.3, it is found that no tendency of rainfall is experienced in the three months 

namely  October,  November and December at Delhi while Mumbai is experienced as having no tendency of rainfall in 

the seven months namely January,  February, March,  April,  May,  November and  December. Maximum rainfall is 

experienced at Delhi in July while maximum rainfall is experienced at Mumbai in July and August (see  Table - 3.4). 

    Each existing measure of central tendency results in value which lies in the middle part or central part of the 

associated data. However, tendency of data may not always be towards the central portion of the data in reality. There 

are situations in reality where the tendency of data is not towards the central / middle portion of the data but towards 

one end point of the data set.  Findings of this study provide information that the value of central tendency of data may 
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not always lie in the central part of the data set. It may lie at one end point of the data set. Thus, it is more appropriate 

to say “measure of tendency of data” than to say “measure of central tendency of data”.  

    Finally, from the meaning of research [35 , 41 , 44], it can be concluded that the development of the 

formulation/method of determining tendency of integral valued numerical data as mentioned above can be regarded as 

research findings carrying fundamental importance and high significance in the theory of analysis of data specially in  

measuring tendency of data.  
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