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Abstract: An analytical method, based on the stability property of the midrange and
symmetry property of normal distribution has been developed for determining the true
value of the central tendency of annual extremum of ambient air temperature at a
location. The method has been applied to determine the value of the central tendency
of each of annual maximum and annual minimum of ambient air temperature at
Guwahati based on the data since the year 1969 onwards. Determination of these two
values is based on the assumption that change in temperature over years during the
period for which data are available occurs due to chance cause only but not due to any
assignable cause. The values of these two have been found to be 37.2 Degree Celsius
and 7.4 Degree Celsius respectively.

Keyword: Annual maximum, annual minimum, ambient air temperature, Guwahati,
midrange, median, analytical method of determination.

INTRODUCTION

There are many situations where observations are composed of some parameter and chance errors’.
Change in temperature at a location over temperature periodic year (abbreviated, in this article, as
TPY) corresponds to such a situation.

Temperature at a location attains at a maximum and at a minimum during a TPY 2+ ° B3 &1 The
extremum occurred during a TPY is termed, in this paper, as the annual extremum. The annual
extremum of temperature at a location is to remain the same provided there is no cause(s) influencing
upon the change in temperature at the location other than the chance error which is universal * - %%,
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For this reason, variation occurs among the observations on annual maximum as well as an annual
minimum. Though variation exists, each of annual maximum and of annual minimum temperature has
a central tendency. Thus, if

are observations on the annual maximum (or annual minimum) of the ambient air temperature at the
location with [ as its central tendency and if the variation among the observations occurs due to
chance cause only,

Xi:p.+8i , (i=1,2, ......... ,n) (11)

where ¢, & , & are the values of the chance error associated to X;, Xo, vevvvvveeen. , Xp

respectively.

The existing statistical methods of estimation namely least squares method, maximum likelihood
method, minimum variance unbiased method, method of moment and method of minimum chi-square
etc. provide

_ n
X = n—1 Z X (12)
i=1

as an estimator of the central tendency ' %10 13-14&21

This estimator, however, suffers froman errore=e (e1,&2 ........... , €n) given by

E=€ (61,82 cevererennn v En) = & = n-' > & (1.3)

which may not be zero *+°- &1,

In other words, none of these methods can provide the true value of the parameter . A method has
been developed by Chakrabarty **2%? for determining almost certain interval for the parameter 2. The
method is based on the area property of normal probability distribution ®**. In another study,
Chakrabarty * %° has developed an analytical method for determining the true value of the parameter
in the situation where the observations are composed of the parameter itself and chance errors. This
method is based on the idea of finding the sufficient shortest interval value for the parameter x using
order statistics. In this method, it is required to exclude two extreme observations in a cumulative
manner for computing interval value at every stage in order to obtain the sufficient shortest interval.
This method, however, fails in the situation where insufficient observations are remained after
exclusion of the extreme observations at some stage before obtaining the sufficient shortest interval. A
method for the same has therefore been developed in order to overcome this inconvenience which is
also based on the same idea of finding the sufficient shortest interval value for the parameter , using
order statistics, but free from the exclusion of two extreme observations in a cumulative manner for
computing interval value at every stage in order to obtain the sufficient shortest interval® & °. This
paper is based on the development of this method and on one numerical application of the method in
determining the value of the central tendency of each of the annual maximum and the annual
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minimum of the ambient air temperature at Guwahati. The determination of these two values is based
on the assumption that the variation among the observations used in determination occurs due to
chance cause only.

The method developed is based on the theory of normal probability distribution discovered by a
German mathematician Carl Friedrich Gauss ™" in the year 1809, the credit for which discovery is also
given by some authors to a French mathematician Abraham® %2 who published a paper in 1738 that
showed the normal distribution as an approximation to the binomial distribution discovered by James

Bernoulli®*® % in the year 1713. The normal distribution **** 7 2% 8 is described by the probability
density function

fox:u,0) = {o@n) "} " exp [ ¥%{(x-wlo}], (1.4)
—0 < X<ow, —o <u< o, ) <g < oo,
where (i) X is the associated normal variable,
(i) 4 & o are the two parameters of the distribution and
(iii) Mean of X = x4 & Standard Deviation of X =¢.
For a normal distribution mean, median and mode are equal. Moreover, the midrange of the
distribution coincides with each of them.

