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Abstract: The main purpose of the HEARTS (Health Effects and Risk of
Transport Systems) project was to develop and test an integrated mpact
assessment methodology to assess changes in exposure pattems and the
related health effects due to different urban transport policies. Risks under
consideration nclude: air pollution, noise and aceidents. In order to
develop an integrated approach a thorough review of different models
relating to transport was indertaken, meluding in particular, models of
road traffic, ar pollution, neise, accidents, time-activity, expesure and
health effects. Based on this review, existing models were selected for
mcorporation and use m HEARTS, and new (mainly micro-
envirenmental) models developed where necessary. These models cperate
by assigming exposures to individuals or populations according to the
propertion of their time spent in different micro-environments, each of
which can be characterized by distnbutions of sk concentrations. The
various models were linked through a Geographical Information System to
provide an mtegrated assessment toolbox. In order to help develop the
HEARTS methodology, field-test and vahidate the varnous tools, and
demonstrate how the HEARTS approach muight be used for policy
assessment, three case studies were camed out in the cifies of Leicester,
Lille and Florence.
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1. INTRODUCTION

Transport is an essential component of medem life, and brings with 1t the potential to mmprove
and erode public health. Foad traffic 13 a major cause of adverse health effects — ranking with
smoking and diet as one of the most important health determinants m Europe. Traffic-related
air pollution, neoise, accidents and social mmpacts combine to generate a wide range of
negative health consequences, including increased mortality, cardic-respiratory and stress-
related diseases, cancer and physical injury. These affect not only ransport users, but the
population at large, with particular mmpact on the vulnerable groups such as children and the
elderly, eyelists and pedestrians.

The main purpese of the HEARTS (Health Effects and Fisk of Transport Systems) project
was to develop and test an integrated impact assessment methodelogy to assess changes in
exposure patterns and related health effects due to different urban transport policies. Risks
under consideration nclude: ar pollution, noise and accidents. Psychosocial effects, lack of
physical activity and other nsks associated with transport scenanos alse play a role, but they
were not considered primarily because of the need for further basic research to confirm these
effects and the causative mechamisms involved. In order to inform the smdy, a thorough
review of different models relatmg to transpert was first undertaken. In particular models
concerming traffic, air polluion, noise, accidents, time-activity, exposure, and health effects
were reviewed. Based on this review, relevant models and methedologies were selected and
brought together, and new models were developed where necessary. The various methods and
models were then linked via a Geographical Informatien System (GIS). In order to help
develop the models, field-test the metheds and demonstrate use of the HEARTS approach,
three case studies were camied out: m Leicester, Lille and Florence.

The HEARTS project aimed at achieving a better characterization of the health implications

of road traffic and wban Tansport m Europe by developing and demonstrating an mtegrated

approach to, and methodelogy for, risk assessment  Application of this approach would then
help to reduce adverse consequences of mansport cn health in Europe by:

+ meore accurately specifying the health effects of urban transport;

» improving the asbility to cammy out mtegrated sk assessment to assess and compare
different urban iransport schemes and policies;

* despening understanding of the geographic and social distribufion of the different health
risks of transport within urban areas, and developing related land-use policies specific to
lecal conditions and to population groups across the Eurcpean Union;

+ better characterizing the subgroups mest at nisk for multiple health effects and better
targeting public health and ransport-related pelicy interventions to mingate these nsks;

+ facilitating dizlogue between different sectors of urban admunistration, policy makers and
stakeholders, and explicit trade-offs in urban transpert and land-use planming decisions.

