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Abstract  
 
The prediction of air pollutants has become an important issue because of the increasing effects on human 
health and environmental problems. This paper intends to build up predicting model for estimating air 
pollutants concentrations through a statistical approach based on the Multiple Linear Regression method. 
The analysis contains the daily concentration values of air pollutants and climatological variables such as 
cloudiness, wind speed, precipitation, relative humidity and air temperature at the monitoring station 
located in Kırıkkale. The influence of climate elements on air pollutants was defined using the regression 
analysis method as statistically significant (significance level smaller than 5%). Among the assessed 
climatological variables, cloudiness, precipitation and relative humidity were the most frequently chosen 
variables in stepwise regression models for particulate matter whereas relative humidity and minimum air 
temperature were the most for sulphur dioxide.   
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İklimsel Değişkenlerin Partikül Madde ve Kükürt Dioksit Üzerindeki Etkisi 
 
Öz  
 
Hava kirleticilerin tahmin edilmesi, insan sağlığı üzerindeki etkilerinin artması ve çevre sorunları 
nedeniyle önemli bir konu haline gelmiştir. Bu makale, Çoklu Doğrusal Regresyon yöntemine dayalı 
istatistiksel yaklaşım yoluyla hava kirletici konsantrasyonlarını tahmin etmek için bir tahmin modeli 
oluşturmayı amaçlamaktadır. Analiz, Kırıkkale'de bulunan izleme istasyonunda hava kirleticilerin günlük 
konsantrasyon değerlerini ve bulutluluk, rüzgar hızı, yağış, bağıl nem ve hava sıcaklığı gibi iklimsel 
değişkenleri içermektedir. İklim elemanlarının hava kirleticileri üzerindeki etkisi, regresyon analizi 
yöntemi kullanılarak istatistiksel açıdan önemli olarak tanımlanmıştır (%5’ten küçük önem düzeyi). 
Değerlendirilen iklimsel değişkenler arasında, partikül madde için adımsal regresyon modellerinde en sık 
seçilen değişkenler bulutluluk, yağış ve bağıl nem olurken, kükürt dioksit için en çok bağıl nem ve 
minimum hava sıcaklığı seçilmiştir. 
 
Anahtar Kelimeler: Partikül madde, İklimsel değişkenler, Kükürt dioksit, Doğrusal regresyon modeli 
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1. INTRODUCTION 
 
Rapid industrialization, increase in energy usage 
and demand, and population growth led to 
environmental deterioration such as air pollution in 
urban areas. Air pollutant-related problems have 
attracted attention and enhanced awareness all over 
the world [1-2]. Some of the biggest effects of air 
pollutant exposure on humans are evident in urban 
settings [3]. Air pollution adversely affects human 
health and the environment [4-6]. Studies show 
that there is a connection between air pollution and 
diseases such as cancer [7] and cardiovascular 
disease [8]. The high concentrations of air 
pollutants may cause some health problems such 
as dizziness, headache and asthma. Furthermore, 
they may be concluded in a heart attack [9]. 
Therefore, many authorities recommend measuring 
and predicting air pollutants in the atmosphere. 
The prediction of pollutants in the air is made 
through some dispersion models such as Gaussian, 
and Lagrangian which need detailed information 
for the sources and the other parameters for air 
pollutants. So, it is more convenient to utilize 
statistical models that simplify the prediction of air 
pollutant concentration [10-12]. 
 
Sulfur dioxide (SO2), a kind of air pollutant, is a 
suffocating, colourless and acidic gas formed by 
the release of sulfur compounds in the natural 
structure of fuels during combustion. SO2 is 
regarded to be one of the major air pollutants 
which contributed to respiratory diseases and 
premature deaths over the World [13]. It also 
forms sulphuric acid which causes the degradation 
of ecological systems such as plants, soil, and 
water [14]. SO2 is a kind of sulphate aerosol and 
has an impact on the radiation budget by inducing 
a cooling influence [15]. SO2 is a short-lived (i.e. 
on the order of days) atmospheric element in the 
troposphere and has a high variability as temporal 
and spatial [15]. When SO2 emission diffuses into 
the troposphere, it undergoes gas, and liquid phase 
oxidation by the OH, and H2O2 molecules, 
respectively. Then it creates sulphate aerosols and 
goes inside cloud droplets [16-17].  Particulate 
matter is formed by the chemical conversion of 
gaseous emissions and their bulk formation. The 
main components of particulate matter are black 

carbon, sulfate, ammonia, nitrates, sodium 
chloride, mineral dust and water [18].  Particles 
with a diameter of 5-10 micrometres are defined as 
suspended particles. It generally contains 
homogeneous mixtures and its characteristics vary 
considerably from place to place. Particulate 
matter less than 10 micrometres in diameter are 
called PM10. Some researchers have examined the 
characteristics, dispersion, and modelling of air 
pollutants, PM10 and SO2, in recent years [19-25]. 
Climatological parameters are in interact both with 
air pollutants and with each other in the 
atmospheric environment [26-30]. The occurrence 
of physical-chemical interactions in the 
atmospheric environment influences air quality. 
Climatological conditions can obstruct or support 
the air pollutants’ dispersion in the atmosphere 
through dilution, diffusion, and deposition [31-33]. 
If the conditions such as low wind speed, 
orography, etc., obstruct the dispersion, in this 
case, there will be an increment in air pollutant 
concentration unrelated to the increment in 
emissions [34-36]. Similarly, air pollutant 
concentration is influenced by climate elements 
such as relative humidity, air temperature, wind 
speed and precipitation [37]. There have been 
many studies about the influence of climate 
variables on air pollutants i.e. particulate matter 
and sulphur dioxide [38-47]. In another research, a 
relationship was found between sulphur dioxide 
and some climate elements [48]. In general, an 
increment in wind speed provides a decrement in 
air pollutant concentration [49-50]. The results of 
these attempts have demonstrated that the 
concentration of sulphur dioxide is associated with 
wind speed, relative humidity and air temperature. 
The high value of relative humidity and low value 
of wind speed and air temperature causes the low 
concentration of sulphur dioxide. Furthermore, 
most precipitation among meteorological variables 
has effects on the concentration of particulate 
matter via reduction [51].     
 
