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Executive Summary

The aim of CITEAIR Il is “to jointly identify, test and transfer a set of good practices through the exchange of
experiences and to improve the effectiveness of regional development policies in the area of air quality
protection, sustainable transport and reduction of greenhouse gas emissions”. The project was co-funded by
the INTERREG IVC programme, was launched in 2008 and lasts until 2011.

The main objective of this part of the CITEAIR Il project is the development of a tool able to describe the
traffic and mobility situation in urban agglomerations in the in the light of the sustainable development of
cities. The project developed a methodology and practical tools to benchmark both the traffic situation and
the impacts on the citizens. The final outcome has been named sustainable mobility indicator

A detailed analysis of the context has been carried out at the very beginning of the project to choose the right
variable/measure that could fit with the objective (Literature overview — see Annex A). The structure of the
indicator has been designed flexible enough in order to consider different time scales, spatial scales and
transport modes. At the same time efforts have been made to compromise between an easy comprehension
of the results for users and the scientific value of the methodology.

During the project a list of different indicators able to describe the mobility in urban agglomerations and its
impacts on environment and citizens have been tested. The application of the methodology with real data
coming from the city of Rome and Paris was a crucial moment of the entire project because from this phase
the choice of the most representative indicators among all the ones defined has been made and the final
measure able to describe a sustainable mobility has been defined.

In particular the sustainable mobility indicator  resulted from the combination of the following inputs:
Traffic : information on the time spent by citizens in traffic condition;

Air pollution : index of roadside pollution level. CTI — CITEAIR Traffic Index defined within the
CITEAIR | project (for more info see http://www.airqualitynow.eu).

Along with this information, the tool designed provides the total pollutants emitted by the road traffic. This
was obtained by a simplified method based on the COPERT model which delivers emissions for vehicle
macro categories.

As previously mentioned the first input in order to calculate the mobility level will come from traffic
measurements , with special attention to flows and speed (travel time) . For every person, in fact, the time
spent to get a destination — e.g. the time spent in queue getting work - has a deep importance. Speed and
the flows shall be measured in the different cities with any type of technology according to their available
device.

The impacts of the mobility (before evaluated) on users will be calculated as a measure of exposure for a
certain time under the consideration that one minute more into traffic means one minute less in background
situation (home, office, leisure). In this case, the use of CITEAIR Roadside Index will help to evaluate
changes in exposure.

AIR
POLLUTION

MOBILITY

SUSIANARLE
MOBILITY
INDICATOR

Figure 1: concept for the sustainable mobility indicator
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In the next pages all the methodology will be described in detail. In particular, after a short overview
regarding the methodology evaluation structure (see chapter 2 - The evaluation structure of the indicators),
all the indicators defined will be introduced from a mathematical and physical point of view (chapter 3-
Proposals of traffic and mobility indicators), while in the following chapter (chapter 4 - The required data for
the methodology application) the whole data spectrum requested for the evaluation of all the indicators will
be shown.

On this issue, a specific data format for the delivery of the input data required for the indicators’ evaluation
has been defined. It will be described in the two documents attached to the present one: Attachments 1 —
Technical specification for data providers and Attachments 2 — CITEAIR Il external data sender example.

In chapter 6 and 7 two different case studies — where the whole methodology has been tested with real data
- are shown. In particular: chapter 6 is dedicated to the result’s analysis of the methodology application to the
city of Rome, while the following one concerns the city of Paris.

Finally, in the last chapter (chapter 8) some conclusions have been drawn.

The Annexes A and B conclude the document describing respectively: the web based application for the
evaluation of the indicators and literature research carried out at the beginning of the project.

Transport and mobility indicators based on traffic measures. Good Practices Guidebook 6
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1 Introduction and motivations

Urban mobility is a decisive aspect for the sustainable development of a city, with specific concern on the
quality of the air. In particular, traffic congestion is considered by most people the main agent for the
deterioration of living conditions in our towns. It implies road occupation, reducing the usability of the
common space; it increases travel times with long and stressful car trips, causing pollution which remains
critical, despite the recent technological improvements of engines and fuels; it produces high noise and
many road accidents, compromising the quality of life and the safety of citizens.

The reason for what may be called a real traffic emergency is clear: there are too many cars circulating, and
this number continues to increase far beyond the capacity of road networks. Therefore, the above problems
cannot be solved simply building new infrastructures and enhancing less polluting power systems; they
necessarily call for a lower use of private vehicles. Moreover, the massive motorization is one of the factors
that more contributed to alter the urban environment, expanding the suburbs and gradually sprawling the
cities. Finally, the transport demand of people and freights is land consuming; at the same time travellers
experience reductions of accessibility due to congestion, thus making mobility a relevant issue also for social
equity.

The paragraph above synthesize the main reasons that stay behind the CITEAIR Il project here described.
Within this project one of the crucial target is the development of a control tool able to describe the situation
of traffic and mobility in the light of the deep importance of this aspect in a sustainable development of cities
and urban agglomerations. The engineered of a control tool will bring, anyway, to the design of an indicator,
or a suitable mixture of indicator’s set.

A mobility indicator is an extremely synthetic representation of a phenomenon that is, instead, really
complex. Its main achievements are:

BENCHMARK TRAFFIC SITUATION IN URBAN AGGLOMERATIONS;
DESCRIBE THE TRAFFIC IMPACTS IN URBAN AGGLOMERATIONS.

Before the proper indicators methodology definition, a detailed analysis of the context, to choose the right
variable/measure that can fit with the original objective, has been carried out, in this phase an integration
with analysis from universities and researchers (Literature overview — see Annex A) has also been
performed. Very helpful in all this process has been the widespread experience gained in Rome in managing
mobility, planning models and measurement systems along with the important discussions moments of
CITEAIR 1l Thematic Working Groups (Rotterdam and Rome) and Networking Workshops (Paris, June 2009;
Ljubljana, June 2010).

As previously done in the CITEAIR | project for the Common Air Quality Index (CAQI), the data that will be
used in the calculation of the indicator shall be simple and, above all, reasonably available in the different
cities in order to not create critic points to cities putting them in the position of be unable to apply the
procedure defined.

The first input in order to calculate the mobility indicator will come from traffic measurements, with special
attention to flows and speed (travel time) . For every person, in fact, the time spent to get a destination —
e.g. the time spent in queue getting work - has a deep importance. In an itinerary choice model, for example,
a very large use of such a variable is made to find the optimal path between an origin and a destination. In
addition, the most diffuse traffic measurements, the traffic flows, shouldn't represent well the congestion,
mainly in urban agglomerations, also considering the fact that the relations between flows and travel times
depends on the roads capacity whose variations in such areas could be very sudden. Speed and the flows
shall be measured in the different cities with any type of technology according to their available device.

The structure of the indicator has been designed flexible enough in order to consider as many aspects as
possible: different TIME SCALE, SPATIAL SCALE, TRANSPORT MODE. As a result an Integrated structure
has been defined to evaluate Traffic Indicator and Traffic Impact Indicator (in terms of Polluting Agents and
Users Exposure and Traffic Pollution Stress).

The final target of this indicator must have always reminded: it must be not only a tools for experts, but
also an immediate and simple measure to be shared a nd easily understood. For that reasons a
reasonable compromise between an easy comprehension of the measure for users and the scientific value
of the procedure shall be found.
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In the next pages all the methodology will be described in detail. In particular, after a short overview
regarding the methodology evaluation structure (see chapter 2 - The evaluation structure of the indicators),
all the indicators defined will be introduced from a mathematical and physical point of view (chapter 3-
Proposals of traffic and mobility indicators), while in the following chapter (chapter 4 - The required data for
the methodology application) the whole data spectrum requested for the evaluation of all the indicators will
be shown.

On this issue, a specific data format for the delivery of the input data required for the indicators’ evaluation
has been defined. It will be described in the two documents attached to the present one: Attachments 1 —
Technical specification for data providers and Attachments 2 — CITEAIR Il external data sender example.

In chapter 6 and 7 two different case studies — where the whole methodology has been tested with real data
- are shown. In particular: chapter 6 is dedicated to the result’s analysis of the methodology application to the
city of Rome, while the following one concerns the city of Paris.

Finally, in the last chapter (chapter 8) some conclusions have been drawn.

The Annexes A and B conclude the document describing respectively: the web based application for the
evaluation of the indicators and literature research carried out at the beginning of the project.
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2 The evaluation structure of the indicators

In the following paragraph we will propose a list of possible mobility and transport indicators but we will also
introduce the concept of average exposure to polluting agents and traffic pollution stress, both using a direct
calculation of pollutant concentration due to traffic (i.e. using models like COPERT) and using aggregated
data coming from the Air Quality indices designed in the previous CITEAIR project (Traffic and Background
Index).

It is clear how the two issues (mobility and exposure to polluting agents) are strictly related and thus finding a
way to make the link between them, even if it will be a think on which reason carefully, couldn’t anyway be
an unsolvable difficulty.

