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Abstract:

This document provides documentation on the mobility assessment metrics and methods
for use within DATASET2050. On the one hand it describes what the key performance areas,
attributes, indicators and metrics such as seamlessness, cost, duration, punctuality, comfort,
resilience, etc. incorporated into the model are. On the other, it gives details about mobility

metric computation, modelling methodology, visualisations used etc.

D5.1 Mobility Assessment - 2



Table of Contents

L INEFOAUCTION e s s ssassassaes s sassassaneas 6
1.1 DATASET2050 INtrOGUCTION ..o sss s nssnaas 6
1.2 WP5 and Deliverable 5.1 CONTEXE ...ttt 7
1.3 Deliverable structure and CONTENTS. ... 7
1.4 Terms and defiNITIONS. ...t 8

2. Key (mobility) performance areas (KPAS) ... ssssessssssssssssssssssssssssssssssssssesssns 10
2.1 ACCESS AN EQUILY ...ooieerieieiiiie ettt sttt sttt 12

2.1 0 ATFOTAAIDITEY ettt s8R 13
2.0.2 REACK cot ettt saneen 15
g e V11 S 16
2.2 COST-EIfECHIVENESS ...t sas s s sassaneans 17
2.2.0 BENETICIANY oottt 18
2.2.2 COST oottt b sttt sen s 18
2.2.3 ValUE TOI MONEY ..ottt sttt 19
2.3 EffICIENCY 1ttt 20
2.3 COMTON ottt 20
2.3.2 UNPIOGUCTIVE TIMIB..ooriiiriiriiiei ittt s 21
2.3.3 SPBEM ..o SRSt 22
24 FIEXIDIITY oottt sttt 23
2.4.1 DIVErsSity OFf DESTINATIONS......oiverieeriiir sttt ss sttt 23
242 MUIMOAAIITY oottt 24
2.3 RESIENCE ..o s s s s s saseasssssaneen 24
2.5 INTEIOPEIADIIITY ..ottt 25
2.6 PrediCtability ..ottt 26
2.6. 1 PUNCEUAIIEY covveo ettt bbb 27
2.8.2 REIADIIEY oot ettt e 27
2.6.3 VAlTADIITTY oottt 28
2.7 SATOLY oo 28
2.8 SECUNTLY oottt b 30
2.9 SUSEAINADIITTY cooooeeee sttt 30
2.9.1 ENVIFONMENT oo s sss s sas s sasssas s sassasss s saes s sssssessssssanees 31
2.9.2 SOCIAI ASPEELS c.ovveeieees sttt 32

D5.1 Mobility Assessment - 3



2.10 CAPACILY rvorrereereeiseeieeeieeese et es s ss s s ss s s e 34

3. Key (mobility) performance indicators (KPIS)...........coow.riuriureiinriinesiseseissssssssssssssesssssssssssssssssssssssssnens 35
3.1 ACCESS QNG EQUITY ..ottt 35
3.1.1 List Of PropOS@A INICALOIS .....cecerreeeeeeeeieeeieeeeesses st essess s ess st sss sttt 37
3.2 COSt-EIfRCTIVENESS ..ottt 38
3.2.1 List Of PropOS@A INICALOIS .....cecerreeeereeiieeeeieeeessee et ess s sss st sss st 40
3.3 EFICIENCY oottt 41
3.3.1 List Of PropOS@A INICALOIS .....cecurreeerereeeieeeieeeis et sess s s sss st sss sttt 42
34 FIEXIDIITTY oottt bbbt 43
3.4.1 List Of PropOS@A INICALOIS ....ceeerreeerereeeiee et ess s ess st sss st 46
3.5 INTEIOPEIADIIITY ..ottt 47
3.5.1 List Of PropoSed INAICATOIS ......covvverierrieniee sttt sttt bbbt 48
3.6 PrediCtability ... ettt 49
3.6.1 List Of PropoSed INAICATOIS ......ccovvvueriverriii ettt sttt 56
3.7 SAFELY ARt 58
3.7.1 List Of PropoSed INAICATOIS ......ccovvveriieeiiesiie et sssss sttt 62
3.8 SEOUNILY oo bbb 63
3.8.1 List Of PropoSed INAICATOIS ......covvverieeeiiieriie ettt sttt 63
3.9 SUSTAINADIITLY oottt sttt 63
3.9.1 List Of PropoSed INAICATOIS .......covvvurvveriieseie ettt sttt 66
3.10 CAPACITY vttt sttt sttt 67
3.10.1 List Of PropOSEd INAICATOIS.....ivvivierriieseiie ettt 67
4. Mobility performance assessment MEthOd. ... ssssesess e 69
4.1 ASSESSMENT METNOAS ..ottt 70
4.2 Summary of indicators recommended for DATASET2050 analysis........ccowomreemmeeermrrenneeesnneinnnns 71
4.3 Calculation of Key Performance Indicators for DATASET2050........cccccomimrimmeenneennniennseeseneinens 74
KPA: ACCESS AN BOUILY c.vuorieerrieiae ettt seses st ettt 8 kR 74
4.3.2 INCOME ACCESS AISPAIILY .eourvevrerieaerieseeeesee et et ss s ess s ss st e s skt 75
4.3.3 DiISADIEA GCCESS ..ottt ss s8Rt 76
4.3.4 Passenger distanCe PEI EUID SPENT ..ot ssssssss s sss st st ss s sss sttt essss s 76
4.3.5 Time effiCienCyY PEIrfOIMANCE ..ottt sttt 77
4.3.6 Distance diversity Of deStINATIONS ........coovvrivrivieriesees et 78
4.3.7 TranSItiON-JOUMNEY FALIO......ccoiriereieriiesiies ettt sttt sttt 79
4.3.8 Probability that the traveller arrives more than 15 minutes late at destination ... 79

D5.1 Mobility Assessment - 4



4.3.9 Minimum buffer required for 95% chance of arrival ON tIME ... 82

4.3.10 Number of deaths per million PaSSENGEr JOUINEYS ... siesessssssssssssssesssssssssssseess 83
4.3.11 Total Global Warming Potential of intra-European air travel ... 84
4.3.12 JOUINEYS UNAEE 4 NOULS.....ooeivereeriieiies st sssssss bbbt sttt 84
4.3.13 Delay elasticity with respect t0 throOUGRPUL ..o 85
5. CONCIUSIONS ..ttt 86
6. BIDIIOGraphy, FEIEIENCES ...t 87
7. ACronyms and @bDreVIatioNS ...ttt 90
Appendix L. Safety data: traffic deaths (EUROSTAT) ..o ssssssssssssssssssssssssssnnes 0