Modelling of air pollutant data is very complex 
due to fundamental interrelationships between a 
large number of variables of different types that 
provide a complex combination of relationships. 
Purposing the facilitation of the statistical 
complication, some methods have been used to 
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model and overcome those interrelationships.  
There are many models and techniques to predict 
the concentration of air pollutants such as principle 
component analysis and principal component 
regression [52-55], feed-forward backpropagation 
method [55-56], machine learning algorithms in 
artificial intelligence technologies [57]. Also, 
multiple linear regression [52,54,59], probabilistic 
modelling [60], and the various models [61-65]. In 
addition, the researchers, Nejadkoorki and 
Baroutian [66],  and Chaloulakou et al. [67] 
operated an artificial neural network method 
whereas Chen et al. [68] used stepwise regression 
and wavelet analysis in prediction. Furthermore, 
Ramli et al. used the Bayesian Model Averaging 
method to estimate the concentration of particulate 
matter in Malaysia [46]. They used some air 
pollutants, i.e., NO2, SO2, CO, O3 and climate 
variables i.e., air temperature, wind speed and 
relative humidity. According to prediction models, 
wind speed and relative humidity were determined 
as crucial parameters. Furthermore, the multiple 
linear regression method has been operated by 
some researchers [69-70]. The estimation models 
are a significant tool because they are improved to 
minimize the error or autocorrelation in the model. 
In the present study, linear regression analysis 
which is one of the simplification methods has 
been applied to air pollutant and climate datasets. 
This method has been preferred and operated for 
many years by researchers [71-78]. Furthermore, 
there have been some studies about the 
relationship between air pollutants and climate 
variables [28-30,76-81]. 
 
The main purpose of this study is to develop 
predicting models for estimating the daily air 
pollutants such as particulate matter and sulphur 
dioxide which have interactions with 
meteorological variables in the atmospheric 
environment.  
 
2. MATERIAL AND METHOD  
 
2.1. Study Area and Data 
 
Kırıkkale Province is located between 33o 20'-34o 
25' east meridians and 39o 20'-40o 20' north 

parallels in the northern hemisphere. It is in the 
temperate climate zone at an altitude of 747 meters 
from the sea. However, the climate becomes 
continental since the area where it is located is far 
from the sea, and the daily temperature difference 
changes due to the steppe. According to 
Thornthwaite climate classification, the climate 
class of the city is D, Bı2, s, bı3 (means semi-arid, 
second-degree mesothermal, water surplus in 
winter and moderate, summer evaporation rate 
55.6%). Due to this semi-arid climate, summers 
are hot and dry and winters are cold in the 
province. Precipitation is generally in the form of 
rain and snow. The wind blows from a North-East 
direction.  
 
The province is among the provinces with air 
pollution in Turkey. The most important reason for 
this event is the use of poor-quality coal in 
domestic heating and industrial activities, wrong 
and irregular urbanization, insufficient thermal 
insulation in buildings and meteorological 
conditions. The increase in the number of vehicles 
is also a factor in the increase in pollution caused 
by exhaust emissions. Industrial activities are 
concentrated in the manufacturing industry, 
especially petro-chemistry and metal, feed and 
food industry, agricultural machinery, wood and 
furniture works, soil, and textile. 
 
The daily average air pollution data as particulate 
matter (PM10) and sulphur dioxide (SO2) measured 
in the air quality monitoring station; climate data 
as cloudiness (C), wind speed (WS), precipitation 
(P), relative humidity (H), maximum air 
temperature (Tmax), minimum air temperature 
(Tmin) measured in ground-based meteorological 
station located in central Kırıkkale were obtained 
from Ministry of Environment and Urbanisation, 
and Turkish State Meteorological Service 
respectively for 5 years period of 2012-2016.  
 
2.2. Method 
 
The Multiple Linear Regression method depends 
on one response (dependent) variable to be 
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estimated and two or more explanatory 
(independent) variables. The relationship between 
response and explanatory variables is expressed in 
the general formula shown below as (Equation 1): 
 
𝑌𝑌 = 𝑏𝑏1 + 𝑏𝑏2𝑋𝑋2 + ⋯+ 𝑏𝑏𝑝𝑝𝑋𝑋𝑝𝑝 + 𝜀𝜀            (1) 
 
where p is the number of independent variables. Y 
determines the air pollutant concentration 
(dependent variable); X1, X2, ……, Xp are climate 
variables (independent variables); b1, b2, b3, ……., bp 
define the parameters of regression. Ɛ is the 
forecasted error parameter that is provided from 
explanatory indiscriminate illustration with constant 
variance and means zero (normal distribution). To 
forecast the values of coefficient matrix b, the least 
square error parameter method is operated in 
regression analysis.   
 
Equation 1 may be rewritten in matrix form shown in 
Equation 2: 
 
𝑌𝑌 = 𝑋𝑋𝑏𝑏 + 𝜀𝜀               (2) 
 
where n is the number of observations, Y is a 
matrix in n x 1,  X is a matrix in n x p, b is a p x 1 
matrix and 𝜀𝜀 is a matrix in n x 1 size. At the end of 
the least square method, the result is provided as 
the parameters of matrix b through b = (XTX)-

1(XTY) where XT denotes the transpose of matrix 
X. Furthermore, the t-test and F test are utilized to 
find out the significance grades of the coefficient 
parameters. After operating the regression 
analysis, the forecasting models are built in a 
confidence interval of 95% (statistically significant 
value).  
 
To evaluate the performance of the predicted models, 
some statistical measures are used in the analysis. 
One of the commonly used criteria is the multiple 
determination coefficient (R2) which describes the 
percentage of variance in the dependent variable 
expressed through the prediction models. It is defined 
as the square of the correlation coefficient (R). A 
correlation coefficient is a measure between the 

measured and estimated values. It changes between 0 
(denotes no correlation) and 1 (-1 means perfect 
negative correlation whereas +1 is a perfect positive 
correlation). The R-value is calculated with the 
following formula [26,82]: 
 

𝑅𝑅 =
(𝐶𝐶𝑜𝑜−𝐶𝐶𝑜𝑜����)�𝐶𝐶𝑝𝑝−𝐶𝐶𝑝𝑝�����

𝜎𝜎𝐶𝐶𝑝𝑝𝜎𝜎𝐶𝐶𝑜𝑜

�����������������
             (3) 

 
where 𝐶𝐶𝑜𝑜 define the observed values, 𝐶𝐶𝑝𝑝 identifies 
the estimated values, 𝐶𝐶𝑜𝑜��� and 𝐶𝐶𝑝𝑝��� denote the mean 
values of the datasets, 𝜎𝜎𝐶𝐶𝑝𝑝  and 𝜎𝜎𝐶𝐶𝑜𝑜  are the standard 
deviations of the predicted and observed datasets. 
 