These goals were pursued through:

1) discussing and reviewing risk assessment methods, dose response relatonships and
exposures/effects evidence and measures of risk assessment cutcomes;

1) identifymng relevant transport-related health end-pemnts to be considered m imtegrated
health mpact analysis:

3) reviewing existing moedels and software tools regarding traffic;

4) integrated modelling of exposures to, and nisks of, air pollution, noise and aceidents;

5) identifymg spatial/temporal scales suitable to integrate risk analysis;

@) defining case studies m terms of policy scenarios and data requirements;

7) planned surveys and momitoring campaigns in the eity case studies.
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2. MATERIALS AND METHODOLOGY
2.1. Reviews

The work mindertaken in HEAETS, in particular the modelling, was songly informed by the
completion of state-of-the-art reviews of key areas of research, imcludimg arr pollution, noise
pellution, traffic and pedestrian movements, and accidents. These reviews were completed
early m the project but, reflecting the dynamic nature of this field of research, developments
continued to ocewr throughomt the lifetime of the project, so reviews were updated as
necessary.

2.2, Traffic and emizsions

Information on read traffic and their associated emussions wnderpm the HEARTS
methodology. They were essential as a basis both for assessmg nsks, and for wdennfyng
petential needs for intervention. Reliable data and models on road maffic and emissions were
thus a prerequisite for integrated risk assessment, using the HEARTS approach. In order to
help identify and select appropriate methods and medels, clear criteria were mitially
developed.

More particularly, the following specific methodological criteria were defined for the traffic
models selected:

Full spatial coverage of the area of impact

Capabality to model different travel modes

Abality to handle detailed information on trips and network

Adequate micro-representation of cold trips (Le. the fraction of cold vehicles in each link)
Prowizion of information on the speed vanability aleng each link of the modelled network

Similarly the followmg specific methodological criteria were identified for emission models:
* capability to predict enmssions in terms of appropriate sensitivity to the parameters
capability to provide results related to different spatial and temporal scales;

capability to consider all the velicle categonies comprising the European flest

adequate micro-scale representation of cold start effects

realistic modelling of the effects of speed vanability aleng the moedelled network.

The use of the Transport Energy and Environment (TEE) 2005 version, which was developed
m the framework of HEARTS Project, was finally adopted. This version is a sigmificant
upgrade of a previous 2004 version, produced for the ISHTAE Project and focuses on the
modelling of patking processes that have a major role m the gquantification of cold start
emissions, anong the major contributions to total emissions in urban centres. The TEE2005
software was applied and validated m the Florence case study. Traffic input mainly came
from EMMEZ model calculations.

2.3, dir pollution

A large number of dispersion models have been developed for medelling emissions from a
range of source types (Le. point, line, area) and these loosely fall into two groups of models:
mntermediate and advanced models. Intermediate dispersion models are those models that are
capable of providing estimates over both space and time, whilst having relatively simple
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parameterization and capabilities. Advanced medels can accommeodate relatrvely large
numbers of sources and provide concenirations at high spatial and temporal (Le. hourly)
resolufion, for a number of grid or point receptors. They can use detailed mformation on
traffic emissions and metecrolegy, varying by time of day and week. A distingmishing feature
of advanced models is that they incorporate the effects that boundary layer conditions have on
dispersion.

The HEARTS approach was designed to accept data on air pollution from external models,
where these are available. Generally, use of data from external models such as these is to be
preferred, sinee this offers the scope to use sophisticated and locally calibrated air polluticn
models. However, such models may not always be available and / or accessible; therefore, an
mternal medule was developed to model air pollution within GIS.

2.4, Noise

Most traffic noise models presently available use semu-empirical methods, based on a
combmmation of well established theories on noise propagation with a large amount of
experimental data from different origins (emission data bases). This approach has the
disadvantage that 15 based on data extrapolations which can lead to large uncertainties.

The existing noise models may need improvemsnts and hamomsation in accuracy. In urban
areas, notse source models nead to be improved to meclude addiional factors, such as noize
due to traffic congestion and to traffic hights (1dling engine noise), which can greatly affect the
accuracy of the overall prediction model. However this can hardly enhance the accuracy of
the overall prediction model. It was therefore necessary to also have a better and more
detailed description of urban traffic as a noise source by taking inte account the kinematic
behaviour (acceleration, deceleration and idling) of velicles in the urban driving cycle and the
effects of Taffic signals.

