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Abstract: In the paper, neutrosophic statistical analysis of temperature data of different cities in the
southeastern anatolia region of Turkey is given. The neutrosophic mean and neutrosophic coefficient
of variation are computed using the temperature data. From the analysis, it is concluded that the
temperatures of Mardin and $Sanliurfa cities are more consistent than the other cities in Turkey. In
addition, the neutrosophic results are compared with results under classical statistics. Based on the
comparative study, it can be concluded that neutrosophic statistical results are more adequate,
flexible and more informative than the classical statistics.
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1. Introduction

The geographical features of the world have changed several times in the process until the
emergence of people on the stage of history. In certain periods, depending on the deterioration of the
natural balance between the elements of our world due to various reasons, there have been great
changes in the climate. As a matter of fact, in the period from the beginning of human history to the
present, the natural and human environment that lived in the glacial and interglacial periods, when
the earth was covered with glaciers, was greatly affected. It is certain that human influences have also
contributed to these changes, which are related to natural factors, since the middle of the 19th century.

Today, it is accepted by almost all climate scientists that there is a deterioration in the world
climate system. It is clearly stated that if various activities of the people causing the deterioration of
the natural balance continue without taking the necessary precautions, these deteriorations in the
climate will increase and there will be climatic changes due to global warming, the result of which
may be very negative. Because, due to human reasons, the increase in greenhouse gas accumulations
and particles in the atmosphere, the destruction of the natural environment, the depletion of the
ozone layer, will cause a global temperature increase.

Turkey is one of the countries that will be most affected by a possible climate change within its
complex climate structure, especially due to global warming. It is naturally surrounded by seas on
three sides and has a faulty topography. Different regions of Turkey will be affected by climate
change differently and to varying extents due to its orographic characteristics. For example, arid and
semi-arid regions such as South East and Central Anatolia, which are under the threat of
desertification rather than temperature increase, and semi-humid Aegean and Mediterranean regions
that do not have sufficient water will be more affected. The climatic changes that will occur will cause
changes in the natural habitats of animals and plants in agricultural activities, and important
problems will arise in terms of water resources, especially in our regions mentioned above.

In recent years, many heat strokes have been recorded, causing many problems in the
environment. Animals die because of water due to environmental change. Statistical methods are
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widely applied for estimation and estimation of temperature. Several researchers have also studied
different aspects of temperature. Oztiirk [1] examined global climate change and its possible effects
on Turkey. Kaygusuz [2] studied on the energy policy and climate change in Turkey. Afzal et al. [3]
presented the analysis of resistance depending on the temperature variance of conducting material
under the neutrosophic statistical analysis. Further, Janjua et al. [4] worked on the climate variability
and wheat crop under neutrosophic environment and Shahzadi [5] presented neutrosophic statistical
analysis of temperature data of five different cities of Pakistan. Various studied in this concept with
applications can be seen in [6, 7].

Inspired by the reasons mentioned above, and the analysis presented by [5], the main focus of
the paper was to neutrosophic statistical analysis of temperature data of different cities. This study is
the first in this concept for the southeastern anatolia region of Turkey. It is expected that neutrosophic
statistical results are more adequate and informative than the classical statistics.

1.1 Organization of this paper

This paper is organized as follows: a literature review and some definitions and notations are
given in the next section. In Section 3, collected temperature data from different cities in the
southeastern anatolia region of Turkey like Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin,
Siirt, Sanliurfa, Sirnak and the data is reported in Table 1 which presents low and high values of the
temperature data. We performed the neutrosophic statistical analysis using the temperature data and
calculated the neutrosophic mean of temperature, the neutrosophic standard deviation, the
neutrosophic coefficient variation in Section 4. Section 5 contained a comparative discussion about
neutrosophic statistical analysis and classical statistical analysis. At last, a conclusion of this work
was given in Section 6.

2. Methodology

Let X;y is the neutrosophic numbers having X;, lower values and X;; higher values, so the
neutrosophic formula for the ith interval:

XlN = XlL +XLU[N (l = 1,2,3, ...,nN)

Here Iy € [I},1Iy] and Xy € [X;, Xy] is arandom neutrosophic variable having size ny € [n;,ny]. The
variable X;y € [X;;, X;y] has two parts: lower value X;; a classical part, and upper-value X;;Iy an
indeterminate part having indeterminacy interval Iy € [I, [y].

Similarly, Chen et al. [8, 9] and Aslam [10] the neutrosophic average of temperature data Xy €
[X.,Xy] can be calculated as

Xy =X, +Xyly ; Iy € [I,Iy]
where
- 1
XU = n_LZ?:leiL ’

— 1 an
X, =—Y" X,y.
L nuzl=1 iU

NNs and neutrosophic statistics are firstly proposed by Smarandache [11-13]. However, it is
difficult to use the Smarandache's neutrosophic statistics for engineering applications. Thus, Ye et al.
[14] presented some new operations of NNs to make them suitable for engineering applications.