Standard Error of Estimation (SEE) is defined as 
the quantity of the difference between the 
predicted and observed values. The value of SEE 
should be as small as possible or close to zero (0 is 
ideal) and is computed by the formula shown 
below:  
 

𝑆𝑆𝑆𝑆𝑆𝑆 = �∑(𝐶𝐶𝑜𝑜−𝐶𝐶𝑝𝑝)2

𝑛𝑛−2
            (4) 

 
where n is the number of observations. 
 
3. RESULTS AND DISCUSSION  
 
3.1. The Results of Regression Analysis for 

PM10 and SO2 with Climate Variables 
 
Daily mean values of air pollutant concentrations 
and climatological variables were analyzed from 
2012-2016. The data for all months of the year i.e. 
January (JAN) to December (DEC) have been used 
to establish the mathematical expressions in 
predicting the particulate matter and sulphur 
dioxide through climate elements as shown in 
Table 1 and Table 2 respectively. Additionally, the 
performance indices, i.e. R, R2, SEE and 
significance findings (statistically significance 
level which is lower than 5%) have been presented 
in the tables. 
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Table 1. Regression models for PM10 with climate variables 
Period Mathematical expression Significance R R2 SEE 
JAN -40.451+18.984*C-0.723*P 0.026 0.839 0.704 10.685 
FEB 71.434+3.133*Tmin 0.035 0.586 0.343 17.532 
MAR 28.901+29.769*WS 0.036 0.455 0.207 25.330 
APR 88.976-17.888*C+0.343*P 0.011 0.851 0.724 11.659 
MAY 87.317-18.052*C 0.023 0.705 0.497 14.680 
JUN -28.796+5.326*Tmin 0.030 0.625 0.390 14.041 
JUL 110.639-1.899*H 0.005 0.773 0.598 11.238 
AUG 46.408-16.487*C 0.038 0.600 0.360 16.548 
SEP 159.046-2.512*H 0.003 0.837 0.701 11.412 
OCT 13.605+0.418*P 0.040 0.582 0.339 21.257 
NOV 174.138-28.665*C 0.047 0.713 0.508 38.280 
DEC 109.211-30.822*WS 0.031 0.507 0.257 23.292 

 
According to Table 1, the concentration of 
particulate matter was generally defined by a 
single parameter except for January and April. In 
both months, cloudiness and precipitation affected 
the particulate matter together explaining its 
variance nearly in the same grade as 70.4% and 
72.4%. The lowest value of the multiple 
determination coefficient and the correlation 
coefficient was obtained in March for wind speed 
than in December while the highest value was in 
April for cloudiness and precipitation than in 
January. Tmax was not selected as an important 
parameter in the regression model by the stepwise 

regression method to forecast PM10. Particulate 
matter is related to low precipitation in JAN, high 
minimum air temperature in FEB, high wind speed 
in MAR, low cloudiness and high precipitation in 
APR. Also, low cloudiness in MAY, high 
minimum air temperature in JUN, low relative 
humidity in JUL, low cloudiness in AUG, low 
relative humidity in SEP, high precipitation in 
OCT, low cloudiness in NOV, and low wind speed 
in DEC. In a similar study, relative humidity and 
wind speed were found as important parameters 
affecting particulate matter concentration [50].  

 
Table 2. Regression models for SO2 with climate variables 
Period Mathematical expression Significance R R2 SEE 

JAN 43.481+19.077*C-1.252*P 0.047 0.771 0.594 18.289 
FEB 123.808-0.83*P 0.029 0.653 0.427 26.732 
MAR 53.266-4.069*Tmin 0.025 0.444 0.197 21.450 
APR -18.795+12.781*C 0.041 0.600 0.36 14.023 
MAY -111.850+48.011*Tmin-1.830*P 0.009 0.833 0.694 58.440 
JUN 284.919-25.783*Tmin 0.004 0.768 0.589 45.413 
JUL -356.755-34.597*Tmin+23.451*Tmax 0.017 0.799 0.638 50.143 
AUG 148.643-8.808.Tmin 0.010 0.795 0.632 17.174 
SEP -173.657+3.801*H 0.013 0.717 0.515 26.447 
OCT -257.248-51.853*C+5.025*H+86.801*WS 0.042 0.788 0.622 30.841 
NOV 548.775-6.771*H-9.216*Tmin 0.004 0.943 0.890 18.250 
DEC 826.348-9.154*H 0.0003 0.946 0.896 20.413 

 
All variables have been obtained as effective 
regressors in predicting SO2. In JAN, MAY, JUL, 
OCT and NOV, the concentration of sulphur 
dioxide was determined by two climate variables, 

while in the rest months one variable i.e. 
precipitation, minimum air temperature, cloudiness 
and relative humidity. The value of the 
determination coefficient varied from 0.197 to 
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0.896 which means weak to a high level. Relative 
humidity and minimum air temperature provided 
better results in models than the other variables. 
Sulphur dioxide is associated with high cloudiness 
and low precipitation in JAN, low precipitation in 
FEB, low minimum air temperature in MAR, and 
high cloudiness in APR. Also, high minimum air 
temperature and low precipitation in MAY, a low 
minimum air temperature in JUN, a low minimum 
air temperature and high maximum air temperature 
in JUL, and a low minimum air temperature in 
AUG. Also, high relative humidity in SEP, low 
cloudiness, high relative humidity and wind speed 
in OCT, low relative humidity and minimum air 
temperature in NOV and low relative humidity in 
DEC. In some studies, the air temperature was 
obtained as a significant variable impacting 
sulphur dioxide concentration [41-42,44]. In 
another study, the coefficient of regression 
between sulphur dioxide and the temperature was 

obtained as 73% [77]. Additionally, there has been 
a relation between sulphur dioxide and low wind 
speed in high grade while relative humidity in low 
grade [43]. Cuhadaroglu and Demirci [38] found a 
relationship between air pollutants, such as 
particulate matter and sulphur dioxide, and climate 
variables i.e. relative humidity, wind speed and air 
temperature in weak and moderate levels. Similar 
results were obtained in another study [40]. 
 

3.2. The Results of Regression Analysis for 
PM10 With SO2 

 
Air pollutants are related to each other. To 
determine the relationships between particulate 
matter and sulphur dioxide, four regression 
methods i.e. linear, logarithmic, quadratic and 
cubic have been operated on pollutant data via the 
SPSS package program.  

