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Abstract

Air quality numerical modelling systems are powerful tools for research and policy-making
purposes. They describe mathematically the innumerable physical and chemical processes
that characterise the atmosphere, with the aim of estimating the air quality levels over a
region, ranging from the entire globe to a street, through a long- or short-term analysis.
In this chapter an overview on selected air quality models is provided, with examples of
numerical applications in the scope of the assessment of the air quality impacts caused by
hypothetical changes on emissions, climate and other conditions.
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1 Introduction

The atmosphere is a complex dynamic and natural gaseous
system, essential to support life on planet. Particulate matter
and gaseous material emissions from both natural events
(like volcanic eruptions, ground dust and salt spray from
oceans, among others) and anthropogenic actions (industrial
activities, transport services, etc.) may however affect the
balance of the atmospheric system and cause air pollution,
which could affect human health and damage plants and
materials (Jacobson 1999).

The innumerable physical and chemical processes that
characterise the atmosphere occur simultaneously and in inter-
dependent ways. The dilution and dispersion of pollutants by
turbulent transport, their photochemical transformation, the
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removing of these pollutants by clouds and precipitation and
also their agglomeration and deposition via physical-chemical
action on soil surface are the most important processes in
the atmosphere when assessing air quality. These processes
have been studied over the last decades by physicists and
chemists, but a full explanation of their atmosphere behaviour
is still a challenge in atmospheric sciences (Atkinson 1989;
Seinfeld and Pandis 1998; Jacob and Winner 2009).

Nowadays it is possible to predict air quality through
numerical air quality models, with uncertainty estimation.
These air quality models describe mathematically the
behaviour of the pollutants in the atmosphere taking into
account the atmospheric processes.

2 Modelling Approaches

Modelling tools to assess the air quality are diverse and
based on different approaches. Probably the most important
challenge is to select the right model to the intended appli-
cation, taking into account its main characteristics and the
quality of the data available to run the simulation. In this
section, an overview about the characteristics of air quality
numerical models is performed.
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2.1 Types of Models

Several numerical models for the simulation of the dispersion
of gaseous pollutants and particulate matter at different
scales are currently available. These may go from simple to
extremely complex, including box models, Lagrangian or
Eulerian models, Gaussian models and computational fluid
dynamics (CFD) models (Kumar et al. 2011).

Dispersion aerosol air quality models are usually simple.
These models estimate the concentration of air pollutants at
specified receptors, considering the dispersion (atmospheric
transport, the turbulent atmospheric diffusion and surface
wet/dry deposition) but not the chemical transformation
processes. The most simple dispersion models use the
Gaussian approach (Lutman et al. 2004).

Chemical transport models simulate the changes of
pollutants in the atmosphere using a set of mathematical
equations characterising the chemical and physical pro-
cesses in the atmosphere. They became widely recognised
and routinely utilised tools for regulatory analysis and attain-
ment demonstrations by assessing the effectiveness of
control strategies.

Based on the mathematical approach, models can be
classified as Lagrangian or Eulerian models. Lagrangian
models consider air parcels that follow a trajectory
defined by the atmospheric circulation. The trajectories
are normally calculated as linear segments, with the
segment length and direction determined by the average
wind speed and direction over the appropriate time step

(Draxier and Hess 1998). Figure 1 represents the Draxler
and Rolph (2011) work under the Fukushima Daiichi
nuclear disaster, as an example of a Lagrangian model
application (HYSPLIT4 Trajectory Model). Lagrangian
models are computationally relatively simple, and they
allow an easy determination of transboundary fluxes, and
thus Lagrangian models are especially suitable for small
number of sources or receptors. On the other hand, Eulerian
models consider a mathematical approach anchored to the
atmosphere surface (until few kilometres high). Eulerian
models are often referred to as grid models, since the
framework is a three-dimensional grid, with pollutants
being emitted into the grid at the appropriate points
(Fig. 2). Unlike Lagrangian models, Eulerian models can
include nonlinear phenomena, especially those associated
with physical and chemical processes (emissions, disper-
sion, transport, chemistry and deposition). Therefore,
Eulerian models are computationally more demanding
than Lagrangian. To simulate and integrate such processes,
these models require input data provided by other models
(e.g. meteorological or emission data). It is therefore more
correct to refer to a system of models, rather than a model
(Reid et al. 2007).

