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ABSTRACT: Pythagorean geometric mean can suitably be applied in finding a measure of average (overall) relative 

change in a group of variables over two different situations. This art has recently been applied in deriving a measure, 

termed as temperature index, of overall relative change in temperature over two different situations. This measure has 

here been applied in estimating temperature index at the five cities Dhubri , Dibrugarh , Guwahat , Silchar & Tezpur in 

order to obtain estimate of change in temperature over the last 50 years at these five cities. It has been found that the 

tendency of surface air temperature at these five cities in Assam have increased by the amounts (in Degree Celsius)   of 

1.5406, 7.3586, 6.898, 4.7615 & 2.6807 respectively over the last 50 years (from the year 1973 to the year 2023). 
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I. INTRODUCTION 

 
Temperature a location/place changes over time continuously. It occurs due to two types of causes namely assignable 

cause (or causes) and chance cause. The change is insignificant if it occurs due to chance cause only while the change 

is significant if it occurs due to some assignable cause(s) in addition to change cause [6 , 7 , 10 , 39]. There had been 

several studies on identifying the significance of change in temperature at a location/place as well as on its central 

tendency [6 , 7 , 11 , 12 , 21 , 54 , 57 , 59] and its confidence interval (also natural extrema) within a temperature 

periodic year [6  9 , 13 , 43 , 53 , 55  58]. However, it is also essential to know the degree or amount of change in 

temperature at a location over time. Due to this necessity, one concept namely “temperature index” has recently been 

defined with the help of the concept of average in order to measure the overall change in temperature at a location over 

time [42]. Attempt has been made on defining this concept with the help of the concept of average [4 , 15 , 16 , 18  20 , 

40 , 51]which is a single number taken as representative of a non-empty list of numbers (including a large set of 

numbers) and which describes any characteristic of an aggregate / population / class of individuals overall but not of an 

individual in the aggregate / population / class in particular.   

 

The great mathematician Pythagoras, the pioneer of defining average, defined the three most common measures of  

average namely arithmetic mean, geometric mean and harmonic mean which were given the name “Pythagorean Means” 

as a mark of honour to him [5 , 14]. Later on, a number of definitions / formulations of average had been derived due to 

necessity of handling different situations. Some of them are quadratic mean or root mean square, square root mean , 

cubic mean, cube root mean,  generalized p mean & generalized p
th

 root mean  etc. in addition to Arithmetic Mean ,  

Geometric Mean & Harmonic Mean  [5 , 15 , 16 , 18  20 , 23 , 36 , 40]. Recently, four formulations of average have 

been derived from the three Pythagorean means which are Arithmetic-Geometric Mean, Arithmetic-Harmonic Mean, 

Geometric-Harmonic Mean and Arithmetic-Geometric-Harmonic respectively [22 , 23].  

 

In statistics, these three means are used in measuring the central tendency of data [1  3 , 34 , 37 , 44  46 , 48  50 , 

60 , 61]. Recently, it has been established that in addition to the three Pythagorean means, the four formulations of 

average derived from them can also be used as mathematical measures of central tendency of data. [24 33 , 35 , 38] 

which implies that average is a basis of mathematical measures of central tendency of data. Moreover, Pythagorean 

means can be hypothesized as a tool of constructing measures of various characteristics of data [17]. One common 

characteristic of data, in addition to central tendency, is dispersion [1  3 , 44  49 , 52 , 60]. Recently, it has been 

shown that average is also a basis of mathematical measures of dispersion of data [41]. In another study, an art was 
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shown on how to apply Pythagorean geometric mean in finding a suitable measure of average relative change in a 

group of variables [17]. This art has recently been applied in deriving a measure, termed as temperature index, of 

overall relative change in temperature over two different situations [42]. This measure has here been applied in 

estimating temperature index at the five cities Dhubri , Dibrugarh , Guwahat , Silchar & Tezpur in order to obtain 

estimate of change in temperature over the last 50 years at these five cities. .     