In addition to find a suitable combination of them could give to the entire project an important added value in
a general framework addressed to the awareness raising on the importance of reducing mobility generated
emissions of both air pollutants and greenhouse gases for being mobile and live in a healthy city.

In the following figure the proposed structure for the integrated evaluation process of mobility and exposure
indices is shown.

Measurement Points MOBILITY
(Speed and Flows) INDICATOR
Flows and Speed on the roa INPUT : Set of Measurements (loops, AVM, UTT, ...)
network Average Trip Distance = D
», MOBILITYINDEX |
9 8 2 EXPOSURE
(8]
L o ©) INDICATOR
0
o = 4]
5 &
- D =
D c 0n O —
0L o COPERT: Emissions|
O % X G on the road network
Og
T o
LB
<8 From CITEAIR | | Total Emission
Fo v °
Traffic Pollution TRAFFIC INDEX
Stress (CTI)
I3 ' ATT-STT | 1
Longer exposureto TRAFFIC INDEX Shorter exposure to TRAFFIC INDEX
Figure 2: proposed structure for the integrated evaluation process of mobility and exposure
indices

The first step is the evaluation of the mobility indicator having only dynamic data gathered using traffic
measurements systems and the average trip distance (D - could be different mode by mode) that every city
should have acquired in their planning history. Obviously when good traffic models are available, data
collected on the basis of one more ITS technologies can be used for prediction of the speed and flows of the
vehicles throughout the whole city or zones of it.
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The second step is aimed at:
1. the estimation of impacts of traffic pollution on the users in terms of:

Traffic emission stress for a fixed time period (ATT - Average Trip Time) to a certain air quality the
value of which could be obtained through direct calculation using the density of emission index;

Users’ exposure for a fixed time period (ATT - Average Trip Time) to a certain air quality the value
of which could be obtained using the traffic index (CTI) developed in the CITEAIR | project;

2. the direct calculation of the total emissions—Total Emission - using models (i.e. COPERT).

In particular, as described better in the following paragraph, the impacts of traffic pollution on users will be
calculated as a measure of exposure for a certain time (ATT) under the consideration that one minute more
into traffic means one minute less in background situation (home, office, leisure). In this case, the use of
CITEAIR Index will help to evaluate changes in exposure according to the above figure.

To calculate the second point of the above bulleted list, a model for emissions calculation is needed (i.e.
COPERT), as well as data regarding the city vehicular fleet composition.

To be able to reach a maximum flexibility for the use of the final procedure, it was decided not to use the
whole COPERT method, its application requires different and particularly detailed input, but a simplified
method obtained starting from the original formulation (see paragraph 4.1 where a description of the method
adopted to simplify the COPERT model is described).

Transport and mobility indicators based on traffic measures. Good Practices Guidebook 10
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3 Proposals of traffic and mobility indicators
From a methodological point of view, indicators can be aimed at:

a benchmark scheme — to compare different cities based on a systematic and synthetic description
of the mobility process and its effect on the environment;

a decision support system —to evaluate the effectiveness of policies for a sustainable mobility in
concrete projects through an analysis of network performances, that requires to set a target for each
indicator.

Two groups of transport and mobility indicators can be developed, both representing useful inputs or tools for
different levels of policy-makers:

descriptive indicators — quantitative indices whose collection occurs by standardized procedures
directly from the field (automatic traffic detectors, questionnaire based surveys), or relies on widely
published data from other sources regarding measures that can be objectively verified through on-
site observation, or derives from modelling;

interpretive indicators — qualitative indices that invariably contain a judgment by users or
stakeholders.

In the following we will propose a set of descriptive indicators aimed at a benchmark scheme.

To achieve a time-dependent indicator of traffic and mobility that is consistent and comprehensive requires in
theory the continuous monitoring of the entire transport network, which implies measuring every few minutes
the flow state (speed and density) of at least each major link (a link is such if its flow is conspicuous or if it is
used to connect different zones of the city). This way, indeed, the averaging process is correct (consistency)
given that no relevant information is missing, while any spatial or temporal aggregation of data is possible
(comprehensiveness).

Today, by means of an advanced methodology based on the simulation of transport demand, of drivers route
choice and of the traffic phenomenon, it is possible to extend field data retrieved from just a limited number
of road links to cover the entire transport network. To this end, a dynamic assignment model reproducing the
urban mobility can be continuously recalibrated through the traffic measures in rolling horizon, and the
emerging differences in vehicle queues from the current forecasts can be propagated through the network
consistently with the prevailing spitting rates at nodes which result at equilibrium for that day type.

This approach requires a relevant modelling effort (road graph, o-d matrices, traffic models) that may be
considered out of scale, if the only purpose is obtaining an estimation of how traffic was yesterday, and
above all such an approach could create unsolvable problem for that cities where deep knowledge on traffic
models aren’t available.

As a result, the proposed indicators will be based simply referring to the links where a probe is actually
present (e.g. loop detector, ocr camera, travelling vehicle), without considering the possibility of extending
the measure to other elements of the networks, although this clearly may affect consistency and
comprehensiveness. In other words, we accept the assumption that the measured links are a significant
sample of the whole urban network, so that an average made on the sample, or on a part of it (if the indicator
refers to specific portions of the network), well reflects reality.

Clearly the indicators will work as well if a part of the traffic data do not come from direct measures but from
model elaboration.

A second issue to be addressed when defining a performance indicator for a transport network is the
difference between traffic and mobility. Generally speaking, traffic performances are related to the transport
supply, thus expressing the administration point of view, while mobility performances are related to the
transport demand, thus expressing the user point of view. More specifically, traffic performances typically
refer to the total car flows, expressed in terms of vehicle per kilometres, and to the speeds on the network,
that jointly allow to determine the amount of emissions produced in a given day, or during a single hour. On
the other hand, mobility performances usually refer to the average travel time spent by citizens for their daily
activities. These two diverse perspective may induce substantial differences in the evaluation of a same
scenario.

Transport and mobility indicators based on traffic measures. Good Practices Guidebook 11
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For example, if a city is densely populated and not very large, congestion may be relevant (i.e. bad traffic
performances and high pollution), but the individual amount of time and money spent for travelling may by
not so high (i.e. fair mobility performance) since the trip lengths are limited and transit may be an available
option. On the contrary, in a sparsely populate area served by a good road network there might be no
congestion at all (i.e. good traffic performances) but most trips require a car and are rather long (i.e. only an
expensive transport mode is available). The two situations differ substantially also from the emission point of
view: high exposure to pollution and bad air quality but moderate CO2 emission that affect climate change in
the first case; the opposite in the second case.

Based on the above considerations, migrating from a traffic indicator to a sustainable mobility indicator
implies the retrieval of some additional information:

the average trip distances

the vehicle fleet composition.

These numbers can be guessed by the modeller exploiting his knowledge of the particular context, retrieved
from specific surveys or interviews, or explicitly determined through an appropriate transport model.

In the following we introduce some notations, and a list of possible traffic/mobility indicators and
exposure/traffic pollution stress indicators.

A link is here a sequence of network elements associated to one traffic probe, such that the provided data
are a reliable measure of the prevailing flow state for all the arcs at hand.

Transport and mobility indicators based on traffic measures. Good Practices Guidebook 12
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Notations

set of monitored links

set of transport modes

N Z >

zone, ZI A (specific sub-set of monitored links, for spatial aggregation)

set of subsequent time intervals during the day

J period, Ji | (specific sub-set of time intervals, for temporal aggregation)

a generic link

m generic mode

i generic time interval

T, duration of interval il |

L, length of link al A

Van free flow speed of link al A on mode mi M

f.m flow (number of vehicles) through link al Aon mode mi M during time interval if |
Van  (average) speed on link ai Aon mode mi M during time interval if |

t.m (average) travel time on link ai Aon mode mi M during time interval if I,
tamI =La/ VamI

dmx(V) rate of emission per vehicle kilometre, is typically a function of the vehicle speed and depends on the
vehicle fleet of model mi M differently for each pollutant x

qaxiemission of pollutant x produced on link al A during time interval il |,
qaxI = mi Mfaml*anx(Vaml)

deay density of emission of pollutant x, i.e. the emission of pollutant x produced on link al A during time
interval il | divided by interval duration and link length
deaxI = an' / La / Ti

Dzm” average trip distance on mode mi M for zone Z and period J

Kzm” indicator K aggregated on zone Z and period J for mode mi M
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3.1 Transport and Mobility Indicators

In the following pages are listed and shortly described the transport and mobility indicator, as well as the
exposure indicators.

Figure 3: The proposed transport and mobility indicators

Regarding the Transport and Mobility Indicators, the picture above represents the indicators defined that go
from the simpler approach related to traffic (that refers to the transport supply, thus expressing the
administration point of view) to the more comprehensive one related to mobility performances (referring to
the transport demand, thus expressing the user point of view).

