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Abstract —The constantly evolving urban areas also increase the concentration of emission gases. This fact has an adverse effect on
habitants’ health and life quality. A scientific basis, such as the development of accurate and adequate models of air pollution, is necessary
to be able to influence decision-makers in such a way that real actions to improve air quality are carried out. Therefore, creating and
improving models describing this phenomenon is extremely important. Both linear (Multiple Linear Regression) and non — linear methods
(Random Forest) were used for modelling concentrations of pollutants in atmosphere. Based on the traffic, meteorological and pollution
data from 2015 — 2020 in Wroctaw, it was shown that it is possible to predict concentration of NO, with high accuracy: R? statistic
reaches 88% while predicting daily average concentration using Random Forest methodology. Multiple Linear Regression provides
worse fit and is biased by necessity to comply with its statistical restraints. Regardless of its costs it provides explicit interpretation of
each factor in model. It was shown that there is a strong correlation between pollutants concentration and traffic volume as well as
meteorological factors. Models perform significantly better when to the set of predictors concentrations of other pollutants are included.
Modelling every natural phenomenon is a very challenging task. In order to excel, the further study in the area of models’ optimalization,
investigation relationships naturally occurring, and including new variables must be performed.
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1. Introduction

The matter of air pollution in a large and densely populated areas has become very important to the public health of
residents. The increasing concentrations of pollutants are caused by the constantly developing urbanization of human
communities. Constantly growing population of the cities directly associated with increasing usage of the internal combustion
vehicles is undoubtedly a reason of increasing traffic volume which results in the continuous increment of exhaust gas
emissions. In addition, in order to provide a sufficient infrastructure to live and work, the density of buildings in urban areas
also increases which significantly reduces the efficiency of air corridors which used to successfully ventilate the city in the
past. Wroctaw as the important economical and academic center (consisting of 10 state universities) in southwest Poland is
an example of such developing city. It is estimated that around 614.600 people are living in the city. The relevance of the
traffic movement is proven by the literature [1] which indicates that estimated number of vehicles commuting in the city
reaches 15.000. Habitants of Wroctaw more often choose individual transport. In Wroctaw, the 41% of residents choose to
travel by car, where only 28% declares to use public transport. The remaining 24% and 6% chooses feet or bike respectively.
Due to the Wroctaw’s water conditions it is impossible to build an underground network. These factors clearly indicate that
the problem of the dense car traffic in the city is very high.

The main gases that come from the car’s combustion engines are nitrogen oxides: NO; and NOx. Results and insights
from investigating the influence of the meteorological and traffic factors on the concentrations of the pollutants can in
consequence have impact on the decisive urban managers to implement a traffic reduction in the city centres or different
actions in order to reduce emissions, improve air quality, thus the quality of habitant’s lives. Developed models, consisting
of environmental-traffic related set of predictors can be successfully used in a location intelligence system [2] which is a
base to decision support systems for local decision makers [3].

Aim of this research is to assess a possibility of estimating an NO2 concentrations by models developed with machine
learning methodology — Random Forest (RF) and compare the results with analogous Multiple Linear Regression (MLR)
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model. The advantage of the latter is a possibility of interpretation each of the factor on the final result. Machine learning
methods, including artificial neural networks [4,5] single random trees [6] or random forest [7,8,9] also has proven to
be successful in the topic of air pollution modelling despite their ambiguity and computational complexity.

2. Methods and Data Sources

The Random Forest methodology is based on the set of simple decision trees. Every single tree is created for
randomly selected subset of data. The output is generated by the aggregation and averaging the individual predictions
of each component tree. Due to its construction, it can be directly compared to the classical regression method as the
performance can be assessed by the percentage of explained variation of the dependent variable that is predictable from
the independent variables which is in line with commonly used R-squared measure (R?). Additionally, to compare
models we are going to use the root mean squared error (RMSE). We can think of this as the average difference between
the predicted value for NO; concentration and the actual observed value. The NO concentration will be estimated using
hourly data and both daily, and monthly aggregated datasets where all the variables have been averaged. There will be
also comparison between models built solely using the meteorological and traffic factors and those which would include
other pollutants’ concentrations.

2.1. Data sources

All the analyses were performed using the data sample from Wroctaw, Poland which covered 5 years — from 2016
to 2020. Traffic data were provided by the Traffic and Public Transport Management Department of the Roads and City
Maintenance Board in Wroctaw. The data contain counts of all vehicles (cars, buses, trucks, etc.) passing through the
measurement intersection in each traffic lane. Data is aggregated into the hourly intervals in order to maintain coherence
with a meteorological and pollution data. Pollution concentration data are collected by the Provincial Environment
Protection Inspectorate and measured at hourly intervals. The air inlet to the system is located 3m above ground level.
Both traffic and air pollution data measurement stations are in located in the immediate vicinity of the Hallera and
Powstancow Slaskich street intersection which is considered as one of the most important communicational canyons in
the city. Meteorological data are provided by the Institute of Meteorology and Water Management (IMGW) at only one
station in Wroctaw, located on the outskirts of the city (9 km from the intersection in a straight line). The meteorological
data set used in this research contains hourly air temperature, wind speed, and relative humidity.

3. Results

This section provides the study of the correlation between pollutants and meteorological and traffic features. There
is also an insight of the air quality and traffic trends in dependence on the month (i.e., season of the year) or hour on the
representative subsets of data.

3.1.1. Correlation inspection.

In order to investigate the dependencies among the variables the plot of the meteorological features along with the
pollutants is presented for year 2020 (Fig.1) along with the correlation matrix for all variables (Fig. 2)
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Fig. 1: Plot of the features over months in 2020.
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Fig. 2: Correlation matrix for all variables in the data sample.

We observe a strong correlation between pollutants which is expected as the similar conditions are required to increase
their concentration. There is also clear dependence between pollutants e.g., Particulate Matter are negatively correlated with
temperature. It should be mentioned, that for pollutant which is of greatest importance in this research - NO-, once again
accordingly to expectations the highest correlation is between the numbers of vehicles, ergo traffic volume level.

3.1.2. Accuracy of the Models

This section provides information about performance of the constructed models (Table 1, Table 2). The set of all predictive variables
consisted: temperature, humidity, wind speed, number of vehicles and set of other pollutants — NOx, PM3s. In the case of monthly and
daily aggregates values have been averaged.
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Table 1: Accuracy of the models built with meteorological and traffic features

Meteorological and traffic features
44.40% 16.47 38.26% 17.36
48.60% 9.36 41.58% 9.99
23.62% 5.33 19.49% 5.52

Table 2: Accuracy of the models built with all features.

All features

RMSE
87.87% 7.69 72.60% 11.56
88.15% 4.50 76.23% 6.37
66.96% 3.50 68.89% 3.432

It can be observed that the best results are obtained for the prediction of the average daily NO2 concentrations. As
expected, including other types of pollutants significantly increased a models’ goodness of fit due to their high level of
correlation with target variable. RF models are generally more accurate, and do not require fulfilment set of statistical
assumptions.

4. Conclusion

In this paper, influence of metrological and traffic related variables on air quality prediction has been investigated. It
has been proven that there is a significant correlation between most common pollutants and weather conditions. We cannot
neglect the influence and the correlation of impact of the traffic level to the pollutants’ concentration. This research glimpsed
at machine learning methods and demonstrated its potential in air quality models improvement. It was shown that RF model
can successfully be used for air quality predictions. As future work we are going to implement different non-linear machine
learning models such as support vector regression and widen our scope of variables in order to obtain more accurate results.
Nevertheless, we are going to optimize RF model parameters as it has proven to be highly effective.
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