 
Table 3. Regression models for PM10 related to SO2 for JAN-JUN 
Period Model Mathematical expression R R2 SEE 

JAN 

Linear -7.023+0.531*SO2 0.566 0.321 24.147 
Logarithmic -232.614+60.806*ln(SO2) 0.557 0.310 24.334 
Quadratic 6.007+0.310* SO2+0.001**[SO2]2 0.567 0.322 25.298 

Cubic -240.028+6.822* SO2-0.053**[SO2]2+0.000143*[SO2]3 0.597 0.356 25.987 

FEB 

Linear 58.539-0.125*SO2 0.177 0.031 24.060 
Logarithmic 106.192-13.292*ln(SO2) 0.247 0.061 23.687 
Quadratic 86.213-0.772* SO2+0.003**[SO2]2 0.315 0.099 24.234 

Cubic 54.824+0.618* SO2-0.013**[SO2]2+0.000056**[SO2]3 0.340 0.116 25.178 

MAR 

Linear  65.076-0.373* SO2 0.354 0.125 25.38 
Logarithmic  171.169-31.489*ln(SO2) 0.431 0.185 24.493 
Quadratic  176.683-3.667* SO2+0.022**[SO2]2 0.601 0.361 22.573 

Cubic  319.735-10.072*SO2+0.11*[SO2]2-0.000379*[SO2]3 0.627 0.393 22.984 

APR 

Linear  31.836-0.213* SO2 0.269 0.073 17.412 
Logarithmic 78.357-15.142*ln(SO2)  0.404 0.163 16.538 
Quadratic 69.904-1.875* SO2+0.015**[SO2]2 0.534 0.285 16.032 

Cubic 207.066-11.212* SO2+0.199**[SO2]2-0.001*[SO2]3 0.789 0.623 12.275 

MAY 

Linear  19.439-0.028*SO2 0.139 0.019 17.692 
Logarithmic 46.692-8.605*ln(SO2)  0.456 0.208 15.899 
Quadratic 40.535-0.949*SO2+0.003*[SO2]2  0.550 0.302 15.653 

Cubic 40.535-0.949*SO2+0.003*[SO2]2  0.550 0.302 15.653 

JUN 

Linear 22.979-0.105*SO2 0.409 0.168 14.827 
Logarithmic  57.551-11.613*ln(SO2) 0.771 0.594 10.348 
Quadratic  35.040-0.585*SO2+0.002*[SO2]2  0.674 0.455 12.487 

Cubic  49.701-1.553*SO2+0.015*[SO2]2-0.00003668*[SO2]3 0.834 0.695 9.760 
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Table 4. Regression models for PM10 related to SO2 for JUL-DEC 
Period Model Mathematical Expression R R2 SEE 

JUL 

Linear 21.999-0.084*SO2 0.401 0.161 14.884 
Logarithmic  51.388-10.055*ln(SO2) 0.793 0.629 9.898 
Quadratic  33.521-0.545*SO2+0.002*[SO2]2  0.698 0.487 12.157 

Cubic  43.649-1.186*SO2+0.009*[SO2]2-0.000019*[SO2]3 0.839 0.703 9.699 

AUG 

Linear 33.092-0.450*SO2 0.518 0.268 18.642 
Logarithmic  79.930-19.176*ln(SO2) 0.805 0.648 12.924 
Quadratic  67.506-2.716*SO2+0.025*[SO2]2  0.856 0.733 11.809 

Cubic 87.532-5.769*SO2+0.128*[SO2]2-0.00084*[SO2]3 0.935 0.874 8.560 

SEP 

Linear 24.776-0.215*SO2 0.408 0.166 16.034 
Logarithmic  62.170-13.470*ln(SO2) 0.635 0.403 13.571 
Quadratic  44.809-1.313*SO2+0.009*[SO2]2  0.637 0.406 14.132 

Cubic  72.209-3.838*SO2+0.066*[SO2]2-0.0003369*[SO2]3 0.794 0.631 11.690 

OCT 

Linear 44.039-0.319*SO2 0.480 0.231 22.727 
Logarithmic  122.974-25.868*ln(SO2) 0.747 0.558 17.230 
Quadratic  75.451-1.462*SO2+0.007*[SO2]2  0.727 0.528 18.530 

Cubic  138.360-6.528*SO2+0.099*[SO2]2 -0.000388*[SO2]3 0.919 0.844 11.120 

NOV 

Linear 116.864-0.586*SO2 0.600 0.360 37.155 
Logarithmic  279.246-49.462*ln(SO2) 0.646 0.418 35.421 
Quadratic  153.505-1.558*SO2+0.005*[SO2]2  0.648 0.420 37.074 

Cubic  176.994-2.569*SO2+0.017*[SO2]2-0.0000385*[SO2]3 0.652 0.425 38.923 

DEC 

Linear 59.422-0.011*SO2 0.025 0.001 26.400 
Logarithmic  79.388-4.730*ln(SO2) 0.111 0.012 26.245 
Quadratic  78.313-0.387*SO2+0.001*[SO2]2  0.251 0.063 26.610 

Cubic  97.908-1.110*SO2+0.008*[SO2]2-0.0000173*[SO2]3 0.291 0.085 27.465 
 
In all models for Tables 3 and 4, the cubic 
prediction models are more successful than the 
others. The lowest correlation coefficient and 
multiple determination coefficient have been 
observed in December, then in February. 
 
In general, the high levels of particulate matter and 
sulphur dioxide are related to the low levels of 
wind speed and air temperature, and high levels of 
relative humidity [83]. Anyway, these relations 
could change for different periods and also 
locations with various effective parameters such as 
other meteorological conditions, topography, 
inversion, and street canyons. 
 
4. CONCLUSION 
 
This research demonstrates that daily mean 
concentration values of particulate matter and 
sulphur dioxide could be estimated using 
climatological parameters. The estimated models 
have been established as statistically significant 
through the stepwise regression method which 

allowed the most crucial climate parameters to be 
included in the models. These models indicate that 
cloudiness, precipitation and relative humidity are 
the most frequently elected variables in models to 
estimate particulate matter while relative humidity 
and minimum air temperature are the most for 
sulphur dioxide. Furthermore, the computed values 
of the correlation coefficient and multiple 
determination coefficient for the judgement of 
model performance indicate that the established 
models are commonly in acceptable weak, 
moderate and high grades. The highest level of 
model performance has been obtained in April 
with parameters cloudiness and precipitation for 
particulate matter whereas in December with a 
parameter relative humidity for sulphur dioxide. 
 
Air pollutant data were modelled with climate 
variables using the multiple linear regression 
method. Moreover, to reveal the relationships 
between particulate matter and sulphur dioxide, 
various regression methods, such as linear, 
logarithmic, quadratic and cubic were applied to 
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the air pollution dataset. As the result of that 
analysis, among all methods, the cubic estimated 
models which have bigger determination 
coefficients were much more successful than the 
rest models for air pollutants.   
 