1. network average speed (independent on the link u  sage) [km/h]

NASim - az JV;mea

az TiJLa

In the definition process of the indicators the first one and probably the most simple
one is NAS. It represents the average speed of vehicles throughout the whole road
network where average speed of each road is weighted by the length of the road
where the measure is observed.

So it is a broad measure of the performance of the entire ro  ad network . In fact
with this approach we are not considering how many vehicles are travelling on the
network and so how many vehicles are experimenting the calculated speed.

As a consequence longer road sections will have a major weight on the final result of the indicator and so
greater speeds on longer roads will determine a higher average speed of the network (greater value of NAS).

The indicator could be misleading not highlighting conditions of congestion on sections of road of small
length but characterised by high traffic volumes (crucial for the overall mobility).

2. network speed indicator: 1 free flow speed, O tr  affic jam [--]

Vi

am
dz i JVi a
am

NSI,, =

alz TiJLa
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In order to pass from a dimensional measure to an a-dimensional one, and so to an
indicator, the simplest way consists in dividing the actual speed v, (measured on the
link) by the free flow speed V, that represents the “ideal speed”, typically achieved
when very few vehicles travel on the road.

It gives an indication on “how much close” to the free flowing speed is the speed
measured on each link and throughout the whole road network.

The value of NSI indicator ranges from 1 (i.e. when the average speed measured on
the road sections are equal to the free flow speed) to O (i.e. traffic jam).

Also the NSI, being derived from the NAS, is a broad measure of the performance of the entire road network.
As NAS, the indicator NSI could be misleading, not highlighting conditions of congestion especially on
sections of road of small length but that are characterised by high traffic volumes (crucial for the overall
mobility).

3. vehicle average speed (weighted by the link usag  e) [km/h]

VAS%m — a z i JV;m xfe;m xLa
f. XL

dz §iJam Ta

The indicator represents the average speed of vehicles on the network, being
weighted both by the length of the road where the speed is measured and by the
flow that experiences the measured speed.

The indicator better represents the performance of the network by linking it to the
traffic flows. Through this indicator, longer road sections that are characterised by
low traffic flows will not weigh as much as shorter road sections but characterised by
high traffic flows. Conditions of congestion would weight more on the indicator
especially if experienced by a high number of vehicles.

4. vehicle speed indicator: 1 free flow speed, 0 tr  affic jam [--]
V;m i

A moxfo XL

I am a

dz i JV;m
i

az iJ fam XLa

As for NSI-NAS, the Vehicles Speed Indicator has been derived from the VAS by

relating the speed measured on each road with the free flowing speed of that road

(i.e. the “ideal speed”, typically achieved when very few vehicles travel on the

road).

VATERE

It gives an indication on “how much close” to the free flowing speed vehicles are
travelling on each link and throughout the whole road network.

The value of VSI indicator ranges from 1 (i.e. when the average speed measured
on the road sections are equal to the free flow speed) to O (i.e. traffic jam).

As VAS, the indicator VSI is related to the traffic flows travelling on each road section where the speed is
measured, thus giving more importance to the road sections characterised by high traffic volumes.

5. network time indicator: 1 free flow speed, 2 dou  bled travel time [--]
I Jt;m xfalm
La

az i JVi
am

NTIS, =—22

Xfam
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The indicator represents the time spent on the network by vehicles compared to the
time spent “ideally” by the same vehicles if they could travel at free flow speed on
the network.

In case NTI = 1 this means that vehicles are experiencing a travel time on the road
sections across the network equal to the travel time they experience when they
travel at free flow speed (i.e. free flow speed on average on the network). Instead,
in case NTI = 2 vehicles are experiencing a travel time on the road sections across
the network that are double of the travel time they would experience if travelling at
free flow speed (i.e. congested network).

6. network delay indicator [--]

NDIZ =NTI -1

The indicator represents the amount of delay that is experienced overall on the network by vehicles. It
indicates how much higher is the travel time on the network respect to travelling in free flow conditions.

In case NDI = 0 then this means that NTI = 1, thus vehicles are travelling on the network at free flow speed
and are not experiencing delay (average condition). In case NDI = 1 then this means that NTI = 2, thus
vehicles are travelling on the network at half the speed of free flow speed and are experiencing a delay that
doubles their overall travel time (average condition).

7. average trip time [min]

ATT, =

J
DZm

VAS)

The indicator represents the average time spent on the network from the users that
on average will travel for a distance Dz’ at the speed of VAS;,’. The average trip
length is a measure that has to be given as an input by each city and can come from
modelling tools, surveys, interviews or other sources.

ATT,’ is the average trip time that is experienced by vehicles of mode “m”, in the
zone “Z", in a time period “J” overall on the network.
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3.2 Exposure and Traffic Pollution Stress indicator S

As above said, one of the tasks of the project is to describe the impacts of traffic on citizens. To do that
analyzing the problem only from the traffic point of view wasn'’t helpful in gaining the expected outcome. In
fact only combining information regarding traffic with information on air pollution and emissions, the
achievement of such an aim can be pursed defining so an indicator of a sustainable traffic.

Traffic Air Pollution Emissions: Air +
- Speed + flow - Citeairtraffic index GHG (PM, NOx,
- average trip distance C0O2,VQc...)
(Rome methodology) - Copert emission factors

- fleet composition

S

- time of exposure to an air quality rather poor/med.. [traffic indeX

- For a longer/same/ shorter time than usual ésegeage travel time
- and have emitted X tons of CO2, NO2, Voc, Parti@eissions calculations

The picture above shows the approach chosen where it can be seen how the exposure of citizens (or cars) is
computed. The three main inputs are:

traffic: information on the time spent by citizens in traffic condition. The information needed are two:
the average travel time ATT (updated with the traffic state) and the standard travel time STT
(expected value of ATT);

air pollution: index of roadside pollution level. CTI — Citeair Traffic Index defined within the CITEAIR |
project (for more info see http://www.airqualitynow.eu)

emissions: polluting agents emitted by the traffic situation.

As previously mentioned, within the CITEAIR | project two different indices useful to compare air quality in
different European cities have been defined. These indices have 5 levels using a scale from 0 (very low) to >
100 (very high), it is a relative measure of the amount of air pollution. They are based on 3 pollutants of
major concern in Europe: PM10, NO2, O3.

The calculation of the indices (automatically done by the website http://www.airgualitynow.eu) is based on a
review of a number of existing air quality indices, and it reflects EU alert threshold levels or daily limit values
as much as possible. In order to make cities more comparable, independent of the nature of their monitoring
network two situations are defined:

Background (expressed by the CBI), representing the general situation of the given agglomeration
(based on urban background monitoring sites),

Roadside (expressed by the CTI), being representative of city streets with a lot of traffic, (based on
roadside monitoring stations).

Gathered from the monitoring sites the concentration’s level for each pollutant of main concern, the indices
are evaluated using the grid reported below.
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In the following formulas the indicators of traffic pollution stress and exposure are reported. STTzy, Y is the
standard trip time, i.e. the expected value of the ATT,, ? available for that day type (comes from trivial
statistics).

8. average emission density of pollutant x [g/(km*h )]

a z T Jdéax >¢;m Xff:;m

i i
X
az I Jtam fam

AED;

Zmx

By its own nature this indicator has been thought to give a rough measure of how much the drivers are
stressed by the polluting agent emitted only by the transport mode that are considered. The measure is
expressed per unit of length and time, by this fact it has been named as an emission density indicator.

The basic hypothesis is that a driver “breathes” only what the vehicles travelling on the same road are
emitting, in other word, a driver is stressed by the traffic pollution caused only by the vehicles travelling on
the same road where he’s travelling too. Obviously in this way we are neglecting all the polluting agents
dispersion effect as well as all the other pollution sources a driver is exposed to.

9. average traffic emission stress to pollutant x [  g/km]
ATESmX = ATTZJm XAED;

This indicator differ from the previous indicator only for the fact that we pass from a density of emission, and
so from a measure per unit of length and time, to an indicator of traffic emission stress, and so a measure
per unit of length.

mx

It has been obtained only multiplying indicator 9 (AED) by the Average Trip Distance (ATT).

10. average differential exposure to pollutant x [m  in]

ADE;mx = (ATTZJm - ST'I;Jm) >(CTI§mX - CBI;mX)
In the indicator number 10 and 11 it has been realized the connection to the existing CiteAir indices, that by
their nature (they derive from direct measures), take into account the dispersion of pollutant and include
other emission sources than traffic.

The basic idea is that one minute more in traffic condition means one minutes less in background condition,
in this situation — that it's true when the difference (ATT — STT) is greater than O - a driver is exposed to an
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air quality worse (making the hypothesis that air quality in traffic condition is worse than the air quality in
background condition, this assumption it's true when difference (CTI — CBI) is greater than 0).