DEVELOPMENT OF THE METHOD

Let

be the observations on the annual extremum (maximum or minimum) of the ambient air temperature at
a location in the years

respectively.
(If the available observations are not distinct, one can extract the distinct observations from them.)

If p is the central tendency of the annual extremum of the ambient air temperature at the location and
if the variation among the observations occurs due to chance cause only,

Xizpu+g , (i=1,2,........... 1)) (2.1)

where ey, &, , &n are the values of the chance error variable ¢ associated to X;, X5, covvvuvnnnnn,

X, respectively.

It is to be noted that
(1) Xe, Xy eeeeeannnen , X, are known,
(2) U,e1, 82, covinannnnns , &, are unknown

& (3) the number of linear equations in (2.1) is n with (n + 1) unknowns implying that the equations
are not solvable mathematically.
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Reasonable facts /Assumptions regarding &;:
Q) e1, 6, coviennnnnn. , &n are unknown values of the variables .
(2) The values ey, &, ......... , &, are very small relative to the respective values X, Xs, ........ Xn.
(3) The variable ¢ assumes both positive and negative values.
(4) P(-a-da< e < —a) = P(a< & < a+da)forevery real a.
(5) P(la< e <a+da) >P(b< e < b+db)
&P(-a-da< e <-a) <P(-b-db< e < -h)
for every real positive a <b.
(6) The facts (3), (4) & (5) together imply that £ obeys the normal probability law.
(7) The sum of all possible values of each ¢ is 0 (zero) which together with the fact (6) implies that
E(e)=0.
(8) Standard deviation of & is unknown and small, say ..

(9) The facts (6), (7) & (8) together imply that & obeys the normal probability law with a mean
(expectation) 0 & standard deviation o,. Thus

e~ N, ) (2.2)
Note (2.1): Since

are independently and identically distributed N(O , o,) varieties,

their mean defined by

isaN(0, o,/\n) variate.
The method:

Assumptions (3) & (4) imply that if the chance error ¢ can assume the positive value ‘a’ then it can
also assume the value ‘- a’.

This implies that the midrange of ¢ is 0 (zero).
However, the midrange of a few observations on & may not be 0.

But since the distribution of ¢ is normal with central tendency 0, the distribution of large numbers
(more than 30) of observations on ¢ will be approximated by the normal distribution with central
tendency 0 and/or the distribution of n observations of the chance error & will more and more closer to
the normal distribution with the same central tendency as n becomes more and more large.
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This implies that the midrange of n observations on ¢ will be more and more close to 0 as n becomes
more and more large. Moreover, if the value of the midrange attains O, it will be stable.

Thus the stable value of the midrange of the observations on & will be the true value of the central
tendency of ¢.

Consequently, the stable value of the midrange of the observations on X will be the true value of the
central tendency of X.

If the k observations

are arranged in ascending order of magnitude as
X < Xg) < coverennen, < X (2.3)
then the midrange of the observations is given by
e {Xo*+ Xk}
Ambient air Temperature at Guwahati:

Observations on annual maximum and annual minimum of the ambient air temperature at Guwahati,
which have been collected from the meteorological department of India, are available from the year
1969 to the year 2013. These have been presented in Table-1 and Table—4 respectively.

Central Tendency of the Annual Maximum:

Observed values of the annual maximum of the ambient air Temperature at Guwahati observed during
the period from 1969 to 2013 have been collected from the meteorological department of India. These
have been presented in Table-1.

Computation of the values of the midrange of the cumulative observations has been shown in Table-2.

It has been observed in Table -2, that since the temperature, periodic year number 30 onwards the
value of the midrange has become stable with the stabilized value 37.5.

One can observe that 29 observations lie below 37.5 and 12 observations lie above 37.5.
Thus, 37.5 cannot be the median.

Therefore, by the symmetric property of normal distribution, the central tendency of the annual
maximum of the ambient air temperature in Guwahati cannot be 37.5 degree Celsius.

