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 1. Introduction 

TRANSPHORM attempts to develop and implement an integrated methodology for assessing 
the impacts of air pollution on health, considering the effects of various pollutants at all levels, 
from emissions to the burden of disease. In the frame of this assessment atmospheric 
dispersion models are indispensible tools, which however need to be refined to include 
improved treatments of all emission source categories related to the transport sector and 
extend their applicability for exposure studies. Transport sector emissions pose certain 
challenges in atmospheric dispersion models as they involve specific pollutants that are 
introduced in the atmosphere through processes that are not sufficiently well understood, 
especially in their early stages after emission.  

Pursuing the aim of model development and validation of the improved modelling approaches, 
a number of case studies were undertaken for several European cities using improved simple 
atmospheric dispersion models. The cities that were investigated were Athens, Helsinki, 
London, Oslo and Prague, while emphasis was given on the size resolved composition of PM, 
EC, B(a)P and particle number concentration (PNC), which are critical components for 
understanding health impacts. The year that was used as a base year for the validation of the 
models was 2008. 

This deliverable includes, for each city, a description of the model and model setup, as well as a 
description of the treatment of road traffic and other transport sector emissions. A brief 
overview of model validation is also presented for each city. Chapter 7 contains a joint 
validation in the form of a statistical analysis of model results for all cities, aiming to identify 
improvements and deficiencies as well as to highlight the different characteristics of each city in 
relation to the dispersion conditions of pollutants associated to the transport sector. 
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2. Athens 

Calculations of concentrations were undertaken for the city of Athens (Greater Athens Area ς 
GAA), in a process which involved road traffic analysis, bottom-up estimation of transport 
sector emissions and simulation of local concentrations using appropriate atmospheric 
dispersion modelling tools. This case study was designed as an example towards optimised 
exposure calculations, dealing with the whole data chain from traffic data to urban scale 
concentrations, focusing on species PM10, PM2.5, elemental carbon (EC), Benzo(a)Pyrene (B(a)P), 
and particle number concentrations (PNC) for the year 2008. 

2.1. Model description 

The MEMO / MARS-aero modelling system 

 
In the case of Athens, the coupled mesoscale meteorological, pollutant dispersion and chemical 
transformation modelling system MEMO/MARS-aero was applied. The nesting capability of the 
modelling system allows for a fine grid simulation to be nested inside a coarse grid simulation. 
The modelling system consists of two distinct models: i) the meteorological model MEMO 
(Moussiopoulos et al., 1993), a 3D Eulerian non-hydrostatic prognostic model developed for the 
simulation of atmospheric air flow and the dispersion of inert pollutants over complex terrain 
and ii) MARS-aero (Moussiopoulos et al., 1995; Moussiopoulos et al., 2012), a 3D chemical 
transport model that numerically simulates transport and transformation of gaseous pollutants 
and atmospheric aerosols in the lower troposphere. Meteorological fields calculated by MEMO 
are fed into MARS-aero. The photochemical model MARS-aero requires (a) meteorological 
input data provided by the output of the prognostic meteorological model MEMO (b) terrain 
and land-use data covering the simulated domain, (c) gridded pollutant emission data and (d) 
background pollutant concentrations that are required as initial and lateral boundary 
conditions. The major model improvement that took place in the frame of TRASNPHORM was 
modelling of PNC, EC and B(a)P which were not included in earlier versions of the 
MEMO/MARS-aero modelling system. This included both compilations of improved emissions 
inventories for the particular pollutants but also an improved treatment as regards PNC. 
 
Regional background data 
 
Concentration values from the LOTOS-EUROS model (Schaap, 2008) provided by TNO were used 
as boundary conditions for the MEMO/MARS-aero calculations (Figure 2.1). No boundary 
conditions were used for PNC as LOTOS-EUROS did not provide this species for the year 2008. 
The LOTOS-EUROS data were interpolated using a kriging method to provide the lateral and 
initial boundary conditions. 
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Figure 2.1. Model domains, BC points, and transport emissions sources for the MEMO/MARS-aero 
Athens case 
 
 
Table 2.1. Summary characteristics of model domains, emissions and boundary conditions used by the 
models 

Model MEMO MARS-aero 

Coverage area Greater Athens Area 

Period Calendar year, 2008 

Coarse grid 60 ³ 60 cells (2 ³ 2 km2) - 

Fine grid 100 ³ 100 cells (500 ³ 500 m2) 