To overcome some of these remaining modelling problems, a new approach was tested within
the Florence case study, which remedies the standard computational methods with a statistical
model. This enables the results of the tradifionzl caloulation methods, applisd to the main
streets network, to be adjusted to take account both of the traffic flowing along the secondary
streets and specific local noise attermation factors.

2.4 Aecidents

Aecident visk modeling: A critical analysis of existimg accident nisk models concluded that
“the accident msk formmlae estimated from samples of road elements such as hinks or
Junctions are not really suitable for esnmating the mdividual sk of mvelvement in an mjury
accident for any kind of road nser”. This 1z mainly because the forms of the relationship
between the individual risk measured as the accident rate per kilometre for a car occupant and
the three traffic varables (velume, concentration and speed) obtamed from them are not
realistic.

Against this background, specific research was camed out m HEARTS to develop a nsk
indicator that was:

+ suitable for pedesmian and car occupants;

* lmked to spead and concentration of the flow of vehicles, by lane;

» applicable both to road links and junctions;
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* based on the prnciple of exposure to nsk conmsistent with the concept used in
environmental epidemiology like for exposurs to pollutants.

Based on this, a measure of “concentration” for a pedesman was defined. giving the
proportien of space not available for a free and safe crossing (Routledge, Repetto-Wnighe,
1974). This is defined as the space occupied by a virmal flow of vehicles with a length equal
to the distance mn by the vehicle durng the time spent by the pedestrian crossing the street.
This same approach has also been extended to take into account multiple flows on a link and
at junctions (with and without raffic lights). The same kind of indicator has also been adapted
as a measure of nisk for car occupants. At junctions, the “concentration™ is based on crossing
and merging flows, regulated or not by traffic lights, in the same combination (Lassarre et al.,
20045

Fedestrian behaviour modeling: Several attempts of modelling pedestrians crossing behaviour

have previously progressed as far as to produce interesting results. However, an overall

approach on pedestrians crossing decisions (1.e. where pedestrians are more hikely to cross)

and the relative determinants has not yet been presented. In particular:

» Most studies analyse crossing decisions at a particular location, while the behaviour of
pedestrians along an entire trp has not been explored m detail

* Most smdies focus on partieular determumnants (road, traffic and mdividual parameters) and
neglect or consider enly partially other impertant parameters.

* Crossing at uncontrolled locations (mid-block crossing, jaywalking ete)), which iz a
commonly adopted behaviour, 15 not considersd in mest smdies.

* Most smdies are not designated to link the observed crossing behaviour to pedestrian nsk
EX[OSUIE.

In the framework of HEARTS, therefore, analysiz was undertaken to investigate pedestrian

crossing behaviour m a more holistic and integrated way: 1.e. along an entire rp. For that

purposs, existing methods were explotted and adapted (Baltes, Chu, 2002; Chu et al., 2003},

and new models were developed. In particular, a hierarchical methedelogy was developed and

tested, based on the following steps:

1. Estimation of the total number of crossings aleng a trip, in relation to ongim and
destination parameters.

2. Estimation of crossing probabilities at different locations aleng each road segment (link),
in relation to readway, Taffic, mp and mdrvidual parameters.

3. Estmation of cressing probabilities along each mip, in relahion to the distance from ongin
and destination.

4. Calculation of the weighted final crossing probabilities for each location along the trip.

On the basis of the above, a complex medel for the estimation of the type, number and
location of crossings aleng a tmp was developed. The resulting algerithm allows for the
calculation of probabilities for different pedestrian crossing choices along a trip through a
linmited vet adequate number of variables. Validation of the model m the case study cities gave
promising results.

2.3, Exposure

Micro-environmental models operate by assigning exposures to individuals or populations
according to the proporfien of therr time spent in different nucro-environments (e.g.
residence, workplace, cutdoors, m traffic), each of which can be charzctenised by distnibutions
of pollution concenfrations derrved from representative (mostly outdoor) monitoring studies,
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monitering sites, or dispersion models (Hanninen et al. 2004, 2003). The advantages of this
approach are that 1t can readily be applied to large populations, on the basis of aggregzate time-
activity data and estimates can be validated agamst population exposure survey data. The
main disadvantage of microenvironmental modelling, perhaps. is that it gives no mdividual-
or location-specific information on exposures.

