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Abstract 

Temperature, termed in this article as climatic temperature, is the most important factor that 
determines the climate of a place or region. Climatic temperature changes continuously over 
time. Testing of significance of change, whose methods are available in standard literature of 
statistics, is necessary but not sufficient since it can only identify whether the change is 
significant but cannot measure the amount of change. Attempt has here been made on 
developing an approach to measure overall change in a group of variables in general and to 
measure overall change in climatic temperature in particular. This article describes this 
measure along with its numerical application in the context of climatic temperature in 
Assam.  
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1. ​ Introduction: 

 Temperature, termed in this article as climatic temperature (abbreviated as CT), is the most 

important factor that determines the climate of a place or region and also the globe. It changes 

continuously over time and its change occurs basically due to two types of causes namely : 

 (1) Assignable Cause (that contains not only a single one cause but many causes                    

that are imposed and accordingly are controllable).  

 & (2) Chance Cause (that contains the cause which occurs accidently and  accordingly is not 

controllable) 

and the change can be regarded as significant if & only if it occurs due to both the causes and as 

insignificant if & only if it occurs due to chance cause only [Chakrabarty (2005 , 2011 , 2014a , 

2014b)].  
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    There is necessity of testing/examining the significance of change, whose methods are 

available in standard literature of statistics [Lehmann & Romano (2023) ; Michael & Erica 

(2022)], in order to determine whether the change occurs due to both the causes or due to the 

chance cause only, because, the task of  controlling the change arises only when the change 

occurs due to assignable cause (or causes). However, testing of significance of change is 

necessary but not sufficient since it can only identify whether the change is significant but 

cannot measure the amount of change 

   There had been several studies on identifying the significance of change of CT at a place as 

well as on its central tendency [Bordoloi & Chakrabarty (2015 , 2015 – 16 , 2018) ; Bordoloi , 

Chakrabarty & Kashyap (2021) ; Chakrabarty (2005 , 2015a , 2015b , 2020b] and its confidence 

interval (also natural extremum) within a temperature periodic year [Bordoloi & Chakrabarty 

(2016 , 2017) ; Bordoloi ,  Chakrabarty & Kashyap (2017) ; Chakrabarty (2005 , 2011 , 2014a , 

2014b , 2015 – 16)]. On the other hand, it is also essential to know the degree or amount of 

change in climatic temperature at a location or at the glove over time.  

   Attempt has here been made on developing a measure, based on the philosophy of  average  

[Bakker (2003) ; Miguel (2016)], of change of CT over different situations in general and over 

time in particular. This article describes this measure along with its numerical application in the 

context of climatic temperature in Assam.  

   The measure developed here,  has been derived by applying the philosophy/concept introduced 

by Pythagoras [Huffman (2014) ; Kahn (2001)] in developing three basic measures of averages 

namely arithmetic mean, geometric mean and harmonic mean known as Pythagorean means 

[Chakrabarty (2016 , 2019a , 2021a , 2021b , 2024c) ; Coggeshall (1886)] from which a number 

of definitions / formulations of average had been derived some of them are quadratic mean or 

root mean square of which are square root mean , cubic mean, cube root mean,  generalized p 

mean & generalized pth root mean  etc. [Chakrabarty (2016 , 2017 , 2018 , 2019b , 2020a)] and 

also from which four formulations of average have recently been derived which are 

Arithmetic-Geometric Mean, Arithmetic-Harmonic Mean, Geometric-Harmonic Mean and 

Arithmetic-Geometric-Harmonic respectively [Chakrabarty (20201a)].  
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   In statistics, Pythagorean means are used in measuring the central tendency of data [Ali, 

Bhaskar, & Sudheesh (2019) ; Argyrous (1997) ; Herbert (1992) ; Jain Sharad & Vijay (2019) ; 

Kelly & Beamer (1986); Malakar (2023) ; Manikandan (2011) ; Weisberg (1992) ; Williams 

(1984)]. 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. [Chakrabarty (2021c , 2022)] 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 [Chakrabarty  

