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Abstract⎯ Air pollution occurs when harmful or excessive quantities of substances 
including gases, solid particulates, and biological molecules are introduced into the 
atmosphere. The analysis of the relationship between air pollutants and meteorological 
factors can provide important information about air pollution. The aim of this study is to 
examine and explore the relationship between the different monitored air pollutant 
concentrations such as carbon-monoxide (CO), nitrogen-oxides (NOx), ozone (O3), 
particulate matter (PM10), and sulphur-dioxide (SO2) and the selected meteorological 
factors such as wind speed, temperature, precipitation, and atmospheric pressure. The 
investigation is based on data observed during a 10-year-long measurement period 
(2004–2014) in the city of Veszprem located in the western part of Hungary, in the 
Transdanubia region. In the present research, regression analysis was the chosen 
statistical tool for the investigation. The analysis found that there is a moderate or a weak 
relation between the air pollutant concentrations and the meteorological factors. 
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1. Introduction 

As a consequence of anthropogenic activities of the last 50 years – such as 
public heating, transportation, and industrial activities – a diversity of waste 
compounds has been and is being released into ambient air. Thus, air quality has 
become a major and pressing issue to be considered in order to provide a livable 
environment. The spatial distribution (Hiep et al., 2000; Casado et al., 1994; 
Harinath and Murthy, 2010) and the temporal trends (Mauro et al., 2017; Aynul 
et al., 2016) of air pollutants allow the assessment of the air quality in cities. 
There is a special focus on metropolises such as Paris, Beijing (Gros et al., 
2007), or New York (Masiol et al., 2017). Numerous previous studies 
(Cuhadaroglu and Demirci, 1997; Chelani and Rao, 2013; Plaisance et al., 
2004; Luvsan et al., 2012; Minarro et al., 2013; Li et al., 2014; Mahapatra et 
al.,. 2014; Rodrigez et al., 2013; Wapler, 2013) also pointed out the impact of 
various air pollutants on the urban environment and provided information on 
their association with weather conditions.  

For example, in the research of Chiu et al., (2005), it was presented that local 
meteorological parameters (such as solar radiation, wind speed, and wind direction) 
have an influence on O3 and NO2 concentrations. According to their research 
results, the concentration of O3 were higher during the day – compared to night 
values – thanks to that there is a correlation between the ground level ozone 
concentration and the photochemical reactions. As stated in the findings of 
Hargreaves et al. (2000) there is a weak negative connection between the ambient 
NO2 concentration and wind speed. Xu and Zhu (1994) found out, that in case of 
ozone, high concentrations are related to high pressure weather systems, low 
relative humidity, low cloudiness, light wind speed, and fog formation. 

Several analytic methods are being used to find statistical relationship 
between meteorological parameters and air pollutants. Regression analysis, 
especially linear regression analysis is by far the most popular and well-known 
analytical method in the field of behavior-, social-, public health, and natural 
sciences, such as physics, chemistry, other engineering areas and countless other 
fields. This widely used analysis yields a mathematical equation – a linear model – 
that estimates a dependent variable Y from a set of predictor variables or regressors 
X. The analysis is extensively and broadly used and confirmed by many 
experiments in the works of several authors (e.g., Xin, 2009; Darlington, 2016; 
Montgomery et al., 2012). In this study, the regression analysis was conducted with 
the computer program IBM SPSS Statistics (SPSS), which offered advanced 
statistical capabilities and analytics to help to gain deep, accurate insights and 
understanding of the data providing better decision making. 

In the presented study the authors studied the relationship between air 
pollutants concentration in the ambient air and the selected meteorological 
parameters based on regression analysis. Furthermore, the strength of the 
relationships was also determined. 
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2. Methodology 

2.1. Study area 

Veszprem is situated in the middle-western part of Hungary at 47°05’34” N and 
17°54’49” E with the population of approximately 60,000 inhabitants. Hungary 
lies about halfway between the Equator and the North Pole, in the temperate 
zone, therefore, the weather is very changeable, mainly because it is influenced 
by the oceanic, continental, and the mediterranean climates. Thus, the annual 
average temperature in the city is approximately 10–12 °C (Central 
Transdanubia, 2017). Another important factors are the relief and the impact of 
the Carpathians, which is significant. The main contributors to air pollution in 
the city are public transport, private vehicles, public and domestic heating, and 
industrial activities (Fig. 1). Also, the impacts of the relief and the 
meteorological parameters are noticeable. Based on the air pollution index, the 
air quality in Veszprem is good (Air Quality Report, 2017). 