On the other hand, dynanue gecgraphical models are designed te provide detailed, mdividual
or near-individnal assessments of exposurs, over both time and space. They thus require
detailed space time-activity data as well as mformation on time-varying patterns of pollution.
Typically they operate by following individuals as they move through the changing pollution
field, and thereby accumulate exposure profiles. Their advantage i3 that they prowvide far more
finely resolved information on exposures which reflects mndividual behaviour pattems. Their
disadvantage is that they place high demands on data and processing rescurces, and are
difficult to validate and extend to large representative populations.

Based on the review of exposure models, 1t was concluded that beth types of exposure models
could be used within HEARTS. Dynamue gecgraphical models were used for detailed
assessments of transport-related exposures to air pollution and noise at the local scale, while
population exposure models using a probabilistic simmlation framework (Le. micro-
environmental models) were used for broader-scale population-level exposure assessment or
studies of long-term impacts.

2.6, Health effects

The selection of health end-pomts and related indicators due to air pollution, noise and road
traffic-accidents was a findamental step mn developing an mtegrated risk assessment for
traffic-related health effects. This selection was based, by and large. on the availability and
strength of evidence on the health effects of exposures asscciated to transport. Building cn the
established methodolegy developed in nsk assessment, several methods for more
comprehensive health mmpact assessment. developed in recent years, (WHO-ECEH., 2000;
Marmzzi et al, 2003) were exploited.

3.RESULTS
i.1. The GIS based exposure modelling: the STEMS model

This section reports on the development of model miegration with parficular focus on the
STEMS (Space Time Exposurs Modelling System) models and providing an overview of the
system architecture and data stream. The assessment system was built on, and greatly extends,
a GIS-based methodology — the Space-Time Exposure Modelling System (STEMS) -
previously developed as part of an EPSEC-fimded project (Gulliver and Briggs 2005). Inits
criginal form, STEMS was concerned only with air pellution, and used externally provided
data on time activity pattems and air pellutant concentrations to sumulate exposure profiles for
sample mdividuals. Within HEARTS, this simple base model has been greatly extended and
enhanced by incorporating intermal models of:

. arr pellution concentrations;

. traffic-related noise;

. traffic accident risks (to both velicle-users and pedestrians);

. trip selection and fime-activity;

. pedestrian crossing behaviour.

L lad b e
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The system has also been greatly refined through the development of a praphical user
mterface, which provides menus and drop-down windows to emable the models to be nin
mteractively.

The overall system smucture 15 shown in Figure 1. The mam principle en which STENMS-2
works is that any individual’s nisk expenience depends om what Hagersmand (1970) called
their fime-line — i.e. the sequence of activities they undertake and the places in which they
perform them, as a contimmons series or narrative.  STERMS-2 uses information on mdividual
time-lines (or miputes time-lmes when necessary) to model the exposures of the mdividual to
air pollution, noise and accident misks from road traffic. Both the temporal and spatal
resolufion of the modelling can be altersd, according to the availability of data or user need:
the default 13 a 1 hour increment and 100 metre spatial resolution. The impertant feature of
this approach 1s that exposures are modelled as continucus processes, cperating in time and
space, not as a set of discrete events. This means that people’s entire exposure experiznce is
considered, allowing interactions between behaviour and exposure to be taken into account,
and cummlative effects of different exposures to different hazards, m different mucro-
environments at different fimes of the day (or life) to be assessed. STEMS-2 thus provides a
means of mtegrated nisk assessment.
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Figure 1. The STEM (Space Time Exposure Modelling) system architecture