D5.1 Mobility Assessment - 5



1. Introduction

1.1 DATASET2050 introduction

DATASET2050, "DATA-driven Approach for Seamless Efficient Travelling in 2050" is a Coor-
dination and Support Action (CSA) funded by the European Commission, under H2020 Call
MG.1.7-2014 "Support to European Aviation Research and Innovation Policy", Grant Agree-
ment no: 640353. The Coordination and Support Action is coordinated by Innaxis, with
EUROCONTROL, the University of Westminster and Bauhaus Luftfahrt as partners.
DATASET2050 was launched in December 2014, for 36 months. The key highlights of
DATASET2050 are the following:

e The objective of DATASET2050 is to provide insights into European door-to-door travel
for the current, 2035 and 2050 transport scenarios, through a data-driven methodology.

e DATASET2050 puts the passenger at the centre, paving the way for seamless, efficient
door-to-door travel. The main focus is to analyse how the European transport supply
profile (capacity, connections, business models, regulations, intermodality, processes, and
infrastructure) could adapt to the evolution of the demand profile (customers, de-
mographics, passenger expectations, requirements).

e DATASET2050 addresses one of the main transport mobility goals stated in Flightpath
2050: 90% of travellers within Europe will be able to complete their journey, door-to-door
within four hours. Through the application of statistical analyses, multi-modal mobility
modelling and predictive analytics, DATASET2050 computes the current status of air
transport mobility across Europe.

e These analyses enable the identification of transport bottlenecks in the current scenario
and across different future scenarios. These findings serve as a basis for the development
of intermodal transport concepts; identifying possible solutions for current and predicted
shortcomings. The insights gained will highlight research needs and requirements to-
wards the four-hour door-to-door goal. Due to the multi-dimensionality of the problem,
DATASET2050 uses visualisation techniques, to ease the consumption of the results.

e An Advisory Board, formed by European transport stakeholders, supports the
DATASET2050 partners.

e The dissemination and communication plans ensure efficient circulation of results among
key European transport policy makers and stakeholders. The plans also include incorpo-

rating their valuable input and perspectives through the project workshops.

D5.1 Mobility Assessment - 6



1.2 WP5 and Deliverable 5.1 context

WP2 consolidated the data frame and model to be used in DATASET2050. WP3 was devoted
to the mobility demand profile (customers, demographics, passenger profiles etc.), with a
deliverable on the current status (D3.1) and one on future scenarios, namely 2035 and 2050
(D3.2). In a symmetric approach, WP4 tackled the current and future European transport
supply sides for passenger journeys, with D4.1 looking at the current supply status and D4.2
on the future supply profile.

5.2 European door-to-door mobility scenarios

v

5.3 Novel Concept foundations for European mobility

WP5 is a key outcome of the project: using all the previous deliverables/WPs, the future
mobility needs will be assessed. In this context, D5.1 is focused on the mobility as such:
what are the metrics that need to be extracted from the model? Are they significant in the
context of the door-to-door travelling being assessed? How does the model provide that

information? How are the mobility attributes calculated?

The finalisation of the current deliverable (D5.1) enables the delivery of the door-to-door
metrics to the different scenarios (D5.2), including the calculation of metrics and with a high
quantitative flavour. Consequently both D5.1 and D5.2 are crucial for the final CSA project
deliverable on novel concept foundations for European mobility. The last technical delivera-

ble, D5.3 deals with novel concept foundations for European mobility.

1.3 Deliverable structure and contents

This deliverable D5.1 focuses on mobility metrics, indicators and methods. It is composed of

three sections, following this introduction.

e Section 2 lists the Key Performance Areas (KPAs), inspired and adapted from the corre-
sponding ICAO ones. Each KPA is broken down into one or several Mobility Focus Areas
(MFAs). This section provides the reader with the definition and classification of the KPAs
and their associated MFAs. The text intends to have a "scoping approach” and not to be
too prescriptive. This is tried via documenting the different meanings a single word can
have depending on the stakeholder asked about it. In these cases, all the different defini-

tions, attributes and approaches are documented in the deliverable, for the sake of com-
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pletion. As an example: the predictability concept (KPA) covers the punctuality, reliability

and variability MFAs.

Section 3 describes the Key Performance Indicators (KPIs) that provide measures of the

performance of the system. The KPIs are derived from the corresponding KPAs and MFAs.

The current deliverable explains with a noticeably quantitative flavour how these KPIs

are/would be measured.

e Section 4 explains how the different KPIs are calculated and consolidates the deliverable's
mains conclusions and key remarks.

e Section 5 provides conclusions.

e Section 6 comprises the bibliography and references.

e Section 7 lists acronyms used in the deliverable.

1.4 Terms and definitions

For clarity of reference, we here define or provide definition references (sources: ICAQ,
SESAR, PRU) of the several terms used throughout the deliverable, .

Term or acro- o
Definition(s)

nym
"KPAs are a way of categorising performance subjects related to high-level ambitions
and expectations". [ICAO, 2009].
ICAO defines 11 KPAs in this document: safety, security, environmental impact, cost
effectiveness, capacity, flight efficiency, flexibility, predictability, access and equity,
Key Perfor- participation and collaboration, interoperability.
mance Area
(KPA) In [SESAR, 2014] these 11 ICAO KPAs plus Human Performance (a proposed addition
not yet formally adopted by ICAO) are considered as given.
The DATASET2050 consortium, as part of D5.1 and inspired by ICAO's KPA definitions
and lists, has selected a number of (key) mobility focus areas within the project
scope. These are described in the current deliverable, Section 2
1. [performance indicator] "A quantitative or qualitative measurement, or any other
criterion, by which the performance, efficiency, achievement, etc. of a person or
Key Perfor- organisation can be assessed, often by comparison with an agreed standard or
mance Indica- target" [Collins English Dictionary].
tor (KPI)

2. [performance indicator] "Current/past performance, expected future performance
(estimated as part of forecasting and performance modelling), as well as actual

progress in achieving performance objectives is quantitatively expressed by
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Term or acro-

nym

Definition(s)

means of indicators (sometimes called key performance indicators, or KPIs)."
[ICAO, 2009].

3. [key performance indicator] "A clearly defined measurement indicator considered
to be of the highest importance for measurement in validation exercises and
used for validation assessment." [SESAR, 2014]. Guidance on KPIs and Data Col-

lection Version 1.