Let NNs be z; = a; + byI and z, = a, + b, for Iy € [I,Iy]. Then, Ye et al. [14] proposed their
basic operations:
z1+2z, =(a; +a,) + (by + b))l =[a, + a, + byl + b1, a, +a, + b Iy + by1y];

Zy — Zy = (a1 - az) + (bl - bz)[ = [a1 —a, + bllL - bZILI a, —a, + bIIU - bzlu]; (1)
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Zy X Z, = a1y + (a1b2 + azbl)[ + (blbz)lz

in( (ay + byl )(a; + byly), (a; + byl )(a; + byly) )]

_ (ay + bily)(ay + byIy), (a; + bily)(az + byly)

lm ( (ay + byl )(a; + byly), (a; + byl )(ay + byly) )]
(ay + byly)(ay + byl), (a; + bily)(a; + byly)

z, a,+by,]  [a, + byl a, + byl

mi ai+bql;, aqi+bql;, ai+bqly a1+b11U)
a+byly ’ az+byly ’ ap+byly ! a+bylIp,

max (e aavbni vt axvbai)
Then, these basic operations are different from the ones introduced in [12] and this makes them
suitable for engineering applications. Based on Eq. (1), we can give the neutrosophic statistical
algorithm of the neutrosophic average value and standard deviation of NNs.

Let z; =a; + b;I (i=1,2,...,n) be a group of NNs (neutrosophic numbers) for Iy € [I;,[;] then
their neutrosophic average value and standard deviation can be calculated by the following
neutrosophic statistical algorithm:

Step 1. Calculate the neutrosophic average valueof a; (i=1,2,...,n):
1

a=1y.q 2)
Step 2. Calculate the neutrosophic average value of b; (i = 1,2,...,n):
b=—¥",b 3)
Step 3. Obtain the neutrosophic average value:
Zy=a+bly ; Iy € [I,,1y] 4)

Step 4. Get the differences between z; (i=1,2,...,n) and z:

Step 5. Calculate the square of all the differences between z; (i = 1,2,...,n

|min ( (a; + bil) @+ b1,), (a; + b1, )(@ + bly)
(a; + bIy)(a + bly), (a; + bily)(a + bly)

| ( (i + bl )@+ b1,), (a; + bil,)(@ + bly)
(a; + bily)(a + bl,), (a; + b;Iy)(a + bly)

(727 =

) and 7 :
)} , Iy €1, Iy]
)

Step 6. Calculate the neutrosophic standard deviation:
1 _
0, = [FSh,( - D)7 8],

The neutrosophic variance can be computed by;
2 _1lyn =2 i —
of = ;Zi=1(2i —-7z),i=12,...,n
where o7 € [02,0%]. The neutrosophic form of o7 € [02,02,] can be written as

as + bslys ; Iys € [Is, Iys]-
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The neutrosophic coefficient of variation (CVy) can be applied to see the consistency of the
temperature in the different cities of the Turkey. A city having a smaller value of CVy means more
consistent than the other city in temperature. The CVy can be computed by;

CVy = ;—;xwo ; CVy € [CV,, CVy].

The neutrosophic form of CVy is
@y +bylyy ; Iy € [I1s, Iys] [10].

Note that, z; = Xy, a; = X, and b; = X;. We will use the symbols a; and b; to present the
lower and upper values, respectively throughout the paper.

3. Data Collection

We collected temperature data from different cities in the southeastern anatolia region of Turkey
like Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin, Siirt, Sanliurfa and Sirnak. Our aim is
investigating which city on the average has the best temperature and which city temperature is more
consistent. We collected data of February 2023 from the website https://www.gismeteo.com/. The
data is reported in Table 1. Table 1 presents low and high values of the temperature data. The
temperature data given in the interval cannot be analysed using classical statistics. The interval data
can be analysed using neutrosophic statistics. The neutrosophic statistical analysis for the
temperature data is shown in Section 3.

Table 1. The low and high values of the temperature data.