As mdicated above (and as shown in Figure 1), STEMS-2 compnses five mam modules or
components. The underlymg framewoctk that limks the system 15 STEMS-Trip. This models
tinee activity patterns and trip behaviour on the basis either of detailed. individual-level fime-
activity data (where these exist) or by mputation on the basis of aggregate statistics on ome
activity patterns. Thizs module also provides the graphical wser mtferface to design any
mdividual study or assessment. and consmucts exposurs profiles by dynamucally intersecting
the time-line of each mdividual with the underlying and changing bazard surfaces. These
hazard zurfaces can be provided as ready-made mputs, denived from external medels. or can
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bz generated using the mnternal medels: STEMS-Air provides an infemal mode] of ambient amr
pollntion concentrations for every grid cell in the study area; STEMS-Noise models ambient
noize levels on the same basis; STEMS-Crash models nisks of vehicle accidents, and by
extension nisks of accidents to pedestrians. STEMS-Walk provides an additional medule that
simulates pedestrian crossing behaviour (and thus accident nisks) along the selected routes.

STEMS-2 is thus designed to be nm either using data derived externally (e g. from purpose-
designed surveys or extemal models) or using the intermal medels. The minimum input
Tequirements comprise detailed, geographical information on the road network and land
cover, and time-varying data on traffic charactenstics (volume and flow profile by road link
and hour of the day), sleng with statistical infermation on time activity (howly transition
mainices and model preferences). Other data requirements (e.g. fleet mix, velicle speed, ar
pollutant and noise enussions, and details of time-activity, pedesirian behaviowr and road
charactenistics) can be provided if available, but will otherwize be automatically mmputed
within the system.

3.2 Case studies

Three case smdies were developed during the project. The cifies chosen for the case studies

were Lille (France), Leicester (Umted Kingdom), and Florence (Italy). Each case study

differed m its focus. In addition to the HEARTS partmer agencies. local mstitates and

orgamzations were mvolved m order to support the completion of the case smdies. The

purpose of the case studies was threefold:

* To help mform the design and development of methods and models

* To test and validate the models imder real-world conditions

* To demonstrate the use of the HEARTS approach to evaluate potential health
consequences of locally relevant transport issues

In each case, cities focused on specific aspects and issues, depending on their data situation

and cn local policy concemns as shown in Tables 1 and 2.

Table 1. Models tested within the HEARTS Case-studies

Caze 15 Adr Tons Padestrian Traffic Maoise Emizzion’ Accideas
Study development Pollution  Actvity  Crossing  Modelling Dhispersion
Leicester - - - . -
Lill= - - - - - -
mre[u'g - - L] - -

Table 2. Data. tools, parameters and scenanos modeled in the HEARTS Case-studies

City Data and / or Tools Scale and'or Parameters Scemarios Modelled
Laicester | Children’s time acdvity A small-arez (ca. 20km2) Palicy scenario for 2 "po-drive-to-
patterns and parsoosl arcund Marborough Foad in school” initiative
exposuras to air pollution in Leicester.
different rapspor micro-
EOVITOIEnTE. Eley parameiars: exposura o
air pellution (partcnlaces) in
“Walidation and testing of air differant ransport micra-
polhrton and noise models ENVITOLIENTE; Hne-acvity
Aagainst monitored data. pamemms and rowte choice of

children; nodse monitoring and

madelling messures.
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Ciry Data and [ or Tools Scale and'or Parameters Scenarios Modeled
Lille Diata oo mwobility, networks, Smudy area was lmuited 1o Two scensrios of TanspoITanon
maffic, ar pollution. accidents. | Villepeuwe d'Ascg, located oo | policy for 2013: a busipess as
Speacial sinmlation tools the west of Lille Mamopole. nsual ope aed a pro-active ons
developed based on a set of actons
Urban transportation spacially | Two fypes of risk dus o reconenendad into the "Flan de
designed to decraase the car fransporaton: Deéplacements Urbains”
e - Apcident,
- Air polluton,

A methodology to measure the | Two sroups in the popualaton
expasure 1o accidenr sk for - Children (310 vears),
pedesmian has been setup with | - Eroployad (13-80 years).
observanon techniques such as
follow wup, interview, and GIS
coding tachniques