DATASET2050 consortium, as part of D5.1 and inspired by ICAO's KPI definition and
list, has defined a number of (key) mobility focus indicators within project scope.
These KPIs are described in the present deliverable: sections 3 (full D2D list), 4 (per-
formance assessment method) and 5 (KPIs within DATASET2050).

Mobility Focus
Area (MFA)

ICAO subdivides KPAs into Focus Areas. In a similar way, the current deliverable sub-
divides some of the KPAs into Mobility Focus Areas (MFAs). MFAs are derived from
the air transportation goals, to distinguish them from other focus areas (e.g. ATM
focus). Each MFA covers one or several KPIs. For instance the KPA "Access and equi-
ty" is divided into 3 MFAs (Affordability; Equity; Reach). Each of those MFAs has dif-

ferent KPIs associated with it.

These MFAs have been inspired by the expected future transport properties (e.g.
affordable, quick, seamless etc.) given in the "Meeting societal & market needs" sec-
tion of Flightpath 2050 [EC, 2011]. Some of the MFAs have been also de-
rived/inspired/complemented by the European Commission Aviation Strategy [EC,
2015] which describes several research areas in the context of tackling challenges to

growth in air transport.

(Supporting)
Metric

"Supporting metrics determine which data need to be collected for calculating values
for the performance indicators" [ICAO, 2009].

Utility

"Total utility refers to the total satisfaction derived from consuming a certain good or
service. [...] Marginal utility refers to the satisfaction gained from consuming an addi-

tional unit (the marginal unit) of the good or service.” [Hobday, 1988].
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2. Key (mobility) performance areas (KPAs)

Over the next 30 years, EU mobility should progressively evolve from the gate-to-gate focus
currently prevalent in the aviation industry towards a seamless and efficient door-to-door-
orientated vision, in which the passenger's overall experience is paramount. Air transport is
envisaged as being at the heart of an integrated, clean, and efficient transport system, ca-
pable of transporting users (freight, and travellers with their luggage) from door to door

safely, quickly, seamlessly, predictably, and affordably.

Lord Kelvin said what was later abbreviated to "if you can measure it, you can manage it"
and "if you cannot measure it, you cannot manage it". Managing developments towards the
DATASET2050 goal require, therefore, that we be able to measure these developments using
metrics and that we produce indicators, often composed of combinations of metrics, that
enable us to see progress towards the goals. However, there are many dimensions to the
problem of attaining a goal, so we define indicators for several Key Performance Areas
(KPAs) relevant to the problem. The most relevant indicators are called Key Performance
Indicators (KPIs).

The International Civil Aviation Organisation (ICAO) first defined [ICAO, 2005] and later
elaborated the context of [ICAO, 2009] 11 KPAs for the improvement of the air traffic man-
agement (ATM) system. They are: 1, access and equity; 2, capacity; 3, cost effectiveness; 4,
efficiency; 5, environment; 6, flexibility; 7, interoperability; 8, participation and collaboration;

9, predictability; 10, safety; 11, security.

While ICAO's ATM-system objectives differ greatly from the mobility and connectivity objec-
tives of DATASET2050, the nomenclature they have used provides a good basis for our pur-
poses, though certain names and definitions of KPAs have been slightly modified or
adapted, in order to expand them to the door-to-door concept. One of the KPAs (Participa-
tion and collaboration), as defined by ICAO, has been considered irrelevant to DATASET2050

needs.

ICAO subdivides KPAs into Focus Areas. In a parallel way we subdivide our KPAs into Mobili-
ty Focus Areas (MFAs), derived from the air transport goals, to distinguish them from other
potential focus areas such as ATM, safety etc. These MFAs have been inspired by the ex-
pected future transport properties (affordable, quick, seamless etc) given in the "Meeting
societal (sic) & market needs" section of Flightpath 2050 [EC, 2011]. Some of the MFAs have
also been derived/inspired/complemented by the recently published European Commission
Aviation Strategy [EC, 2015] which describes several research areas in the context of tackling

challenges to growth in air transport.
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This section discusses the key mobility focus areas (MFAs) defined within DATASET2050 and
to be monitored for assessing the progress of the transport industry towards the mobili-
ty/connectivity goal of having 90% of journeys that involve an air segment taking 4 hours or
less from door to door (4HD2D). Each MFA is additionally defined and, where it is consid-
ered necessary and feasible, metrics are provided for measuring performance in these areas.
Evaluating these metrics will therefore show whether we are advancing towards the 4HD2D

mobility target or, on the contrary, retreating from it.

The key mobility performance areas (KPAs) have been subdivided into MFAs as follows:

KPA MFAs

Affordability;

Access and equity Equity;
Reach
Beneficiary;
Cost effectiveness Cost;

Value for money

Duration;
Efficiency Comfort;

Speed

Diversity of destinations;

Flexibility Multimodality;
Resilience

Interoperability Seamlessness
Variability;

Predictability Punctuality;
Reliability

Safety Safety

Security Security

Sustainability Environmental aspects;
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KPA MFAs

Social aspects

Capacity Capacity

2.1 Access and equity

According to Article 13 of the Universal Declaration of Human
. . Rights "everyone has the right to freedom of movement and resi-
dence within the borders of each state". It has been demonstrated
that access to affordable and reliable transport widens human op-
portunities and is essential in addressing poverty, unemployment,

and other equal opportunity goals.

In this context, the EU is the only area in the world where citizens are fully protected by a
whole set of passenger rights - (http://ec.europa.eu/transport/themes/passengers_en) -
whether they travel by air, rail, ship, bus or coach. These rights apply not only in the context
of denied boarding, cancellation, delays and accidents, but also in several areas in the con-
text of access and equity: eg under European passenger rights legislation, persons with dis-
abilities or reduced mobility enjoy specific rights and protection at the airport and during air
travel throughout the EU.

The concept of "a level playing field" is very important in the context of European mobility.
Not everyone lives in major cities within a few minutes or kms of a major hub airport. In a
similar fashion, the price of some trips can make them inaccessible in terms of affordability
for certain groups of EU travellers. Some mobility solutions can also present a disadvantage

for a certain section of the population.

It is very important to remember the difference between equality and equity, as shown by

the following meme:
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EQUALITY EQUITY

For this reason, the Key Performance Area on "Access and Equity" reports on three mobility

focus areas (MFAs): affordability, equity and reach. Further implications of these and how
the public institutions (EU and national level) should address these points are considered to
be out of the scope of DATASET2050. The only aim is reporting, for each of the three mo-
bility focus areas, the current status, consolidating the indicators, metrics, and pointing out

how they are incorporated in DATASET2050 results and metrics.