11. average traffic exposure to pollutant x [min]

ATEy, = (ATT,, - STT,) XCTl5,,)
This indicator derives from the previous one. In the indicator 10 the final result depends by a double

difference (ATT-STT and CTI-CBI) while in this one the dependence has been limited only to one difference.

12. total emission of pollutant x [kg]

qi = a m iJ faml ><La >qu(Vaml)
The last indicator (12) expresses the total amount of pollutant emitted by the vehicle travelling on the road
network. The result will be obtained using the model COPERT for the calculation of the total emission of
pollutant. It was decided not to use the whole COPERT method, its application requires different and
particularly detailed input, but a simplified method obtained starting from the original formulation. For all the
detail see paragraph 4.1 - The simplified Copert IV model for vehicular emission calculations.

3.3 The Sustainable Mobility Indicator

From the combination of information on traffic and information on exposure it can be possible to finally define
a measure that express the sustainable mobility indicator

In particular, the exposure to traffic condition (impacts) will be calculated through the difference between the
actual trip time ATT and the standard trip time STT, under the consideration that one minute more into
traffic means one minute less in background situati on (home, office, leisure). This difference is the time
that a car driver, due to the traffic condition improvements/worsening, has been less/more exposed to traffic
pollution level given by the roadside index CTI.

AIR
POLLUTION

MOBILITY

SUSTAINABLE
MOBIL  T¢
INDICATOR

Figure 4: concept for the sustainable mobility indicator

The following picture shows a possible layout for the sustainable mobility indicator. Over the background of
the roadside airquality status (Citeair Traffic Index — CURRENT ROADSIDE) already in use on
www.airqualitynow.eu, the simple overlap of the information regarding the extra time spent into traffic
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condition (respect the standard situation) could serve for the immediate understanding of the exposure to
traffic as previously defined. In particular from the same picture it can be read how there has been an
over/under exposure (depending if the different is positive or negative) of “ATT-STT” mins to an air quality
level (on roadside) Medium for NO2 and Very Low for CO.

Figure 5: a possible layout for the sustainable mobility in dicator
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4 The required data for the methodology application

The main aims of the entire project is the benchmark between different EU cities both on traffic situation and
on the traffic impacts on the transportation system users (citizens).

Considering that we are dealing with traffic the main input will be, obviously, traffic measurements (Speed
and flows). They can be measured/evaluated in the different cities with any type of technology/method, and
so they could be obtained both using measurement devices or traffic model (if available). In the calculation
process will be requested a variable representing the transportation system users journey characteristics (to
pass from traffic to mobility) that is the average trip distance (D). It represents the average distance covered
by the average transportation system users in the time unit (e.g. D in Rome is 12 km in the morning peak
hour) to make their own activities (e.g. go to work, to school, personal health care, shopping).

The structure of the indicator has been designed to be as much as possible flexible to consider different time
scale, different spatial scale and different transport mode.

!ll# ll#!ll#

>

Figure 6: Functioning scheme of the methodology

The methodology could be successfully applied if all the input data reported below are available:

a) Traffic data — flows and speed per each road (link). See Attachment 1 and Attachment 2 for the data
format specification in which they have to be provided to the application;

b) Citeair | index — CTI

c) Transportation System Variables:
o0 Average trip distance (D) - average distance covered by the users to make their own activities;
o Standard trip time (STT) - the expected value of the ATT;

0 Vehicular fleet composition—percentage of each vehicular class on the whole fleet. it was
decided not to use the whole COPERT method for the emission estimation but a simplified one
obtained starting from the original formulation (see paragraph 4.1). By this simplification the only
input data needed are the following percentage per each of the four vehicular classes defined.

Vehicular Category Percentage
Gasoline Passenger Car XX. X %
Diesel Passenger Car XX. X %
Light Duty Vehicle XX.X %
Heavy Duty Vehicle XX.X %
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4.1 The simplified Copert IV model for vehicular em  ission calculations

As previously mentioned, within the project it was established to estimate the emissions caused by vehicle
flows.

In order to reach a maximum flexibility for the use of the final procedure, it was decided not to use the whole
COPERT method, its application requires different and particularly detailed input, but a simplified method
obtained starting from the original formulation with the final aim to:

to limit the number of vehicle categories on which the calculation of the emission will be applied,
creating macro categories by putting together the original categories defined in COPERT 1V;

to estimate, for each of these macro categories, and for each relevant pollutant, the emission curves
better representing the real emission conduct of single COPERT categories part of the same macro
category.

The following paragraph offers a description of the method adopted to simplify the COPERT model.

In particular, referring to the official European method COPERT IV the equations have been estimated to
calculate Hot emission factors produced by vehicular traffic (Hot EF) of the following pollutants:

CO;
NOy;
PM (expressed in g/lkm).

Such equations, functions of the average flowing speed, have been depicted for the following vehicular
macro categories:

gasoline vehicles;
diesel vehicles;
light-duty vehicles;
heavy-duty vehicles.

For each of these 4 defined vehicular macro categories, starting from the emission equations for each
pollutant and homologation class(see Schedule 1), has been calculated the curve of average emission
factors in correspondence with travelling average speed values included within the applicability range of the
formulation.

In this type of formulation "V" is the travelling speed expressed in Km/h while "a", "b", "c", "d", "e" (shown in
the table) are the coefficients who vary depending on the type of pollutant, emission standard and, only for
few categories, also depending on vehicle's power.

These emission factors have been compared to maximum emission factors produced by any pollutant,
obtaining coefficients, multiplied to the average curves, allow us to obtain maximum curves (a, b).

The final multiplicative coefficient has been defined as maximum value between maximum emission factor
and mean emission value obtained varying the velocity. Such a procedure has been used so that the chosen
emission curve (see yellow narrow in the Figure 7), which has the maximum emission value in the curve (see
blue narrow in the Figure 7), represent in a better way the emission factor values equivalent to all
homologation classes.

HotEF=: a: ((atc*V+e*V"2)/(1+b*V+d* V/2)) ()

Schedule 1: Coefficient's for the estimation of the emission curves
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Figure 7: Generic curves related to a hot emission factor
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Passenger Cars

For what concerns passenger cars, it has been considered the ones that belong to homologation classes
euro 1,2,3 and 4, apart from this for each pollution analysed a distinction is made for the type of alimentation
gasoline or diesel, having a number of initial equations equal to 8 for each pollution analysed.

Starting from the generic formulation (equation 1), valid within the range of speed from 10 km/h up to 130
km/h, are being calculated the factors of hot emission for each homologation class and type of gasoline.

In Schedule 2the multiplicative coefficient while in Schedule 3 the parameters a,b,c,d,e for the calculation of
the equation (1)are indicated.

The latter is not valid for the calculation of the CO emitted by the diesel passenger cars for which the
equation (2) is used.

Hot EF = a (17.5 * exp(-3) + 86.42 / (1 + exp ((117.67 + V) / 21.99))) )

Schedule 2: multiplicative coefficient for the emission curve s of the cars

polluting products g/l;l;i]fi)(l:i%zﬁitve
aCO Car Gasoline 0,64
aCoO Car Diesel 0,65
a NOx Car Gasoline 0,51
a NOx Car Diesel 1,00
aPM Car Diesel 0,76

Schedule 3: Coefficient for the estimation of the emission cu rves of the cars

pollutant a b c d e

CO Cars Gasoline 1,12E+01 1,29E-01 -1,02E-01 -9,47E-04 6,77E-04
NOx Cars Gasoline 5,25E-01 0,00E+00 -1,00E-02 0,00E+00 9,36E-05
NOx Cars Diesel 2,40E+00 7,67E-02 -1,16E-02 -5,00E-04 1,20E-04
PM Cars Diesel 1,14E-01 0,00E+00 -2,33E-03 1,48E-04 2,26E-05

The procedure illustrated for the estimation of the representing equation for each pollution and type of
alimentation it has not been used for the calculation of the PM produced by the cars on gasoline, therefore
the method COPERT IV reveals the factors of emissions (Schedule 4). The last differentiate based on the
typology of the route followed: urban, extra urban, highway. Based on the guide conditions the urban factor
is chosen to be used as a representative emission factor for all the homologation classes and to maintain
itself in emissive conservative conditions the factor most representable is the one correspondent to the
emission categories euro 1 & 2.

Schedule 4: Factors of emission for the PM for the ca  rs gasoline euro 1 and so on.

Duty-Vehicles
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For the estimation of the emission curves of light and heavy-duty vehicles the same approach for as for cars
has been used. The scope of applicability of the formulation is the average travel speed ranging from 6 to 86
km/h. The starting point was the COPERT formulations that did not make any distinguish by type of power,
while the considered emission standard go from Euro O to Euro 5. In the process of the development of
representative curves for each pollutant, it was decided to use only the equations relating to non-articulated
commercial vehicles. For each emission standard class a formulation is related to the light-duty vehicles,
while for the heavy ones are considered as those that allow the calculation of emissions produced by
vehicles weighing between 20 and 26 tonnes. We chose a medium-range high capacity, because it allows in
emission terms to maintain the safety conditions and therefore to obtain the curves that represent the
average emission factors of the heavy duty vehicles, regardless of their reach.

