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Abstract—Air pollution is the contamination of the internal
or external environment of any chemical, physical or biological
material and altering the natural properties of the atmosphere.
Air pollution is caused by natural causes such as volcanic
eruptions, forest fires, or excessive evaporation, as well as by
increasing traffic density, especially by artificial causes such as
fuel types used by urban inhabitants and industrialization. Each
year, countries keep statistics of deaths caused by different types
of direct air pollution or indirectly by diseases caused by these
different types of pollution. In this study, the impact of countries’
geographical region and population density on mortality rates
due to air pollution is analyzed. A dataset of Turkey and the
twenty six countries covers information such as the population
density, different types of pollution rates, number of deaths
caused by each type of pollution and their ratios to current
population number throughout a time period between 1990-2017.
In the data analysis, air pollution types were examined one by one
and it was sought to identify the similarities among countries. As
a result of these analysis, it was shown that there are similarities
between Turkey and the different neighbour countries on the
death cases observed due to different types of air pollution.

Index Terms—air pollution data analysis, data analysis meth-
ods, data similarity, data science

I. INTRODUCTION

The World’s air consists of %78,084 Nitrogen (N2), %
20,946 Oxygen (O3), %0,934 Argon (Ar), %0,035 Carbon
Dioxide (CO3).The remaining % 0,001 contains Neon (Ne),
Methane (CHy4), Helium (He), Hydrogen (H2) and Crypton
(Kr). The deterioration of this chemical equilibrium and the
mixing of substances that should not be in the air are called
air pollution.

Air pollution emerges with the growth of the population,
urban growth and the development of the industry. Especially
in urban centers, air quality deteriorates with the energy con-
sumption, the combustion of fossil fuel and dramatic increase
of motor vehicles’ number. Factors arising from traffic, trans-
portation, industry and heating are the causes of air pollution.
The causes of the air pollution can be grouped under two main
titles: Natural Sources and Artificial Sources : Natural Sources:
There are some substances that harm the atmosphere due to
nature’s own structure such as Volcanic Eruptions, Big Forest
Fires, Steaming. Artificial Sources: Unfortunately, they are the
sources of air pollution caused by human beings intentionally
or unintentionally such as: Traffic, Industry, Global warming.
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In the case where the air pollution reaches dangerous level,
the mortality rate due to heart and lung diseases increases
as well. The prevalence of chronic airway diseases such as
Asthma or Chronic Obstructive Pulmonary Disease (COPD) is
increasing in areas where air pollution is intense. The United
Nations (UN) and World Health Organization (WHO) reports
clearly state that air pollution is more harmful than smok-
ing [1]-[3].High level of air pollution has become the most
important environmental factor triggering global disease [4]-
[6].

In this study, the data of mortality rate related to air
pollution which occurred between the 1990-2017 in Turkey
and neighboring countries, is analyzed. Population, Land area,
Population Density (number of people per square kilometer),
air pollution rates of 3 different types of air pollution (ozone
pollution, pollution caused by toxic gases and dust particles),
the number of people who died from relevant air pollution
and the total deaths of that year declared by the countries
were gathered together.

On this dataset, a regional analysis was performed in
order to reveal the similarity between Turkey and neighboring
countries. First a linear regression method is performed on the
data and a coefficient matrix is produced. Then a preliminary
study of correlation is executed on this matrix.

The rest of the paper is divided as follows. In Chapter 2,
the studies about the effects of air pollution on mortality are
introduced. In Chapter 3, the types of air pollution and the
dataset studied are described. Chapter 4 interprets the analysis
performed on the dataset and the results obtained. Evaluation,
discussion and prospective studies of the results are presented
in Chapter 5.

II. SIMILAR WORKS

The impact of air pollution on our daily life and on our
health becomes more significant day by day. Researchers are
mostly focused on examining the relationship between air pol-
lution data and mortality rates [7]. Lelieveld and his colleagues
present the statistics of early deaths caused by air pollution
in the world. The study is based on the data concerning
to those who died below the average age of death which
is called premature death/mortality. At the end, a detailed
analysis and sub-groups of deaths related to air pollution have



been revealed. There is also continental geographic analysis
offered.

Silva et al. develop a chemical chemical-meteorology simu-
lation model in the Atmospheric Chemistry and Climate Model
Intercomparison Project (ACCMIP) and with this simulation
model, they try to estimate the early mortality rates due to air
pollution in 2030, 2050 and 2100 [8], [9].