(2016)]. One common characteristic of data in addition to central is dispersion [Anderson & 

Finn (1996) ; John (2024) ; Kelly & James (1986) ; Malakar (2023) ; Moore (2010) ; Murray &  

Larry (2018)]. Recently, it has been shown that average is also a basis of mathematical measures 

of dispersion of data [Chakrabarty (2024b)]. In another study, an art was shown on how to apply 

Pythagorean geometric mean, which carries a beautiful multiplicative property [Chakrabarty 

(2024a)] in finding a suitable measure of overall change in a group of variables [Chakrabarty 

(2019a)]. This art has here been applied in deriving a measure/formulation of overall change of 

CT over two different situations, in this study. The formulation has been applied in estimating 

climatic temperature index (abbreviated as CTI) at the  five cities Dhubri, Dibrugarh , 

Guwahati , Silchar & Tezpur in order to obtain estimate of its change over the last fifty years at 

these five cities.    

 

2. ​ Climatic Temperature and Data: 

CT is a continuous function of time. But data are collectable at time points only and hence 

discrete in nature. The meteorological department, after collecting observations, keeps record of 

daily data on maximum temperature, minimum temperature, average temperature etc. of CT at 

different time points. Thus : 

    Daily Maximum, Daily Minimum & Daily Average data on CT  can be made available.  

Moreover, data on daily median of CT are also obtainable from daily maximum & daily 

minimum.   

From daily data as mentioned above, data on 
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 Monthly Maximum, Monthly Minimum, Monthly Average & Monthly Median as well as on 

 Annual Maximum, Annual Minimum, Annual Average & Annual Median are obtainable. 

 Thus, the total number of observations, in a year, on any of the above measures of CT is to be 

 365 for daily data in a normal year (366 for daily data in a leap year),   12 for monthly data, 

  &  1 for annual data.  

    Changes in the 365 observations for daily data and/or  12 observations for monthly data, on 

any measure, over years may not be monotonic. Changes in some observations may not be found 

in the same direction of the overall change of the measure over two different situations (years, 

locations etc.).  

  The overall change in the set of observations, over two different situations, is  usually 

regarded/accepted  as the behavioral change of the measure.   
 

3.​  Climatic Temperature – A Measure of Change: 

Let us consider some characteristic of CT at a place. 

Suppose,   

  ……….. ,  

are n variables representing the characteristic corresponding to the situations ( which may be 

different days, different months, different years, different places etc.)  

1 , 2, ……… , n 
respectively. 

Then   ……….. ,  form a group of n variables.  

Suppose,  

 ,  , ………. ,  

are the values of the respective variables in the situation ‘b’ 

and  

 ,  ,  ………… ,   

are the values of the respective variables in the situation ‘c’.   
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Let the values in the situation ‘c’ be respectively 

 ,  , ………. ,  

times of the corresponding values in a situation ‘b’.   

Then  

 =    ,  =   , …..…… ,  =  

 
This means, 

 ,  , ………. ,  

are the respective multiples of  

 ,  , ………. ,  

such that       ( )( ) ………( ) =  .

. ….…... .   

Now, if k  is the overall multiple, equivalently overall relative change, which makes the values 

 ,  , ………. ,  

changed to to the respective values  

 ,  ,  ………… ,   

then                          (k  ).(k ). …….…  .(k ) = (  .

. ….…... . )  

or equivalently,       kn
  (  .  .  ……… . ) = (  . . 

….…... . )     
which implies,  

                           k   =  {   }1/n                       

(3.1) 
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Here,  

 =      ,    =    ,  ………….. ,   =   

 

can be interpreted as the relative changes (or change relative) of the respectively variables 

  ……….. ,   

in the situation ‘c’ with respect to the situation ‘b’.   

Therefore, the overall relative change k of the variables in the situation ‘c’ with respect to the 

situation ‘b’ can be defined as the geometric mean of the ratios  

       ,      ,  ………….. ,     

 

Note: 

(1) The overall relative change k of the variables    ……….. ,   in the 

situation ‘c’ with respect to the situation ‘b’ can be termed as the Change Index of the variables 

in the situation ‘c’ with respect to the situation ‘b’ .  