Based on the data of the Hungarian Central Statistical Office (2017), there 
has been a visible increase of the number of registered vehicles in the studied 
period (Fig. 2). All these vehicles moving on the streets result traffic congestion 
problems in Veszprem, especially during the morning (06:00 – 08:00) and 
evening (16:00 –18:00) rush hours.  

 
 
 
 
 

 
Fig. 1. Measurement area of the research project and its geographical location: (left) 
aerial view of the city (OpenStreetMap), (right) public transportation lines in the city 
(OpenStreetMap). 
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Fig. 2. Number or registered vehicles in the city of Veszprem between 2004 and 2014. 

2.2. Meteorological data 

For analyzing air quality, it is important to know the parameters that influence 
the ambient concentration of air pollutants. The selected relevant meteorological 
factors are the following: temperature (K); atmospheric pressure (hPa); wind 
speed (m/s), and precipitation (mm). The necessary meteorological data were 
supplied by the Institute of Radiochemistry and Radioecology of the University 
of Pannonia. The data were collected between 2004 and 2014. Their statistically 
processed version is shown in Fig. 3. 
 
 

  

  
Fig. 3. Annual average values of meteorological parameters: (a) wind speed, (b) 
temperature, (c) atmospheric pressure, (d) precipitation. 
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2.3. Collection of ambient air quality data 

The different air pollutants concentrations (CO, NOx, O3, PM10, and SO2) were 
obtained from the automatic monitoring network system of the Hungarian Air 
Quality Network (OLM). Data observed between 2004 and 2014 were used in 
this study. Statistically processed data are shown in the following figures 
(Fig. 4). 
 
 

 

 
 

 
 

 
Fig. 4. Yearly average concentration of the measured air pollutants: (a) carbon-monoxide, 
(b) nitrogen-oxides, (c) ozone, (d) particulate matter, (e) sulphur-dioxide. 
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2.4. Regression analysis  

To study the relationship between the variables, regression analysis was used 
according to Douglas et al. (2012), Darlington (2016), and Xin (2009). 
Statistical calculations have been used to analyze the extent to which the 
individual parameters such as temperature, solar radiation, wind direction, 
velocity, or relative humidity may be influenced by the concentration of 
different pollutants. The statistical method used is the regression calculation, 
also known as the correlation test. The essence is that we are looking for a 
relationship with a mathematical function between a dependent variable (result 
variable) and one or more explanatory variables. IBM SPSS Statistics has been 
used for the regression analysis. The following software outputs were used: 
summary tables, variance analysis tables, regression coefficients, and statistical 
test tables containing the results of the hypothesis test (F-test, sum of square 
deviations, degrees of freedom, T-test). According to the calculations, in each 
case p value was less than 0.0001, which means that the results are very 
significant. 

3. Results  

The interconnection between the meteorological parameters, such as wind 
speed, temperature, air pressure, and precipitation and the concentration of 
certain major air pollutants (CO, NOx, O3, PM10, and SO2) was examined by 
using linear regression analysis. By determining the linear correlation coefficient 
(R) – also called Pearson product moment correlation coefficient –, the strength 
and direction of a linear relationship between two variables were determined. 
The range of R was between –1 to +1, as shown in Table 1. The coefficient is 
symmetric. The closer the value to the endpoint the stronger the linear 
correlation, like in the case of CO concentration and wind speed (0.841). A 
perfect positive fit is achieved at R=+1, and a perfect negative fit is achieved at 
R= –1. On the contrary, if the value of R is close to 0, no or weak linear 
correlation can be determined meaning that there is a random, nonlinear 
relationship between the two variables, like in the case of SO2 concentration and 
atmospheric pressure (0.011). 
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Table 1. Linear correlation coefficients of the selected parameters 

R CO NOX O3 PM10 SO2 

Wind speed 0.841 0.635 0.723 0.277 0.074 

Temperature 0.102 0.243 0.192 0.058 0.462 

Atmospheric pressure 0.250 0.394 0.154 0.128 0.011 

Precipitation 0.870 0.213 0.042 0.100 0.145 

All meteorological parameters 0.884 0.740 0.862 0.344 0.490 

 
 