However, if the most extreme (highest) observation “39.9” is excluded, then the values of the
midrange obtained have been shown in the in Table -3.
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Tables of Annual Maximum of Ambient Air Temperature at Guwahati:

Table-1: Observed Value on Highest Maximum Temperature (in Degree Celsius) occurred during the
Temperature Periodic Year

Year No | Observed Calendar Year, Month & Date | Year No Observed Calendar Year, Month & Date
Value of occurrence Value of occurrence

1 37.1 1969, May, 20 23 374 1991, July, 20

2 36.6 1970, April,01 24 394 1992, April, 16

3 36.0 1971, March, 27 25 36.4 1993, September, 08

4 35.7 1972, July, 14 26 38.1 1994, May, 07

5 39.0 1973, April,10 27 36.3 1995, May, 14

6 36.1 1974, August, 14 28 39.9 1996, April, 19

7 39.2 1975, April, 10 29 374 1998, May 21

8 39.0 1976, April, 17 30 375 2000, May, 13

9 35.3 1977, August, 14 31 36.7 2001, April,07

10 36.8 1978, May, 19 32 355 2002, May, 17

11 38.6 1979, March, 27 33 374 2003, July, 26

12 35.1 1980, July, 01 34 38.0 2004, March, 28

13 35.8 1981, June, 21 35 36.6 2005, July, 30

14 36.5 1982, May, 26 36 38.0 2006, August, 11

15 36.7 1983, April, 06 37 373 2007, May, 06

16 37.2 1984, April, 06 38 37.3 2008, August, 08

17 36.5 1985, April,26 39 38.0 2009, May, 23

18 384 1986, April,03 40 37.2 2010, July, 03

19 37.2 1987, May, 19 41 37.3 2011, August, 30

20 36.4 1988, August, 03 42 37.4 2012, April,03

21 36.7 1989, July, 23 43 38.8 2013, June, 12

22 36.0 1990, September, 02
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Table- 2: Value of Midrange of the Observed Values on Highest Maximum Temperature (in Degree
Celsius) occurred during the Temperature Periodic Year

Year | Observed Extreme values of | Mid- Year | Observed Extreme values of | \1igd-
No Value the observations up | Range No Value the observations up

to the period to the period Range

Min. Max. Min. Max.
1 37.1 23 37.4 351 , 392 37.15
2 36.6 366 , 371 36.85 24 39.4 351 , 394 37.25
3 36.0 36.0 , 371 36.85 25 36.4 351 , 394 37.25
4 35.7 37 , 371 36.4 26 38.1 351 , 394 37.25
5 39.0 357 , 390 37.35 27 36.3 351 , 394 37.25
6 36.1 357 , 390 37.35 28 39.9 351 , 399 375
7 39.2 357 , 392 37.45 29 374 351 , 399 375
8 39.0 357 , 392 37.45 30 37.5 351 , 399 375
9 35.3 353 , 392 37.25 31 36.7 351 , 399 375
10 36.8 353 , 392 37.25 32 35.5 351 , 399 375
11 38.6 353 , 392 37.25 33 374 351 , 399 375
12 35.1 351 , 392 37.15 34 38.0 351 , 399 375
13 35.8 351 , 392 37.15 35 36.6 351 , 399 375
14 36.5 351 , 392 37.15 36 38.0 351 , 399 375
15 36.7 351 , 392 37.15 37 37.3 351 , 399 375
16 37.2 351 , 392 37.15 38 37.3 351 , 399 375
17 36.5 351 , 392 37.15 39 38.0 351 , 399 375
18 38.4 351 , 392 37.15 40 37.2 351 , 399 375
19 37.2 351 , 392 37.15 41 37.3 351 , 399 375
20 36.4 351 , 392 37.15 42 37.4 351 , 399 375
21 36.7 351 , 392 37.15 43 38.8 351 , 399 375
22 36.0 351 , 392 37.15

In this case, it is found (in Table -3) that 20 observations lie below 37.2 and 20 observations above the
observation “37.2”.

Also, the observation “37.2” has appeared thrice.

Thus “37.2” is the median of the observations.

Moreover, in this case, the stable value of the midrange from the periodic year number 30 onwards is
37.25.