The usage of poor-quality coal that contains high 
sulphur and ash, population growth, and traffic 
density contribute to air pollution in Kırıkkale. 
Additionally, the topography of the province, the 
settlements of the building block the wind and also 
the turbulence created by the blowing wind in the 
city cause the pollutants not to be dispersed and 
remained in the environment. 
 
Since the concentrations of air pollution 
parameters are commonly significantly associated 
with climatological variables, the findings from the 
present research could ensure some beneficial 
information for studies on air pollution 
management and planning. 
 
5. REFERENCES 
 
1. Aas, W., Mortier, A., Bowersox, V., Cherian, 

R., Faluvegi, G., Fagerli, H., Hand, J., Klimont, 
Z., Galy-Lacaux, C., Lehmann, C.M.B., 
Myhre, C.L., Myhre, G., Olivié, D., Sato, K., 
Quaas, J., Rao, P.S.P., Schulz, M., Shindell, D., 
Skeie, R.B., Stein, A., Takemura, T., Tsyro, S., 
Vet, R., Xu, X., 2019. Global and Regional 
Trends of Atmospheric Sulfur. Sci. Rep.,      
9(1), 1-11, https://doi.org/10.1038/s41598-018-
37304-0. 

2. Theys, N., Hedelt, P., De Smedt, I., Lerot, C., 
Yu, H., Vlietinck, J., Pedergnana, M., Arellano, 
S., Galle, B., Fernandez, D., Carlito, C.J.M., 
Barrington, C., Taisne, B., Delgado-Granados, 
H., Loyola, D., Van Roozendael, M., 2019. 
Global Monitoring of Volcanic SO2 Degassing 
with Unprecedented Resolution From 
TROPOMI Onboard Sentinel-5 Precursor. Sci. 
Rep., 9, 2643, https://doi.org/10.1038/s41598-
019-39279-y. 

3. Baklanov, A., Molina, L.T., Gauss, M., 2016. 
Megacities, Air Quality and Climate. 
Atmospheric Environment, 126, 235–249. 
https://doi.org/10.1016/j.atmosenv.2015.11.059. 

4. Chen, R., Huang, W., Wong, C.M., Wang, Z., 
Thach, T.Q., Chen, B., Kan, H., 2012. Short-
Term Exposure to Sulfur Dioxide and Daily 
Mortality in 17 Chinese Cities: The China Air 
Pollution and Health Effects Study (CAPES). 
Environmental Research, 118, 101-106. 

5. Fischer, P.H., Marra, M., Ameling, C.B., 
Janssen, N., Cassee, F.R., 2011. Trends in 
Relative Risk Estimates for the Association 
Between Air Pollution and Mortality, 1992-
2006. Environmental Research, 111(1), 94-100. 

6. Deryugina, T., Heutel, G., Miller, N.H., 
Molitor, D., Reif, J., 2019. The Mortality and 
Medical Costs of Air Pollution: Evidence from 
Changes in Wind Direction. Am. Econ. Rev., 
109, 4178-4219. 

7. Nascimento, A., SantosI, M., Mill, J., Bottoni, 
J., Costa, N., Anselmo, V., 2017. Association 
Between the Concentration of Fine Particles in 
the Atmosphere and Acute Respiratory 
Diseases in Children. Revista de Saúde 
Pública, 51, 1-10. 

8. Saunders, R., Waught, D., 2015. Variability 
and Potential Sources of Summer PM2.5 in the 
Northeastern United States. Atmospheric 
Environment, 117, 259-270. 

9. Künzli, N., Kaiser, R., Medina, S., Studnicka, 
M., Chanel, O., Filliger, P., Herry, M., Horak 
Jr, F., Puybonnieux-Texier, V., Quenel, P., 
Schneider, J., Seethaler, R., Vergnaud, J.C., 
Sommer, H., 2000. Public-Health Impact of 
Outdoor and Traffic-Related Air Pollution: A 
European Assessment. Lancet, 356(9232),    
795-801. 

10. Finzi, G., Tebaldi, G., 1982. A Mathematical 
Model for Air Pollution Forecast and Alarm in 
an Urban Area. Atmospheric Environment, 16, 
2055-2059. 

11. Ziomass, I.C., Melas, D., Zerefos, C.S., Bais, 
A.F., Paliatsos, A.G., 1995. Forecasting Peak 
Pollutant Levels From Meteorological 
Variables. Atmospheric Environment, 29(24), 
3703-3711. 

12. Polydoras, G.N., Anagnostopoulos, J.S., 
Bergeles, G., 1998. Air Quality Predictions: 
Dispersion Model vs Box-Jenkins Stochastic 
Models. An Implementation and Comparison 
for Athens, Greece. Applied Thermal 
Engineering, 18, 1037-1048. 



Mine Tülin ZATEROĞLU 

Ç.Ü. Müh. Fak. Dergisi, 38(1), Mart 2023 21 

13. Orellano, P., Reynoso, J., Quaranta, N., 2021. 
Short-Term Exposure to Sulphur Dioxide (SO2) 
and All-Cause and Respiratory Mortality: A 
Systematic Review and Meta-Analysis. 
Environ. Int., 150, Article 106434, 
https://doi.org/10.1016/j.envint.2021.106434. 

14. Grennfelt, P., Engleryd, A., Forsius, M., Hov, 
Ø., Rodhe, H., Cowling, E., 2020. Acid Rain 
and Air Pollution: 50 Years of Progress in 
Environmental Science and Policy. Ambio, 49 
(4), 849-864, https://doi.org/10.1007/s13280-
019-01244-4.  

15. Szopa, S., Naik, V., Adhikary, B., Artaxo, P., 
Berntsen, T., Collins, W.D., Fuzzi, S., 
Gallardo, L., Kiendler-Scharr, A., Klimont, Z., 
Liao, H., Unger, N., Zanis, P., 2021. Short-
Lived Climate Forcers. In Climate Change 
2021: The Physical Science Basis.Contribution 
of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on 
Climate Change [Masson-Delmotte, V.P., Zhai, 
A., Pirani, S.L., Connors, C., Péan, S., Berger, 
N., Caud, Y., Chen, L., Goldfarb, M.I., Gomis, 
M., Huang, K., Leitzell, E., Lonnoy, J.B.R., 
Matthews, T.K., Maycock, T., Waterfield, O., 
Yelekçi, R., Yu, and B., Zhou, (eds.)]. 
Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA, 
817–922, https://doi.org/10.1017/9781009157 
896.008.  