Emissions Hourly data, AUTh (road traffic) +ports + airport 

Boundary Conditions Radiosondes (LGAV) LOTOS-EUROS  
 
 

AUSTAL2000 

Supplemental street-scale calculations were performed using the AUSTAL2000 Lagrangian 
dispersion model (Janicke & Janicke, 2002) for two urban locations in Athens, Greece (Figure 
2.2). AUSTAL2000 is a Lagrangian particle tracking air dispersion model developed according to 
Germany's air pollution control regulation TALuft (Technical Instructions on Air Quality). It 
incorporates a simple NOx chemistry module while it treats the rest of the pollutants as 
chemically inert. Multi-lane street emissions were introduced as multiple surface sources with 
uniform emission strength, at a constant height of 2m. The building structure was represented 
as a collection of 3D prisms, based on survey data for the Athens area. In order to account for 
the effects of buildings on the calculated wind flow and dispersion patterns, the built-in semi-
empirical diagnostic flow model TALdia was used as a wind field pre-processor. 
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Figure 2.2. Locations and urban canopy structure of the two AUSTAL2000 domains. The colour scale 
indicates roof heights. 
 
 
Table 2.2. Summary characteristics of AUSTAL2000 and TALDia model domains, emissions and 
boundary conditions used by the models 

Model AUSTAL2000 + TALDia (diagnostic wind model) 

Coverage areas Kipseli (downtown dense area) Piraeus (port area, high buildings) 

Period Calendar year, 2008 

Resolution 200 ³ 200 cells (600 ³ 600 m2) 

Meteorology MEMO / Measurements (LGAV) 

Emissions Road emissions from AUTh (microscale traffic model) 

Background 
concentrations 

LOTOS-EUROS(TRANSPHORM) 

Building data Base polygons + extrusion height map 

 
 

2.2. Emissions 

2.2.1. Treatment of road traffic emissions 

Traffic model input 

The transportation model for Athens has been developed with the PTV VISUM software, a 
traffic assignment tool for urban and regional operational planning analysis that has been used 
in several studies (Stamos et. al., 2011; Ayfadopoulou et. al., 2012). The network used for the 
purpose of this deliverable consists of a detailed representation of the urban and regional road 
network of the metropolitan region of Athens, based on open-source GIS, fused with traffic 
related parameters.  
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The network consists of 81880 directed links and 36725 nodes. The links contain information 
about the number of lanes, the road type and its hierarchy in the network, width, length, free 
flow speed, design and effective capacity, direction, allowed transport systems. The link delays 
are calculated with the use of BPR functions (Bureau of Public Roads) , the parameters of which 
rely on previous studies and have been updated through travel time measurements for the 
purposes of the work presented herein. The nodes contain detailed information about the 
ƧǳƴŎǘƛƻƴΩǎ ƎŜƻƳŜǘǊȅΣ ŀƭƭƻǿŜŘ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ŎƻƴǘǊƻƭ ǘȅǇŜ ƻŦ ǘƘŜ ƴƻŘŜΦ  

The network consists of 359 traffic analysis zones connected to physical nodes of the road 
network via 3468 connectors, according to their accessibility index (Friedrich & Galster, 2009), 
avoiding connections with nodes belonging to high hierarchy links. The demand side is 
comprised by 24 hourly Origin-Destination (OD) matrices and the travel demand for a typical 
weekday is within the range of 3.873.745 vehicle trips. The obtained OD matrices are corrected 
using hourly volume data (Figure 2.3) measured by inductive loop detectors installed at 557 
locations across the city. The OD matrix correction is performed with a fuzzy-set based matrix 
correction procedure (Rosinowski, 1994).  

 

Figure 2.3. Hourly traffic volume measured at 07:00-08:00 on a typical weekday in the Athens road 
network. 

Since traffic measurements are available only at a number of locations which is smaller than the 
number of trips, then the problem of determining the OD matrix which reproduces trips that 
result to traffic volumes equal to the ones measured is underdetermined. The matrix correction 
procedure described herein is of bi-level nature, where at the upper level user equilibrium 
traffic flows are computed, subject to the corrected OD matrices at the lower level. The upper 
level user equilibrium traffic flow estimation, known as the Traffic Assignment Problem, based 
ƻƴ ²ŀǊŘǊƻǇΩǎ user equilibrium principle (Wardrop, 1952), is solved with an implementation of 
the Linear User Cost Equilibrium algorithm (Gentile & Noekel, 2010), with an average goodness-
of-fit of 0.94. 
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Emission modelling  