Therefore, by the symmetric property of normal distribution, the central tendency of the annual
maximum of the ambient air temperature in Guwahati can be regarded as 37.2 degree Celsius.
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Table-3: Value of Midrange of the Observed Values on Highest Maximum Temperature (in Degree
Celsius) occurred during the Temperature Periodic Year

Year Observed Extreme values of the | Mid- Year Observed Extreme values of the | Mid-
No Value observations up to | Range No Value observations up to the | Range

the period period

Min. Max. Min. Max.
1 371 23 374 31 , 392 37.15
2 36.6 366 , 371 36.85 24 394 351 , 394 37.25
3 36.0 360 , 371 36.85 25 36.4 351 , 394 37.25
4 35.7 357 , 371 36.4 26 38.1 351 , 394 37.25
5 39.0 357 , 390 37.35 27 36.3 351 , 394 37.25
6 36.1 357 , 390 37.35 28 - - -
7 39.2 357 , 392 37.45 29 374 351 , 394 37.25
8 39.0 357 , 392 37.45 30 375 351 , 394 37.25
9 35.3 353 , 392 37.25 31 36.7 351 , 394 37.25
10 36.8 353 , 392 37.25 32 355 351 , 394 37.25
11 38.6 353 , 392 37.25 33 374 351 , 394 37.25
12 35.1 351 , 392 37.15 34 38.0 351 , 394 37.25
13 35.8 351 , 392 37.15 35 36.6 351 , 394 37.25
14 36.5 351 , 392 37.15 36 38.0 351 , 394 37.25
15 36.7 351 , 392 37.15 37 37.3 351 , 394 37.25
16 37.2 351 , 392 37.15 38 37.3 351 , 394 37.25
17 36.5 351 , 392 37.15 39 38.0 351 , 394 37.25
18 384 351 , 392 37.15 40 37.2 351 , 394 37.25
19 37.2 351 , 392 37.15 41 37.3 351 , 394 37.25
20 36.4 351 , 392 37.15 42 374 351 , 394 37.25
21 36.7 351 , 392 37.15 43 38.8 351 , 394 37.25
22 36.0 351 , 392 37.15

Central Tendency of the Annual Minimum:

Observed values of the annual minimum of the ambient air Temperature at Guwahati observed during
the period from 1969 to 2013 have been collected from the meteorological department of India as in®
! These have been presented in Table — 4. Computation of the values of the midrange of the
cumulative observations has been shown in Table — 5.

It has been observed in Table — 5, that from the temperature, periodic year number 31, the value of the
midrange has become stable with the stabilized value 7.15 up to the period number 39 and then again
from the year number 40 onwards the value of the midrange has become stable with the stabilized
value 7.4.
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One can observe that 19 observations lie below 7.4 and 19 observations lie above 7.5 whereas each of
“7.4” and “75” occurs 2 times.

Thus, median of the observations lies between 7.4 and 75

i.e. 7.4 <Median<7.5

Tables for Annual Minimum of Ambient Air Temperature at Guwahati:

Table—4: Observed Value on Lowest Minimum Temperature (in Degree Celsius) occurred during the
Temperature Periodic Year

Year Observed Calendar Year, Month & | Year No Observed Calendar Year, Month & Date

No Value Date of occurrence Value of occurrence

1 6.6 1969, January,16 23 74 1991, January, 20

2 6.6 1969, December, 27 24 59 1992, January, 05

3 5.9 1971, January, 31 25 8.4 1993, February, 23
& February, 01

4 8.2 1972, January, 21 26 7.8 1993, December, 27

5 5.0 1973, February, 03 27 7.5 1995, January, 22

6 6.3 1974, February, 07 28 9.4 1996, January,19

7 7.4 1975, January, 19 29 NA Not Available

8 6.6 1976, January, 22 30 NA Not Available

9 6.2 1977, January, 30 31 NA Not Available

10 7.3 1978, January, 12 32 8.9 2001, January, 08

11 6.2 1979, January,09 33 8.6 2002, January, 26

12 6.4 1980, February, 08 34 8.0 2003, January, 16

13 7.5 1981, January,10 35 7.9 2004, February, 04

14 8.3 1982, February, 07 36 6.7 2004, December, 27

15 4.9 1983, January, 06 37 9.6 2006, January, 12

16 6.1 1984, January, 30 38 6.4 2007, January, 18

17 7.8 1985, January, 19 39 7.8 2008, February, 03

18 8.6 1986, January, 20 40 9.9 2009, January, 07

19 1.7 1987, January, 05 41 8.6 2010, January, 03

20 9.2 1988, January, 01 42 7.0 2011, January, 21

21 6.7 1989, January, 14 43 6.4 2012, January, 15

22 8.6 1989, December, 31 44 5.6 2013, January, 11
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Table-5: Value of Midrange of the Observed Values on Lowest Minimum Temperature (in Degree
Celsius) occurred during the Temperature Periodic Year

