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INTRODUCTION

Urban pedestrian-level air quality is characterised as highly variable. This stems especially from
temporally and spatially variable pollutant sources, such as cars and chimneys, and the turbulent
nature of flow that transports air pollutants. Urban structures, i.e., buildings and vegetation,
effectively modify the flow and generate turbulence.

In order to resolve the complex pollutant concentration fields, high-resolution modelling is needed,
for which the large-eddy simulation (LES) is the most promising method. However, to apply LES
for example for urban planning purposes, both high computational resources and expertise are
needed.

To develop faster and computationally cheaper predictive models, application of machine learning
techniques in air quality studies has increased rapidly in the past few years. Several studies have
used multiple linear regression (MLR, see Krecl et al. (2019) for a review) or more advanced
methods such as Random Forest (e.g., Krecl et al. (2019)) or deep neutral networks (Kim et al.,
2019) to predict air pollutant concentrations based on observed values. Still, high-resolution LES
that implicitly resolves the impact of urban structures on pollutant dispersion has not yet been
employed in predictive model development.

This study utilises LES data output from Kurppa et al. (2018) with the aim to develop a predictive
statistical model for hourly averaged street level pollutant concentrations in a complex urban
environment. Furthermore, the importance of different predictor variables is assessed.

METHODS

Kurppa et al. (2018) investigated the impact of city-block orientation and variation in the build-
ing height and shape on the dispersion of traffic-related pollutants using the LES model PALM
(Maronga et al., 2015). Specifically, LES simulations were conducted applying four alternative
city-planning solutions and under two different meteorological conditions. Air pollutant dispersion
was studied by applying a Lagrangian particle model and representing air pollutants as inert air
parcels that follow the air flow and do not interact with any surface.

As a first step, different type of features or predictor variables of the simulation environment were
defined for each (x, y)-point in the simulation domain, such as street width, height of the nearest
building and particle emission strength. Then, different predictive models, including linear models,
regression tree, and Random Forest, were trained and tested with different data combinations.

363

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Helsingin yliopiston digitaalinen arkisto

https://core.ac.uk/display/286390248?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


CONCLUSIONS

Fig. 1 display an example on the hourly-averaged particle density in one urban planning scenario at
z = 4 m from LES and the corresponding prediction using regression tree algorithm, respectively.
The wind is from south-west.

Figure 1: Hourly averaged particle densities in the city planning solutions VJ−J in Kurppa et
al. (2018) at 4 m above ground. Left: LES simulation output. Right: prediction using a regression
tree algorithm. Wind is from south-west.

In this example, the prediction captured successfully the accumulation of particles on the western
side and northern part of the boulevard as well lower concentrations below street trees in the middle
of the boulevard. However, other details were not predicted. The most important predictor is the
particle emission, which was generally observed with all models. Nevertheless, features such as
whether a point (x, y) is within a courtyard or not, or tree height were shown important.

The study is on-going and further investigations are needed to find the most accurate model and
most important features, as well as to reliably estimate the accuracy of the estimates in new envi-
ronments. The learned models may offer a way to replace computationally costly LES simulations
in some applications. The models could be also be used to help to understand the relevant emergent
interactions relevant to the spread of pollutants in urban environment.
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