Usually, the index is expressed as a percentage. Thus, 100 times k can usually be used as a 

change index of the variables.  

Therefore, CTI of in the situation ‘c’ with respect to the situation ‘b’, denoted here by 

, can usually be defined by  

          = {   }1/n  

× 100                             (3.2) 
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Overall change in the variables   ……….. ,  can be interpreted as 

increasing or decreasing according to the value of   is greater than 100 or less 

than 100.   
 

4.​  Change of Climatic Temperature in Assam:  

Temperature Index at Five Cities in Assam 

The formulation of CTI, described above, has been applied in estimating the CTI at the five 

cities Dhubri, Dibrugarh , Guwahati , Silchar & Tezpur in order to obtain estimate of change of 

CTI over the last 50 years at these five cities.   

Maximum, Mean Maximum, Minimum, Mean Minimum & Median of CT during a period of 

time can respectively describe/explain the highest level, the lowest level & the tendency of 

warm in the period.  Accordingly, monthly data on these measures of CT have been used in the 

study. Tables (Nos: 4.1 – 4.5) show the values Maximum, Mean Maximum, Minimum, Mean 

Minimum & Median of CT at the above five cities. Values of these measures have been 

calculated from the corresponding primary data collected from Indian Meteorological 

Department for the year 1973 and from the website ​

​

AccuWeather  https://www.accuweather.com › january-weather  for the year 2023.  

   Values of CTI of each of  Monthly Maximum, Monthly Mean Maximum, Monthly Minimum, 

Mean Minimum, Monthly Mean Minimum & Monthly Median obtained by the application of 

the formula of CTI given by equation (3.2)  have been shown in Table – 4.6   

Moreover, percentage (%) of change of each of these monthly measures in the year 2023 from 

that in the year 1973 have been computed which have been shown in Table – 4.7.  

In the table, the symbols  “↑” and  “↓” have been used to denote increase and decrease 

respectively.   

   From the values of Monthly Measures of CT, available in Tables (Nos: 4.1 – 4.5), values of 

the corresponding Annual Measures have been calculated for the years 1973 & 2023. These 

values have been shown in Table – 4.8.  Finally, for comparing the changes described by 
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Monthly Measures  and Annual Measures, values of percentage (%) of the respective changes 

have been computed which have been shown in Table – 4.9.   

Table – 4.1 

CT (in Degree Celsius) at Dhubri in the years 1973 & 2023   

 

Month 

Maximum Mean 
Maximum 

Minimum Mean 
Minimum 

Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 25.2 30.0 22.8 26.16 9.2 9.0 12.0 11.1 17.2 19.5  
February 30.3 32.0 27.5 28.25 11.4 9.0 14.1 15.0 20.85 20.5 
March 35.6 35.0 30.3 30.48 13.9 15.0 17.0 20.52 24.75 25.0 
April 39.6 38.0 33.8 32.87 19.4 17.0 21.4 20.0 29.5 27.5 
May 32.8 37.0 30.9 33.52 20.6 20.0 23.4 22.13 26.7  28.5 
June 33.2 39.0 30.5 33.43 22.5 23.0 24.4 24.77 27.85  31.0  
July 35.6 38.0 32.5 34.65 24.5 25.0 26.4 26.16 30.05 31.5  
August 37.0 38.0 32.6 34.26 23.5 24.0 25.9 25.97 30.25 31.0 
September 38.8 38.0 31.3 35.17 22.9 23.0 25.0 25.47 30.85 25.0 
October 33.8 34.0 29.8 32.19 19.8 20.0 23.1 22.67 26.8  27.0  
November 29.6 33.0 26.3 29.4 15.8 14.0 18.5 17.53 22.7  23.5 
December 25.1 29.0 23.3 23.77 12.6 11.0 14.1 14.1 18.85  20.0  

 

 

 

Table – 4.2  

CT (in Degree Celsius) at Dibrugar in the years 1973 & 2023  

 