Year Observed Extreme values of the | Mid- Year Observed Extreme values of the | Mid-
No Value observations up to | Range No Value observations up to the | Range

the period period

Min. Max. Min. Max.
1 6.6 23 7.4 49 , 9.2 7.05
2 6.6 24 5.9 49 , 9.2 7.05
3 5.9 59 , 6.6 6.25 25 8.4 49 , 9.2 7.05
4 8.2 59 , 66 6.25 26 7.8 49 , 9.2 7.05
5 5.0 50 , 66 5.8 27 7.5 49 , 9.2 7.05
6 6.3 50 , 6.6 5.8 28 94 49 , 94 7.15
7 74 50 , 74 6.2 29 8.3 49 , 94 7.15
8 6.6 50 , 74 6.2 30 8.9 49 , 94 7.15
9 6.2 50 , 74 6.2 31 8.6 49 , 94 7.15
10 7.3 50 , 74 6.2 32 8.0 49 , 94 7.15
11 6.2 50 , 74 6.2 33 7.9 49 , 94 7.15
12 6.4 50 , 74 6.2 34 6.7 49 , 94 7.15
13 7.5 50 , 75 6.25 35 9.6 49 , 96 7.25
14 8.3 50 , 83 6.65 36 6.4 49 , 96 7.25
15 4.9 49 , 83 6.6 37 7.8 49 , 96 7.25
16 6.1 49 , 83 6.6 38 9.9 49 , 99 7.4
17 7.8 49 , 83 6.6 39 8.6 49 , 99 7.4
18 8.6 49 , 86 6,75 40 7.0 49 , 99 7.4
19 1.7 49 , 86 6,75 41 6.4 49 , 99 7.4
20 9.2 49 , 9.2 7.05 42 5.6 49 , 99 7.4
21 6.7 49 , 9.2 7.05 43
22 8.6 49 , 9.2 7.05 44

Now, since the value of the midrange for large numbers (> 38) of observations has been found at 7.4
and the median of them as just greater than 7.4 but less than 7.5, the value of the central tendency of
the observations, by the symmetric property of normal distribution, will be 7.4

Again, if the observations are arranged in order, the observation *7.4’ lies at the middle position.

This also means, 7.4 is the median of the observations.
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Therefore, by the symmetric property of normal distribution, the central tendency of the annual
maximum of the ambient air temperature in Guwahati can be regarded as 7.4 degree Celsius.

CONCLUSION

Each of the existing statistical methods of estimation provides an estimate of the central tendency of
the annual extremum of the ambient air temperature which suffers from an error though may be small.
Moreover, the amount of error involved in this estimate is unknown. The method developed here
provides an estimate which is free from error.

The determination of central tendency of the extremum of ambient air temperature at Guwahati is
based on the assumption that change in temperature at this location over time, during the period for
which data are available, occurs due to chance cause only but not due to any assignable cause.

Thus, if the assumption is true, the values of the central tendency of annual maximum and annual
minimum of the ambient air temperature at Guwahati namely 37.2 Degree Celsius and 7.4 Degrees
Celsius respectively, as obtained in this study, are acceptable. However, it is yet to examine whether
the assumption upon which the current study is based is true. Thus one task for the researcher, at this
stage, is to study whether the said assumption is valid in the instant situation.

Chakrabarty constructed an analytical method for determining the true value of the central tendency of
each of annual maximum and annual minimum of ambient air temperature at a location and also
computed the value of central tendency for each of annual maximum and annual minimum of ambient
air temperature at Guwabhati by applying the method developed here from the data for the year 1969
onwards®®. The values of these two had been found, in that study, to be 37.2 Degree Celsius and 7.4
Degree Celsius respectively. The method developed in this study has also yielded the same findings.

For a normal distribution mean, median and median are equal. Each of them is a measure of central
tendency. It seems that there exists some method of determination of central tendency in the same
situation. Thus, it is a problem for the researchers at this stage to search for whether there exists
method for the same based on mean, median and mode as well as to discover the hidden method if
exists.
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