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1. Introduction

TRANSPHORM athpts 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 burderof disease.In the frame of this assessmertmospheric
dispersion models are indispensible tgolwhich however need to be refinetb include
improved treatments of alkemission source categories related tioe transport sectorand
extend their applicability for exposure studie$ransport sector emissions g certain
challenges in atmospheric dispersion models as timexolve specific pollutants that are
introduced in the atmosphere through processes that am@ sufficiently well understood,
especiallyin their early stages aftegmission.

Pursuing theaim of model development and validation of the improved modelling approaches,
a number of case studies were undertk for several European cities usimgproved simple
atmospheric dispersiormodels. Te cities thatwere investigated were Athens, Helsinki,
London, Oslo and Praguevhile emphasiswas given on the size resolvetbmposition of PM,
EC, B(a)P and particle number concentration (PN@)ich are criticalcomponents for
understanding health impact3.he year that wassed as a base year for the valitn of the
models wa2008.

This deliverable includefor each city, alesciption of the madel and model setupas well as a
description ofthe treatment of road traffic and other transport sector emissions. A brief
overview of model validation islso presented for each city. Chapter @ontains ajoint
validationin the form of a statistical analysis of model results forcdies, aiming to identify
improvements and deficiencies as well as to highlight the different characteristics of eath city
relation to the dispersion conditions of pollutants associated to the transport sector.



2. Athens

Calculationsof concentrations weraindertaken for the city of AthenfGreater Athens Areg

GAA) in a process which involverbad traffic analysis, bottorup estimation of transport

sector emissions andsimulation 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 chaomf traffic data to urban scale
concentrations, focusing on species BMPM: 5, elemental carbon (EC), Benzo(a)Pyrene (B(a)P),
and partcle number concentrations (PNC) for the year 2008

2.1. Model description
The MEMQ MARSaero modelling system

In the case ofAthens, the coupled mesoscale meteorological, pollutant dispersion and chemical
transformation modelling system MEMO/MAREro was applied. The nesting capability of the
modelling system allows for a fine grid simulation to be nested inside aeaggid simulation.

The modelling system consists of two distinct models: i) the meteorological model MEMO
(Moussiopoulos et al., 1993},3D Eulerian nehydrostatic prognostic model developed for the
simulation of atmospheric air flow and the dispersidnirert pollutants over complex terrain

and ii) MAR&ero (Moussiopoulos et al., 1995; Moussiopoulos et al., 2082BD chemical
transport model that numerically simulates transport and transformation of gaseous pollutants
and atmospheric aerosols in thewer troposphere. Meteorological fields calculated by MEMO
are fed into MAR&ero. The photochemical model MAB&o0 requires (a) meteorological
input data provided by the output of the prognostic meteorological model MEMO (b) terrain
and landuse data cwering 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 wereot included in earlier versions of the
MEMO/MARSaero modelling systemThis included botlrcompilations of improved emissions
inventories for the particular pollutants but also an improved treatment as regards PNC.

Regiondbackground data

Concentration valueom the LOTO&EUROS modé&bchaap, 200§)rovided by TNO were used
as boundary conditions for the MEMO/MARB& 0 calculations Kigure 2.1). No boundary
conditions were used for PNC BO TOEUROSid not providethis speciedor the year 2008
The LOTOBUROS data were interpolated using a krigmegghod to provide the lateral and
initial boundary conditions.
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Figure2.1. Model domains, BC points, and transport emissions sources for MMEMO/MARSaero
Athens case

Table2.1. Summary characteristics of model domains, emissions and boundary conditions used by the
models

Model MEMO MARSaero
Coverage area Greater Athens Area
Period Calendar year, 2008
Coarse grid 603 60 cells (2 2 knt) -
Fine grid 1003 100 cells (508 500 nf)
Emissions Hourly data, AUTI(road traffic) +ports + airport
Boundary Condition Radiosondes (LGAV) LOTOEUROS
AUSTAL2000

Supplementalstreet-scale calculations were performed using the AUSTAL2000 Igsgman
dispersion mode(Janicke & Janicke, 2002) for two urban locations in Athens, Greece (Figure
2.2). AUSTAL2000 ssLagrangian particle tracking air dispersion model developed according to
Germany's air pollution control regulatioMALuft (Technical Istructions on Air Quality)lt
incorporates a simpleéNOx chemistry module while treats the rest of the pollutants as
chemically inert. Multlane street emissiong/ere introducedas multiplesurface sources with
uniform emission strengtha a constantheight 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, theibuskmi
empirical dagnostic flow model TALdia was used as a wind fiel¢ppveessor.