Air quality models can also be classified with respect to
the scale of the phenomena they are developed to simulate.
In fact, scale separation has proven to be a quite successful
approach for atmospheric modelling, because different
approximations and parameterisations can be applied for
the different phenomena occurring at the different scales.
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Fig. 1 Dispersion of possibly leaking radioactive substances using HYSPLIT4 Trajectory Model and 5-day forecast meteorological fields from
the Global Forecast System Model (GFM) (From Draxler and Rolph 2011)
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Fig. 3 Time and spatial scales regarding air quality model application

Hence, models can be classified into global, mesoscale
(including regional and urban) and local (Fig. 3).

Global models consider the transport of pollutant
throughout the atmosphere over the entire surface of the
planet. Most global modelling has been confined to climate
change issues (with carbon dioxide, CO,, as the base) with a
simplified chemical transport approach. However, expansion
to other pollutants has taken place, such as gases (Horowitz
et al. 2003) and aerosols (Ginoux et al. 2001), which allow a
tighter description and prediction of the chemical com-
position and evolution of the atmosphere in a future climate.
The large spatial extent of these models dictates that the
spatial resolution must be relatively coarse to keep the
computational demands within reasonable bounds. Meso-
scale models consider spatial scales ranging from a few
hundred to a few thousand kilometres. This is the spatial
scale over which many of the most pressing air pollution

concerns are important and is also the scale that often crosses
jurisdictional boundaries. In the last years, an increasing
body of scientific evidence has demonstrated that air pollu-
tion and their mitigation strategies can have significant
effects, both positive and negative, on medium-term climate
change at the local, regional, and global scales. Increasing
evidence also shows that global warming aggravates existing
air pollution problems, but most climate change mitigation
efforts could have significant co-benefits for air pollution
reduction, a win-win opportunity (Borrego 2013).

Local scale modelling is typically used to assess the impact
of single sources, or small groups of sources, over distances
ranging up to tens of kilometres. CFD modelling is a general
term used to describe the analysis of systems involving fluid
flow, heat transfer and associated phenomena (e.g. chemical
reactions) by means of computer-based numerical methods.
These models are based on a better knowledge of the
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Fig. 4 Scheme of an air quality modelling system

atmosphere structure, using parameterisations of the boundary
layer and solving of the Navier-Stokes equations through
finite difference and finite volume methods.

The current computational advances allow air quality
models to fully couple the meteorology within a unified
modelling system (online models) with two-way interactions.
However, the most common approach is still the offline sys-
tem, which only allows one-way coupling from the meteorol-
ogy — sampled at fixed time intervals — to the chemistry (Grell
etal. 2004). This two-way interaction is important because not
only can meteorology affect the chemistry through transport,
precipitation and radiation processes at each time of the model
simulation, but the chemical fields can also impact the meteo-
rological variables. Therefore, online modelling systems are a
very promising way for future atmospheric simulations lead-
ing to a new generation of models for environmental and
chemical weather predictions (Baklanov et al. 2007).

2.1.1 Input/Output Data

Air quality models require a considerable volume of data.

The specific needs reflect the methodological approach

incorporated in the model, but it typically includes the fol-

lowing variables (Fig. 4):

» Emissions — for all sources treated by the model, the emis-
sion is required for each of the chemical species simulated
by the model (including each of the species or categories
used in the model chemistry), both anthropogenic and
biogenic. These emissions should relate to a specific time
period being studied.

» Geophysical data — information is required for a range of
surface parameters, such as topography, land use and

vegetation, and additional data for small-scale modelling,
such as building geometry and trees.

e Meteorology — meteorological information is used to
force the transport in the air quality model. This informa-
tion is needed at one or several vertical levels in the
atmosphere.

 Initial and boundary conditions — it is usual to specify
the initial concentrations for the pollutant species in
the model. These will be taken from typical or average
values measured, or previously modelled, for the region of
interest. It is also necessary to specify concentrations at
the boundaries of the model, except for global models.
It is relatively simple to estimate initial and boundary
conditions at the surface based on measurements, these
values are also required at higher levels in the atmosphere,
where measurements are sparser. Current practice, which
addresses the specification of initial and boundary
conditions, is to nest the model.

Output data are usually the temporal and spatial distribu-
tion of the air pollutants concentration values.

