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1. Introduction

Today, air pollution is considered as an important and challenging problem in the megacities all over the world.
It is usually caused due to industrialization, urbanization, rapid development in traffic and increasing amounts of
anthropogenic emissions. Urban air pollution in developing countries has been represented as a growing problem for
communities. Reliable forecasting of air pollution would allow taking more efficient countermeasures to prevent air
pollution crisis and protect public health. The artificial Neural Network (ANN) has emerged out to be more flexible,
less assumption dependent and adaptive methodology to obtain reliable prediction values of air pollutants. ANNs
have been shown to be quite powerful in capturing the complex and usually nonlinear relationships between
meteorological variables and air pollutant concentrations [1-3].

2. Methodology
2.1. Description of study area

This paper focuses on applying an ANN approach for forecasting CO, SO, and NOx concentration in Tabriz.
Tabriz, located in the northwest of Iran, the capital city of East Azerbaijan lies at 46.13 east and 38.8 north with an
altitude of 1351 m above the sea level. It has a semi-arid climate with annual precipitation around 380 mm and the
mean, maximum and minimum temperatures are 13, 38 and -15°C, respectively.

2.2. Model inputs

Selection of the model input variables that have the most significant impact on model performance is the most
important step in developing an ANN model [1, 4]. The effective meteorological parameters which are predictable
by conventional weather forecasting were selected considering the similar studies. The selected meteorological
variables included wind speed and direction, air temperature and relative humidity were obtained from the East
Azerbaijan Meteorological Bureau. Also, the time of day and day of week were considered as the input variables to
cover the changes in traffic patterns during the day time and week days. The current study is based on data collected
at a single station (i.e., Meydan Namaz station) in the densely populated center of Tabriz, surrounded by several
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major streets with heavy traffic. The Multilayer Perceptrons (MLP) neural networks, was used in the current study
to predict hourly pollutant levels. The settings of ANN are presented in Table 1. The pollutants concentrations
dataset were divided into 3 subsets, namely training (70%-80% of all), validation (10%-15% of all) and a test set
(10%-15% of all) as an input for the ANN. The network overflow can occur as a result of very large or very small
values of input variables [5]. In order to overcome this problem, all meteorological and pollutant values as model
input were normalized.

Table 1. The settings of the ANN

Train parameter Value
Train function Train Im
Divide function Divide rand
Train ratio 0.7-0.8
Valid ratio 0.1-0.15
Performance function MAE
Validation checks 300
Number of epochs 10000
Number of layers 3-5
Number of neurons 8-25

3. Results and discussion

The results showed the reliability of ANN in forecasting of hourly air pollutants in urban areas. High correlations
were obtained with R? values more than 0.90 between the observed and modeled values for CO, SO, and NOx. The
maximum and minimum values of R? between real and modeled values of CO were obtained 0.93 and 0.86
respectively. Accordingly, the maximum and minimum values of R* between real and modeled values of SO, were
obtained 0.92 and 0.86 respectively. Also, the maximum and minimum values of R® between real and modeled
values of NOx were obtained 0.83 and 0.74 respectively. According to the results, the best correlations were
achieved for CO and SO, and the poor agreement between real and ANN prediction results were obtained for NOx.

In comparison with CO and SO, levels, NOx levels are more affected by atmospheric reactions. The considered
input variables may not fully cover these reactions which lead to rather less accurate predictions [1]. However, the
predicted NOx concentrations are still in a good agreement with their measured corresponding concentrations. Fig. 1
to 3 illustrate the predicted vs. observed concentrations for CO, SO, and NOX respectively.
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Fig. 3. Predicted vs. observed concentration for NOx

4. Conclusions

ANN models can be used as reliable forecasting method for the prediction of hourly air pollutants in urban areas.

Selection of optimal setting for ANN and also normalization of input variables will lead to proper forecasting
models with acceptable error. The produced information from the provided models could be helpful for decision
makers in dealing with air quality problems. Also proper selection of input parameters and model architecture has an
important role in the construction of these models.
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