Figure2.2. Locations and urban canopy structure of the two AUSTAL2000 domains. The colour scale

indicates roof heights.

Table 22. Summary characteristicoof AUSTAL2000 and TALDia model domains, emissions and

boundary conditions used by the models

Model

AUSTAL2000 + TALDia (diagnostic wind model)

Coverage areas

Kipseli (downtown dense areaI Piraeus (port area, high buildingel

Period Calendar year, 2008
Resolution 2003 200 cells (608 600 m2)
Meteorology MEMO / Measurements (LGAV)
Emissions Road emissions from AUTimicroscale traffic model)
ECEhIOUE LOTOEUROS(TRANSPHORM)
concentrations
Building data Base polygons + extrusion height map

2.2. Emssions

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 thigdeliverableconsists of a detailed representation of the urban and regional road

network of the metropolitan region of Athens, based on ogsurceGIS, fused with traffic

related parameters.



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 aneffective capacity, direction, allowed transport systems. The link delays

are calculated with the use of BPR functi¢Bsireau of Public Roadsbhe parameters of which

rely on previous studies and have been updated through travel time measurementsefor th
purposes of the work presented herein. The nodes contain detailed information about the
2dzy OuAz2yQa 3IS2YSIOUNERI fft26SR Y20SYSyida FyR 02

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 OrigiDestination (OD) matrices and the travel demdnd a typical
weekday is within the range of 3.873.745 vehicle trips. The obtained OD matrices are corrected
using hourly volume datéFigure 2.3)measured by inductive loop detectors installed at 557
locations across the city. The OD matrix correctiopeidormed with a fuzzget based matrix
correction procedure (Rosinowski, 1994).

Figure2.3. Hourly traffic volume measured ab7:00-:08:00 ona typical weekdayin the Athens road
network.

Since traffic measurements are available only at a number ofitoawhich 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-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
2y 2 | NBselRdulibdum principle (Wardrop, 1952), is solved with an implementation of
the Linear User Cost Equilibrium algorithm (Gentile & Noekel, 2010), with an average geodness
of-fit of 0.94.



Emission modelling

The road traffic emission modelling was permfed 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 miesoale emission calculations (bottemp).

COPERT emission factdor future technologies and for the pollutants B(a)P, elemental carbon

(EC), NO, NQorganic matter (OMPMo, PM,5s and particle number (PN) were complemented

by TRANSPHORM work. The vehicle split into size, fuel and technological categories @as base

on data from the ECAMACS projelattp://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, poadl by a link j that has length |,
in which circulate n vehicles with an average speed v, are calculated using the following
equation:

Emissiong=I® N3 Peategory® Prechnology® ERechnology(V)
where:

Emissiong = hourly hot exhaust emissions pbllutant i produced by n vehicles that circulate
on the link j [g/h]

i = pollutant of interestRPMyo, PMy 5, EC, B(a)P and particle number)
| = link length [km]
n = number of vehicles circulating on the link j at the particular hour [veh/h]

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

Pechnology= percentage of vehicles of each vehicle category per technology (i.e. passenger cars
category: gasoline < 1.4 |, Eurpodzesel > 2.0 I, Euro 3 etc.)

ERechnology(V) = emission factor per technology for average speed v [¢f (keh)]

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 emissiohgll the links gives the overall hourly hot
exhaust traffic enssions produced in the GAR Figure 24, the daily variatios of calculated
emissiondor several pollutantsre shown.

Coldstart exhaust emissions, evaporative emissions, as well asiermgssom 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.

1C
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Figure2.4. Daily variation of calculated pollutant emissionfor a typical weekday inOctober 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 GAGridded annal emission maps for NO aff )Pare shown in
Figure2.5. The gridded emissions were then fed as input into the MEWKRS aero modelling
system for the pollutant dispersion simulations.
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Figure2.5. Mean annual gridded traffic emissions for 2010 in the GAA: left: NO, right:)B(

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 thgear of 2004, using ufp-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 usirftetchemical dispersion model MAB&0, which

was driven by the noiydrostatic mesecale meteorological model MEM@ a nested
configuration. For obtaining annual concentration means, a weighting scheme was applied on
the daily concentration fields basedn a classification of local meteorological patterns in
relation to the prevailing synoptic situation (Sfetsos et aD05; Shahgedanova, 1998). The
method combines a reduction of synoptic observables, using Principle Component Analysis
(PCA) factorisatm with a clustering algorithm for determining an optimal sample of
meteorological situations.