Following the formulation's for calculating the emission factor related to CO, NOy and PM.

Equation (3) is used for the calculation of the CO emission factors for light and heavy-duty vehicles, the
equations (4) and (5) are used to calculate the factors of NOy respectively for light and heavy-duty vehicles,
the equation ( 6) is used to estimate the factors related to the PM for light and heavy-duty vehicles.

EF CO
Hot EF=a (((e+(a*exp(((-1)*b)*x)))+(c*exp(((-1)*d)*x)))) 3)
Schedule 5: Coefficient multiplicative for the CO pr oduced by duty vehicles.
polluting products Coefficient Multiplicative
a CO Light-Duty Vehicles 0,35
a CO Heavy-Duty Vehicles 0,57
Schedule 6: Coefficient for the calculation of the C O produced by duty vehicles.
pollutant a b c d e
CO Light-Duty Vehicles 1,85 0,05 1,94 0,27 0,38
CO Heavy-Duty Vehicles 8,64 0,06 14,19 0,28 1,60
EF NOX
Hot EF= a (((a+(b*x))+(((c-b)*(1-exp(((-1)*d)*x)))/d))) 4)
Hot EF= b (((e+(a*exp(((-1)*b)*x)))+(c*exp(((-1)*d)*x)))) ®)
Schedule 7: Coefficient multiplicative for the NOX pr oduced by duty vehicles
polluting products Coefficient Multiplicative
a NOx Light-Duty Vehicles 0,79
b NOxHeavy-Duty Vehicles 0,77
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Schedule 8: Coefficient for the calculation of NOX pr

oduced by duty vehicles

pollutant a b c d e
NOx Light-Duty Vehicles 9,47 0,04 -0,33 0,04 -
NOxHeavy-Duty Vehicles 16,20 0,05 53,90 0,43 7,01

EF PM

Hot EF= a (((e+(a*exp(((-1)*b)*x)))+(c*exp(((-1)*d)*x))))

Schedule 9: Coefficient multiplicative for the PM pro

duced by duty vehicles

polluting products

Coefficient Multiplicative

a PM Light-Duty Vehicles

0,31

a PM Heavy-Duty Vehicles

0,46

Schedule 10: Coefficient to calculate the PM produced by duty vehicles.
pollutant a b c d e
PM Light-Duty Vehicles 0,98 0,06 1,36 0,27 0,25
PM Heavy-Duty Vehicles 1,51 0,05 2,20 0,24 0,35

(6)
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Case study 1:The methodology application to the cit

y of Rome
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6 Introduction to the case study

This part of the document is aimed at the description of the whole activities carried out to test the
methodologies described in the previous pages using data coming from Rome.

In particular, in the next pages we will describe:
Input data used in the indicators evaluation.

Input data gathering process: first step where all the input data to evaluate the indicators were
gathered with a short description of the technological aspects.

Input data analysis.
Preliminary results from the calculation of each indicator.

In the definition process of the evaluation procedure we reasoned carefully on how to give the best
representation of the mobility in an urban agglomerate. In this context we also took into account two different
issues:

1. the natural different trend shown by the need of displacement — in terms of number of trips per unit of
time — in different time period. Typically, in fact, in urban zones the number of trips show a peak in
working days if compared to non-working days (holy day), as well as in winter/autumnal months if
compared to summer months;

2. the different levels of mobility — in terms of number of trips emitted or attracted per unit of area —in
different city zones according to their own settlement structure (e.g. number of workers, number of
inhabitants).

Considering these two different issues, the concept of temporal aggregation criteria and spatial aggregation
criteria has been introduced in order to give, for instance, a representation of mobility in different period of a
day or in different zones city, taking into account, in this way, the specific characteristics of mobility above
quoted.

From the analysis of both the input data gathered for the test and the city settlement structure, the following
aggregation criteria are derived:

TEMPORAL AGGREGATION CRITERIA - a single day has been split in 4 homogenous period, as
shown in the picture below:

0 NIGHT TIME SLOT - from 21:00 to 06:59

0 AMPEAK TIME SLOT - from 07:00 to 8:59
0 MORNING TIME SLOT — from 9:00 to 15:59
o PMTIME SLOT - from 16:00 to 20:59
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SPATIAL AGGREGATION CRITERIA — the urban context chosen to apply the methodology is the
city area within the external ring road (GRA) where the majority of the activities are concentrated.
This area has been split in the following 4 zones:

0o CENTRE ZONE - area of 48 km”

o NORTH-WEST ZONE - area of 91.5 km?
0 SOUTH ZONE - area of 97.5 km®

o EAST ZONE - area of 107 km”
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6.1 The input data

In order to apply the methodology before described, a preliminary phase of data gathering has been carried
out.

In this phase information regarding travel time, speed and flows on a large scale area within the external ring
road of Rome has been gathered using all the technological instruments actually in use at the Mobility
Agency of Rome as:

Double loop vehicle detectors;
Travel time and flows along some important itineraries — UTT,;
Travel time along some important transit routes — AVM.

In the following pages the whole gathering process will be described.
6.1.1 Private Traffic data

6.1.1.1 Double Loop Vehicle Detectors

Double Loop Vehicle Detectors (inductive technology) is an intrusive detector technologies typically installed
beneath the roads pavement. It is used to assess freeway performances and also to provide travel
information to road users. It is a system for detection, counting and automatic classification of vehicle and it's
composed by a couple of with magnetic loops. Typically data collected are as follows:

speed (travel time),
vehicle flows,
vehicle fleet composition.

Traffic flows are correlated with adequate flow functions to the speed and, hence, to the travel times.There
are many algorithms for estimating speed by single loop. The most common method is based on the
relationship between fundamental traffic variables. It uses a constant or a function to convert loop occupancy
into density. The variables include inductive loop length, average vehicle length, occupancy, and traffic
volume. The equation is shown below.

sms= (vol*100*length) / (occ*T)
Where:
sms = space-mean speed (m/sec)
vol = volume measured over time T
length = average vehicle length plus effective detector length
occ = occupancy (%)
T = interval length

Each inductive loop sensor is a closed circuit producing its own magnetic field. The primary components of
an inductive loop are: a detector oscillator that serves as a source of energy for the detector, a lead-in cable,
and one or more turns of insulated loop tire in a shallow slot sawed in or across the pavement. When a
vehicle passes over a loop or stays in a loop area, loop inductance is reduced and oscillator frequency is
increased: a vehicle's presence is determined when frequency change exceeds the threshold set by the
sensitivity setting.

Placing two loops in the same traffic lane 4.5 m apart (front of loop to front) enables time comparison for
when a vehicle arrived at each loop, realising travel speed. The vehicle length is determined by multiplying
the duration that each loop was occupied by travel speed, enabling vehicle classification by length. The
occupancy is the proportion of the time that a loop is occupied.

The inductive loop is the lowest cost alternative for general application. This technology was found to be
generally accurate and reliable, but it has some application problems, such as disruption to traffic flow during
installation and maintenance, high failure rates in certain conditions and inflexibility.
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Data gathered
In the following chart and in the picture below, all the detection sites are listed and graphically represented.

Prog Link ID Location Prog Link ID Location
1 118613 [ Piazza PortaPia 16 105100 | Via Gregorio VII
2 118607 | Piazza Croce Rossa 17 109656 | Via Lucia
3 118582 | Corsod'ltalia 18 109950 | Via deiRamni
4 118202 19 112693 | Via Prenestina
5 118336 20 112751 | VialedellaSerenissima
6 118232 | MuroVerano 21 109935 | Piazza di PortaS.Sebastiano
7 73586 Via GrottaPerfetta 22 105298 | Via PinetaSacchetti
8 112626 | Viale Primavera 23 107125 | Via Pacinotti
9 107281 | Via di Vigna Murata 24 111457 | Via Tuscolana
10 110561 | Via di Tor Carbone 25 109428 | Via Monte Oppio
11 110029 | Via Chelini 26 109612 | Via XX Settembre
12 112775 |A24 27 118634 | Via Goito
13 112776 |A24 28 109883 | Via Goito
14 110801 | Via AppiaNuova 29 117063 | Via deiPratiFiscali
15 36842 Via Bissolati

As shown in Figure 8, within the external ring road, are installed 29 detection sites, mainly concentrated in
MuroTorto’'s zone (PortaPia Square, Croce Square, Road ltalia), along TangenzialeEst and in other
important roads (Tuscolana, Prenestina, A24, GrottaPerfetta, Primavera, Vigna Murata, Tor Carbone,
AppiaNuova, Bissolati, Gregorio VII, Serenissima, PinetaSacchetti, Goito, PratiFiscali, XX Settembre, Monte
Oppio, etc).
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Figure 8: Monitored sites by double loop vehicle detector
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As before quoted data that typically could be collected from a double loop vehicle detector are mainly speed
and flows. In the chart below we have reported an example of the data gathered to evaluate the indicators.