16. Jacob, D.J., 2021. Introduction to Atmospheric 
Chemistry: Supplemental Questions and 
Problems (eleventh ed.), Harvard University. 
https://projects.iq.harvard.edu/files/acmg/files/
edu_jacob_atmchem_problems_jan_2021.pdf 

17. Von Schneidemesser, E., Monks, P.S., Allan, 
J.D., Bruhwiler, L., Forster, P., Fowler, D., 
Lauer, A., Morgan, W.T., Paasonen, P., Righi, 
M., Sindelarova, K., Sutton, M.A., 2015. 
Chemistry and The Linkages Between Air 
Quality and Climate Change. Chem. Rev., 
115(10), 3856-3897, https://doi.org/10.1021 
/acs.chemrev.5b00089.  

18. WHO, “Ambient (Outdoor) Air Pollution,” 
WHO, Geneva, 2018. 

19. Barnaba, F., Romero, N.A., Bolignano, A., 
Basart, S., Renzi, M., Stafoggia, M., 2022. 
Multiannual Assessment of the Desert Dust 
Impact on Air Quality in Italy Combining 

PM10 Data with Physics-Based and 
Geostatistical Models. Environment 
International, 163, 107204. 

20. Sharma, E., Deo, R.C., Soar, J., Prasad, R., 
Parisi, A.V., Raj, N., 2022. Novel Hybrid Deep 
Learning Model for Satellite Based PM10 
Forecasting in the Most Polluted Australian 
Hotspots. Atmospheric Environment, 279, 
119111. 

21. Sánchez-Ccoyllo, O.R., Ordoñez-Aquino, 
C.G., Muñoz, A.G., Llacza, A., Andrade, M.F., 
Liu, Y., Reategui-Romero, W., Brasseur, G., 
2018. Modeling Study of the Particulate Matter 
in Lima with the WRF-Chem Model: Case 
Study of April 2016. International Journal of 
Applied Engineering Research: IJAER, 13(11), 
10129-10141.  

22. Feng, X., Zhang, X., Wang J., 2023. Update of 
SO2 Emission Inventory in the Megacity of 
Chongqing, China by Inverse Modeling. 
Atmospheric Environment, 294, 119519. 
https://doi.org/10.1016/j.atmosenv.2022.119519. 

23. Ju, T., Lei, M., Guo, G., Xi, J., Zhang, Y., Xu, 
Y., Lou, Q., 2022. A New Prediction Method 
of Industrial Atmospheric Pollutant Emission 
Intensity Based on Pollutant Emission Standard 
Quantification. Frontiers of Environmental 
Science & Engineering, 17, Article number: 8.  

24. Jeong, G.-R., Baker, B., Campbell, P.C., 
Saylor, R., Pan, L., Bhattacharjee, P.S., Smith, 
S.J., Tong, D., Tang, Y., 2023. Updating and 
Evaluating Anthropogenic Emissions for 
NOAA’s Global Ensemble Forecast Systems 
for Aerosols (GEFS-Aerosols): Application of 
An SO2 Bias-Scaling Method. Atmosphere, 14(2), 
234. https://doi.org/10.3390/atmos14020234. 

25. Opio, R., Mugume, I., Nakatumba-Nabende, J., 
Mbogga, M., 2023. Modeling The Atmospheric 
Dispersion of SO2 from Mount 
Nyiragongo. Journal of African Earth 
Sciences, 197, 104771.  

26. Zateroglu, M.T., 2021a. Evaluating the 
Sunshine Duration Characteristics in 
Association with Other Climate Variables. 
European Journal of Science and Technology, 
Special Issue 29, 200-207, https://doi.org/ 
10.31590/ejosat.1022639. 

27. Zateroglu, M.T., 2021b. Statistical Models for 
Sunshine Duration Related to Precipitation and 



The Influence of Climatological Variables on Particulate Matter and Sulphur Dioxide 

22 Ç.Ü. Müh. Fak. Dergisi, 38(1), Mart 2023 

Relative Humidity. European Journal of 
Science and Technology, Special Issue 29,   
208-213. https://doi.org/10.31590/ejosat.1022962. 

28. Zateroglu, M.T., 2021c. Assessment of the 
Effects of Air Pollution Parameters on 
Sunshine Duration in Six Cities in Turkey. 
Fresenius Environmental Bulletin, 30(02A), 
2251-2269. 

29. Zateroglu, M.T., 2021d. The Role of Climate 
Factors on Air Pollutants (PM10 and SO2). 
Fresenius Environmental Bulletin, 30(11), 
12029-12036. 

30. Zateroglu, M.T., 2022. Modelling the Air 
Quality Index for Bolu, Turkey. Carpathian 
Journal of Earth and Environmental Sciences, 
17(1), 119-130. https://doi.org/10.26471/cjees/ 
2022/017/206. 

31. Wang, J., Ogawa, S., 2015. Effects of 
Meteorological Conditions on PM2.5 
Concentrations in Nagasaki, Japan. 
International Journal of Environmental 
Research and Public Health, 12, 9089-9101.  

32. Pohjola, M., Kousa, A., Kukkonen, J. 
Härkönen, J., Karppinen, A., Aarnio, P., 
Koskentalo, T., 2002. The Spatial and 
Temporal Variation of Measured Urban PM10 
and PM2.5 in the Helsinki Metropolitan. 
Water, Air and Soil Pollution, 2, 189–201. 

33. Tai, A., Loretta, J., Daniel, J., 2010. 
Correlations Between Fine Particulate Matter 
(PM2.5) and Meteorological Variables in the 
United States: Implications for the Sensitivity 
of PM2.5 to Climate Change. Atmospheric 
Environment, 44, 3976–3984. 

34. Radaideh, J., 2017. Effect of Meteorological 
Variables on Air Pollutants Variation in Arid 
Climates. Journal of Environmental & 
Analytical Toxicology, 7, 1-12. 

35. Gorai, A., Tuluri, F., Tchounwou, P., 
Ambinakudige, S., 2015. Influence of Local 
Meteorology and NO2 Conditions on Ground-
Level Ozone Concentrations in the Eastern Part 
of Texas, USA. Air Quality, Atmosphere and 
Health, 8, 81-96.  

36. Shouquan, C., Campbell, M., Li, Q., Li, G., 
Auld, H., Day, N., Pengelly, D., Gingrich, S., 
Yap, D., 2007. A Synoptic Climatological 
Approach to Assess Climatic Impact on Air 
Quality in South-Central Canada. Part II: 

Future Estimates. Water, Air, and Soil 
Pollution, 182, 117-130. 

37. Camalier, L., Cox, W., Dolwick, P., 2007. The 
Effect of Meteorology on Ozone in Urban 
Areas and Their Use in Assessing Ozone 
Trends. Atmospheric Environment, 41,     
7127-7137. 