2.1.2 Model Uncertainty Estimation

Modelling systems can represent suitable tools for air
quality studies with an adequate spatial detail and the
verification of the limit targets fulfilment and threshold
values imposed by the legislative frameworks. Modelling
approaches can provide complete spatial coverage infor-
mation, but models always have uncertainties associated.
According to Borrego et al. (2008), total modelling system
uncertainty is defined as the sum of model uncertainty,
variability and uncertainty on input data. Uncertainties
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associated with model formulation may be due to erroneous
or incomplete representation of the dynamic and chemistry
of the atmosphere, incommensurability, numerical solution
techniques and choice of modelling domain and grid struc-
ture. Variability refers to stochastic atmospheric and
anthropogenic processes. It contributes to uncertainties
associated with emission estimation and representations
of chemistry and meteorology.

The most common way to determine the total air quality
modelling system uncertainty is the comparison between
observations and predictions data through the application
of data quality indicators that reflect the ability of a model
(or modelling system) to simulate real phenomena (Borrego
et al 2008). According to Chang and Hanna (2004), there are
three main components for the evaluation of air quality
modelling systems:

» The scientific evaluation, requiring an in-depth knowl-
edge of the model code, examines in detail the model
algorithms, physics, assumptions and codes for their
accuracy, efficiency and sensitivity.

» The statistical evaluation compares model predictions to
observations in order to estimate how well predictions
match the observations. However, this direct comparison
method may cause misleading results because uncer-
tainties in observations and model predictions arise
from different sources (Chang and Hanna 2004).

» The operational evaluation component mainly considers
issues related to the user-friendliness of the model (user’s
guide, user interface, etc.).

However, over the last years, several workshops and
papers have addressed that model evaluation criteria are
dependent on the context in which models are to be applied
(Steyn and Galmarini 2008). For regulatory applications, a
model must be able to provide adequate description of the
relationships among atmospheric processes and variables
in addition to adequate quantitative estimates of species
concentrations. On the other hand, under a forecasting
activity, a model is judged by its ability to simulate the
temporal evolution of chosen forecast variables. Therefore,
Dennis et al. (2010) proposed a new framework for model
evaluation to determine the suitability of a modelling
system for a specific application, composed by four
evaluation types:

» The operational evaluation is based on statistics to com-
pare the magnitudes between model estimations and
observations, to some selected criteria, through standard
metrics (mean bias, root mean square error and correlation
factor) and graphical techniques, such as Taylor diagram,
time series, scatter plots and performance goal plots
(“soccer plots” and “bugle” plots). This type of evaluation
makes use of routine observations of ambient pollutant
concentrations, emissions, meteorology and other relevant
variables.
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« The diagnostic evaluation examines the ability of the
model to simulate each of the interacting atmospheric
processes with implications on air quality. Since a change
in a model input does not always lead to a linear response
in the model output, diagnostic evaluations are usually
complexes. Usually to ascertain whether inputs have
influence on model performance issues, sensitivity tests
are applied (Saltelli et al. 2004).

+ The dynamic evaluation focuses on the ability of the model
to predict changes on ambient air pollutant concentrations
in response to changes in either source emissions or mete-
orological conditions. An example of dynamic evaluation
would be modelling assessments of the weekday/weekend
concentration differences where mobile source emissions
are known to significantly change (Chow 2003).

o The probabilistic evaluation acknowledges the uncer-
tainty in model inputs and formulation of processes by
focusing on the modelled distributions of selected
variables rather than individual model estimates at spe-
cific time and location. According to Foley et al. (2008),
this approach provides an estimated probability distribu-
tion of pollutant concentrations at any given location and
time, which can be used to estimate a range of likely
concentration values or the probability of exceeding a
given threshold value for a particular pollutant.

The framework for model evaluation proposed by Dennis
et al. (2010) is used on the Air Quality Modelling Evaluation
International Initiative (AQMEII, http://agmeii.jrc.ec.
europa.eu/). Moreover, the Forum for Air Quality Modelling
(FAIRMODE activity — http://fairmode.ew.eea.europa.eu/)
that aims to promote synergy between the users and
exchange of relevant information is also taking into account
the same framework. In this sense, a procedure for the
benchmarking of air quality models has been developing in
order to evaluate model performance and indicate a way to
improve their use. The benchmarking model, DELTA Tool
(Thunis et al. 2011), takes into account the Air Quality
Directive (2008/50/EC) as well as several scientific works
related to model evaluation (Hanna et al. 1993; Nappo and
Essa 2001; Olesen et al. 2001; Ichikawa and Sada 2002;
Pielke 2002; Delle Monache et al. 2006).

