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Abstract

In a recent study, an art was shown on how to apply Pythagorean geometric mean in finding
a suitable measure of average relative change in a group of variables. This art has here been
applied in deriving a formulation of temperature index, a measure of overall relative change
in temperature over two different situations. The formulation has been applied, in this study,
in estimating temperature index at Guwahat in order to get a picture of change in
temperature over the last fifty years there. The findings of the study has shown that at
Guwahati, the tendency of temperature has increased by 6.9% over the last 50 years. It can
be recomendeed that there is necessity of initiating action on reducing the
temperature at Guwahati by 2.7 degree celcius or a little bit more for the interest of
controlling warming there.
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1. Introduction:

The change in temperature at a location over time, which occurs due to two types of causes
namely assignable or controllable cause (or causes) and chance cause 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 [Chakrabarty (2005 , 2011 , 2014a , 2014b , 2014c¢)]. There
is necessity of determining 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). There had been several studies on identifying the
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significance of change in temperature at a location/place as well as on its central tendency
[Bordoloi & Chakrabarty (2015, 2015 — 16, 2018) , Bordoloi , Chakrabarty & Kashyap (2021) ,
Chakrabarty (2015a , 20155 , 2020b] and its confidence interval (also natural extremum) within
a temperature periodic year [Bordoloi & Chakrabarty (2016 , 2017, ), Chakrabarty (2005 , 2011
, 2014a , 2014b , 2014c , 2015a , 20156 , 202056 , 2015 — 16) , Bordoloi , Chakrabarty &
Kashyap (2017) , Chakrabarty & Gohain (2015)]. However, it is also essential to know the
degree or amount of change in temperature at a location or at the glove over time. An attempt
has here been made on this aspect of temperature. One concept namely “Temperature Index”
has been introduced here in order to measure the change in temperature at a location over time.
Attempt has been made on defining this concept with the help of the concept of ‘“Average”
[Bakker (2003) , Miguel (2016)] 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.

Pythagoras, a legand in mathematics, defined the three most common averages namely
arithmetic mean, geometric mean and harmonic mean which were given the name “Pythagorean
Means” as a mark of honour to him [Chakrabarty (2016 , 2019a , 2021a , 2021a)]. 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™ root mean etc. in addition to
Arithmetic Mean , Geometric Mean & Harmonic Mean [Chakrabarty (2016 , 2017 , 2018,
2019a , 2019 , 2019¢ , 2020a , 2021a , 2021b) , Coggeshall (1886)]. 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 [Chakrabarty D. (2021a)].

In statistics, these three means are used in measuring the central tendency of data [Ali; Bhaskar,

& Sudheesh (2019) , Argyrous (1997) , Argyrous (1997) , Fazli & Behboodian (2002) , Herbert
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(1992) , Jain Sharad & Vijay (2019) , Manikandan (2011) , Weisberg (1992) , Williams (1984)].
Recently, it has been established that in addition to the 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
(2026)]. One common charqacteristic of data id 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
(20244a)] in finding a suitable measure of average relative change in a group of variables
[Chakrabarty (20194a)]. This art has here been applied in deriving a formulation of temperature
index, a measure of overall relative change in temperature over two different situations, in this
study. The formulation has been applied in estimating temperature index at Guwahat in order to

get a picture of change intemperature over the last fifty years there.

2. Change Index of A Group of Variabless:

Let

be n variables and

Xib s X1p s XapoXaps .. ... ... Xnb Xnb
the values of the respective variables in the situation ‘b’
as well as
X1 X1y XacoXaes .. ... . Xne Xne
the values of the respective variables in the situation ‘c’.
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Let