The road traffic emission modelling was performed with COPERT Micro, a specially developed 
version of COPERT IV (Ntziachristos et al., 2009). Since COPERT is an aggregated emission model 
(top-down), the challenge was to apply it for micro-scale emission calculations (bottom-up). 
COPERT emission factors for future technologies and for the pollutants B(a)P, elemental carbon 
(EC), NO, NO2, organic matter (OM), PM10, PM2.5 and particle number (PN) were complemented 
by TRANSPHORM work. The vehicle split into size, fuel and technological categories was based 
on data from the EC4MACS project (http://www.ec4macs.eu/).The output of the traffic model 
was used to calculate the hourly emissions for the Greater Athens Area (GAA) for the entire 
2010.  

In general, the hourly hot exhaust emissions of pollutant i, produced by a link j that has length l, 
in which circulate n vehicles with an average speed v, are calculated using the following 
equation: 

Emissionsi,j = l ³ n ³ Pcategory ³ Ptechnology ³ EFtechnology (v) 

where: 

Emissionsi,j = hourly hot exhaust emissions of pollutant i produced by n vehicles that circulate 
on the link j [g/h] 

i = pollutant of interest (PM10, PM2.5, EC, B(a)P and particle number) 

l = link length [km] 

n = number of vehicles circulating on the link j at the particular hour [veh/h] 

Pcategory = percentage of vehicles per vehicle category (motorcycles, passenger cars, light duty 
vehicles, heavy duty vehicles and buses) 

Ptechnology = percentage of vehicles of each vehicle category per technology (i.e. passenger cars 
category: gasoline < 1.4 l, Euro 2, diesel > 2.0 l, Euro 3 etc.) 

EFtechnology (v) = emission factor per technology for average speed v [g/(km ³ veh)] 

The above equation was applied to all the links of the network and for each hour of a typical 
weekday of October 2010. The sum of emissions of all the links gives the overall hourly hot 
exhaust traffic emissions produced in the GAA. In Figure 2.4, the daily variations of calculated 
emissions for several pollutants are shown. 

Cold-start exhaust emissions, evaporative emissions, as well as emissions from tyre and brake 
wear were not calculated due to the lack of sufficient input data. However, for the pollutants of 
interest their contribution to the overall road traffic emissions is expected to be small 
compared with the hot exhaust emissions.  
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Figure 2.4. Daily variation of calculated pollutant emissions for a typical weekday in October 2010 in 
the GAA. 
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The calculated hot exhaust traffic emissions of the studied pollutants were gridded using an 
appropriate GIS tool for the GAA. Gridded annual emission maps for NO and B(h )P are shown in 
Figure 2.5. The gridded emissions were then fed as input into the MEMO-MARS_aero modelling 
system for the pollutant dispersion simulations. 

  
Figure 2.5. Mean annual gridded traffic emissions for 2010 in the GAA: left: NO, right: B()hP. 

2.2.2. Treatment of other emission sources 

In addition shipping emissions for the major ports of Attica and airport emissions were 
calculated on the basis of the operational action plan for air pollution management in Athens, 
which was developed for the year of 2004, using up-to-date activity data (number of departures 
and landings/arrivals) of the airports/ports for the entire 2010 and projecting the emissions of 
2004 into 2010.  

 

2.3. Air quality calculations 

Concentration fields were calculated using the chemical dispersion model MARS-aero, which 
was driven by the non-hydrostatic mesoscale meteorological model MEMO in a nested 
configuration. For obtaining annual concentration means, a weighting scheme was applied on 
the daily concentration fields based on a classification of local meteorological patterns in 
relation to the prevailing synoptic situation (Sfetsos et al., 2005; Shahgedanova, 1998). The 
method combines a reduction of synoptic observables, using Principle Component Analysis 
(PCA) factorisation, with a clustering algorithm for determining an optimal sample of 
meteorological situations. 

For the particular case study, MEMO and MARS-aero models were applied for the baseline year 

2008and a computational domain of 50³50 km2 centered at the urban core of Athens. A high 
spatial resolution of 500 m was chosen, which can adequately capture transport-related 
features such as ports, airports, highways and other major roads. 
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Figures 2.6 to 2.8 depict annual average concentration maps for 2008, calculated using the 
aforementioned methodology. As it can be deduced from those maps, the impact of the 
emissions originating from road transport on air pollution levels in the GAA, especially in the 
urban core, is noticeable. However, it is also evident that large areas of the GAA are strongly 
affected by activities taking place in the two big harbours located in Attica, namely Piraeus 
(southwestern feature in the domain) and Rafina (east), as well as the Eleftherios Venizelos 
airport (southweastern feature) in the suburban region of Spata. 