3 Applications of Air Quality Modelling

Air quality modelling approaches can successfully support
research and policy-making activities, allowing to (1) assess
the impacts of changes on urban planning (including green
infrastructures) (e.g. Amorim et al. 2013; Borrego et al. 2006,
2011b; Martins 2012), emissions (e.g. Miranda et al. 1993;
Borrego et al. 2004) and climate scenarios (e.g. Carvalho et al.
2010); (2) assess the long-term air quality (for 1 year periods,
at least) (e.g. Monteiro et al. 2007; Ribeiro et al. 2013); and
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(3) forecast the air quality for a short period, commonly from
tomorrow to next 2 or 3 days (e.g. Borrego et al. 2011a;
Kukkonen et al. 2012). Selected examples of these
applications are described in this Section.

3.1 Scenario Analysis

As mentioned before, air quality modelling systems need
input variables, such as emissions, meteorological parameters,
land use and topography. Different input scenarios can be
created to evaluate the potential impact of these changes on
the air quality. This kind of application is especially useful for
territory planning and policy strategies, as well as for air
quality impact assessment studies. Despite the uncertainty of
the scenarios, they provide alternative images of how the
future might unfold.

3.1.1 Emission and Climate Scenarios

Emission scenarios describe different options for release of
pollutants into the atmosphere. They may be based on
assumptions about driving forces such as patterns of eco-
nomic and population growth, technology development and
other factors, with pollutant emissions associated. Moreover,
emission scenarios drive forces to the design of climate
scenarios, because climate is sensitive to greenhouse gases
and other atmospheric pollutants. In fact, with a growing
concern on climate change consequences in several areas of
interest, including the air quality, climate scenarios became
widely used.

The impact of climate change on the air quality over
Europe was illustrated by Carvalho et al. (2010), using a
reference year (1990) and the IPCC SRES A2 year (2100)
(Fig. 5). The modelling results suggest that the O; and PM10
levels in the atmosphere levels will be deeply impacted,
depending on the region and the month. The Western and
Central Europe will be the most affected areas: the
predictions from this study point out that the variations of
O; monthly mean surface concentration may reach an
increase of 50 pg-m > in July 2010. Regarding PM10
monthly mean surface concentration, the biggest variation
predicted is on October (almost 30 pg-m ). Also in accor-
dance with Carvalho et al. (2010), the changes in the bound-
ary layer height, relative humidity, temperature, solar
radiation, wind speed and precipitation may be responsible
for significant differences in pollutant concentration
patterns. In this sense, it is important to understand how
future air quality will be under future climate scenarios
and therefore contribute to the definition of adaptation and
mitigation measures (Jacob and Winner 2009; Dawson and
Winner 2012).

I. Ribeiro et al.

3.1.2 Plans and Programmes
In order to reduce and control the effects of air pollution on
human health and in the environment, the European Air
Quality Directive (Directive 2008/50/EC) established the
obligations of the member states to elaborate and implement
plans and programmes (PP) to improve air quality when the
air quality standards are not met. The implementation of PP
to air quality improvement should be based on the design of
measures to reduce the pollutant atmospheric concentrations
and meet the legal limits. In other words, PP are a set of
scenarios developed to reduce atmospheric emissions and,
consequently, improve air quality over a specific region.
These emission reduction scenarios can imply, for
instance, the replacement of technologies in industrial
sources or in residential combustion fireplaces (Borrego
et al. 2012a) or decrease of heavy-duty vehicles circulating
in city centres and the implementation of washing and
sweeping city street actions (Borrego et al. 2012b). The
efficiencies of the PP are assessed through the application
of an air quality modelling system in order to identify the
most adequate measures to be adopted. Figure 6 illustrates
two examples of the implementation of PP to reduce PM10
concentrations through the emission reduction from traffic,
industry and residential combustion sectors (Fig. 6a) and to
reduce NO, concentrations reducing emissions from traffic
(Fig. 6b) over the northern region of Portugal (Borrego et al.
2012a, b).