Per each row we can read the actual speed (per direction) and the hour flow (per direction).

Device ID Date Hour AB_Flow ! BA Flow ! AB_Speed ! BA Speed
36842 : 06/01/2009 ; 9.45.00 336 2124 48 19
36842 | 06/01/2009 i 9.50.00 324 1812 565 28
36842 i 06/01/2009 i 9.55.00 420 2484 49 32
36842 i 06/01/2009 i 10.00.00 420 1140 49 36
36842 06/01/2009 ! 10.05.00 408 2364 49 28
36842 | 06/01/2009: 10.10.00 216 1968 45 28
36842 06/01/2009 ;: 10.15.00 300 1320 50 26
36842 : 06/01/2009 ; 10.20.00 384 1848 47 31

5100 18/04/2009 ; 6.00.00 156 276 59 46

5100 27/04/2009 ;| 0.50.00 432 228 61 49

5100 15/05/2009 i 21.55.00 516 588 47 45

5100 29/06/2009 | 1.25.00 660 276 57 44

5298 16/01/2009 ! 5.25.00 636 84 93

5298 03/02/2009 : 0.30.00 276 156

5298 12/02/2009 : 5.25.00 708 96 70
109935 ; 02/05/2009 : 19.10.00 1572 33
109935 | 02/05/2009 ;| 19.15.00 1008 33
109935 | 02/05/2009 | 19.20.00 1512 33
109935 i 02/05/2009 i 19.25.00 1152 32
109935 i 02/05/2009 i 19.30.00 1188 31
109935 ! 02/05/2009 ! 19.35.00 1332 33
109935 : 02/05/2009 : 19.40.00 1236 33
109935 : 02/05/2009 : 19.45.00 1416 32
109935 ; 02/05/2009 : 19.50.00 960 35
112693 | 26/01/2009 | 23.50.00 448 420 62 65
112693 i 26/01/2009 i 23.55.00 304 348 64 62
112693 i 26/01/2009 i 23.20.00 276 276 62 60
112693 i27/01/2009 | 10.45.00 1368 1056 53 565
112693 ! 27/01/2009 ! 10.50.00 1380 948 53 57
112693 : 27/01/2009 : 10.55.00 1488 1356 52 51
112693 : 27/01/2009 : 11.00.00 1380 984 60 53
112693  27/01/2009 ; 11.05.00 1392 972 49 60
112693 | 27/01/2009 | 11.10.00 1584 1200 61 52
112693 i 27/01/2009 i 11.15.00 1152 1512 52 44
112693 |27/01/2009 | 11.20.00 1164 936 54 54
112693 |27/01/2009 | 11.25.00 1704 1068 48 52
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In order to have a database as much as possible reliable on which carried out our tests, we have gathered
loops traffic data for a very long time period: nin e months between the 01/01/2009 and the 30/11/2009.

Gathered those traffic data we have performed some detailed analysis aggregating them on different time
period, as follows:

1. monthly aggregation — in order to:

a) calculate the total flow counted by all the loops per each months. In this way we can have an
idea about the months with more traffic (see #$ % );

b) calculate the average flow per section (see #$ & );

c) calculate the average speed per section (# $ )

2. daily aggregation - the same operation have been performed (see # $ ,
HS )

4. hourly aggregation — the same operation have been performed (see #$ ( ,#%$ ) ,#9$
* )
The average flow hourly time based consists of about 930 vehicles/h for every month with the highest value
on January, February, March (1060 vehicles/h) and the lowest value on August (640 vehicles/h). The total
monthly flow is about 320.000 vehicles with the highest value on October (378.000 vehicles) and the lowest

value on August (234.000vehicles). The monthly average speed is 53,3 Km/h, with the lowest value on
January and November (52,5 Km/h) and the highest value on August (57,4 Km/h).

The daily analysis shows how the level of traffic is much more high during the weekday, with an average
value of 1.000 vehicles/h, than the Sunday value (760 vehicles/h). This trendis confirmed also having a look
to the total flow counted by all the detectors device. As a consequence if we analyzethe average speed, it
can be noticed how the maximum value of 57,5 Km/h is in correspondence to Sunday while the minimum
value is instead in correspondence to Thursday (52 Km/h).

Finally, considering the hourly aggregation criteria, it can be possible to notice how the hourly average flow
and the total monthly flow have a similar trend: according to this trend the minimum flow value is shown in
the time slot between 4 am and 6 pm while the maximum is shown in the time slot between 6 pm and 8 pm.
Maximum and minimum speed’s value are shown at 4 am (67,2 Km/h) and at 7 pm (46,7 Km/h).
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Figure 9: Hourly average measures flow by double loop vehic le detector (January-November)
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Figure 10: Monthly flow measures by double loop vehicle dete ctor (January-November)
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Figure 11: Average speed measures by double loop vehicle det  ector (January-November)
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Figure 12: Hourly average measures flow by double loop vehic le detector (Monday-Sunday)
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Figure 13: Monthly flow measures by double loop veh icle detector (Monday-Sunday)
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Figure 14: Average speed measures by double loop vehicle det  ector (Monday-Sunday)
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Figure 15: Hourly average measures flow by double loop vehic le detector (hours 1-24)
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Figure 16: Monthly flow measures by double loop vehicle dete ctor (hours 1-24)
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Figure 17: Average speed measures by double loop vehicle det  ector (hours 1-24))
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6.1.1.2 UTT — Urban Travel Time

The UTT (Urban Travel Times) system monitors travel times in an urban context. It launched on December
2006, based on a first set of itineraries, evaluates travel on a series of urban routes. The result is achieved
through evaluation of travel time of individual vehicles recognized automatically at the beginning and the end
of the route.

From December 2006 to November 2009 the system has been gradually extended and now system monitors
about 115 Km of the main roads in Rome

ATAC Data processing system gathers and elaborates information concerning all the vehicles registered,
calculates the average travel time on each monitored route, updates the data every 5 minutes and displays it
through the VMS with different modalities (mobility centre website, variable message panels, ATAC mobile).
Sensitive data registered while monitoring are deleted within one hour from the memory of the Mobility
Centre database.

UTT’s features are as follow:

The system consists of a series of observatories installed on the road;

A couple of observatories (entrance-exit) identify the section, the travel times are measured at every
section;

The system is based on the identification of the vehicle passing by the observatory station (entrance
—exit) and on the registered time of vehicles transit. Such measures obtained in this way are
elaborated in order to filter anomalous data and to obtain an associated travel time;

Currently the identification of vehicles is carried out through cameras equipped with OCR
technology, for the automatic plate identification. The identification is carried out by video cameras
and data are sent to the mobility centre where are elaborated with algorithm.

PLATE RECOGNISED Targa: CC 555 AA

AND TIME RECORDED _anr. .=0-
: CC 555 AA AT THE ENTRY SECTION 14-apr-06 11:50:39
TRAVEL
TIME
21 mins
CC 555 AA 9 secs

PLATE RECOGNISED Targa: CC 555 AA
AND TIME RECORDED 14-apr-06 12:11:48
AT THE EXIT SECTION
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Data gathered

In the following chart and in the picture below, all the itineraries where the travel time is calculated are listed

and graphically represented.

Road section

Activation data

Sinagoga - AraPacis

AraPacis - PortaPia

PortaPia - Cinque Giornate

Cinque Giornate - Trilussa

Piazza Emporio - Sinagoga

Ponte Mammolo - Portonaccio
CorsoFrancia - PiazzaleMarescialloGiardino
PiazzaleMarescialloGiardino - Cinque Giornate
Lungotevere Diaz - StazioneTiburtina
TE da Lungotevere Diaz a uscitaSalaria
TE da uscitaSalaria a StazioneTiburtina
Via AppiaNuova: Capannelle - Quadraro
Via AppiaNuova: Quadraro - Via Turno
Piazza della Radio - Piazza dell'Emporio
GrottaRossa - CorsoFrancia

Piazza Pio XI - PiazzaledegliEroi
PiazzaledegliEroi - Lungotevere Diaz
PortaFurba - AppiaNuova, Via Turno
StazioneTiburtina - PiazzaleAppio
Portonaccio - Piazza della Croce Rossa
Laurentina - Piazza deiNavigatori
Piazza deiNavigatori - San Giovanni
PiazzaleAppio - PiazzaleOstiense
Lungotevere Diaz - PoliclinicoGemelli
Cecchignola - Colombo

Euroma 2 - Nazioni Unite

Nazioni Unite - Ponte Marconi

Ponte Marconi - Piazzaledella Radio
Nazioni Unite - Piazza deiNavigatori
Piazza deiNavigatori - PiazzaleAppio
Largo Perassi - Piazza di Villa Carpegna
Piazza Carpegna - PortaCavalleggeri
PortaCavalleggeri - Piazza Trilussa
Ponte Marconi - P.le Dunant