[Florencs Intesrated madelling system by The whole area of Florence Appliczton to the edstng and
lpose-coupling the various pmdcipality (Conmme di planped mansport scensrios by the
mizdels witkin GI5. Frrenze) Florence Municipality ar 2010,
Camying out an exposire The eatire population of
measure campaizn of P2 Florence Muntcipality
and elemental malysis of
ENI2S sxaples

In Leicester, the study focused on collecting detaled datz on fime activity pattemns of
children, and personal exposures to arr pollution both m-velucle and whilst walking, to inform
and validate the modelling. A purpose-designed survey of fime activity patterns was
undertaken in 10 scheols i the area, and repeated persomal monitoring camed out on two
routes. Detailed monitoring and modelling of noise was also undertaken. Data on traffic
flows were obtammed using a vehicle allocation model (TEIPS). and this was used, together
with the STEMS model developed dunng HEARTS, to simulate exposures under a "safe
routes to school” mitiative scenario. Model testing and validation was alse undertaken using
the data collected m the study area. Some results conceming air pellution expeosures are
presented in Figure 2.

In Lille, mmch of the focus was on accident modelling. Target subgroups mvestigated include:
children, 3-10 year cld and emploved, 18-60 year old. In Lille, a new methodology was tested
to measure the exposure to accident risk for pedesman with ebservation techmigues such as
follow up, interview, and GIS coding techmioues for the route and crossings of the walking
tmip for children, teemagers and adults. A de-nothing scenario and an transportation acticn-
plan scenario were compared, concerming year 2015, Scme results conceming pedestrian
accident risk are presented in Figure 3.

In Florence traffic emissions, noise measurements and exposure modelling were performed.
In particular. an exposure measure campaign of PM2.5 and elemental analysis of PM2.5
samples were camied out to nm exposure stafistical model. Two scenarios were tested
comparing 2003 to 2010 simation regarding traffic and enussion modelling. Some results
CONCEMINE Nglse exposure are presented in Figure 4.
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Figure 4. Comparison of noise exposure (Lmght level differences in receptors)
between the 2003 and 2010 scenarios i Florence

4. DISCUSSION

The overall objective of HEARTS project was to develop and apply an integrated
methedology for health nisk assessment m order to evaloate the multiple health impacts of
road traffic, as a basiz for informing policy and mproving public health protection. Its
motivation was the need for more integrated metheds for health nsk assessment which
consider the full range of exposures and health effects and can be apphied early in the policy
or planning process. These tools should alse make explicit the trades-off of certain policy
options. One of the achievements of HEARTS was the development of a loosely-coupled
modelling system, enabling an integrated assessment of the exposure to air pollufion. noise
and traffic accidents and associated health nsks m relation to road traffic. The question during
the process has been whether in addition to this, it 1s useful and possible to calculate an
overall estimate of the combined exposures and total health loss.

The mmitial objectives of the projects were achieved The Consormum identified and
characterised a complex set of steps and selection of models that, when integrated together,
will constitute a decision support tool to test different urban policy scenanies. The relevant
health outcomes and specific exposures that determine the most significant impacts were
identified through an extensive review of the large body of evidence on the effects of ambient
air-pollufion, noise and road accidents. To accommodate for each complex structure of
mformation, the STEMS software was developad to include new models for amr pollution,
noise and accidents risks and was also greatly enhanced by the development of a time activity
model and graphical user interface.

As part of this process, a range of new models have been developed, and others adopted and
adapted. The TEE emissions model was extensively improved to take sccount the fact that
STEMS needed zome modifications and the msertion of a new algomthm for the nisk of
accidents. Two additional 1ssues were explored: the first cne refers to the analysis of
pedestrian crossings characteristics in relation to the mfrastructurs; the second one deals with
speed variations along the links and near the junction areas. The results of the mvestigations
descnibed above are expected to allow for the degree of exposure to be caleulated for different
traffic conditions and pedesmans behaviours mn an accurate and realistic way.
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The HEARTS approach represents a step forward m the development of an integrated
approach to assess the health-effects of urban transport policy. The feasibility of an integrated
approach was demonstrated but some 1ssues remain open:

* Valdation: different models can be validated to different degrees. Means of camrymng out
“far” comparisons should be further identified.