3.1.3 Urban Planning
Despite the progress made in controlling local air pollution,
urban areas still show increasing signs of environmental
stress, and air quality is one of the major concerns. The
findings of several studies (e.g. Minnery 1992) provide
evidence that the shape of a city and the land use distribution
determine the location of emission sources and the pattern of
urban traffic, ultimately affecting urban air quality. Urban
sprawl is altering the landscape, with current trends pointing
to further changes in land use that will, in turn, lead to
changes in population, energy consumption, atmospheric
emissions and air quality. Urban planners have debated on
the most sustainable urban structure, with arguments in
favour and against urban compaction and dispersion (Martins
2012). In this sense, air quality models can be a helpful tool
for urban planners aiming to develop successful urban
growth strategies to a city while tackling the multivariate
dimensions of sustainability (Borrego et al. 2006). In this
sense, these advanced tools can provide information to better
select the most adequate location for new communication
routes and industry, residential or recreational areas.

As an example of the role of green infrastructures on air
quality, Amorim et al. (2013) evaluated the impact of trees
over the dispersion of carbon monoxide (CO) emitted by



Air Quality Modelling and Its Applications 51
(o] PMio
July (PM10]
a ma d August Ay
b 2
:; 28
» 24
32 —_ 20
R g 16
24 g 12
20 € B
% =
12 g 4
8 3 0
4 @ -4
c: -
i 42
42 18
-8 -0
20 a
2000 2500 3000 kol
West/East (km) West/East (km)
August [PM10]
b EG"I’|3 e September gy
@ 2
4
© L
* 24
’E 2 E. o 20
= » = 1%
= . = 1500
g 24 'E 2
0 E .
£ " E
&
3 12 2
3 ¢ 3 o
4
0
4 -
) 12
a2 18
-18 20
20 24
1500 2000 2500 3000 2500 g
West/East (km) WesUEast (km)
September [PM1
c ms f October ol
@ 2
2000 : 28
» 24
- x _— 20
E 1500 2 E 1
= 24 £ 12
£ 0 I
o " L]
< s 3 )
£ 1000 : 5
8 o 0
3 « @ -
i s
S00- 8 12
42 "%
16 -0
20 3,

1500 2000

2500
West/East (km)

1500 2000 2500 3000 3500
West/East (km)

Fig. 5 Monthly mean surface O3 (a—c) and PM10 (d—f) concentration changes (pug-m>) simulated across Europe, only considering climate

change from July to October (1990-2010) (From Carvalho et al. 2010)

road traffic in the city centre of two Portuguese cities
(Fig. 7). The results indicated that the effect of the urban
canopy on the dispersion of road traffic emitted air pollutants
is highly complex and very spatially dependent. These
conclusions support the importance of integrating the knowl-
edge provided by the application of CFD models when
defining strategies to optimise the role of green areas on
human comfort and health.

As another example of the role of city planning on urban
sustainability, Borrego et al. (2011b) applied an advanced
Gaussian dispersion model (URBAIR) to previously

selected intervention areas in three European cities with
distinct characteristics: Helsinki, Athens (Fig. 8) and
Gliwice (Gonzalez et al. 2013). The model simulated the
impact of different traffic management options on air
quality, reinforcing that distinct urban planning options
strongly influence local air pollutant levels. This work
showed that the model used is capable of providing
guidelines to urban planners and policy decision makers,
on different traffic management strategies and their resul-
tant air quality levels, supporting the decision processes on
urban planning.
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Fig. 6 Annual mean
concentrations before and

after the implementation

of plans and programmes

and limit value plus margin

of tolerance (LV + MT) over
the northern region of Portugal:
(a) to reduce PM10 emissions
from traffic, industry and
residential combustion sectors
(From Borrego et al. 2012a)
and (b) to reduce NO, emissions
from traffic (From

Borrego et al. 2012b)
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Portugal) between 10 and 11 a.m. Unfilled rectangles indicate tree blocks and the white triangle is the AQS location (From Amorim et al. 2013)

3.2 Long-Term Assessment

Solazzo et al. 2012). One of the main objectives of
long-term air quality assessment is the verification of both

Especially in Europe and North America, air quality limit targets and threshold values fulfilment imposed by
assessment is regularly based on the long-term appli- legislation with respect to relevant pollutants in order to
cation of modelling systems (van Loon et al. 2007; minimise the impacts on human health and natural
Thunis et al. 2011; Zhang et al. 2011; Emery et al. 2012; ecosystems.
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The European Union Member States must report annually
the air quality assessment. Traditionally, this report has been
based on monitored data, but due to sparse or non-existent
fixed monitoring stations, this assessment has some
limitations. Modelling approaches can contribute to this
assessment by providing air quality concentration fields
and thus the spatial distribution of pollutants (Fig. 9)

(Monteiro et al. 2007), allowing the crossing of this
information with other type of information such as the
population density (Ribeiro et al. 2013).