2.1.1 Affordability

Transport demand is the passengers' desire to purchase trips backed
S by the ability and willingness to pay the price for these. As seen in
o ) DATASET2050's deliverables 3.1 and 3.2, the demand for air

- ("-"" transport and income level are strongly linked
— , p gly .

The cost of air travel has remained fairly stable, and even increased,
with respect to general prices over the 1995-2010 period, as can be
seen in figure 1 [EEA, 2016]. This tendency has been modified with the rise of low cost Eu-
ropean airlines in the first decade of the century [ICAO, 2003]. Those airlines nowadays

gather close to 50% seat capacity on scheduled services in Europe. [ICAO, 2015]
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As efforts are made to speed up travel with better connectivity, and shorter waiting and
processing times, it is essential that journeys remain affordable and, preferably, become
more so. Failure to achieve this means that fewer people will travel, which is detrimental to
the growth of the industry and to EU mobility goals, or that people will not use the im-
provements offered and thus the goal of 4-hours door-to-door for 90% of journeys will not

be attained.

As an example: The UK government has recently proposed selling fast-track access through
baggage screening and passport control. How much would this help in attaining the goal if
the price is high enough to make it worthwhile, in terms of time saved, for the rich few to

purchase it? Is it "affordable"?

An affordable trip is considered to be one within the passenger's financial means. To enable
such affordability to be measured, therefore, a metric is required that includes not just the
price of a ticket, but the cost of a journey, and the disposable income of the prospective
passenger. This depends on the passenger profile, assessed in detail both for current pas-

sengers (see D3.1) and future ones (D3.2).

An estimation of the price of every trip will be incorporated as a metric in DATASET2050,
through taking into account the passenger profile, means of transport chosen, trip duration

and distance.
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2.1.2 Reach

The land mass of the EU stretches from the Algarve to the north of
Finland and from the Greek islands to the Hebrides of Scotland. It is
much easier and economically more viable to provide services to
the major population centres than to these far-flung rural areas.

People in these areas must not, however, be left behind in moves

towards connectivity, and transport options must be available to
those who live on the periphery of Europe, often a long way from major cities and their

airports.

Similarly, people in certain areas must not be penalised in their options of destination. Limit-
ing the 4HD2D options of someone who lives in the north of Scotland, say, to London and
Oslo is not equitable when someone from Manchester can reach anywhere in Europe. This is
partly supported in Europe through the provision of public service obligations, as comment-
ed upon by [ACI EUROPE, 2017a]: "Given that many smaller regional airports and their
communities have come to depend on public service obligations for their connectivity, ACI
EUROPE is reassured that the Commission recognises the continuous need for this system —
which acts as an essential tool of economic and social cohesion". Working with SEO Am-
sterdam Economics, ACI EUROPE has defined and quantified four types of airport connec-
tivity per se [ACI EUROPE, 2017b], as defined in the table below.

Type of con-
P o Definition
nectivity
Direct These are the direct air services available from the airport — measured not just in terms
irect con-
. of destinations, but also in terms of frequency (so for example, an airport with 5 daily
nectivity

flights to another airport, will register a higher score than one with only 4)

This measures the number of places people can fly to, through connecting flights at
hub airports from a particular airport. For example, if there is a flight to Amsterdam-
Schiphol, Istanbul or Dubai — the large number of available onward connections from
Indirect con- these airports expands the range of destinations available from the airport of origin.
nectivity Indirect connections are weighted according to their quality, based on connecting time
and detour involved with the indirect routing. For example, a flight from Manchester to
Johannesburg via Paris-Charles de Gaulle will register a higher score than an alternative

routing via Doha.

Aot As the name suggests, this is the most comprehensive metric for airport connectivity —
Irport con- S . oL . . . .
taking into account both direct and indirect connectivity from the airport in question.
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Type of con-

o Definition

nectivity

nectivity Airport connectivity is defined as the sum of direct and indirect connectivity — thus
measuring the overall level to which an airport is connected to the rest of the World,
either by direct flights or indirect connections via other airports.
This is the key metric for any hub airport big (such as London Heathrow) or smaller

Hub (such as Keflavik). Essentially, it measures the number of connecting flights that can be

ub connec-
it facilitated by the hub airport in question — taking into account a minimum and maxi-
ivity

mum connecting times, and weighting the quality of the connections by the detour

involved and connecting times.

Broader than these airport-specific metrics, but drawing on similar definitions, a metric of

reach, embracing, for example, the ability of people in remote areas to access (at least) the

heart of Europe, will be vital for this KPA.

2.1.3 Equity
Whereas the affordability MFA (section 2.1.1) aims to ensure that
] L not only the rich can take advantage of improvements in connectivi-
w w ty; the Reach MFA (section 2.1.2) looks at the accessibility gains of
. outlying areas. The underlying common idea is that any improve-

ments in D2D time towards the 4HD2D objective should not just

benefit one sector of society (e.g. just the rich or just those who live

within 20km of a major hub). Following this same approach there are other social sectors or

aspects that must not be overlooked:

people with disabilities must be able to perform their journey with as little inconvenience
- which often equates to time and will therefore affect the 4-hour door-to-door goal - as
possible;

people from different social backgrounds often have different travel needs and it is im-
portant that these be available to them all equally;

surface links often prioritise city dwellers whereas people who live in the countryside are
generally required to take their car to the airport. A major difference in cost between sur-
face transport from the city and airport car park charges, is inequitable;

any other gender, health, sexuality, lifestyle, ethnicity, political opinion, religious or philo-
sophical conviction that would prevent passengers from fulfilling 4HD2D trips

etc.
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The equity MFA exists to monitor the extent to which connectivity/mobility solutions disad-

vantage such sections of the population.

2.2 Cost-effectiveness

The general concept of cost-effectiveness compares the relative

- costs and outcomes (effects) of different services. In other words it
) is a concept that considers to what point the service rendered is
- worth the cost. Is it value-for-money? And how do we define "val-

ue"? Can something be considered cost-effective if it only serves a
small part of its potential market and brings no benefit to anyone
else? The real measure of effectiveness is how well the service achieves its objective. The
cost-effectiveness of an improvement would be measured along a Pareto front as shown

below:

Cost-effective

Effectiveness

Not

Cost-effective

Cost

The shape of the curve and the angle of the cost-effectiveness line are context dependent.

The cost-effectiveness KPA has been divided into 3 mobility focus areas (MFAs) - benefi-

ciary, cost, and value for money - to better express the overlapping elements involved.