38. Cuhadaroglu, B., Demirci, E., 1997. Influence 
of Some Meteorological Factors on Air 
Pollution in Trabzon City. Energy and 
Building, 25, 179-184. 

39. Akpinar, E.K., Öztop, H.F., 2008. Evaluation 
of Relationship Between Meteorological 
Parameters and Air Pollutant Concentrations 
During the Winter Season in Elaziğ, Turkey. 
Environmental Monitoring and Assessment, 
146, 211-224. 

40. Akpinar, E.K., Akpinar S., Öztop, H.F., 2009. 
Statistical Analysis of Meteorological Factors 
and Air Pollution at Winter Months in Elaziğ, 
Turkey. Journal of Urban and Environmental 
Engineering, 3(1), 7-16. 

41. Luvsan, M.E., Shie, R.H., Purevdorj, T., 
Badarch, L., Baldorj, B., Chan, C.C., 2012. The 
Influence of Emission Sources and 
Meteorological Conditions on SO2 Pollution in 
Mongolia. Atmospheric Environment, 61,    
542-549. 

42. Çelik, M.B., Kadi, İ., 2007. The Relation 
Between Meteorological Factors and Pollutants 
Concentrations in Karabük City. G.U. Journal 
of Science, 20(4), 87-95. 

43. Turalioglu, F.S., Nuhoglu, A., Bayraktar, H., 
2005. Impacts of Some Meteorological 
Parameters on SO2 and TSP Concentrations in 
Erzurum, Turkey. Chemosphere, 59, 1633-1642. 

44. Banerjee, T., Singh, S.B., Srivastava, R.K., 
2011. Development and Performance 
Evaluation of Statistical Models Correlating 
Air Pollutants and Meteorological Variables at 
Pantnagar, India. Atmospheric Research, 99, 
505-517. 

45. Jegathesan, A. , Lokupitiya, E., Premasiri, S. 
2022. Trends of Air Pollutants in Colombo 
City and Relationship with Meteorological 
Variables. International Journal of 
Environmental Pollution and Environmental 
Modelling, 5(2), 93-98. Retrieved from 



Mine Tülin ZATEROĞLU 

Ç.Ü. Müh. Fak. Dergisi, 38(1), Mart 2023 23 

https://dergipark.org.tr/en/pub/ijepem/issue/711
52/1102902. 

46. Ramli, N., Abdul Hamid, H., Yahaya, A.S., Ul-
Saufie, A.Z., Mohamed Noor, N., Abu Seman, 
N.A., Kamarudzaman, A.N., Deák, G., 2023. 
Performance of Bayesian Model Averaging 
(BMA) for Short-Term Prediction of 
PM10 Concentration in the Peninsular 
Malaysia. Atmosphere, 14, 311. https://doi.org/ 
10.3390/atmos14020311. 

47. Bose, A., Roy Chowdhury, I., 2023. 
Investigating the Association Between Air 
Pollutants’ Concentration and Meteorological 
Parameters in A Rapidly Growing Urban 
Center of West Bengal, India: A Statistical 
Modeling-Based Approach. Model. Earth Syst. 
Environ. https://doi.org/10.1007/s40808-022-
01670-6. 

48. Bridgman, H.A., Davies, T.D., Jickells, T., 
Hunova, I., Tovey, K., Bridges, K., Surapipith, 
V., 2002. Air Pollution in the Krusne Hory 
Region, Czech Republic During the 1990s. 
Atmospheric Environment, 36, 3375-3389. 

49. Pearce, J.L., Beringer, J., Nicholls, N., 
Hyndman, R.J., Tapper, N.J., 2011. 
Quantifying the Influence of Local 
Meteorology on Air Quality Using Generalized 
Addictive Models. Atmospheric Environment, 
45, 1328-1336. 

50. Giri, D., Kirishna Murthy, V., Adhikary, P,R., 
2008. The Influence of Meteorological 
Conditions on PM10 Concentrations in 
Katmandu Valley. International Journal of 
Environmental Resources, 2(1), 49-60. 

51. Czarnecka, M., Kalbarczyk, R., Kalbarczyk, E., 
2007. Variability in Particulate Matter 
Concentration Versus Precipitation in 
Pomerania Region. Polish Journal of Natural 
Science, 22(4), 645-659. 

52. Abdullah, S., Ismail, M., Fong, S.Y., 
Mahfoodh, A., Ahmed, A.N., 2016. Evaluation 
for Long Term PM10 Concentration 
Forecasting Using Multi Linear Regression 
(MLR) and Principal Component Regression 
(PCR) Models. Environ. Asia, 9, 101–110. 

53. Dominick, D., Juahir, H., Latif, M.T., Zain, 
S.M., Aris, A.Z., 2012. Spatial Assessment of 
Air Quality Patterns in Malaysia Using 

Multivariate Analysis. Atmos. Environ., 60, 
172–181. 

54. Fong, S.Y., Abdullah, S., Ismail, M., 2018. 
Forecasting of Particulate Matter (PM10) 
Concentration Based on Gaseous Pollutants 
and Meteorological Factors for Different 
Monsoons of Urban Coastal Area in 
Terengganu. J. Sustain. Sci. Manag. Spec. 
Issue Number, 5, 3–18.  

55. Ul-Saufie, A.Z., Yahaya, A.S., Ramli, N.A., 
Rosaida, N., Hamid, H.A., 2013. Future Daily 
PM10 Concentrations Prediction by Combining 
Regression Models and Feedforward 
Backpropagation Models with Principle 
Component Analysis (PCA). Atmos. Environ., 
77, 621–630.  

56. Ul-Saufie, A.Z., Yahaya, A.S., Ramli, N.A., 
Hamid, H.A., 2015. PM10 Concentrations 
Short Term Prediction Using Feedforward 
Backpropagation and General Regression 
Neural Network in a Sub-Urban Area. J. 
Environ. Sci. Technol., 8, 59–73. 

57. Kumar, K., Pande, B.P., 2022. Air Pollution 
Prediction with Machine Learning: A Case 
Study of Indian Cities. Int. J. Environ. Sci. 
Technol., 1–16. 

58. Tan, C., Chen, Q., Qi, D., Xu, L., Wang, J.A., 
2022. Case Analysis of Dust Weather and 
Prediction of PM10 Concentration Based on 
Machine Learning at the Tibetan 
Plateau. Atmosphere, 13, 897. https://doi.org/ 
10.3390/atmos13060897. 