For the particular case study, MEMO and MARE& models were applied for the baseline year
2008and a computational domain of 330 knf centered at the urban cer of Athens. A high
spatial resolution of 500 m was chosen, which can adequately capture trangaied
features such as ports, airports, highways and other major roads.

12



Figures 2.6 to 2.8 depict annual average concentration maps for 2008, calculatedguthe
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 largasaof the GAA are strongly
affected by activities taking place in the two big harbours located in Attica, namely Piraeus
(southwestern feature in the domaignd Rafina(east) as well as the Eleftherios Venizelos
airport (southweastern featurein the siburban region of Spata.
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Figure2.6. Calculated mean annual concentration fields for the GAA as regards (@), PMy(right).
Please note that the scale is not linear.
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Figure2.8. Calculated mean annual concentration fields for the GAA as reg&@@gP (leff and PNC
(right).
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In addition to the mesoscale calculationg¢al scalesimulations of pollutantispersion were
simulated for the baseline year (2008) using the AUSTAL2000 model. Two calculation domains
of linear size of the order of 600mere used to simulate the microscale flow and dispersion
over two denselbuilt areas in Athens: a downtown areaar the district of Kipseli, including a
large part of the busy Patision Street, and a hiigle area near the port of Piraeusdure 22).

51

ug/m3

3

(b)
Figure2.9. Calculatedroof level mean annual oncentration fieldsfor the Kipseli domainas regards
NG; (a) andPMy,(b).

The calculated concentration fields for the Kipseli dom&igyre2.9) closely match the traffic
emission patterns on the main roads, particularly Patision Str. crossing theecehtthe
domain,due to heavycommuter trafficalongNNESSWdirection. Patision Str. (middle) carries
the bulk of traffic volume with frequent congestion peaksthe morning and early afternoon
hours. The spatial maximum of mean annual concentratiomgeds 50>g/m*for NO, and 35
>g/m?® for PMho, indicating significant pollution levels within the street canyon throughout the
study period. It is notable that the predominant N and NNE wiiodse a distinctive shape on
the average plums. By subtracting he constant background level, the calculated 1M
contribution of local traffic falls to less tham > Hat ¥distance of 100 m from the road
center.
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Figurez.1u. Ccaicuiate
NG; (a) andPMyo(b).

In Figure 2.10the calculated concentration fields for the Piraeus domain are shdha.two

2 Y aré se@nentsLdf d&:Ndadidd Fodd that carties bulk of traffic to

the main passenger terminabf the port Congestion is high during the peak summer season,
especially under umivourable wind conditionsThe condaryhotspot near the centreof the
domainis due toa combination ohigh load and nultiple traffic lightsoperating within a close

hott € Ay 14

39

L 2 — ' ' 28.0
aroor ievelmean annual concentration Tielasor tne riraeus aomailras regards

37
ug/m3

34.0

31.6

30.4

ug/mé

range. Both effects are successfully captured by the microscale traffic model used for

estimating the emission profiles. Theaaage roadside traffic concentrationdB I OK & H
Despite the better ventilabn characteristics of the Piraeus area, th&NNE predominant wind
direction and unfavourable emission patterns cause average local contributions of ug to 3
> 3 R higher than those of th&ipseliPatision domain.

2.4. Validation

The main measurementtations that were used for the validan of the model are shown in

Hgure2.11
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Figure 2.11Measurement stations in the Greater Athens Area

Unfortunately, no measurements were available in the case of Athens except fandd M.

A comparison of mdelled and measuregearly averages resentedin Figures 2.12 and 2.13
For NQ, comparison is quite good except forethcase of Ag. Paraskevi statiomhich is a
background suburban stationear the outskirts of the urban canopy and is therefore only
moderately affected by urban emissiormspparentlythe model setupwasnot able to resolve
adequately the influence of urban emissionsadbcation of this sort.

Mean monthly N@and PMg concentrationsat various stations in the GAA are preseniad
Figures 2.1 and 2.5, respectively.Although the mean annual BIASfor the Ag. Paraskevi
station is relatively small, the intenonthly pattern differs considerably as the model does not
take into account Saharan dust intrusions that typically take placengupring and Autumn
and were observed also during 2Q08he 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 foe tvery high measured PM10 concentrations
at the particular station for a large parto of the past decade.
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