Adiyaman Batman Diyarbakir = Gaziantep Kilis Mardin Siirt Sanhurfa

Date Low High Low High Low High Low High Low High Low High Low High Low High

6 1 4 2 6 2 5 2 4 1 5 4 6 0 4 2 6
7 4 2 1 6 =2 4 6 1 0 4 1 6 0 2 0 6
8 1 3 =2 3 4 1 -3 2 1 6 0 6 -4 0 2 6
9 2 4 -1 5 5 3 4 3 1 6 1 7 -4 3 1 6
® -1 5 -1 6 -5 4 -1 5 3 8 1 8 3 4 1 10
17 o 4 1 5 3 1 -2 3 3 5 3 8 -1 4 3 5
2 3 4 3 6 -1 3 0 4 2 6 4 9 1 4 4 7
3 1 9 2 9 -1 4 -1 8 2 11 4 11 1 8 3 12
4 2 10 1 8 4 6 0 10 4 12 2 11 -1 7 4 11
5 3 10 1 8 3 6 1 7 5 11 4 12 -1 8 5 12
6 4 12 5 13 -1 10 1 11 5 13 7 14 11 5 13
7 2 9 3 10 0 9 2 10 6 13 6 15 1 9 5 13
8 -1 7 1 9 1 9 2 10 4 11 4 12 -1 6 3 11
9 1 8 1 9 1 10 2 12 4 13 4 13 -1 7 2 13
20 0 6 1 8 1 8 3 9 5 11 4 12 -1 6 3 10
20 -1 6 1 8 0 8 2 9 4 11 4 12 -1 6 2 10
2 -1 9 0 9 0 10 2 12 4 13 3 13 2 7 2 12
22 0 10 1 10 1 11 3 13 4 14 3 14 -1 7 3 14
24 2 11 2 11 3 12 5 14 6 15 5 15 0 9 5 15
25 3 12 3 12 4 13 6 17 7 17 5 186 2 10 5 17
%6 4 12 3 12 4 12 7 16 9 17 7 16 1 10 6 16
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4. Results and Interpretation

We performed the neutrosophic statistical analysis using the temperature data. The
neutrosophic mean of temperature is shown in Table 2. The neutrosophic standard deviation is
shown in Table 3. The neutrosophic coefficient variation is shown in Table 4. For example, the
neutrosophic average temperature value and the standard deviation of Adiyaman city is calculated.
Then, we give the following calculational steps based on the neutrosophic statistical algorithm.

Step 1. By Eq. (2), calculate the average value of the determinate low temperature of city

corresponding to the first column as follows:
n

1 1 21
a; = ;Z aj; = ﬁz ai1
i=1

i=1

(1-4-1-2-14+0+3+1+243444+2-1-14+0-1-1+0+2+3+4)
B 21

Step 2. By Eq. (3), calculate the average value of the determinate high temperature of city

= 0,666

corresponding to the first column as follows:

n 21
- 1 1
by==> by =52 by
i=1 i=1

(44243 +4+5+4+4+9+10+10+12+9+7+8+6+6+9+10+11+12+12)
- 21
=7.476

Step 3. By Eq. (4), obtain the neutrosophic average temperature value of Adiyaman city:
Z, =3, + byly = 0,666 + 7.476ly, Iy € [0,0.91]. The neutrosophic mean of temperature is shown in
Table 2.

Table 2. The neutrosophic mean of temperature.

Cities Z; a;+ by, Iy €[, 1]
Adiyaman [0.66,7.47] 0.66 + 7.471y, Iy € [0,0.91]
Batman [1.33,8.23] 1.33 + 8.231y, Iy € [0,0.83]
Diyarbakar [—0.57,7.09] —0.57 + 7.091y, Iy € [0,1.08]
Gaziantep [0.80,8.57] 0.80 + 8.571y, Iy € [0,0.90]
Kilis [3.80,10.57] 3.80 + 10.57Iy, Iy € [0,0.63]
Mardin [3.61,11.23] 3.61 + 11.231, Iy € [0,0.67]
Siirt [—0.52, 6.28] —0.52 + 6281y, Iy € [0,1.08]
Sanliurfa [3.14,10.71] 3.14 + 10.711y, Iy € [0,0.70]
Sirnak [-1.19,6] —1.19 + 61y, Iy € [0,1.19]

Step 4. Obtain the differences between z; (i = 1,2,...,n) and Z; of Adiyaman city:

21—7Z =a; —a + (by — by)ly = (1 — 0.66) + (4 — 747)Iy

71— 7, = 034 + (=347)Iy , Iy € [0,1.09]
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Zq _El = 3.34 + 4‘.5311\] ’ IN € [0,0.26].
Step 5. Calculate the square of all the differences between z; (i = 1,2,...,n) and Zz;:

min((al - )% (4 — @) (¢ — @) + 1.09x(by — by)), (@ — @y) + 1.09x(b, — 51))2)

. _—7)2 =
G =) max((a1 —@)? (ay — @) ((ay — @) + 1.09x(by — by)), (@, — @) + 1.09x(b; — 51))2)

= [(a1 -a)% ((ay — @) + 1.09x (b, — El))z] =[0.116,11.847], Iy € [0,1.09]

(231 — Z1)* = [11.15,20.41], I € [0,0.26].

Step 6. Calculate the neutrosophic standard deviation:

21
1 _ 1 1
0y = ﬁZ‘(Zi —7)% = \/ﬁ(o.né Fo 11.15),\/ﬁ (11.847 + - + 20.43)
i=

The neutrosophic standard deviation is shown in Table 3. Also, the neutrosophic coefficient variation
is shown in Table 4.
Table 3. The neutrosophic standard deviation.