D5.1 Mobility Assessment - 17



2.2.1 Beneficiary

A beneficiary is someone who benefits from the existence of a ser-
. vice, but is not necessarily someone who uses that service. In the
case of transport, the beneficiaries of a link in the transport mobility
chain include the hotelier whose establishment the traveller will be

g staying in thanks to the existence of that link. Beneficiaries are even

potential travellers that do not use the transport service but would

have the benefits of enjoying it, if willing to do so.

In theory, for the DATASET2050 context, it is not sufficient to just look at getting 90% of
passengers into a 4-hour door-to-door time-frame, but optimising this 90% such that Euro-
pean citizens and the European economy as a whole benefit. For two options that have the
same number of 'users’, the one that provides the most 'benefit' (often, but not always, the
one with the more 'beneficiaries’), is the better one. Building railway A in northern Europe or
railway B in central Europe may have the same cost, and may bring the same number of
passengers within our 4-hour door-to-door time-frame, but one might also increase local
tourism possibilities whereas the other may create much more noise impact without helping

the economy at all.

However, defining such a metric, and more importantly calculating one, is well beyond the
scope of the DATASET2050 project. The concept is mentioned here merely in the hope that
it will be taken into account in further work and research exercises towards the 4-hour

door-to-door goal.

2.2.2 Cost

In order to know whether something is cost-effective, it is necessary

- to know what it costs.

) The cost of something is the amount required in payment for its pro-

¥ vision. This is not necessarily a monetary amount, but in the modern
context it usually is, and for the purposes of this project it will be

considered as such. Cost is also the amount the supplier has to

spend in order to be able to provide the product/service in question. This again will be con-

sidered to be monetary.

These two values are linked in that the cost to the purchaser is equal to the cost to the
supplier minus any subsidy the supplier receives plus the supplier's pre-tax profit on the
supplied product/service. If the supplier receives a subsidy, it is likely that either their profit

or the selling price (cost to the purchaser) will be restricted by the subsidy provider.

D5.1 Mobility Assessment - 18



Another element of "cost" is the cost of providing infrastructure, for example a new road,
rail track, or runway, so that the goals can be met. It is to be assumed that this cost will be

recuperated through fares, or will be included in the subsidies referred to above.

In DATASET2050, the interest is in the total cost for each trip, including all segments door-

to-door, based on the different means of transport selected.

2.2.3 Value for money

The concept of value for money comes from two statements:

o A given person can have different preferences concerning
Nt

two similar journeys at the same price,

T . Two persons can have very different preferences concerning
the exact same journey.

In other words, the quality of the journey is a subjective measure
that depends on the individual and its environment. The exact value put over a given jour-
ney is difficult to measure, therefore. To do so, there are two main techniques called "Re-

vealed Preference (RP)" and "Stated Preference (SP)".

RP allows inferences to be made from the actual behaviour of people. Standard economic
theory tells us that in a perfect competition situation with perfect information, perfectly ra-
tional agents will choose the option whose price equates its inner, subjective value. This
approach is powerful because prices are easily observable and thus data are easily acquired.
However, it has many flaws, in particular regarding the hypotheses, which are never actually
verified in reality. Moreover, one only has access to a restricted set of such data since it is
hard to know, for instance, the level of income of passengers and thus how this enters the
equation. Finally, it requires a substantial volume of data and heavy data analysis to forecast
future behaviours of people in new situations. By definition, this technique allows the cur-

rent values of trip to be determined.

To resolve these problems, another way of evaluating the intrinsic value of a trip has been
developed over the years: asking the passengers directly. This is usually done by using SP
surveys where different options are presented to the traveller, a longer journey, more leg-
room, etc., together with financial options (e.g. a €10 saving, an increased fare), and the
subject is asked to rank the options by preference. After analysis, one is able to conclude
the value that the subjects give to a particular element (e.g. punctuality, a better seat, jour-
ney time). This approach is powerful because the analysis has a direct access to the deci-

sion-making process (at least the conscious one), is able to acquire all supplementary
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information of interest (income, age, etc.) and can probe the behaviours of people facing

completely new situations. However, it also has its downsides:

o firstly, one asks the opinion of passengers (a conscious process), which can be significant-
ly different from their attitude (a largely unconscious process);

e secondly, compared with other techniques this data acquisition process is very slow and
costly, which limits post-analysis and the conclusions one can draw from the data;

e finally, there are many non-trivial parameters in people's decision-making process in
general - interactions between parameters, positive or negative, non-linearity, etc. This
means that questions have to be tailored very carefully and focus only of a few parame-

ters (e.g. delay or comfort), and that the results usually have a high degree of variability.

2.3 Efficiency

Efficiency is the extent to which time or other resources are well
used for the intended task. However, having time or resources well
used doesn't imply that the shortest possible time and the lowest
number of resources have been taken. In travel, we have to take
into account the passengers and employees and ensure that they
are not inconvenienced by the efficiency we are striving to achieve.
So in our context the passenger should not be made to feel is if they have to hurry. On the
other hand, if they have to wait or queue as a result of efficiencies inherent in the system,

they must not be made uncomfortable by this.

The efficiency KPA has been divided into the following three MFAs: comfort, unproductive

time and speed.

2.3.1 Comfort

Ease or comfort is directly linked with the lack of difficulty/effort the
® passenger experiences along their door-to-door trip. There is a
close-to-endless list of quantitative and qualitative factors that

somehow measure the trip's comfort. The non-exclusive list includes:

. time and distance for which a passenger has to carry their
luggage in the different door-to-door phases;
e number of separate reservations required to purchase the trip: single ticketing vs multi-

ticketing;
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e provision (or not) of food, drink and entertainment /amenities (internet connection, me-
dia), whether during the actual journey phases or while waiting;

e number and features of facilities - toilets, prayer room, smoking area, rest room etc. -
available to the traveller;

e proportion of the journey where the traveller is self-transported - walking, cycling, driving
- rather than being transported;

e use of private, tailored "VIP" means of transport vs public transport that often offers less

comfort.

Some of these criteria are merely scoped in the present deliverable, and we could only eval-
uate a small fraction of them in DATASET2050, taking into account the project scope. Other
H2020 projects such as PASSME (http://www.passme.eu/) are currently researching this topic.
An extensive highly detailed exercise would include market research such as that routinely

undertaken by airlines and airports.

Therefore, the chosen DATASET2050 metric for the ease and comfort experienced by pas-
sengers will be calculated based on the passenger profiles and the different means of
transport chosen, taking as many of the above criteria as possible, and relevant, into ac-

count.

