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1.  EXECUTIVE SUMMARY 

The present deliverable describes the modelling setup designed to accomplish the goals of 

action B3. The main objective of action B3 is to determine the exposure of the target 

population (children) to the selected pollutants  using a modelling approach. A dispersion-

exposure modelling system was selected and will be adapted to run in operational mode to 

allow its use for particulate matter air pollution and exposure control through its integration 

in the LIFE Index-Air Management Tool. 

The report presents the overall modelling methodology, the selected modelling system  and 

its setup for the application to the d ifferent Index -Air case studies. Simulation domains  and 

input data  required, as well as the  methodological approach for the  implementation in the  

Index-Air tool , which is  based on neural network training , are also described.  

2.  INTRODUCTION 

The Action B3 comprises the compilation of emission data, preparation of meteorological 

inputs, air quality model setup, and the preparation of the exposure models.  

Air quality and human exposure numerical modeling will be used to determine human 

exposure: first a meteorol ogical model will be applied over de different domains, and then 

together with emission data, air quality/dispersion simulations will produce the pollutants 

concentration patterns.  

Based on literature and taking in to account the expected outputs, the WRF -CAMx air quality 

modelling system was selected to be applied to the Index-Air urban areas. The WRF model 

(Weather Research and Forecasting), from the National Center for Atmospheric Research 

(NCAR) (Skamarock et al., 2008), version 3.5., is a next generation mesoscale numerical 

weather prediction system designed to serve both operational forecasting and atmospheric 

research needs. CAMx (Comprehensive Air Quality Model with Extensions) (ENVIRON, 2016) is 

a 3D chemical transport model suited for the s imulations of the emission, dispersion, 

chemical reactions, and removal of pollutants in the troposphere based on the integration 

of the continuity equation for each chemical species on a system of nested three -

dimensional grids.  

The link between emissions and concentrations,  described through the WRF-CAMx air quality 

modelling system, has to be re -written in the context of the Index-Air Management Tool, to 

be more efficient in terms of CPU demand.  

Non-linear models based on Artificial Neural Networks (ANN) , similar to the ones presented 

by Carnevale et al.  (2012) and Relvas et al. (2017), can been applied. This approach 

captures the non-linearity in the relationships between emissions and concentrations, 

maintaining a low CPU time.  Artificial Neural N etwork s are composed by simple connected 

elements (neurons) operating in parallel. Each element is  characterized through a function 

(usually nonlinear) relating inputs and outputs (activation function). During 

the identification phase  the weights of the connecti ons between the different neurons are 

adjusted in order to define a particular function between the network input and output .  
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3.  DESCRIPTION OF THE MODELLING SETUP 

 

3.1.  METHODOLOGY OVERVIEW 

Under Action B3, air quality and human exposure numerical mode lling will be used to 

determine both individual and population exposure: first a meteorological model will be 

applied to obtain meteorological data, which together with emission data, will drive  the air 

quality/dispersion simulations which, in turn, will produce the pollutants concentration 

patterns that, combined with measurements, will allow determining human exposure by the 

application of a population and  an individual exposure model s. Based on the objectives and 

tasks of Action B3, the general methodology was defined and is presented in Figure 1. 

 

Figure 1 Methodology overview scheme of Action B3.  

Figure 1 shows the interactions between the different tasks (sub -actions) of Action B3 , the 

outputs of each one that will be inputs to the subsequent ones and the link to Action B2.  

The WRF-CAMx air quality modelling system was selected to be applied under Index -Air 

according to its suitability to simulate the meteorological conditions and the atmospheric 

concentrations of particulate pollutants for the study regions, including the speciation into 

Ni, As, Cd, Pb, as the elements regulated by the air quality legislation. It will be applied to a 

past year, 2015, for validation with data acquired in monitoring stations operating on a 

regular basis in the study regions. Outdoor measurements conducted in B2 during the field 

campaign carried out in 2017 will be used in the validation of the CAMx model application for  

the Lisbon case. 

The WRF-CAMx application, with high spatial (~1x1 km 2) and temporal (1 hour) resolution , will  

produce the concentration fields over the study regions needed for population exposure 

estimation.  Indoor/outdoor ratios will also be derived ma king use of data from B2 and used in 

the individual exposure model.  
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3.2.  DEFINITION OF MODELLING DOMAINS 

The air quality modelling system will be applied for the 5 Index-Air case studies following a 

downscalling approach, over three nested domains until reachi ng the final desired horizontal 

resolution of 1 km 2 over each urban area. For this purpose , an European domain and 5 

regional and urban domains were defined  as summarized in Table 1 and displayed in Figure 2 

and Figure 3.  

Table 1. Air quality modelling domains (European, regional and urban) for the Index -Air study areas . 

 European domain  Regional domain  Urban domain  
Lisbon, PT 

Orig(lon,lat)= ( -12.5°,35°)  
170x116 grid cells 
~ 25x25 km2 

Orig (lon,lat)=( -10.80°,36.2 0°)  
97x127 grid cells 
~5x5 km2 

Orig (lon,lat)= ( -9.51°,38.49°)  
52x52 grid cells 
~1x1 km2 

Porto, PT  Orig (lon,lat)= ( -9.01°,40.99°)  
52x52 grid cells 
~1x1 km2 

Kuopio, FIN  Orig (lon,lat)=( 26.95°,62.20°)  
27x27 grid cells  
~5x5 km2 

Orig (lon,lat)= ( 27.49°, 62.74°)  
27x27 grid cells  
~1x1 km2 

Athens, GR Orig (lon,lat)=( 22.70°,36. 95°)  
42x42 grid cells  
~5x5 km2 

Orig (lon,lat)= ( 23.49°, 37.74°)  
52x52 grid cells 
~1x1 km2 

Treviso, IT  Orig (lon,lat)=( 11.20°, 44.45°)  
42x42 grid cells  
~5x5 km2 

Orig (lon,lat)= (11.99°, 45.24°) 
52x52 grid cells 
~1x1 km2 

 

Figure 2. European simulation domain with the location of regional and urban domains for the case studies of 

Lisbon, Porto, Athens, Treviso and Kuopio.  

 

 

 

 



 

Regional domain for Lisbon and Porto Urban Domain Lisbon 
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Regional domain for Kuopio Urban domain Kuopio 

 

 
Regional domain for Treviso Urban domain Treviso 

 

 

Figure 3. Regional and urban simulation domains for the case studies of Lisbon, Porto, Athens, Treviso and 

Kuopio.  

 

3.3.  INPUT DATA 

For the application of the air quality an d exposure modelling system several types of 

input data are needed:  

- Meteorological data  and background concentrations of air pollutants  to initialize the 

WRF and CAMx models, respectively;  

- Emission data; 

- Air quality measurements (indoor and outdoor) for validation and to compute 

indoor/outdoor ratios;  

- Time activity patterns and ventilation rates of the children under study, for individual  

exposure modelling;  

- Census data for population exposure modelling . 

Data needed for the air quality modelling application have been already compiled. 

Meteorological inputs to the chemical simulations were driven by the meteorological 