Month 

Maximum Mean 
Maximum 

Minimum Mean 
Minimum 

Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 25.9 28.33 22.3 24.08 5.7 9.44 10.4 11.74  15.80 18.89  
February 28.6 29.44 24.1 24.51 9.1 11.66 12.8 15.26  18.85  20.55 
March 34.5 32.22 28.7 26.31 13.0 15.0 15.6 17.54  23.75 23.61 
April 34.3 35.0 29.4 28.29 16.8 12.22 19.7 20.11  25.55 23.61 
May 34.2 36.11 29.9  28.87  20.1 20.55 22.2 22.21  27.15 28.33 
June 35.9 37.22 30.1  30.94  21.3 22.22 23.8 25.54  28.60 29.72 
July 30.6 36.66 32.8  31.08  22.9 25.0 25.3 26.29  26.75 30.83 
August 36.6 36.66 31.9  31.04  22.5 24.44 25.0 25.09  29.55 30.55 
September 35.6 37.22 31.2  33.59  21.1 24.44 23.7 26.79  28.35 30.83 
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October 34.9 33.88 30.6  30.45  16.1 18.88 20.9 22.91  25.50 26.38  
November 29.5 31.66 26.8  28.87  9.6 13.33 14.3 17.22  19.55  22.50 
December 25.9 28.33 23.6  25.71  7.3 10.55 9.7 14.23  16.60 19.44 

 

Table – 4.3  

CT (in Degree Celsius) at Guwahati in the years 1973 & 2023  

 

Month 

Maximum Mean 
Maximum 

Minimum Mean 
Minimum 

Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 26.1 30.0 24.0 25.09  7.0 9.0  11.5 12.12  16.55 19.5  
February 31.4 32.0 27.4 27.04  5.0 9.0 11.4 14.72  18.2  20.5  
March 35.7  35.0 30.3 29.59  12.0 14.0 16.1 18.32  23.85  24.5 
April 39.0  38.0 33.2 31.89  17.0 17.0 19.4 19.57  28.0 27.5 
May 33.5 38.0 31.2 32.4  20.3  20.0 22.4 21.56  26.9  29.0  
June 35.2 39.0 31.0 32.32  23.4  22.0 24.4 25.54  29.3  30.5 
July 36.7 38.0 33.4 33.35  23.5 25.0 25.5 27.17  30.1 31.5 
August 36.3 38.0 32.4 32.74  23.9 25.0 24.7 26.97  30.1  31.5 
September 34.6  38.0 31.4 34.24  23.3 23.0 24.1 26.48  28.95 30.5 
October 33.7 34.0 30.5 31.08  17.8 19.0 21.3 23.44  25.75  26.5 
November 29.8  33.0 26.9 29.29  12.4 14.0 16.1 18.74  21.1 23.5  
December 26.2  30.0 24.0 25.57  9.5 10.0 11.1 15.33  17.85  20.0 

 

 

 

Table – 4.4 

CT (in Degree Celsius) at Silchar in the years 1973 & 2023  

 

Month 

Maximum Mean 
Maximum 

Minimum Mean 
Minimum 

Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 27.1 30.0 22.1 26.16  9.5 9.0 12.2 11.1  18.3 19.5  
February 28.2 31.0 25.4 28.25  11.4 9.0 15.1 15.0  19.8  20.0  
March 34.5 35.0 28.1 30.48  14.0 15.0 18.0 17.45  24.25 25.0  
April 35.0 38.0 30.4 32.53  18.9 17.0 22.1 20.0  26.95 27.5  
May 32.5 37.0 28.4 31.77  20.9 20.0 23.6 22.13  26.7  28.5  
June 32.3 39.0 28.2 33.43  22.3 23.0 24.9 24.87 27.3 31.0 
July 35.5 38.0 30.4 34.65  24.4 25.0 25.9 26.16  29.95 31.5 
August 33.6 38.0 30.0 31.68  23.7 24.0 25.6 25.97  28.65 31.0  
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September 33.1 38.0 30.0 29.97  23.9 23.0 25.2 25.47  28.5 30.5  
October 32.1 34.0 29.5 32.19  19.9 19.0 24.1 22.68  26.0 26.5  
November 28.3 33.0 25.2 30.43  14.9 14.0 19.0 17.53  21.6 23.5  
December 23.1 23.0 21.5 27.0  11.9 10.0 13.5 14.1  17.5 16.5 