2.3.2 Unproductive time

Time spent queuing is time that a passenger considers to be unpro-

" ductive or, colloquially speaking, "wasted". Queues do, on the other

hand, perform an important function as far as the efficiency of a sys-

‘ tem is concerned, smoothing out peaks and troughs in demand and
(‘» thus enabling resources to be more precisely planned. A balance
must therefore be found between the amount of queuing that a pas-
senger finds acceptable or not, and the amount of queuing an oper-

ator requires for the optimal smooth execution of their business.

There is also quite often a certain amount of time wasted due to uncertainties. This means
that most of the passengers leave "buffer time" just in case of potential traffic jams, over-
long queues at check-in/bag-drop/security etc. Quite often, this buffer is imposed by the
airline - check-in closes 45 minutes, say, before the gate does. The amount of buffer time
varies significantly depending on the passenger profile (e.g. frequent travellers with hands-

on experience of same trip)

In comparison with other transport mode infrastructures, airports are notorious for the
amount of time passengers have to spend walking from one point to another. This is gener-

ally imposed by the spacing between gates necessary to park an 80m-wingspan airplane at
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each gate. This fact nevertheless contributes greatly to the inefficiency of the process and to
the overall journey time for the passenger, who most of the time considers it both wasted

time and wasted effort.

Unproductive time MFA is measured in passenger minutes.

2.3.3 Speed

Speed is generally defined as the distance travelled per unit of time

‘. and by extension the rate at which something is done with respect
“‘ to time e.g. typing speed in words per minute.
N

A fast door-to-door process is one accomplished in relatively little

time. However, a door-to-door journey will use several forms of

transport of wildly different speeds - from walking at a few km/h to
flying at several hundreds of km/h. The longer the journey, the higher the average speed,
therefore, since this increased length will generally have been flown. Conversely, the further
from the airport the origin or destination doors are, the slower the average speed will be. It
is, therefore, important to define a speed metric that will be useful in showing the im-
provements in mobility and connectivity without being biased by performance on shorter

routes.

Additionally, as the value of time differs among traveller profiles, the speed/time spent has a
subjective component from the passenger's perspective. This subjective impression of the
speed of the trip will be estimated based on the time spent, trip distance and the passenger

profile.

The distance travelled per segment divided by the speeds for that segment gives the dura-
tion of the segment. The sum of these is the overall duration of a journey, the raison d'étre
of DATASET2050.

DATASET2050 measures the time spent (and therefore speed) in the different transport
phases and of the major sections of the door-to-door journey: door-kerb; kerb-gate; gate-

gate; gate-kerb; kerb-door, for all passengers.
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2.4 Flexibility

Flexibility has two principal dimensions in a passenger journey:

. flexibility in the choices offered to the passenger;
. and flexibility in both the providers' reactions to disruption

X«

and the passengers' ability to continue their journey if they miss a

connection, for example.

The first of these may be broken down into the number of destina-
tions possible from a given starting point and the number of ways of getting from that
starting point to the chosen destination, both in terms of means of transport available and

in terms of frequency of connection.

The second is a function of the resilience in the system and, again, the means available and

frequency.

2.4.1 Diversity of Destinations

There is an interesting geographical dimension in the 4HD2D chal-

Q Q lenge: the variety of destinations that can be achieved from a de-

0 o parture point, meeting the 4HD2D criteria. Now diversity is a
o strange concept: "a range of different things or people”, "the fact of

o many different types of things or people being included in some-

thing" [Cambridge Dictionary].

DATASET2050 incorporates a metric on the diversity of destinations that can be achieved
from a departure point. It should look at all the airports a given passenger can get to from
their door, which destinations are served by those airports, and where the passenger can

get to once they've landed at the destination airport, all within 4 hours.

But is being able to get to the whole of one large country (however diverse that country
may be) as diverse as being able to get to small parts of a lot of different countries, where
the total accessible area is the same? In other words, if you can fly to Athens, Madrid, Bu-
charest, Helsinki and Edinburgh, but only get to within 15 minutes of these airports in four
hours, do you have more or less diversity than if you can only fly to Berlin, but have two
and a half hours of drive time available from there. Even though the latter will have a great-

er area of possible destinations, the former is more diverse.

Therefore, the diversity of destinations metric could therefore measure the number of doors
or the number of NUTS3, NUTS2 and NUTSL regions that can be reached from a given

point.
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2.4.2 Multimodality

The terms multimodal and intermodal transport are used almost

ﬁ - \ interchangeably nowadays, to mean that more than one mode of

transport is, or may be, used.

PTS
E In some transport contexts, intermodal refers to journeys in which
there are different transport providers/entities responsible, whereas
multimodal is understood as the use of a single carrier, despite the

multiple means of transport used, for the entire journey.

In other contexts, intermodal is the adjective used for the transport infrastructure (stations
etc) that cover different transport modes e.g. airports which are also significant
rail/coach/bus hubs and multimodal can mean that there is the possibility of using any one

or several of different available transport modes.

In common with previous DATSET2050 deliverables, this document uses multimodality in its

widest sense, covering the two meanings:

e the capacity of travellers to use alternative transport modes to perform the same trip;

e the consecutive use of different means of transport for the same trip.

As described in D4.1 and in WP2, DATASET2050 metrics will only focus on the trips that
involve at least one air phase. Any metric for multimodality must, therefore, take into ac-

count the number of alternatives both in parallel and in series.

2.4.3 Resilience

The resilience of the transport system is its capacity to recover from
unexpected circumstances (see FP7 project www.resilience2050.eu).
Or in other words: is the system flexible enough to cope with dis-
turbances? The resilience definition also includes an element of
time used to recover, the reactivity to the circumstances; how
quickly an alternative solution, or a rectification of the original

problem, can be found.

Resilience would involve, for example, a carrier re-booking a passenger onto another opera-
tor's flight, with minimum delay and impact on the passenger, if the original flight was can-
celled. So resilience can also be a part of the interoperability KPA, though really it is
dependent on it, rather than the other way around. In parallel, passengers usually experi-
ence the consequences of the system resilience (or the lack of it) as part of other MFAs
such as Comfort or Time spent. Nevertheless, taking into account the scoping approach of

the deliverable, resilience has also been included as an MFA within the flexibility KPA.
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DATASET2050 models the resilience of journeys by counting the number of disruptions and
perturbations faced by passengers - from a strike causing cancellations, to a problem on
any transport segment provoking a disruption and delay - and the delay in the passenger's

journey induced by this and its resolution.