Chen et al. investigate the relationship between public health
and air pollution in China using big data techniques. Air
pollution values collected from 116 cities between 2006 and
2012 are analyzed together with health data and the impact of
air pollution on mortality rates is determined [10].

Fotopolou et al. conduct data analysis study in both smart
cities and rural areas and examined the effects of air pollution
on human life with data mining techniques [11].

Rohde et al.’s study presents a regional analysis of intense
air pollution in China. By analyzing the numerical data of air
pollution from different centers, it is aimed to put forward
policies to reduce air pollution. Due to the fact that measuring
stations do not work properly in the whole country, the
analyzed data is limited with 4 months [12].

In this study, based on data of outdoor pollution, air pollu-
tion data in Turkey and Turkey’s neighbors in the simulation
it is performed. By linear regression, the relationship between
population density and air pollution and mortality rates is
quantified.

III. AIR POLLUTION DATA

There are different types of air pollution:

A. Air Pollution with Particulate Matter (PM)

Particulate matter in the air is one of the most important
pollutants affecting human health. Particle size is directly
proportional to its negative impact on human health. PMs
bigger than 10uM are kept in the nose and nasopharynx. PMs
smaller than 10uM accumulates in the bronchi, while those
with a diameter of 1-2 microns diffuse in the alveoli. The
PMs with a diameter of 0.1 microns diffuse from the alveoli
into the intracapillary space.

In addition to the physical properties, the Particulate Mat-
ters’ chemical compositions are also very important for human
health. Particulate substances can contain heavy metals such
as mercury, lead, cadmium, and carcinogenic chemicals and
may pose a significant threat to health. These toxic and
cancerous chemicals combine with moisture and turn into
acid. Since soot, fly ash, gasoline and diesel vehicle exhaust
particles which contain carcinogenic substances such as benzo
(a) pyrene, long-term inhalation of these substance can cause
cancer. In 2017, particulate matter concentrations in the air are
given in Figure 1.

B. Ozone (O3) Pollution

Ozone found in the natural composition of the atmosphere,
is a highly reactive gas which reaches peak concentrations
in the stratosphere layer. Since ozone is insoluble in water,
it reaches the depths of the respiratory system and shows its
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negative effects on the lungs. Figure 2 represents the pollution
in the ozone layer in 2017.

Fig. 2. Ambient Ozone Pollution in 2017 [13]

C. Air Pollution with Solid Fuel

In our country, the widespread use of low-calorie and high-
sulfur coals with wrong combustion techniques for heating
cause air pollution. Sulfur dioxide (SO3) is a colorless, non-
combustible and non-flammable gas. Every year, approxi-
mately 60% of the sulfur oxides emitted are raised as result
of burning coal. Thermal power plants, in which coal is used
as fuel, are the major sources of SO emissions. Forest fires,
volcanic activities are the examples for SOz emission’s natural
resources. SO, may cause irritation in the nose and pharynx
or may cause spasm in the main respiratory tract. Since this
gas is soluble in water, it is largely eliminated in the nose
and pharynx before reaching the endpoints of the respiratory
system. It forms sulphate aerosols and particles in atmosphere.
These particles can be transported by winds over very long
distances. Dissolution in moisture forms sulfuric acid in the
presence of sunlight and some chemicals [14].

In this study, the air pollution data presented by State Global
Air! is used. In addition, the death rate dataset due to air
pollution was obtained from Our World In Data?, the forest
area data was obtained from The World Bank?, the industry
annual % growth data was obtained from The World Bank*

Thttps://www.stateofglobalair.org/
Zhttps://ourworldindata.org/air-pollutiondeath-rates-in-2017-vs-1990
3https://data.worldbank.org/indicator/AG.LND.FRST.ZS?locations=P
“https://data.worldbank.org/indicator/NV.IND.TOTL.KD.ZG



and finally the motor vehicle registered data obtained from
CEIC’.

According to the regional segmentation realized by Global
State Air, Turkey is located in North Africa and the Middle
East region. In contrast, Greece and Cyprus are located in
Eastern Europe and Bulgaria in Central Europe. We believe
that the organization has justified grounds for making such
a classification by taking the different components into con-
sideration. On the other hand, when examined in terms of
natural resources which cause air pollution, Turkey is much
more similar with Cyprus, Greece or Bulgaria rather than
Afghanistan or Jordan For example widespread forest fires
occurred in Greece in recent years, have an undeniable fact
on Turkey’s air pollution’s rate.