59. Abdullah, S., Ismail, M., Ahmed, A.N., 
Abdullah, A.M., 2019. Forecasting Particulate 
Matter Concentration Using Linear and Non-
Linear Approaches for Air Quality Decision 
Support. Atmosphere, 10, 667. 

60. Hamid, H.A., 2013. Probabilistic and 
Distribution Modelling for Predicting PM10 
Concentration in Malaysia; Universiti Sains 
Malaysia: George Town, Malaysia.  

61. Suleiman, A., Tight, M.R., Quinn, A.D., 2016. 
Hybrid Neural Networks and Boosted 
Regression Tree Models for Predicting 
Roadside Particulate Matter. Environ. Model. 
Assess., 21, 731–750.  

62. Qin, S., Liu, F., Wang, J., Sun, B., 2014. 
Analysis and Forecasting of the Particulate 
Matter (PM) Concentration Levels over Four 



The Influence of Climatological Variables on Particulate Matter and Sulphur Dioxide 

24 Ç.Ü. Müh. Fak. Dergisi, 38(1), Mart 2023 

Major Cities of China Using Hybrid Models. 
Atmos. Environ., 98, 665–675. 

63. Chen, J., Yuan, C., Dong, S., Feng, J., Wang, 
H., 2023. A Novel Spatiotemporal Multigraph 
Convolutional Network for Air Pollution 
Prediction. Applied Intelligence, 1-14.  

64. Choi, H.S., Song, K., Kang, M., Kim, Y., Lee, 
K.K., Choi, H., 2022. Deep Learning 
Algorithms for Prediction of PM10 Dynamics 
in Urban and Rural Areas of Korea. Earth 
Science Informatics, 15(2), 845-853.  

65. Shaziayani, W.N., Ahmat, H., Razak, T.R., 
Zainan Abidin, A.W., Warris, S.N., Asmat, A., 
Noor, N.M., Ul-Saufie, A.Z., 2022. A Novel 
Hybrid Model Combining the Support Vector 
Machine (SVM) and Boosted Regression Trees 
(BRT) Technique in Predicting 
PM10 Concentration. Atmosphere, 13, 2046. 

66. Nejadkoorki, F., Baroutian S., 2012. 
Forecasting Extreme PM10 Concentrations 
Using Artificial Neural Networks. Int. J. 
Environ. Res. 6(1), 277–284. 

67. Chaloulakou, A., Grivas, G., Spyrellis, N., 
2003. Neural Network and Multiple Regression 
Models for PM10 Prediction in Athens: A 
Comparative Assessment. J Air Waste Manage 
Assoc., 53(10),1183–1190. 

68. Chen, Y., Shi, R., Shu, S., Gao, W., 2013. 
Ensemble and Enhanced PM10 Concentration 
Forecast Model Based on Stepwise Regression 
and Wavelet Analysis. Atmos Environ 74, 
346–359. 

69. Zaman, N.A.F.K., Kanniah, K.D., Kaskaoutis, 
D.G., 2017. Estimating Particulate Matter 
Using Satellite Based Aerosol Optical Depth 
and Meteorological Variables in Malaysia. 
Atmos. Res., 193, 142-162. https://doi.org/ 
10.1016/j.atmosres.2017.04.019. 

70. Lin, C.-Y., Chiang, M.-L., Lin, C.-Y., 2016. 
Empirical Model for Evaluating PM10 
Concentration Caused by River Dust Episodes. 
Int. J. Environ. Res. Public Health, 13, 553. 
https://doi.org/10.3390/ijerph13060553. 

71. Millionis, A.E., Davies, T.D., 1994. Regression 
and Stochastic Models for Air Pollution – I. 
Review, Comments and Suggestions. 
Atmospheric Environment, 28(17), 2801-2810. 

72. Robeson, S.M., Steyn, D.G., 1990. Evaluation 
and Comparison of Statistical Forecast Models 

for Daily Maximum Ozone Concentrations. 
Atmospheric Environment, 24B(2), 303-312. 

73. Ryan, W.F., 1995. Forecasting Severe Ozone 
Episodes in The Baltimore Metropolitan Area. 
Atmospheric Environment, 29(17), 2387-2398. 

74. Shi, J.P., Harrison, R.M., 1997. Regression 
Modelling of Hourly NOx and NO2 
Concentrations in Urban Air in London. 
Atmospheric Environment, 31(24), 4081-4094. 

75. Witz, S., Moore, A.B., 1981. Effect of 
Meteorology on the Atmospheric 
Concentrations of Traffic-Related Pollutants at 
A Los Angeles Site. JAPCA, 31, 1098-1101. 

76. Ocak, S., Demircioglu, N., 2002. Erzurum İli 
Kasım 1995-Nisan 1996 Hava Kalitesi Profili. 
I. Ulusal Çevre Sorunları Sempozyumu, 
Ataturk Univ. Çevre Sorunları Araştırma 
Merkezi, Erzurum. 

77. Turalıoglu, F.S., Nuhoglu, A., Bayraktar, H., 
2005. Impacts of Some Meteorological 
Parameters on SO2 and TSP Concentrations in 
Erzurum, Turkey. Chemosphere, 59, 1633-1642. 

78. Katsoulis, B.D., 1996. The Relationship 
Between Synoptic, Mesoscale and Microscale 
Meteorological Parameters During Poor Air 
Quality Events in Athens, Greece. The Science 
of the Total Environment, 181, 13-24. 

79. Elminir, H.K., 2005. Dependence of Urban Air 
Pollutants on Meteorology. The Science of the 
Total Environment, 350, 225-237. 

80. Chiu, K.H., Sree, U., Tseng, S.H., Wu, C-H., 
Lo, J-G., 2005. Differential Optical Absorption 
Spectrometer Measurement of NO2, SO2, O3, 
HCHO and Aromatic Volatile Organics in 
Ambient Air of Kaohsiung Petroleum Refinery 
in Taiwan. Atmospheric Environment, 39,     
941-955. 

81. Spellman, G., 1999. An Application of Artificial 
Neural Networks to the Prediction of Surface 
Ozone Concentrations in The United Kingdom. 
Applied Geography, 19, 123-136. 

82. Chan, J.C., Hanna, S.R., 2004. Air Quality 
Performance Evaluation. Meteorology and 
Atmospheric Physics, 87, 167-196. 

83. Ilten, N., Selici, A.T., 2008. Investigating the 
Impact of Some Meteorological Parameters on 
Air Pollution in Balikesir, Turkey. 
Environmental Monitoring Assessment, 140, 
267-277. 


	2. MATERIAL AND METHOD
	3. RESULTS AND DISCUSSION
	5. REFERENCES