P.le Dunant - Leone XIlI

Leone XIlII - Pio XI

Togliatti - Largo Preneste

Largo Preneste - P.leAppio

December 2006
December 2006
December 2006
December 2006
December 2006
December 2006
April 2009
April 2009
April 2009
April 2009
April 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
June 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
July 2009
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Cinecitta - Quadraro | July 2009
Piazza Cantu - P.leAppio : July 2009

La Spezia - Circ. Tiburtina : July 2009
Circ. Tiburtina - Circ. Salaria : July 2009
Pol. Gemelli - Cornelia i July 2009
Cornelia - P.za Carpegna : July 2009
Leone XIlII - Villa Carpegna : July 2009
P.za Carpegna - Cornelia : July 2009
Cornelia - Pol. Gemelli : July 2009
Salaria - Olimpico : August 2009
Olimpico - P.zzaMarescialloGiardino : August 2009
Pol. Gemelli - Olimpico : August 2009
Piazza Gondar - Piazza Sant'Emerenziana i September 2009
Piazza Sant'Emerenziana - Piazza Gondar : September 2009
Piazza Gondar - CollaltoSabino : September 2009
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Figure 18: Itineraries monitored
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In order to have a database as much as possible reliable on which carried out our tests, we have gathered
travel time itinerary data for a very long time per iod: eight months between the 01/01/2009 and the
30/08/2009.

Gathered those traffic data we have performed similar analysis before described for the loops data, that is
aggregating them on different time period, as follows. An opportune subset of eleven itineraries among the
ones before listed has been chosen to perform such an analysis®.

1.
2.
3.
4.

monthly aggregation — in order to:

calculate the average speed among all the itinerary(# $ )

daily aggregation — the same operation have been performed (see # $ )

hourly aggregation — the same operation have been performed (see#$ ( ,#$ ) ,#3$ * ).

In addition the same analysis has been carried out on a single itinerary: AraPacis — PortaPia. Monthly
analysis on AraPacis — PortaPia itinerary show how the highest average speed’s value is in August with a
value 42,5 Km/h.

'Sinagoga — AraPacis, AraPacis — PortaPia, PortaPia — Cinque Giornate, Cinque Giornate - Trilussa,
Emporio — Sinagoga, P.teMammolo — St. Tiburtina, Olimpico — MarescialloGiardino, MarescialloGiardino —
Cinque Giornate, Olimpico — Salaria, Salaria — St. Tiburtina, Capannelle — Quadraro
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Figure 19: Average speed measures by UTT (January-August)
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Figure 20: Average speed measures by UTT in one itinerary (J  anuary-August)
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Figure 21: Average speed measures by UTT (Monday-Sunday)
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Figure 22: Average speed measures by UTT in one itinerary (M  onday-Sunday)
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Figure 23: Average speed measures by UTT (hours 1-24)
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Figure 24: Average speed measures by UTT in an itinerary (ho  urs 1-24)
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6.1.2 Public Transport data

6.1.2.1 AVM - Automatic Vehicle Monitoring

The AVM (Automatic Vehicle Monitoring) system allows the Mobility Control Central to track the bus fleet
(3000 vehicles) in real-time. The system provides also information on buses estimated times of arrival to the
citizens through 300 electronic panels, placed near the major bus stops, as well as through info-mobility
services via web (find your bus, route calculation) and mobile phones (Atac mobile).

Functioning scheme of AVM System for PT fleet is shown in the figure below:
The Depot System transmits the parameters for managing the AVM System;
The Bus transmits its data to the Central System;
The Central System monitors the LPT service and elaborates the buses arrival times to the bus stop;

The LPT information are shown on the electronic displays.

AVM system
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Data gathered

As before quoted via the AVM system we were interested in travel time along some important itineraries
covered by transit routes. In particular we have chosen an opportune subset of all the roman transit lines of
about 30 transit. We have chosen this transit lines subset in order to maximize the territorial coverage on
which testing the methodology.

In the picture below all the itinerary investigated, and so all the itineraries where the travel time has been
gathered are graphically represented.

Considering both the red routes and yellow routes we have a total road coverage in terms of length of about
360 km. If we consider that total road length covered by transit routes within the external ring roads is
actually of about 1250 km, we have covered a percentage of more than 30%.

In order to have a database as much as possible reliable on which carried out our tests, we have gathered
travel time data for a very long time period: twelv e months between the 01/10/2008 and the
30/10/2009.

Gathered those data we have performed similar analysis before described for the loops data and for the
UTT, that is, aggregating them on different time period, as follows.

1. monthly aggregation — in order to:

a) calculate the average speed among all the itinerary

2. daily aggregation — the same operation has been performed

3. hourly aggregation — the same operation has been performed.
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Figure 25: Transit itineraries monitored
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Figure 26: Monthly Average speed measures by AVM (Oc  tober 2008 — October 2009)
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Figure 27: Daily Average speed measures by AVM (Octo  ber 2008 — October 2009)
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Figure 28: Hourly Average speed measures by AVM (Oct  ober 2008 — October 2009)
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6.1.3 Air quality data from CITEAIR |

As previously mentioned within the former CITEAIR project (CITEAIR I) two different indices useful to
compare air quality level in different European cities has been defined. These indices have 5 levels using a
scale from O (very low) to > 100 (very high), it is a relative measure of the amount of air pollution. They are
based on 3 pollutants of major concern in Europe: PM10, NO2.

Two situations, and hence two different indices, are defined:

Background (expressed by the CBI), representing the general situation of the given agglomeration
(based on urban background monitoring sites),

Roadside (expressed by the CTI), being representative of city streets with a lot of traffic, (based on
roadside monitoring stations).

In order to perform the indicator’s calculation, data regarding CITEAIR | air quality data has been gathered
for the same time period where traffic data was ava ilable: from 01/01/2009 to 30/11/2009 .

In the picture below some simple analysis carried out on both CBI and CTI are shown.

Schedule 11: Background Index value (CBI). Period: J  anuary 2009 to October 2009. Aggregated by

YEAR
Pollutant Average value (year)
CcO 2.02
NO2 28.8
03 27.0
PM10 53.1
SO2 0.55

Schedule 12: Roadside Index value (CTI). Period: Jan  uary 2009 to October 2009. Aggregated by
YEAR

Pollutant | Average value (year)

CO 57
NO2 43.2
PM10 57.0
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Figure 29: Background Index value (CBI) for polluta  nt NO2 from 2009 September 13th to 2009
September 14th. Aggregated by HOUR
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Figure 30: Background Index value (CBI) for polluta  nt O3 from 2009 September 13th to 2009
September 14th. Aggregated by HOUR
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Figure 31: Background Index value (CTI) for polluta  nt NO2 from 2009 September 13th to 2009
September 14th. Aggregated by HOUR

CTI - Roadside Index (NO2)
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6.2 Results from the methodology application

Gathered all the data and performed on them an accurate analysis described in the paragraph above, we
started the real test phase where all the formulae described in the paragraph 3 “Proposals of traffic and
mobility indicators” have been applied using the in put data gathered.

6.3 Transport and Mobility Indicators

In this paragraph the analysis about the first seven indicators, related to mobility issues, will be shown. In the
next paragraph similar analysis on the indicators related to the concept of exposure will be described in
detail.

In the following two paragraphs we will analyze distinctly results for
1. Private Mode;
2. Transit Mode.

For every indicators we have performed both spatial aggregation and temporal aggregation . In particular
for what regards the latter, the following analysis have been performed:

1 monthly aggregation;
2 weekday aggregation;

In addition to check how much each indicator is capable to describe expected traffic trend and so how much
the results are reliable, some detailed analysis have been performed. In particular, for each indicator has
been done:

3 simulation of indicators calculation within the temporal period August 17" - September 21% (daily
aggregation);

4 indicators value comparison for two working days: the first in August (Thursday August 20"‘) and the
other one in September (Thursday September 17”‘). For them both hourly aggregation and time slot
aggregation have been performed;

5 indicators value comparison between Sunday and Monday. Also in this case, both hourly
aggregation and time slot aggregation have been performed.

Regarding the spatial aggregation criteria , it has been applied for all the transit indicators to analyze the
indicators trend in the different city zones before defined.
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6.3.1

Indicators analysis for Private Mode

Before starting our detailed analysis over each indicators, it could be useful to have an overview of the

results obtained in relation to the value of each indicator analyzed aggregated by year and by month.