2.5 Interoperability

Interoperability is the ability of different mobility services to work
together to provide a continuous journey to the passenger without

apparent transitions or interruptions between its 'phases’.

L ® A holder of a typical city travel pass (such as an Oyster card in Lon-
don) that allows freedom of travel on different modes of transport
does not have to think about buying a ticket for the next leg of the

journey ("Do I have a ticket already?"/"Do I have enough cash to buy a ticket?"/"Where do I
have to go to get a ticket?"/"Will I miss my train by queuing to buy a ticket?"), they simply
catch the bus/train. Similarly, they are (usually) not limited in their choice of service provider,
even though different service providers may provide a city's transportation system. This in-
tegration of services thus much reduces both the cognitive load and the transition time,
thereby increasing interoperability. This can also add resilience. If a train is cancelled, it
might be possible to take a bus in its place, or another operator's train using the same tick-
et. (Before the de-regulation of the 1980s, a plane ticket from London to Paris was valid on
both British European Airways and Air France; if you missed your flight, you could re-book

on the next one, whichever the airline).

It should be noted that this integration and resilience are also parts of the concept of "flexi-

bility" and can influence "efficiency" (q.v.).

Interoperability is considered a crucial KPA at the European mobility level for the move to-
wards complete integration of all mobility services and an EC consultation
(https://ec.europa.eu/transport/themes/its/consultations/2017-evaluation-its-directive_en)
was run from May through July 2017 on the Intelligent Transport Systems Directive [EC,
2010], which has legally binding specifications for interoperability, .

There are two major aspects of interoperability:

e seamlessness of operation, in which the passenger is oblivious to a change of operator;

e resilience, as described under the flexibility KPA (and not discussed further here).

The seamlessness of a trip is related to the number of specific phases (steps, stages) in-

volved in reaching the destination. One thus needs to first define exactly what a 'phase’ is
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and what its boundaries are. The UK 'National Travel Survey' [DfT, 2016] defines a trip as a
succession of "stages" where passengers change their mode of transport or their vehicles
(for instance a change of bus). Small walked segments (<50 metres) are excluded from the
definition. After this, the ease with which the passengers go through the different transitions
between such phases must be estimated. For example, when a passenger at the departure
airport checks in baggage through several connections to the final destination airport, de-
spite several changes of airline, this adds to the seamlessness of the journey (from a pas-
senger perspective) - they do not have to collect their bags after one flight and re-check
them on the next. Seamlessness can be also understood as a lack of unproductive time, for

instance time spent waiting or queuing, when there is no transport activity as such.

We consider a trip to be made up of a succession of 'phases' separated by 'transitions'. We
define the former as the parts of the trip that are cognitively and physically easy for the
passenger to undertake, whereas the latter are associated with higher cognitive and/or
physical loads. Typically, the transitions are much shorter than the phases themselves, which
nevertheless can have various loads. For example, being on a train or in a taxi — in a particu-
lar phase — is cognitively easier than making a connection at a train station — a transition.
Note that transitions are sometimes only slightly more cognitively demanding than phases.
For instance, changing to a new bus at a given bus stop is very easy, but still slightly more

difficult than just staying on one bus for the whole trip.

Phases are times during which one can perform activities not (strictly) related to the journey,
because their cognitive load is (otherwise) quite low. Transitions, on the other hand, involve
activities which require fuller attention, even for a brief moment. As explained further in Sec-
tion 3, this allows us to build very simple metrics (number of transitions) or more advanced
ones (actual cognitive loads), since not all phases are equivalent (e.g. waiting in a queue is

slightly more demanding, physically and cognitively, than sitting in a train).

2.6 Predictability

Predictability is a key transport feature, from the passengers' per-
R spective. In the end, passengers travel for a specific reason: tourism,
meetings, etc., with a specific goal to be achieved once they have
arrived at their destination. Predicting the time spent travelling - or

the true arrival time at their destination, with advance knowledge of

any transport disruption, is crucial in allowing them to do this.

Predictability differs a lot depending on the transport chosen: from the over 95% predicta-

bility of German trains [Deutsche Bahn AG, 2017] to the almost total lack of road transport
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predictability in major cities due to traffic jams caused by potential accidents, road works or
simply rush hour. Lack of predictability in one leg of a journey can have a major impact on
the rest of that journey. At the very least, it requires the passenger to incorporate large

quantities of buffer time into their planning which therefore increases the overall D2D time.

Some basic predictability metrics will be incorporated into DATASET2050, based on the

means of transport used, the length of the trip and the countries involved.

Predictability is composed of three factors, or MFA: punctuality, variability, and reliability.

2.6.1 Punctuality

In mobility, punctuality is the characteristic of being able to com-
plete a required trip by, or before, a previously defined time. Punc-
tuality stands on top of the "time/duration” metric, providing a
comparison between that figure and the expected duration of the

trip.

Punctuality differs from variability in that a measure of punctuality
would be a percentage of journeys completed within a given number of minutes of the re-
quired time, whereas variability measures the spread of arrival times irrespective of the re-
quired time. Journeys that are consistently 10 minutes late have 0% punctuality and no

variability.

In the context of a multi-modal journey, punctuality of arrival time is of extreme importance
since the lateness of the mode of transport used for one leg could imply being too late to
be able to take the next leg. This, combined with uncertainties in variability, causes passen-
gers to factor large buffers into their timing which reduces, therefore, the possibility of

completing the journey in under 4 hours.

2.6.2 Reliability

Reliability is the second aspect of predictability. Can we be sure that
the bus we want to take to the airport will run at all? What is the
chance that the plane I want will be overbooked and that I'll be
Ny === dragged screaming and bloodied from my seat, back into the de-

parture lounge?

There is also the possibility that a bus, train, or car will break down
mid-journey, that an air-traffic controllers' strike will prevent all planes from flying for the

next three days, or that track repair work means that the train won't stop at my station.
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Published details of reliability should be used to enable a measure of the chances of being

able to successfully undertake a given journey to its destination

2.6.3 Variability

Variability is a measure of the spread of departure or arrival times,
or process durations, compared with the mean. A passenger would
generally prefer a route that usually involves variations of +/- 5
minutes in its departure or arrival timings over a totally unpredicta-

ble one with uncertainties of the order of +/- an hour.