 

II. TEMPERATURE INDEX 

 

Let 𝑋1 , 𝑋2 , ……….. , 𝑋𝑛 

be n variables and  𝑥1𝑏 , 𝑥2𝑏 , ……….. , 𝑥𝑛b 

the values of the respective variables in the situation ‘b’ 
as well as 𝑥1𝑐  , 𝑥2𝑐  , ……….. , 𝑥𝑛c 

the values of the respective variables in the situation ‘c’.  
Then the average (overall) relative change of the variables in the situation ‘c’ with respect to the situation ‘b’is defined 

by  

 

             Average Relative Change  = { 
(𝑥1𝑐 𝑥2𝑐 ….……..  𝑥𝑛c)(𝑥1𝑏 𝑥2𝑏 ….……..  𝑥𝑛b)  }1/n

                                                       (2.1) 

 

which implies, the overall change in the variables can be interpreted as increasing or decreasing according to its values 

is greater than 1 or less than 1 [42]. 

 

Average Relative Change is called Change Index when it is expressed as percentage. 

Thus the Chain Index of the variables in the situation ‘c’ with respect to the situation ‘b’, is defined by   

   

                                 Change Index  = { 
(𝑥1𝑐 𝑥2𝑐 ….……..  𝑥𝑛c)(𝑥1𝑏 𝑥2𝑏 ….……..  𝑥𝑛b)  }1/n

   100                                                          (2.2) 

 

which implies, the overall change in the variables can be interpreted as icreasing or decreasing according to the values 

of Change Index is greater than 100 or less than 100 [42].  

 

Now let us consider some characteristic (like tendency, extremum, etc.) of temperature at a place/location/station. 

Suppose, 𝑇1 , 𝑇2 , ……….. , 𝑇𝑛 

are n variables representing the characteristic in a group of n period and  𝑇1𝑏 , 𝑇2𝑏 , ……….. , 𝑇𝑛b 

are the values of the respective variables in the situation ‘b’ 
as well as 𝑇1𝑐  , 𝑇2𝑐  , ……….. , 𝑇𝑛c  

are the values of the respective variables in the situation ‘c’.  
Then the change index (describing the overall relative change) of these variables, which can be termed/interpreted as 

Temperature Index, in the situation ‘c’ with respect to the situation ‘b’ can be given by 

 

                      Temperature Index  =  { 
(𝑇1𝑐 𝑇2𝑐 ….……..  𝑇𝑛c)(𝑇1𝑏 𝑇2𝑏 ….……..  𝑇𝑛b)  }1/n

   100  = Ibc , say                                           (2.3)  

 

which implies, the overall change in the group of temperature variables  𝑇1 , 𝑇2 , ……….. , 𝑇𝑛 

can be interpreted as increasing or decreasing according to the values of Change Index is greater than 100 or less than 

100 [42].    
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III. CHANGE IN TEMPERATURE IN ASSAM 

  

Median is a measure of central tendency of data suitable to be used in data of continuous type [1 , 3 , 50]. Accordingly, 

it has been planned to estimate index of median of surface air temperature. The formulation of temperature index, 

described above, has been applied in estimating temperature index of monthly median of surface air temperature at the 

five cities  

Dhubri , Dibrugarh , Guwahat , Silchar & Tezpur 

in order to obtain estimate of change in temperature, described by its tendency, over the last 50 years at these five cities.    

Median of temperature during a period of time can describe/explain the tendency of warm in the period.  Accordingly, 

values of median of temperature have been calculated from monthly data on maximum & minimum of surface air 

temperature collected from Indian Meteorological Department for the year 1973 and from the websites 

Dhubri, Assam, India Monthly Weather ... 

Dibrugarh, Assam, India Monthly Weather ... 

Guwahati, Assam, India Monthly Weather ... 

Silchar, Assam, India Monthly Weather ... 

Tezpur, Assam, India Monthly Weather ... 

for the year 2023.  

Values of median (monthly) obtained from the data on maximum (monthly) & minimum (monthly) have been shown in 

Table – 3.1. Then temperature index of median (monthly) have been calculated by the application of the formulation 

(2.3) from the values of median. Values of temperature index of median along with overall relative change & overall % 

of change, obtained by the application of the formulation (2.3), have been shown in Table – 3.2. Also, values of annual 

median obtained from the data on maximum (monthly) & minimum (monthly) have been shown in Table – 3.3. Values 

of amount of change in annual median over last 50 years have also been presents in this table. 