The long-term air quality assessment based on modelling
application could also be useful to study the representative-
ness and spatial coverage of the monitoring network, improv-
ing air quality assessment activities (Monteiro et al. 2005).
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Fig. 10 Air quality index
forecast for July 25, 2013, over
the USA (From http://www.
airnow.gov/)

Local Air Quality Conditi

More Maps

155

day's

Current AQI

-

Generated: 2013-07-25 15:57:562

Ver
2= ..

Highest 5:

3.3 Air Quality Forecast

Air quality forecasting is both a challenge and a scientific
problem which has recently emerged as a major priority in
many urbanised and industrialised countries due to increas-
ing consciousness of the effect of airborne pollutant
emissions on health and the environment. The goals of
reliable air quality forecasts are evident: exposure of the
population can be more efficiently reduced and better pro-
tection can be ensured by means of information and short-
term action plans. For this purpose, European legislation has
set ambient air quality standards for acceptable levels of air
pollutants (like Oz, NO,, SO,, PM2.5 and PM10) and has
also recommended the use of modelling tools to assess and
forecast air quality in order to develop emission abatement
plans and to alert the population when health-related issues
occur (Borrego et al. 2011a).

There are currently several air quality modelling
forecasting systems on a local, regional and continental scale
in Europe and worldwide (see http://www.chemicalweather.
eu for Europe and http://www.airnow.gov/ for the USA). Their

U.S. Air Quality Summary | Canada Air Quality

forecast maps usually show the predicted Air Quality Index
(AQI) (Fig. 10), which is an indicator/classification used to
communicate to the public how polluted the air is currently or
how polluted it is forecast to become. This will allow the
authorities to take actions to prevent or reduce the adverse
effects of the exposure of the population through early
warnings and to implement alert systems for the population
when exceedances of air quality targets are predicted.

4 Final Remarks

The atmosphere is a complex and natural gaseous system,
which balance may be affected by the introduction of
gaseous or particulate compounds emitted by natural and/
or anthropogenic sources and affecting human health and
causing damage to plants and materials. Focused on these
concerns, atmospheric sciences have been moving forwards.
Nowadays, the air quality prediction, for an area ranging
from the entire globe to a street, is possible through numeri-
cal models, describing mathematically the behaviour of
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the pollutants in the atmosphere taking into account the
atmospheric processes. For that, the models require diverse
input information, such as meteorological fields, terrain
characterisation (topography, land use or roughness), atmo-
spheric pollutant emissions and boundary conditions.

There are several numerical modelling tools to predict the
air quality based on different approaches. To select the right
model to the intended application and taking into account its
main characteristics is the first and, probably, the most
important step on air quality prediction activity.

Air quality models are considered as powerful tools in
research and policy-making activities, allowing the assess-
ment of the impacts from emission, climate or other type of
variable scenarios. This kind of application provides appro-
priate information to analyse how driving forces may influ-
ence air quality outcomes. Thus, it is especially useful for
environmental impact assessment studies, urban planning
and to structure policy strategies. The scenario analysis
provides alternative images of how the future might unfold,
in spite of the high uncertainty associated with the scenario
development.

Especially in North America and Europe, public admini-
strations and environmental authorities are mandated to
control and manage air quality in order to minimise air
pollution effects on human health and natural ecosystems.
In this sense, long-term air quality assessment should be
performed annually verifying the fulfilment of the limit
targets and threshold values imposed by legislation with
respect to the relevant pollutants. This kind of assessment
application based on an air quality modelling system also
contributes to the identification of air quality problems
and causes and therefore to the development and imple-
mentation of measures to reduce air pollution levels (plans
and programmes). Moreover, there are tens of air quality
forecasting systems providing predictions of air pollution
concentration fields for the next 2 or 3 days, allowing the
authorities to take actions to prevent or reduce the adverse
effects of the exposure of the population through early
warnings and to implement alert systems for the population
when exceedances of air quality targets are predicted.

In spite of the uncertainty associated with the air quality
models and the required input data, air quality modelling can
provide, with enough accuracy, useful information to
decision-making support techniques that may assist in
moving towards more sustainable practices, ensuring a bet-
ter quality of life for the citizens from global to local scale.
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