Schedule 13: Indicators value. Annual Aggregation. PR IVATE MODE
i |
e | vaie
ATT [min] i 20.06
NAS [km/h] : 34.26
NDI [-] ! 045
NSI [-] L 078
NTI [-] : 1.45
VAS [km/h] | 37.98
VSl [-]>1 0.79
Schedule 14: Indicators value. Monthly Aggregation. PRIVATE MODE

Month i ATT i NAS i NDI i NSI i NTI i VAS i VSl

v [min] oy km/] o [T 0 [ 0 [l 0 km/]o [H]

1 January 2152 1 311l ' 045 1 072 ' 145 1 354 1 076

EFebruaryE 21.38 E 31.1 E 0.49 E 0.72 E 1.49 E 35.65 E 0.76

! March | 2131 ! 3116 ! 044 ! 072 ! 144 ! 3576 ! 0.77

':%J E April E 21.44 E 31.35 E 0.47 E 0.73 E 1.47 E 35.53 E 0.78

= , May , 2121 , 3253 , 045 , 075 , 145 , 3592 , 0.82

E ., June , 2119 , 3327 , 045 , 076 , 145 , 3597 , 081

Z 0 Juy 1 172 1 3426 . 04 1 079 . 14 | 443 . 084

- : August | 1659 1 3557 1 023 1 082 1 123 1 4592 1 091

ESeptemberE 17.89 E 34.58 E 0.43 E 0.78 E 1.43 E 42.6 E 0.81

: 1876 ' 3329 ! 051 ! 075 ! 151 ' 4061 ! 077

October :
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1) network average speed (independent on the link u

NASzn” = ( a1z i Vam®a)/ ( a1z f1ala)

Where
A set of monitored links;

M set of transport modes

Z zone, ZI A (specific sub-set of monitored links, for spatial aggregation)

set of subsequent time intervals during the day

period, Ji | (specific sub-set of time intervals, for temporal aggregation)

generic link;

3 @ o

generic mode;

generic time interval

duration of interval il |

=

L, length of link al A

Vam  (average) speed on link al A on mode mi M during time interval il |

sage)
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Figure32: NAS value from 2009 January 1 %' to 2009 October 30 ", Aggregated by MONTH

NAS - Network Average Speed [Km/h] - Private mode
Period: 01/01/2009 - 31/10/2009
Aggregation criteria: month
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Figure 33: NAS value from 2009 January 1 ' to 2009 October 30 ™. Aggregated by WEEKDAY
NAS - Network Average Speed [Km/h] - Private mode
Period: 01/01/2009 - 31/10/2009
Aggregation criteria: weekday
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Figure 34: NAS value from 2009 August 17 "to 2009 September 21 *'. Aggregated by DAY

NAS - Network Average Speed [Km/h] - Private mode
Period: 17/08/2009 - 21/9/2009
Aggregation criteria: day
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Figure 35: NAS value comparison between 2009 August 20" and 2009 September 17 ", Aggregated

by HOUR

NAS - Network Average Speed [Km/h] - Private Mode

Comparison between August 20 ™ and September 17 th

Aggregation criteria: hour
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Figure 36: NAS value comparison between 2009 August 20™ and 2009 September 17 ", Aggregated

by TIME SLOT
NAS - Network Average Speed [Km/h] - Private Mode
Comparison between August 20 ™ and September 17 th
Aggregation criteria: time slot
50,0
=0O=August
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35,0
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Figure 37: NAS value comparison between Sunday and Mo  nday. Period: 2009 Septemberl3 "_2009
September 14 ", Aggregated by HOUR

NAS - network average speed [Km/h] - Private mode
Period: 13/09/2009 - 14/9/2009
Aggregation criteria: hour
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Figure 38: NAS value comparison between Sunday and Mo  nday. Period: 2009 September 13th —
2009 September 14th. Aggregated by TIME SLOT
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2) network speed indicator: 1 free flow speed, O tr  affic jam

NSz’ =( a1z 1aVam / Vam®a) / ( &z i1sla)

Where:
A set of monitored links

M set of transport modes

Z zone, ZI A (specific sub-set of monitored links, for spatial aggregation)

set of subsequent time intervals during the day

period, Ji | (specific sub-set of time intervals, for temporal aggregation)

generic link

3 ® o

generic mode

generic time interval

T, duration of interval il |

L, length of link al A

Van  (average) speed on link ai A on mode mi M during time interval il |

Van  free flow speed of link al A on mode mi M
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Figure 39: NSlvalue from 2009 January 1 * to 2009 October 30 ", Aggregated by MONTH

NSI - Network Speed Indicator - Private mode
Period: 01/01/2009 - 31/10/2009
Aggregation criteria: month
0.9
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Figure 40: NSlvalue from 2009 January 1 * to 2009 October 30 ", Aggregated by WEEKDAY
NSI - Network Speed Indicator - Private mode
Period: 01/01/2009 - 31/10/2009
Aggregation criteria: weekday
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Figure 41: NSl value from 2009 August 17 ™ to 2009 September 21 *'. Aggregated by DAY

NSI - Network Speed Indicator - Private mode
Period: 17/08/2009 - 21/9/2009
Aggregation criteria: day
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Figure 42: NSI value comparison between 2009 August 20" and 2009 September 17 ", Aggregated

by HOUR
NSI - Network Speed Indicator - Private Mode
. th th
Comparison between August 20 and September 17
Aggregation criteria: hour
1.2
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Figure 43: NSl value comparison between Sunday and Mo  nday. Period: 2009 September 13 ™ _ 2009
September 14 B Aggregated by HOUR

NSI - Network Speed Indicator - (Private mode)

Period: 13/09/2009 - 14/9/2009

Aggregation criteria: hour
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Figure 44: NSl value comparison between Sunday and Mo  nday. Period: 2009 September 13 " _ 2009
September 14 ", Aggregated by TIME SLOT

NSI - Network Speed Indicator - Private mode

Period: 13/09/2009 - 14/9/2009
Aggregation criteria: time slot
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3) vehicle average speed (weighted by the link usag e)

VASz, Y= ( iz il JVami»ﬁmi*a ) / ( az i Jfami*a)

Where:

A set of monitored links

M set of transport modes

Z zone, ZI A (specific sub-set of monitored links, for spatial aggregation)
| set of subsequent time intervals during the day

J period, Ji | (specific sub-set of time intervals, for temporal aggregation)
a generic link

m generic mode

i generic time interval

T, duration of interval il |

L, length of link al A

f.m flow (number of vehicles) through link al A on mode mi M during time interval il |

Van  (average) speed on link ai A on mode mi M during time interval il |

Transport and mobility indicators based on traffic measures. Good Practices Guidebook

72



www.citeair.eu

Figure 45: VAS value from 2009 January 1 %' to 2009 October 30 ", Aggregated by MONTH

VAS - Vehicle Average Speed [Km/h] - Private mode
Period: 01/01/2009 - 31/10/2009
Aggregation criteria: month
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Figure 46: VAS value from 2009 January 1 %' to 2009 October 30 ", Aggregated by WEEKDAY

VAS - Vehicle Average Speed [Km/h] - Private mode

Period: 01/01/2009 - 31/10/2009

Aggregation criteria: weekday
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Figure 47: VAS value from 2009 August 17 ™ t0 2009 September 21 *'. Aggregated by DAY

VAS - Vehicle Average Speed [Km/h] - Private mode
Period: 17/08/2009 - 21/9/2009
Aggregation criteria: day
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Figure 48: VAS value comparison between 2009 August 2 0™ and 2009 September 17 ", Aggregated

by HOUR
VAS - Vehicle Average Speed [Km/h] - Private Mode
Comparison between August 20 ™ and September 17 th
Aggregation criteria: hour
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Figure 49: VAS value comparison between 2009 August 2 0™ and 2009 September 17 ", Aggregated

by TIME SLOT
VAS - Vehicle Average Speed [Km/h] - Private Mode
Comparison between August 20 ™ and September 17 tn

Aggregation criteria: time slot
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Figure 50: VAS value comparison between Sunday and Mon  day. Period: 2009 September 13 h_
2009 September 14 ", Aggregated by HOUR
VAS - Vehicle Average Speed [Km/h] - Private mode
Period: 13/09/2009 - 14/9/2009
Aggregation criteria: hour
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Figure 51: VAS value comparison between Sunday and Mon  day. Period: 2009 September 13 h_
2009 September 14 ", Aggregated by TIME SLOT
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4) vehicle speed indicator: 1 free flow speed, 0 tr  affic jam (congestion level)

VSlzm Y= ( iz il .JVami /Vam)ﬁﬁmi»-(a) / ( iz il Jfami»—(a)

Where:

A set of monitored links

M set of transport modes

Z zone, ZI A (specific sub-set of monitored links, for spatial aggregation)
| set of subsequent time intervals during the day

J period, Ji | (specific sub-set of time intervals, for temporal aggregation)
a generic link

m generic mode

i generic time interval

T, duration of interval il |

L, length of link al A

Van  free flow speed of link al A on mode mi M

f.m flow (number of vehicles) through link al A on mode mi M during time interval il |

Van  (average) speed on link ai A on mode mi M during time interval il |
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