In this study, firstly, the mortality rates related to air
pollution declared by the countries in the last 27 years are
analyzed and multiple linear regression equations are formed
over this data. Based on the general structure of these equa-
tions Turkey’s similarity with the neighboring countries is
examined.

If the resulting increased similarity with Turkey’s neighbors,
according to the results to be ’state global air” as the organi-
zation to Turkey to remove North Africa and the Middle East
from the country list will be made references to add eastern
European countries list.

IV. DATA ANALYSIS

In the first stage, air pollution data obtained from State of
Global Air, country population and surface area information
were combined to make it more meaningful and ready for
analysis. Dataset contain population data from 1990-2017 for
other countries and Turkey, the number of people per km?
depending on the country’s surface area, the above three
different air pollution values for those years (Ozone pollution
(OP), Household Pollution (HHP), Particula Matter Pollution
(PM)) and the ratio of deaths due to these pollution to total
deaths of that year.

In addition, new features obtained from The World Bank
and CEIC websites were added to the dataset. New added fea-
tures contains, from 1990-2017 for other countries and Turkey,
the percentage growth of the industry (IG), the percentage
forest area (FA) and the number of registered motor vehicles
(MVR).

As a result, the variables used are as follows: [Country],
[Year], [Population], [Land Area (km?)], [PD], [OP (parts per
billion - ppb)], [OP_Ratio], [Household P (percentage of peo-
ple using solid fuel)], [HH_Ratio], [PM (ug/m3)], [PM_Ratio],
[FA], [IG], [MVR].

A. Covariance Analysis

Covariance analysis is a method used to determine whether
the variables in the dataset are related to each other. [15].
The covariance formula is given in Equation 1. If the value
calculated by covariance formula is positive, it means that

Shttps://www.ceicdata.com

there is a positive relationship, and if negative, it means that
there is a negative relationship.

Sy (@i — 3)(yi — §)
N -1

Independent variable: Usually indicated by x. It is the
(descriptive) variable that is not influenced by another variable,
but which is the cause or thought to affect it.

Dependent variable: Usually indicated by y. Depending on
the variable x, it is the variable that can be changed or affected.
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B. Correlation Analysis

Covariance reports the direction of the relationship between
the two variables. Correlation reports the severity of the
relationship between these variables. The correlation formula
is given in Equation 2. Correlation is the standardized state of
covariance. As a result of correlation analysis, whether there is
a linear relationship and the degree of this relationship, if any,
is calculated with the correlation coefficient. The correlation
coefficient is indicated by ’r’ and takes values between -1 and
+1. [16], [17].
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C. Significance of correlation coefficient

r2 is a statistical measure representing the variance ratio

for a dependent variable described by independent variable
or variables in a regression model. Correlation describes
the strength of the relationship between an independent and
dependent variable, while R-square explains how much of the
variance of a variable explains the variance of the second vari-
able. The effect of the independent variable on the dependent
variable as a percentage can be explained by the significance
of correlation coefficient [18].
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D. Regression Analysis

The covariance is the direction of the relationship between
the two variables, the correlation indicates the severity of the
relationship between these two variables and the regression is
the analysis of the mathematical model of this relationship.
The scatter graph is plotted in order to determine how the two
variables affect each other. Regression analysis is the study
of calculating the mathematical equation of a line or a curve
passing through the points on the scatter plot. In this way,
prediction and forecasting can be made [19]-[21].

In the regression analysis, if the linear regression model
is used, the equation which is tried to be obtained is given
in Equation 3. In this equation, Y; The dependent variable
is assumed to have a certain error. X; independent (cause)
variable is assumed to be measured without error. a; It is
constant. When X = 0, a is the value Y takes. € is the error
term.

f(x)=aX +b+e (3)



Regression models with multiple arguments are called mul-
tiple regression models. In multiple regression analysis, there
is one dependent variable and more than one independent
variable which is thought to affect this dependent variable.
When multiple regression analysis is performed with one
dependent, two independent variables, the equation sought to
be obtained is shown in Equation 4.

f(iL’) = a1X1 +a2X2 +b+€ (4)

Data sets including Turkey’s and neighboring countries’
land area and population information, together with quanti-
tative measurements of different kind of air pollutions and
number of death caused by these air pollutions are analyzed.
With Python, data are processed using pandas, numpy, matplot,
sklearn, statsmodels, scipy and seaborn libraries [22]. The
relationships between the variables listed below are examined
and significant results are obtained.