  

 

Table – 3.1   

(Median of Surface Air Temperature at 5 stations in Assam) 

 

Month 

Value of Median (in Degree Celsius) 

Dhubri Dibrugarh Guwahati Silchar Tezpur 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 17.2 19.5  15.8 18.885  16.55 19.5  18.3 19.5  17.6 18.5  

February 20.85 20.5 18.85  20.55 18.2  20.5  19.8  20.0  20.7 20.0 

March 24.75 25.0 23.75 23.61 23.85  24.5 24.25 25.0  24.8  25.0 

April 29.5 27.5 25.55 23.61 28.0 27.5 26.95 27.5  28.25 27.5  

May 26.7  28.5 27.15 28.33 26.9  29.0  26.7  28.5  27.35  28.5  

June 27.85  31.0  28.6 29.72 29.3  30.5 27.3 31.0 28.8 31.0 

July 30.05 31.5  26.75 30.83 30.1 31.5 29.95 31.5 30.2 31.5  

August 30.25 31.0 29.55 30.55 30.1  31.5 28.65 31.0  29.9  31.0  

September 30.85 25.0 28.35 30.83 28.95 30.5 28.5 30.5  29.45 30.5 

October 26.8  27.0  25.5 26.38  25.75  26.5 26.0 26.5  25.75 26.5  

November 22.7  23.5 19.55  22.495 21.1 23.5  21.6 23.5  22.35  24.5 

December 18.85  20.0  16.6 19.44 17.85  20.0 17.5 16.5 20.05 19.5  
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Table – 3.2  
(Index of Median of Surface Air Temperature in the year 2023 with 1973 as Base Year)  

 

Station  

Median  of Temperature   

Index Overall Relative Change  Overall % of Change  

Dhubri 101.5406 1.015406 1.5406 

Dibrugarh 107.3586 1.073586 7.3586  

Guwahati 106.898  1.06898  6.898 

Silchar 104.7615 1.047615 4.7615  

Tezpur 102.6807  1.026807  2.6807  

 

 

Table – 3.3 

(Change in Annual Median of Surface Air Temperature)   

 

Station 

Annual Median (in Degree Celsius)  

1973 2023 Amount of Change 

Dhubri 24.4 24.0 – 0.4 

Dibrugarh 21.15 23.33 2.18 

Guwahati 22.0  24.0  2.0 

Silchar 22.5  24.0  1.5 

Tezpur 23.6  24.0  0.4 

 

 

IV. DISCUSSION AND CONCLUSION 

 
Temperature Index, defined by equation (2.3), is as follows: 

The overall (average) change of temperature in the situation ‘c’ is  𝐼𝑏𝑐 100 

times with respect to the temperature in the situation ‘b’ and the amount of that change is   

(Ibc – 100)%   

 

The index of median temperature at Dhubri over the last 50 years has been found to be 101.5406 which means, the 

overall change over this period is 1.5406 % . Since median is a measure of central tendency of data suitable to be used 

in data of continuous type , the findings on the index of median temperature implies that the tendency of surface air 

temperature at Dhubri has increased by 1.5406 %  over the last 50 years (from the year from 1973 to the year 2023).  

 

Similarly, the tendency of surface air temperature at Dibrugarh , Guwahat , Silchar & Tezpur has been found to be 

increased by 7.3586 % , 6.898 % , 4.7615 %   & 2.6807 %  respectively over the last 50 years (from the year from 1973 

to the year 2023).  

 

The estimated amounts of increase (in Degree Celsius) in the tendency at Dhubri, Dibrugarh, Guwahat , Silchar & 

Tezpur are found to be are respectively 1.5406, 7.3586, 6.898, 4.7615 & 2.6807 respectively.  

 

However, it is observed in Table – 3.3 that the change in annual median is increasing at each of the four cities   

Dibrugarh , Guwahat , Silchar & Tezpur 

but not increasing at Dhubri. The interpretation of this findings is to be studied.  

  

The findings have shown that the highest increase in the tendency of surface air temperature has occurred at Dibrugarh 

among the five stations considered in the study while the lowest increase of this has occurred at Dhubri. The ranks of 

the stations as per the increase in change have been shown in the following table (Table – 4.1): 
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Table – 4.1 

(Rank of Index of Surface Air Temperature)  

Rank in Degree of Change 1 2 3 4 5 

Station Dibrugarh Guwahati Silchar Tezpur Dhubri 

 

 

Finally on the basis of the findings obtained, it can be concluded that there is necessity of initiating action on reducing 

the temperature at these five stations by  

1.5406 % at Dhubri , 7.3586 % at Dibrugarh , 6.898 % at Guwahati , 4.7615 % at Silchar & 2.6807 % at Tezpur. 

or a little bit more for the interest of restoring the warming level at what was 50 years ago.  
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