Towards a general forecasting framework for Particulate Matter
within urban environments
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According to the World Health Organization, for more than 6000 cities in 117 countries, the level
of particulate matter (PM) pollution is beyond healthy limits [1]. Furthermore, the effect’s intensity
appears to be inversely proportional to the population’s average income. Consequently, in parallel
with mitigation strategies, the development of accurate early-warning systems is imperative [2].

Of the two main approaches, namely transport models and simulations within the Computa-
tional Fluid Dynamics framework, the former suffers from low accuracy within the complex urban
agglomeration, while the latter is very costly in terms of computational resources [3]. Moreover,
both approaches require a detailed, city-specific modelling of the pollution sources. In this work
we propose an alternative direction, towards a general framework for an early-warning system: by
employing Machine Learning algorithms and specifically Artificial Neural Networks (ANN) [4-6],
we deploy high-accuracy models with fast inference on real-time data. In addition, the city-specific
information is encoded in each model during its training, thus resolving all of the aforementioned
shortcomings of “traditional” approaches.

With the aid of a state-of-the-art ANN, we utilize publicly available PM measurements from
low cost sensors and open meteorological data. Specifically, we train a Long Short-Term Memory
(LSTM) Neural Network that provides a level of interpretability through an attention-like mech-
anism [7]. A novel characteristic of our work lies in capturing the spatial dependence of the phe-
nomenon through urban planning features, such as Mean Floor Ratio [8] and Population Density.
This allows for easily adding or removing sensors and employing moving sensors, for example in
drones [9] or city bus [10], which is not trivial in the context of previous works in the field [4].
Importantly, our approach is applicable to any kind of sensors.

As a case study, we apply our method to a number of Greek cities with installed PurpleAir [11]
sensor networks, e.g. Patras and Athens. Such cities are excellent candidates for the evaluation
of our model, since they provide distinct environments with different meteorological conditions and
emission budgets. The selected features are UV high, Solar Radiation High, Wind Gust Average,
Average Wind Direction, Average Wind Speed, Average Temperature, Mean Floor Area Ratio,
Dew point Average, Mean Population Density, Pressure, Precipitation Rate and Average Relative
Humidity, and are extracted from meteorological data drawn from local stations'. Consecutive
measurements of PM during the previous 24h correspond to our last feature.

We report that the LSTM network shows a forecasting accuracy that is comparable to the sensor’s
resolution, combined with meaningful interpretations of its results, which provide insight into the
Physics of the problem. That said, in parallel with a re-training schedule, our model can be used as
an accurate, low-cost, early-warning system, in order to attenuate the health hazards of particulate
matter pollution, by providing automated, real-time alerts to the public.
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