XIJXIJXEJXEJ Xan

from the situation ‘b’ to the situation ‘c’.
This means,

Xic Xy = Ky kg Xqp Xqp ,

XyeXae = kyky 55 X5

This means,

are the respective multiples of

Xib s X1b s X2b 2 X2p R Xnb Xnb

Xib s X1p» Xap s Xap R Xnb Xnb

changed to to the respective values

xlclxlcl xEchzc:J ,,,,,,,,,,, . xﬂ.c xnc
then (k 16 X1 )(k X26 X2b) ......... (k Xnb Xnb ) = (X1c X1c X2e X2c
........ Xne xnc)
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or equivalently, k (X1bXip X2p X2p ... Xnb Xnb) = (X1c X1e Xze X2e ..,
x‘]‘lﬂ x’]‘lﬂ)

which implies

(X1c Xop wrrenenenns Xnc) (X1c Xap e Xnc)
k = { [xlb Xaph wesevannn xnb) [xlf, Kol ceemeeeennns xnb} }1/’7
(2.1)
Here,
Xie X1 Xae X2¢ Xne Yne

kik; = x1p X1p , ko ks = x3p x2p , knkn = Xnp Xnp

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

X, X, X, X, X, X,

...........

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 relative changes

Xie X1¢ Xoe Xa2¢ Xne Tne

Xib Xab | X2bX2b Xnb Xnb

...............

Note:

(1) The overall relative change k of the variables in the situation ‘c’ with respect to the
situation ‘b’ can be termed as Change Index of the variables in the situation ‘c’ with

respect to the situation ‘b’ .
Overall change in the variables can be interpreted as icreasing or decreasing according to

the values of & is greater than 1 or less than 1.
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(2) Usually, index is expressed as percentage. Thus, 100 times of k can usually be used as
Change Index of the variables. Usually therefore,

[xlc sz ------------ xnc:} [xlc sz ------------ xnc:}

Change Index = { [xlf, Xoh eeecceneenn xnb) (xlb Kaph wereennnnnn xnb) }1/” x 100

(2.2)
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.

3. Temperature Index — A Measure:

Now let os consider a characteristic of temperature at a place.

Suppose,

and

Tip,Tips Tops Tons . Top T,
the values of the respective variables in the situation ‘b’
as well as

Tlr: ’ Tlc » TEG L] Tz.: ’ Tnc Tﬂc

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
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(Tyo Tog wenseereenns Toc) (Tig Tog wovernenn Toc)
Temperature Index = { (T1p Tap coeeeeeneees Tab) (T1p Tap cceeeeeeenes Thp) }1/’1 x 100
= I} , say (2.3)

4. Temperature Index at Guwahati:

The formulation of temperature index, descoibed above, has been applied in determining
temaperature index of surface air temperature at Guwahati over the last 50 years. Maximum,
Minimum & Median of temperature during a period of time can respectively describe/explain
the highest level, the lowest leve & the tendency of warm in the period. Accordingly, monthy
data on Maximum, Minimum & Median of temperature have been used in the study. Table —
4.1, Table — 4.2 & Table — 4.3 show maximum, minimum & median of surface air temperature
at Guwahati (Borjhar) collected from
Indian Meteorological Department for the years 1973, 1983, 1993, 2003 & 2013

and from the website

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

Values of temperature index obtained by the application of the above formulation have been

shown in Table — 4.4 & Table —4.5.