 
 

NO2 PM10 

Figure 2.6. Calculated mean annual concentration fields for the GAA as regards NO2 (left), PM10 (right). 
Please note that the scale is not linear. 
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EC O3 

Figure 2.7. Calculated mean annual concentration fields for the GAA as regards EC (left) and O3(right). 

 

 
 

B(a)P PNC 

Figure 2.8. Calculated mean annual concentration fields for the GAA as regards B(a)P (left) and PNC 
(right). 

 



 
 

 15 

 

 

In addition to the mesoscale calculations, local scale simulations of pollutant dispersion were 
simulated for the baseline year (2008) using the AUSTAL2000 model. Two calculation domains 
of linear size of the order of 600m were used to simulate the microscale flow and dispersion 
over two densely-built areas in Athens: a downtown area near the district of Kipseli, including a 
large part of the busy Patision Street, and a high-rise area near the port of Piraeus (Figure 2.2). 

 

 
 (a) (b) 

Figure 2.9. Calculated roof level mean annual concentration fields for the Kipseli domain as regards 
NO2 (a) and PM10 (b). 

 
The calculated concentration fields for the Kipseli domain (Figure 2.9) closely match the traffic 
emission patterns on the main roads, particularly Patision Str. crossing the centre of the 
domain, due to heavy commuter traffic along NNE-SSW direction. Patision Str. (middle) carries 
the bulk of traffic volume with frequent congestion peaks in the morning and early afternoon 
hours. The spatial maximum of mean annual concentrations exceeds 50 g˃/m3 for NO2 and 35 
g˃/m3 for PM10, indicating significant pollution levels within the street canyon throughout the 

study period. It is notable that the predominant N and NNE winds force a distinctive shape on 
the average plumes. By subtracting the constant background level, the calculated PM10 
contribution of local traffic falls to less than н ˃ƎκƳ3 at a distance of 100 m from the road 
center.  
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 (a) (b) 

Figure 2.10. Calculated roof level mean annual concentration fields for the Piraeus domain as regards 
NO2 (a) and PM10 (b). 

In Figure 2.10, the calculated concentration fields for the Piraeus domain are shown. The two 
hotέ ƭƛƴƪǎ ƻƴ ǘƘŜ ǳǇǇŜǊ ƭŜŦǘ are segments of the seaside road that carries the bulk of traffic to 
the main passenger terminal of the port. Congestion is high during the peak summer season, 
especially under unfavourable wind conditions. The secondary hotspot near the centre of the 
domain is due to a combination of high loads and multiple traffic lights operating within a close 
range. Both effects are successfully captured by the microscale traffic model used for 
estimating the emission profiles. The average roadside traffic concentrations ǊŜŀŎƘ он ˃ƎκƳ3. 
Despite the better ventilation characteristics of the Piraeus area, the N-NNE predominant wind 
direction and unfavourable emission patterns cause average local contributions of up to 3-4 
˃ƎκƳ3 higher than those of the Kipseli/Patision domain. 

 

2.4.  Validation 

The main measurement stations that were used for the validation of the model are shown in 
Figure 2.11.  



 
 

 17 

 
Figure 2.11. Measurement stations in the Greater Athens Area 

 

Unfortunately, no measurements were available in the case of Athens except for NO2 and PM10. 
A comparison of modelled and measured yearly averages is presented in Figures 2.12 and 2.13. 
For NO2, comparison is quite good except for the case of Ag. Paraskevi station, which is a 
background suburban station near the outskirts of the urban canopy and is therefore only 
moderately affected by urban emissions. Apparently the model setup was not able to resolve 
adequately the influence of urban emissions at a location of this sort.  

Mean monthly NO2 and PM10 concentrations at various stations in the GAA are presented in 
Figures 2.14 and 2.15, respectively. Although the mean annual BIAS for the Ag. Paraskevi 
station is relatively small, the inter-monthly pattern differs considerably as the model does not 
take into account Saharan dust intrusions that typically take place during Spring and Autumn 
and were observed also during 2008. The discrepancies in the case of Lykovrysi are most 
probably due to disperse industrial and local construction activities that were taking place in 
the area, in 2008 and are in part responsible for the very high measured PM10 concentrations 
at the particular station for a large parto of the past decade. 

 

 






























































































