 
Another tool of assessing relationships between variables is the coefficient 

of determinations (R2) that gives the proportion of the variance of one variable 
being predictable from the other (Table 2). It is the ratio of the explained 
variation to the total variation. The coefficient of determination ranges from 0 to 
1 and denotes the strength of the linear association between the selected 
variables. The value shows the ratio of the data that is the closest to the line of 
best fit. If R2=1, the regression line goes through every single element of the 
scatter plot meaning that it approximates all of the data points. The farther a 
point is away from the regression line, the less variable can be explained.  

 
 
 
Table 2. The coefficient of determinations of the selected parameters 

R2 CO NOX O3 PM10 SO2 

Wind speed 0.7070 0.4027 0.5222 0.0766 0.0053 

Temperature 0.0104 0.0589 0.0370 0.0034 0.2142 

Atmospheric pressure 0.0623 0.1549 0.0238 0.0165 0.0000 

Precipitation 0.0076 0.0452 0.0017 0.0099 0.0212 

All meteorological parameters 0.7820 0.5470 0.7430 0.1180 0.2400 

 
 
 
The analysis shows (Fig. 5) that in the examined period, the CO 

concentration is strongly affected by the wind speed. The determination 
coefficient is 0.707, which means that there is a strong relationship between 
those variables. Contrast with that, in case of other meteorological parameters, 
CO shows low values of R2. Considering the relation between all meteorological 
parameters and the CO level, there is a high value (R2=0.7820), therefore, the 
positive relation were demonstrated.  
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Furthermore, a moderate relation was observed in the case of the O3 

concentration (Fig. 6). The coefficient of determinations was a bit lower 
(R2=0.5222), and the graph shows that between those two variables there is a 
negative linear correlation. 

 
 

 
Fig. 5. Regression connection between the CO concentration and the wind speed.  

 

 

 

 

 
Fig. 6. Regression connection between the O3 concentration and the wind speed. 

 
 
 
 
Similar tendency was observed between the concentration of NOx and the 

selected meteorological parameters (Fig. 7). The analysis confirmed a moderate 
relationship between the NOx concentration and the wind speed (R2=0.403). The 
relation of the NOx and all meteorological parameters could be stated also as 
moderate (R2=0.547). 
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Fig. 7. Regression connection between the NOx concentration and the wind speed. 

 
 
 
 
 
Relations between the PM10 concentration and the meteorological 

parameters were week. The highest values of R2 (Fig. 8) were noticed in the case 
of wind speed (R2= 0.0766). The analysis demonstrated a positive connection, 
however, the coefficient of determination with all meteorological parameters 
were low (R2= 0.1180).  

 
 
 
 

 
Fig. 8. Regression connection between the PM10 concentration and the wind speed. 

 
 
 

Similarly, to PM10 low connection was observed in the case of SO2 (Fig. 9). 
The highest determination coefficient value (R2=0.2142) was between SO2 and 
temperature. The strength of the relation between SO2 and all meteorological 
parameters was low also (R2=0.2400). 
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Fig. 9. Regression connection between the SO2 concentration and the wind speed. 

 
 

4. Discussion 

In order to study the relationship between the CO, NOx, O3, PM10, and SO2 
pollutants concentrations and the selected meteorological parameters, a linear 
regression analysis was carried out. The coefficient of the determinations (R2) 
between the CO, NOx, O3, PM10, and SO2 pollutants concentrations and the 
meteorological parameters comparing with other scientific researches are shown 
in Table 3. 