Table — 4.1
(Maximum of Surface Air Temperature at Guwahati)
Month Maximum Temperature (in Degree Celsius) in the Year
1973 1983 1993 2003 2013 2023
January 26.1 20.3 25.7 25.8 27.9 30
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February 31.4 29.8 28.6 28.5 33.6 32
March 35.7 35.5 31.6 33.0 35.2 35
April 39.0 36.7 34.1 34.0 38.3 38
May 33.5 35.7 34.4 35.3 36.5 38
June 35.2 35.8 35.0 36.3 38.8 39
July 36.7 35.0 36.1 37.4 35.8 38
August 36.3 34.4 353 35.5 37.2 38
September 34.6 33.2 36.4 343 37.1 38
October 337 34.0 32.8 33.0 343 34
November 29.8 30.2 30.0 30.0 30.3 33
December 26.2 26.4 28.8 26.9 29.2 30
Table — 4.2
(Minimum of Surface Air Temperature at Guwahati)
Month Minimum Temperature (in Degree Celsius) in the Year
1973 1983 1993 2003 2013 2023
January 7.0 4.9 8.5 8.0 5.6 9
February 5.0 5.3 8.4 9.9 9.4 9
March 12.0 11.6 12.8 10.5 15.3 14
April 17.0 13.2 14.7 17.5 17.1 17
May 20.3 17.8 19.8 18.0 19.6 20
June 234 21.3 22.0 22.5 23.0 22
July 235 239 242 24.9 24.5 25
August 23.9 229 24.2 24.8 24.5 25
September 23.3 22.5 22.8 24.2 22.0 23
October 17.8 18.2 19.6 26.4 18.2 19
November 12.4 12.2 13.4 14.7 12.0 14
December 9.5 8.1 7.8 9.9 8.2 10
Table — 4.3
(Median of Surface Air Temperature at Guwahati)
Month Median Temperature (in Degree Celsius) in the Year
1973 1983 1993 2003 2013 2023
January 16.55 12.6 17.1 16.9 16.75 19.5
OESES, www.eses.net.in ISSN: 2393-0064
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February 18.2 17.55 18.5 19.2 21.5 20.5
March 23.85 23.55 22.2 21.75 25.25 24.5
April 28 24.95 24.4 25.75 27.7 27.5
May 26.9 26.75 27.1 26.65 28.05 29

June 29.3 28.55 28.5 29.4 30.9 30.5
July 30.1 29.45 30.15 31.15 30.15 31.5
August 30.1 28.65 29.75 30.15 30.85 31.5
September 28.95 27.85 29.6 29.25 29.55 30.5
October 25.75 26.1 26.2 29.7 26.25 26.5
November 21.1 21.2 21.7 22.35 21.15 23.5

December 17.85 17.25 18.3 18.4 18.7 20

Table — 4.4

(Index of Surface Air Temperature at Guwahati with 1973 as Base Year)

Year Temperature Index
Median Temperature Maximum Temperature Minimum Temperature
1983 96.7039 95,1668 91.81278
1993 99,1857 97.826 104.6232
2003 101.4218 98.0098 111.3575
2013 103.6902 1.042326 103.8726
2023 106.898 106.5522 110.9645
Table — 4.5

(Index of Surface Air Temperature at Guwahati with Preceding Year as Base Year)

Year (Base Temperature Index
Year) Median Temperature Maximum Temperature | Minimum Temperature
1983 (1973) 96.7039 95,1668 91.81278
1993 (1983) 102.5664 102.7943 113.9528
2003 (1993) 102.2545 100.1879 106.4367
2013 (2003) 102.2366 106.3491 93.2785
2023 (2013) 103.0936 102.2254 106.8275

4. Conclusion:

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

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

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

(I, — 100)%

The index of median temperature over the last 50 years has been found to be 106.898 which
means, the change over this period is 6.898 % . Median is a measure of central tendency of data
suitable to be used in data of continuous type [Ali; Bhaskar & Sudheesh (2019) , Malakar (2023)
, Manikandan (2011)]. Accordingly, the findings on the index of median temperature implies
that the tendency of surface air temperature at Guwahati has increased by 6.898 % over the last

50 years (from the year from 1973 to the year 2023).

Similarly the changes of maximum temperature and mimimum temperature over this period
have been found to be 6.5522 % and 10.9645 % respectively. This implies that at Guwahati, the
coldness of surface air has decreased by 10.9645 % while its hotness has increased by 6.5522 %

over the last 50 years.

Findings also implies that maximum, minimum & median of temperature at Guwahati have
increased by 2.5554 degree celcius, 2.7411 degree celcius & 2.1729 celcious respectively.
Accordingly.

Each of Median, Maximum & Minimum of Temperature at Guwahati has been found to be
decreasing during the decade 1973 — 1983 though found increasing over the last 50 years (1973
— 2023). This is so because of the monotonic increasing trend of each of them from the year

1983 onwards.

Finally on the basis of the findings obtained, it can be concluded that there is necessity of
initiating action on reducing the temperature at Guwahati by 2.7 degree celcius or a little bit

more for the interest of restoring the warming level at what was 50 years ago.
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