 

Table – 4.5 

CT (in Degree Celsius) at Tezpur in the years 1973 & 2023  

 

Month 

Maximum Mean 
Maximum 

Minimum Mean 
Minimum 

Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

January 25.2 28.0 23.9 26.48  10.0 9.0 12.0 11.1  17.6 18.5  
February 29.7 31.0 27.7 28.25  11.7 9.0 14.5 13.89 20.7 20.0 
March 34.7 35.0 31.3 30.48  14.9 15.0 16.7 17.52 24.8  25.0 
April 37.0 38.0 33.2 32.87  19.5 17.0 21.3 20.0  28.25 27.5  
May 34.4 37.0 31.1 32.55  20.3 20.0 22.7 22.13  27.35  28.5  
June 34.9 39.0 31.9 33.43  22.7 23.0 24.4 24.87 28.8 31.0 
July 37.2 38.0 34.0 34.65  23.2 25.0 25.7 26.12  30.2 31.5  
August 36.5 38.0 32.9 33.9  23.3 24.0 25.0 25.97  29.9  31.0  
September 36.0 38.0 32.3 35.17  22.9 23.0 24.5 23.13  29.45 30.5 
October 33.6 34.0 31.7 32.19  17.9 19.0 21.6 26.45  25.75 26.5  
November 31.6 33.0 28.8 30.43  13.1 16.0 16.8 17.53  22.35  24.5 
December 29.6 29.0 25.0 27.0  10.5 10.0  12.6 14.1  20.05 19.5  

 
 
 
 

Table – 4.6 
CTI in the year 2023 with respect to the year 1973  

 

Measure 

Temperature Index at  

Dhubri Dibrugarh Guwahati Silchar Tezpur  

Maximum  106.74  104.41  106.55  110.03 104.41  
Mean Maximum  106.49   100.91  102.61   112.32 103.90   
Minimum 95.74  116.33  110.96  94.93 99.00  
Mean Minimum 100.03  111.73  111.16  97.04 101.78  
Median  101.54  107.36  106.90  104.76 102.68  

 
Table – 4.7 

Percentage (%) of Change of Monthly Measures of CT 
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Measure 

% of Change at  

Dhubri Dibrugarh Guwahati Silchar Tezpur  

Maximum  6.74 ↑  4.41 ↑ 6.55 ↑  10.03 ↑  4.41 ↑  
Mean Maximum  6.49 ↑  0.91 ↑  2.61 ↑   12.32 ↑  3.90 ↑  
Minimum 4.26 ↓  16.33 ↑  10.96 ↑  5.07 ↓  1.00 ↓  
Mean Minimum 0.03 ↑  11.73 ↑  11.16 ↑  2.96 ↓  1.78 ↑  
Median  1.54 ↑  7.36 ↑  6.90 ↑  4.76 ↑  2.68 ↑  

 
Table – 4.8  

Annual measure of CT (in Degree Celsius)  

 

Station 

Measure 

Maximum Mean Maximum Minimum Mean Minimum Median 

1973 2023 1973 2023 1973 2023 1973 2023 1973 2023 

Dhubri 39.60  39.00  29.30 31.19 9.20 9.00 20.47 20.48 24.40 24.00 
Dibrugarh 36.60 37.22 28.48 28.67 5.70  9.44 18.65 20.43 21.15 23.33  
Guwahati 39.00 39.00 29.65 30.39 5.00  9.00 19.04 22.39 22.00 24.00 
Silchar 35.50  39.00 27.44 30.72 9.50  9.00 20.79 20.23 22.50 24.00 
Tezpur 37.20  39.00 30.32 31.46 10.50  9.00 19.84 20.27 23.85  24.00 

 

 
 
 
 
 
 