 
 
Table 3. The coefficient of determinations of the selected parameters in this study and in 
other studies 

R2  CO NOX O3 PM10 SO2 

In this study 0.78 0.54 0.74 0.11 0.24 

Sevda (2008) 0.48 0.28 0.75 * * 

Barrero et al. (2006) * * 0.67 * * 

Gupta et al. (2008) * 0.05–0.49 * 0.16–0.64 0.23–0.75 

*not measured components 
 

 
 
In accordance with the previous scientific works it can be stated, that the 

number of meteorological parameters included in regression equations were 
variable, and the analyses of the meteorological parameters affecting 
concentrations of air pollutants were diverse also. A strong dependence was 
obtained by Ocak (2008), who determined a 75% coefficient that means the 75% 
of the O3 concentration depends on the wind speed, temperature, and relative 
humidity, which is close to the research results of Barrero et al., (2006) and also 
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to the results found in this study. Contrary to the research results of Ocak 
(2008), CO dependence was characterized by a strong relationship instead of a 
moderate one. In case of NOx, the results were ranged on a wide spectrum (0.05 
– 0.54), but not any case was detected stronger than moderate. Gupta et al. 
(2008) found the regression coefficients between PM10 and SO2 levels and 
meteorological factors as 0.16 – 0.75, which differs greatly from our findings, 
which may be due to the fact, that their measurements were carried out in three 
different areas (one residential site, one commercial site, and one industrial site). 

Besides the local emissions and meteorological conditions, the atmospheric 
long-range transport of pollutants influences the concentration field, too. For 
example, volcanic eruptions could have a significant effect on the SO2 and SO2

−4 
concentrations in air, as well as on the sulfur deposition. In 2014, a volcanic 
eruption started at the Barðarbunga fissure system in Iceland. There was little 
ash released in the eruption, but large amounts of SO2 were emitted into the 
atmosphere. For better understanding the pollution level in Veszprém county, 
the data sets were compiled from existing results of the atmospheric chemistry 
transport model ran by the European Monitoring and Evaluation Programme 
under the Convention on Long-range Transboundary Air Pollution (CEIP, 
2016). The emissions and the estimated deposition of SOx and NOx in Hungary 
are shown in Table 4.  

 
 
 
Table 4. Emission and estimated deposition of SOx and NOx in Hungary [unit: Gg(S); 
Gg(N)] 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

SOx (emission) 41 39 35 35 30 31 34 31 29 27 

NOx (emission) 169 172 167 164 157 154 140 124 121 120 

SOx (deposition) 78 70 71 61 65 72 53 52 62 55 

NOx (deposition) 55 56 55 48 51 52 43 42 45 42 

 
 
 
 
The spatial distribution and deposition from transboundary sources of SOx 

and NOx are visible in Figs.10 and 11 (EMEP/MSC-W, 2014; Gauss et al., 
2016). The amount of emitted contaminants has changed in proportion to the 
level of emissions. It can also be stated that the county was less exposed to SOx 
depletion, while it was exposed to NOx pollution significantly. 
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Fig. 10. The spatial distribution of SOx and NOx (emissions). 

 
 

  

Fig. 11. Deposition from transboundary sources of SOx and NOx (unit: mg(S)/m2, 
mg(N)/m2). 

 

5. Conclusion 

The aim of the present study was to determine the relationship between the CO, 
NOx, O3, PM10 and SO2 pollutants concentrations and selected meteorological 
parameters (wind speed, temperature, air pressure, and precipitation). It was not 
observed a significant change in the terms of the selected meteorological 
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parameters in Veszprem between 2004 and 2014. Variability of the values of 
wind speed, air pressure, and wind direction were not significant considering 
either the averages or the maximums or minimums.  More extreme values were 
observed in the evolution of precipitation and temperature. In 2005, 2010, and 
2014, the precipitation extremes were more significant than in the other years. It 
was noticeable, that among those years there were greatly drier years than the 
others, especially in 2011 and 2012. The temperature values were concerned too, 
and it has been found that there were a few outliers among the minimum and 
maximum values. The variability of averages was low. In the examined period, 
the highest and lowest values occured in the year of 2006. The concentration of 
air pollutants decreased between 2004 and 2014, except for concentration of 
nitrogen-dioxide and ozone. The main source of those air pollutants were 
transportation, which is determinative in Veszprem. The connection between the 
air pollutants and the meteorological parameters were demonstrated by 
regression analysis. The level of the relationship depends on the type of air 
pollutant and the meteorological parameter. The concentration of air pollutants 
were highly affected by the wind speed, since this parameter promotes the 
mixing and dilution of the pollutants. Among the analyzed parameters, CO and 
O3 indicate high determination values (>70%). In the case of the other 
pollutants, the low determination coefficient values could be explained by the 
low average annual emissions. 
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