« PD (independent variable) with OP (dependent variable)

o PD (independent variable) with HHP (dependent variable)

o PD (independent variable) with PM (dependent variable)

e OP (independent variable) with OP_Ratio (dependent
variable)

« HHP (independent variable) with HHP_Ratio (dependent
variable)

e« PM (independent variable) with PM_Ratio dependent
variable)

o PD and OP (independent variables) with OP_Ratio (de-
pendent variable)

o PD and HHP (independent variables) with HHP_Ratio
(dependent variable)

o PD and PM (independent variables) with PM_Ratio (de-
pendent variable)

« FA (independent variable) with OP (dependent variable)

« FA and OP (independent variables) with OP_Ratio (de-
pendent variable)

o IG (independent variable) with OP (dependent variable)

e IG and OP (independent variables) with OP_Ratio (de-
pendent variable)

¢ IG (independent variable) with PM (dependent variable)

¢ IG and PM (independent variables) with PM_Ratio (de-
pendent variable)

« MVR (independent variable) with OP (dependent vari-
able)

¢ MVR and OP (independent variables) with OP_Ratio
(dependent variable)

¢ MVR (independent variable) with PM (dependent vari-
able)

« MVR and PM (independent variables) with PM_Ratio
(dependent variable)

E. Analysis Results

Turkey and other data from 9 countries were examined.
Firstly, independent and dependent variables were determined
by covariance analysis and the direction of the relationship
between these variables was determined. Then, the correlation

analysis between the independent variables and the dependent
variables was used to calculate the correlation coefficients.
Then, the equations of the relations were obtained by regres-
sion analysis. The obtained equations are classified based on
the continentals. Table I and Table II show the regression
analysis and obtained equations of Western Asia countries.
Table III presents the equations of Northern Africa countries,
Table IV introduces the equations of South Central Asia
countries and finally Table V shows the results of Europe
countries.

F. Interpretation of Results

The relations obtained as a result of the analyzes are
interpreted below. The aim here is to identify the countries
that results close to Turkey.

a) PD-OP Relation: Syria and Bulgaria, and Turkey
showed similar characteristics. When considering the impact
on the population density of ozone pollution it was emerged
as Bulgaria and Syria’s have results similar to Turkey.

b) PD-HHP Relation: Turkey is the country that most
closely resemble Iran. The effect of population density on solid
fuel pollution was investigated.

¢) PD-PM Relation: Syria and Georgia were shown the
similarities to Turkey.

d) OP - OP_Ratio Relation: Ozone pollution and the
proportion of people dying for this reason have been investi-
gated. When these values are examined, the countries with the
most similar characteristics with Turkey are Syria and Iran.

e) HHP - HH_Ratio Relation: The mortality rate due
to solid fuel pollution and solid fuel have been investigated.
When these values are examined, Iran has the most similar
characteristics with Turkey.

f) PM - PM_Ratio Relation: Georgia and Iran were
shown the similarities on Turkey.

g) (PD,OP) - OP_Ratio Relation: The most similarity
between Turkey and Iraq was found.

h) (PD,HHP) - HH_Ratio Relation: Cyprus and Iraq
were shown the similarities on Turkey.

i) (PD,PM) - PM_Ratio Relation: Armenia and Iran
were shown the similarities on Turkey.

V. CONCLUSION AND DISCUSSION

In this study, data on population density, air pollution rates,
number of deaths due to this pollution and their ratio to
total death of Turkey and 25 countries from 1990 to 2017
were examined. In the data analysis, air pollution types were
examined separately and similarities were tried to be found
between countries.

In the study, dataset is used to discover whether there is a
relationship between these data variables. Firstly covariance
analysis is performed to explore the existence of dependency
between the data. In case of existence of a relation, correlation
analysis is performed to figure out the direction of that relation.
Finally linear regression analysis is performed to predict future
air pollution and potential death rate due to the air pollution.
Besides the equations found after the linear regression analysis



for each country is compared to discover the similarities with
Turkey’s neighbors.

In the following studies, it is foreseen that the types of
similarity between Turkey and neighboring countries, an ap-
plication will be made to State Global Air and/or other similar
organizations to locate Turkey in a relevant European group
instead of North Africa and Middle East group. In order to
support our prediction, North African and Middle Eastern
countries on similar work performed and also, it should be
put forward affinity with Turkey.
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