Table – 4.9 
Percentage (%) of Change of Monthly & Annual Measures of CT 

 

Measure 

% of Change at  

Dhubri Dibrugarh Guwahati Silchar Tezpur  

Maximum  (Monthly) 
Maximum  (Annual) 

6.74 ↑ 
0 

4.41 ↑ 
1.69 ↑ 

6.55 ↑ 
0 

10.03 ↑ 
9.86 ↑ 

4.41 ↑ 
4.84 ↑ 

Mean Maximum  (Monthly) 
Mean Maximum  (Annual) 

6.49 ↑ 
6.48 ↑ 

0.91 ↑ 
0.77 ↓ 

2.61 ↑ 
2.36 ↑ 

12.33 ↑ 
12.04 ↑ 

3.90 ↑ 
3.76 ↑ 

Minimum  (Monthly) 
Minimum  (Annual) 

4.26 ↓ 
2.22 ↓ 

16.33 ↑ 
65.61 ↓ 

10.96 ↑ 
80.0 ↑ 

5.07 ↓ 
5.26 ↓ 

1.00 ↓ 
14.29 ↓ 

Mean Minimum (Monthly) 
Mean Minimum  (Annual) 

0.03↑ 
0.50 ↑ 

11.73 ↑ 
9.54 ↑ 

11.16 ↑ 
17.89 ↑ 

2.96 ↓ 
2.88 ↓ 

1.78 ↑ 
2.02 ↑ 
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Median (Monthly) 
Median (Annual) 

1.54 ↑ 
1.64 ↑ 

7.36 ↑ 
10.31 ↑ 

6.90 ↑ 
9.09 ↑ 

4.76 ↑ 
6.67 ↑ 

2.68 ↑ 
0.63 ↑ 

 
4. ​ Conclusion:  

The following are some notable observations obtained in the study: 

(1) Annual measure of temperature (like Annual Maximum, Annual Minimum etc.)  which are 

based on a single observation may be likely to be affected by random fluctuation and hence its 

value may be an outlier. Accordingly, findings on the overall change of temperature based on 

such annual measures may not be accurate. This has been  observed in a few cases in this study. 

(2) The probability that the 12 variables associated with a monthly measure are affected  

simultaneously by random fluctuations is less than the probability that the only variable 

associated with the respective annual measure is affected by random fluctuation. Hence, the 

accuracy of the findings on the overall change based on the corresponding monthly measure is 

more than that based on the respective annual measure. 

(3) The probability that the 365 variables associated with a daily measure are affected 

simultaneously by random fluctuations is least among the three such probabilities corresponding 

to the respective daily measure, monthly measure and annual  measure. Hence, the accuracy of 

the findings on the overall change based on the corresponding daily measure is highest among 

the three accuracies of the respective findings yielded by the respective three measures. 

(4) If the chain index is calculated in every year with respect to the just preceding year and 

recorded then the index in any year with respect to some past year, though long, can be 

calculated even if the past primary data on daily, monthly & annual measures are found missing.   

   Based on the findings of the study, it can be reasonable to pass the following 

recommendations:  

(1) The formula for measuring temperature index, described above, is a valid measure of overall 

change of climatic temperature.  

(2) The chain property of the formula of the measure can reduce the computational load when 

overall relative changes in the same group of variables are to be computed for many situations. 

(3) The similar technique, which has here been applied in measuring the overall change in 

climatic temperature, can be applied in measuring the overall change in other variables also. 
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(4) The overall discomfort due to maximum climatic temperature has increased by up to    6.7%  

at Dhubri, 4.4% at Dibrugarh , 6.5% at Guwahati, 10.0% at Silchar &  at 4.4% Tezpur. 

 while the overall discomfort due to minimum climatic temperature has increased by up to  

 4.2%  at Dhubri, 5.9% at silchar &  at 1.0% Tezpur  

                                                  and 

has decreased by 16.3% at Dibrugarh & 10.9% at Guwahati, 10.0% at Silchar &  at 4.4% Tezpur 

over the last 50 years (1973 − 2023) . 
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