* Data access/imtegration: methedelogical reflection and development of models and toels
for implementation are the main objective of projects ike HEARTS. However, experience
shows that diffienlties m obtaming data, assessing its completeness and gquality, ensuring
consistency between different sources, preventing questions of property and rights,
cleanng, formatting, transferning and so on, abserb a large proportion of the efforts.

* Traming for implementation: systems for integrated analysis are complex entities and
camnot be used “off the shelf”. The applications require a good level of knowledge,
normally to be found m established teams. It 15 not clear how a satisfactory balance
between level of complexity and necessary know-how (and'or mvestment in capacity
building) can be pursned.

* Comnstruction of an automated decision-support system: while in principle such a system 15
conceivable, 1t is uncertain whether algorithms and softorare to accomplish this are realistic
feasible, and above all the unlity of such a system 15 dubious.

* Applicability to other mansport meodes, railways, arcraft; Inclusion of further health
implicaticns of Tansport policies in whan areas, notably physical activity through cyeling
and walking and psychosocial effects; Extension of the modelling to melade a regional scale:
by design, HEARTS did not cover all possible areas of interest m transport and health. One
of the liggest challenges for the future 13 to identify what addinonal areas of research and
implementation would be most profitable and useful to support policy making.

REFEERENCES

Baltes M., Ch X (2002) Pedestrian level of service for mid-block street crossings. TEB 81st
Anmual Meeting, Transportation Research Board, Washington.

Chu, X, Guitenplan, M., Baltes, M., "Why people cross where they do - The role of sireet
environment”, TEB 2Ind Awnual Meeting, Transportation Fesearch Board,
Washmgton, 2003,

Gulliver J., Briggs D. (2005). Time-space modeling of joumey-time exposure to traffic-
related air pellution using GIS. Environmental Research, Volume 97 issue 1, pp.10-23.

Hagerstrand T. {1970) What about pecple in regicnal science? Papers of the Regional Science
Association, N*24: 7-21.

Hinmnen 0.0, Lebret E., Tlacqua V., Katsouyamm K, Kimzh N., Sram E.J., Jantunen M.J.
(2004). Infilration of ambient PM2 .5 and levels of indoor gensrated non-ETS PM2.5 in
residences of four European cities. drmospheric Environment 38(37), pp. 64116423,

HEARTS Consortum (2005). Health Effects and Risk of Transport Systems Final Report.
WHO Eegional Office for Europe, European Cenfre for Environmen: snd Health
Fome, Ttaly.

Jantumen BT (2004) Infiltration of ambient PX2.5 and levels of indoor generated non-ETS PM2.3
in residences of four Enropean cines. Atmosphenc Environment 38(37), pp. 6411-6423.

Marmzzi M., Erzyzanowski M., Bertellimi R (2003). Health mmpact assessment of air
pollution: providing further evidence for public health action. European Respiratory
Jowrnal, Suppl. 2003 May; 40:865-91s.

Routledge D., Fepetto-Wnght B, Howarth I (1974). The exposure of young cluldren to
accident risk as pedestrians. Ergonomics, 17, 4, pp. 457-480.

5. Lassarre (INEETS), I. Golias, G. YVannis, E. Papadimitrion (INTUA), K- Zeitoum (PEISM)
(2004). Accident risk model and exposure assessment. Deliverable 13, HEARTS
project. INEETS, February 2004,



