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Abstract 
Impact of air pollution and meteorological conditions on visibility in Poland 

This paper examines the effects of air pollutants (PM10, NO2 and SO2)  

and meteorological parameters (air temperature, relative humidity, wind speed, 

atmospheric pressure and precipitation) on horizontal visibility in seven locations in the 

Cracow and Zakopane in 2010  2019.The scope of the work included an analysis of the 

literature on the subject, a detailed identification of local and topographic conditions within 

the stations along with additional factors as well as performing statistical analyses. Using 

correlation analysis, it was checked, whether there is a relationship between visibility and 

the concentration of air pollutants and meteorological parameters. A statistically significant 

correlation was determined between visibility and PM10, NO2 and SO2, pointing to air 

pollutants as the most important factors affecting visibility at all locations studied. In 

addition, the results of the correlation analysis confirmed the influence of seasonality on 

visibility range. Relationships between air pollutants, meteorological parameters and 

visibility are significantly stronger during the winter  heating season. The meteorological 

parameters most strongly correlated with visibility are relative humidity and air 

temperature. Statistical analysis showed a correlation between atmospheric pressure and 

visibility, but the relationship is so weak that it is difficult to clearly determine the effect of 

atmospheric pressure on visibility. Correlation analysis proved that, in addition to air 

pollution, meteorological parameters are factors that determine visibility. The regression 

models developed explained up to 73% of the variation in visibility; the best model was 

obtained for Katowice, and the weakest for Zakopane  41%. The biggest influence on 

visibility is PM10 concentration, air temperature, relative humidity, wind speed and 

atmospheric pressure. Cluster analysis, confirmed the differences in the formation of 

visibility, within the studied stations. The problem of low visibility is more complex, and 

in addition to pollutant concentrations, meteorological parameters play a key role, which 

change over the course of the year. A cluster analysis using the k-means method, conducted 

for the purpose of this dissertation, thoroughly presented the interdependencies between 

visibility and air pollution and meteorological parameters in selected cities, and allowed to 

identify specific conditions shaping visibility. Based on the results of the random forest 

algorithm modeling analysis, it was found that the greatest influence (highest validity) on 

visibility in Poland, regardless of its extent, is shown by relative humidity. In the analysis 



 

of random forests, the most important variables affecting visibility are relative humidity, 

air temperature and air pollutant concentrations. At the outset, two trends can be discerned. 

At visibility up to 10 kilometers, just behind relative humidity, the ranking of importance 

of variables is mainly PM10, followed by NO2 or SO2, and as the visibility range increases 

beyond 10 kilometers, meteorological parameters gain in importance. Analysis of the 

chemical composition of PM1, allowed us to conclude that the mass concentrations of trace 

elements are significantly higher in Zabrze than in Warsaw. The main reason for this 

situation in Zabrze is the leading use of fossil fuels in domestic boilers. In addition, in 

Zabrze, the effect of seasonality on element mass concentrations and visibility is more 

pronounced. In Warsaw, the mass concentrations of elements were significantly lower 

(there were no significant differences due to the division of the data into seasons) compared 

to Zabrze. Graphical analysis of the correlation network showed that meteorological 

parameters such as air temperature, relative humidity, wind speed and season were most 

strongly correlated with visibility in Warsaw. In Zabrze, the strengths of the relationship 

between the variables are significantly higher than in Warsaw. Based on the analysis of the 

network prepared for Zabrze, it was found that visibility is more influenced by toxic trace 

elements such as Pb, Cd and Zn and Cu in contrast to Warsaw, where meteorological 

conditions mainly shape visibility and concentrations of toxic elements accumulating in the 

body are significantly lower.  

Visibility measurements are performed routinely in many cities around the world, 

which makes obtaining a large, complete database for these cities easily achievable. The 

research results obtained in the dissertation complement existing research work in the world 

and add value to the global body of work in visibility research..  

 

 

 