Cities o, as+ bglyg, Iys € [Ig, Iys)
Adiyaman [2.04,3.06] 2.04 + 3.061y, Iy € [0,0.33]
Batman [1.54,2.56] 1.54 + 2.561y, Iy € [0,0.40]
Diyarbakir [2.58,6.47] 2.58 + 6.471y, Iy € [0,0.60]
Gaziantep [3.13,7.08] 3.13 + 7.08ly, Iy € [0,0.55]
Kilis [2.14,4.49] 2.14 + 4.491y, I, € [0,0.52]
Mardin [1.83,3.77] 1.83 + 3.771y, Iy € [0,0.51]
Siirt [1.87,4.55] 1.87 + 4.551, Iy € [0,0.58]
Sanliurfa [1.54,3.69] 1.54 + 3.691y, Iy € [0,0.58]
Sirnak [2.71,6.35] 2.71 4 6.351y, Iy € [0,0.57]
Table 4. The neutrosophic coefficient variation.
Cities CVy a, + bylyy Ins € [T Iyl
Adiyaman [40.96,309.09] 40.96 + 309.091y, Iy € [0,0.87]
Batman [31.10,115.79] 31.10 + 115.791y, Iy € [0,0.73]
Diyarbakir [—452.63,91.25] —452.63 + 91.251, Iy € [0,5.96]
Gaziantep [82.61,391.25] 82.61 + 391.251y, Iy € [0,0.79]
Kilis [42.48,56.31] 4248 + 56311y, Iy € [—0.24,0]
Mardin [33.57,50.69] 33.57 + 50.691y, Iy € [0,0.33]
Siirt [—359.61,72.45] —359.61 + 72.451, I, € [0,5.96]
Sanliurfa [34.45,49.04] 34.45 + 49.041y, I, € [0,0.297]
Sirnak [—227.73,105.83] —227.73 + 105.831y, Iy € [0,3.15]
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The measures of indeterminacy associated with the coefficient of variation are also shown in
Table 4. Based on the analysis, it can be concluded that the values of the coefficient of variation of
temperature in Mardin and Sanliurfa are minimum. Therefore, the temperatures of Mardin and
Sanliurfa cities are more consistent than the other cities in Turkey. Figures 1-3, present the
neutrosophic average values, standard deviations, coefficient variations of temperatures in different
cities, respectively.

Average value

12

10

6.28 &
3.8 3.61
4 3.14

0.66

Adiyaman: - Batman Kilis Mardin t Sanhurfa

-2
={J=— Low temperature = == High temperature
Figure 1. The neutrosophic average values of temperatures in different cities.
. Standard deviation
7
6.35

6
5
4
3
2

A 1.83 1.87
1 1.54 1.54
0

Adiyaman  Batman Diyarbakir Gaziantep Kilis Mardin Siirt Sanlurfa Sirnak

=O=Low temperature == High temperature

Figure 2. The neutrosophic standard deviations of temperatures in different cities
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Figure 3. The neutrosophic coefficient variations of temperatures in different cities.

5. Comparative study

The neutrosophic statistical analysis is the generalization of the classical statistical analysis. The
neutrosophic statistical analysis reduces to classical statistical analysis when no indeterminacy is
found in the data or data is not recorded in the intervals. Note here that temperature data is always
recorded in intervals and therefore adequately analysed by the neutrosophic statistics. We now
compare the results obtained using neutrosophic statistics with the results of classical statistics. The
neutrosophic forms of the temperatures of Mardin and Sanliurfa cities are CVy = 33.57 + 50.691y
and CVy = 34.45 + 49.041y. The first values (determinate) 33.57 and 34.45 of this neutrosophic show
the analysis from the classical statistics while the second part 50.691y and 49.04ly of the
neutrosophic forms show the indeterminate part. From the analysis, it can be seen that the values
CVy ranges from 33.57% to 50.69% and 34.45% to 49.04% with the measure of indeterminacy or
uncertainties at 0.33 and 0.297. Note that when Iy, , the neutrosophic statistical results reduce to the
results under classical statistics.

6. Conclusion

In this work, we applied neutrosophic statistical analysis to temperature data of different cities
of Turkey. Based on the comparative study, it can be concluded that neutrosophic statistical results
are more adequate, flexible and more informative than the classical statistics. Serious steps should be
taken to reduce global warming by planting more trees, especially in Mardin and Sanliurfa cities. The
neutrosophic statistical analysis can be applied to analyse the interval data more adequately than
classical statistics. Also, in future studies the work can be extended for all regions of Turkey.
Furthermore, this calculated can be used humidity, amount of rainfall etc. for different regions of
Turkey.
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