384 3 dwefvec Tovedpio yio iy Epevva onig Metagopes ey Ellada

OAOEAHPOMENH ANAAYIH TON KINAYNON KAT TQN EINIITQIEGN
ZTHN YTEIA TN IYTROINGNIARKGN ZYITHMATOQN

Tpyos Tvwiye JEGT/ALY T B AT Erzovorpe Mogadnuntpiov
Emivovper Ealymmic Eaymic Hodirmas Mypavivgs -
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Hpcav Hodvtgyveiov 9, 15773 Ahva
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IMepiimym: O Pocwds oréyos tov spewmmeot Epyow "HEARTS (Health
Effects and Fisk of Tramsport Systems) - Eivduvor ko emmtdoss oty
UYELR TV CUYKOWOMIOKEY ouompdtoy” Moy 1 evarrell wo o Eleyyoc
chotdnpopsms nebodoloyias yio v exctiingy o Exfeons oTov wivitvo
KOl TV OETIKGY EMATOOMY OV UyEl omd MoQopeTmE; MoATHED
ooTwiy petapopdv. Or mopduetpol emsviuvoemnTog mov sfeTdcTiray
OQopolcEY OTIV GTpospomipud] pimovon, oto Bopufo wm oto obwd
amuyuere. IIpoxepevor vo overtuydel e ohoKANPOUEVT) TPOCEYYLON.
mpoyvuetomomonie  Gelodua]  oveoxomnon  wwt olwddmon  Tow
UIOTEUEVDY TPOTOTWDY TOL OYETILOVTON [IE TN LEITOUPYID 01 TIS ERITTOMGEL
TOV  AOTIKDV erKmﬁ.-m‘tm«:o':n- TUOTIHATEY, Gup..'rﬁpu.uuﬁuvopﬂm'
KUKIOPOPIOKDY TPOTUmDY, Tpcu*unn:n- atpospupuai; pumavonc. Sopifiou
tnl odudy u‘u:{mlmmﬁ' Uil Kmt TPOTUNMY YPOVOU-SpacTNpOTITEL
e otov wiviuve Kot EmTTOoEny oty vyeie Tov mAnfvopot. Me faon
T mOpomEvE, Enﬂéﬁqxw m'rd.aium TPOTOLEY TpijDJIEE o
TPOTUPUOYT]. EVODUGTOON KEL ¥poN, eV evaarTiyEnkey ved npn‘um
KOplDg PIKpOGKOTIOY T Teptﬂ-ur kovtog (micro-emvironmental), émov cotd
fTay emapaimro. H soapuoy avtdv tav mpotinay ﬁum._alm JE Lo
Hodwnoic wetaveunc s &feons otov kivivve oe drone ) mhnfuouoic
we fion TV soTovop Tow ypovor WMo MEpVOUY OfF CUOpOpETIG
ppooremid meptfdiiovte, wobive omd To omode PmopEl Vo pOpOsTIMOTEL
amd  SUNpOPETIKE; MMVOTNTEC  (concenirations) emwavivvornros. To
Sapopo r[pc':ru.ux oovietnray  petall Tovg oE  Eva Taptﬂ-f(?}m'
Cewypaguond Tuc:rrl”lu:c*n-' H.ﬂqpamnpm (GIS) e dnpoupyio svoc
epyoheion  ohowinpopimg E‘ICHM]]D‘I]_L emmrdoemy.  [lapdlini,
TpOKEWEVOL v umooTpBel 1) avamTuln ™mg pefodoloyiag, va w.er,rsmw
wot vo smucupodoly To ddgopa TPOTUTX Kot Ve THPOVCIRTTEL 0 TPOTOC e
ToV OMOi0 1) TPOTEYYLON TOU SREWVITIGOD Epyou umopsl va ypnowcmotn el
Y TV OUOTIUNGY MoMTWGY  UETQEOopdY, mpoypaTomon|Bmmay  Tpelg
TLLDTIKES EQUPMOYES (case studies) ong mehers Tov Leicester (Ayyiic), mc
Lille (Tehdder) vt Ty Shopeviog (Trakio).

Afleng Wesend: smUTMOE OTY UYER, QTUoopumipc pumavan, Bopuboc,
ciwa otuyfpoare, &xBeon  otov  wivduevo, Teoypomowd  Ivomiuoro
[Tinpogopudy.