It is important to note that variability is independent of any pub-
lished or expected times; it simply covers how variable the trip times are compared with the
mean. In mathematical concepts, variability is measured with the variance or standard devia-
tion of the distribution. Variability should not be confused with punctuality or with any other

KPA/KPI associated with the value of the mean. For instance:

e Case 1: A specific trip segment (e.g. the security check in a crowded airport on a busy
day) takes 20 minutes on average, with a variability of +/-5 minutes depending on the
day/time.

e (Case 2: Another process (e.g. taxiing at complex airports like Madrid Barajas) takes 15

minutes on average, with a variability of +/- 10 minutes depending on the final gate.

While passengers spend more time on average in the first case than in the second (20
minutes vs 15 minutes), the second case has greater variability (+/-10 minutes rather than
5). The time expected for completing the first segment is more predictable than for the sec-

ond one, despite being linked with a longer process time.

Unlike most other focus areas defined in this document, which are positive factors - the
more they increase, the better - variability is a negative factor - it is best when variability is

zero. The closer the variability is to zero, the better passengers can plan their journeys.

2.7 Safety

Safety and security often go hand-in-hand; indeed, in many lan-
guages the same word is used for both. In DATASET2050, the Eng-
lish distinction that safety is protection against accidental events
whereas security is concerned with protection against intentional

damage is made.

SASKAKS

In transport, safety encompasses the theory, investigation, and cat-
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egorisation of transport failures that can or could cause death, injury or damage to life,
property or resources, and the prevention of such failures through regulation, education,
and training. When studying the question of mobility, the question of the probability of
death or major injury is uppermost. A metric is required that will describe the safety of each
trip, that takes into account all of the different means of transport used, and the country or

countries in which they were used.

[Savage, 2013] shows that public transport is responsible for many fewer deaths (in the USA)

than private transport.

Average annual fatalities in the United States, 2000-2009

Private Transportation Commercial Transportation
Crashes Crashes with | Crashes with
solely commercial commercial
involving highway non-highway
private users carriers carriers Passengers Employees Bystanders
Highway Modes
Cars and
| light trucks 26,678 3.766 245 ¥ 9 n.a
Pedestrians &
bicycles 4.930 545 592 n.a na na
Motorcvcles 3.989 156 2 n.a n.a n.a
| Large Trucks na na n.a n.a 724 n.a
Buses n.a n.a n.a 30 9 n.a
Non-Highway Modes
Maritime 704 0 1 42 85 1
Aviation * 548 0 1 7 21 2
Railroads 1n.a n.a 1n.a 7 27 4
Rail Transit n.a n.a 1.2 22 3 0
Pipeline na na n.a n.a 5 12
Totals
Total 36,849 | 4.467 | 839 | 182 | 883 | 19
U.S. Total 43,239

“Comparing the Fatality Risks in United States Transportation Across Modes and Over Time,” 2013

It states that a person who was in a motor vehicle for 30 miles (48km) every day for a year
faced a fatality risk of about 1 in 12,500, and that this risk was 17, 67, and 112 times great-

er, respectively, compared with that of mainline trains, buses and commercial aviation.

It follows then that the greater the use of a multi-modal public transport system, the fewer

the transport-related deaths that will occur.

DATASET2050 will determine a metric based on EUROSTAT transport statistics, that will
highlight the increase in safety that greater multi-modality can bring.
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2.8 Security

Whereas safety concerns protection against accidental events,
transport security refers to the techniques and methods used in
protecting passengers, staff, planes, systems and data from mali-

cious harm, crime and other threats.

Security is a function of two opposing forces - those who would try
to cause damage or harm, and the means put in place to stop
them. The administrations responsible for public security try to balance the latter to the per-

ceived threat from the former.

Security goes beyond the 'physical' security (passengers, planes, staff, and hardware) and
incorporates the cybersecurity concept (information, systems, and data). Cybersecurity, also
known as computer security, or IT security, is the protection of computer systems from the
theft or damage to their hardware, software or information, as well as from disruption or
misdirection of the services they provide. Since future multimodal concepts will be fully
predicated on digitisation, appropriate cybersecurity should be ensured at all levels (tech-

nical, legislative etc.) in the future 4HD2D context.

DATASET2050's security metric measures the security of each trip, based on the different

transport means used, and the country, calculated using EUROSTAT transport statistics.

2.9 Sustainability

Sustainability addresses the ability of a certain magnitude of quality

or service to be maintained at a certain rate or level. In the air

transport context, measures taken to improve connectivity and to

achieve the 4HD2D objective have different impacts on pollution

w (CO, NOy, particulate matter, Os, etc.), noise, risk, quality of life,
GDP, gross national happiness (GNH), etc. Care must be taken re-

garding the trade-off between D2D journey times (for example) and

a number of other variables. The concept of sustainability is often broken down into three
components, the "Triple Bottom Line": "people, profit, planet" [Elkington, 1997]. For a prod-
uct, technology or procedure to be sustainable it must meet all three of the following con-

ditions. It must not:

e be detrimental to human living and social cohesion;
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e harm the future well-being of our environment by creating pollution, or destroying or
over-exploiting natural resources;

e inhibit businesses from making a return on their investments.

For instance, adding a third or fourth runway to London Heathrow may help progress to-
wards the 90%/4-hour goal, but average life quality could possibly decrease for the neigh-
bourhood (noise, pollution). DATASET2050 will produce initial metrics on the impact of
connectivity solutions on sustainability criteria by assessing 2 MFAs: environmental and so-

cial aspects.

2.9.1 Environment

After being ignored for most of the period since the industrial revo-
lution, questions revolving around the impact of human activities on
the environment are now taking an important place both in public
discourse and in decision making. There are several facets to these

questions.

. Climate change has become the main focus of discussion
globally, starting with the first World Climate Conference in 1979, leading to the signa-
ture of the United Nations Framework Convention on Climate Change (UNFCCC) in 1992
[UN, 1992] and its entering into force in 1994. This was followed by annual Conference of
the Parties (COP) meetings, with the Kyoto protocol being agreed at the third COP
(COP3) in 1997, and culminating in the Paris Agreement, adopted in Paris on 12™ De-
cember 2015 at the COP21. [UN, 2015] This agreement entered into force on 4" No-
vember 2016, requiring all nations to undertake efforts to combat climate change and
adapt to its effects. Enhanced support was promised to developing countries to assist
them in this. The goal of the the Paris Agreements is to limit global warming this century
to 2°C above pre-industrial levels, and to pursue efforts to limit it to 1.5°C. The main
cause of climate change is the emission of greenhouse gases into the atmosphere, the
main one of these being carbon dioxide (CO,). The transport sector is responsible for
26% of global anthropogenic CO, [Chapman, 2007]. It is evident that an indication of
how efforts to reach the DATASET2050 goals affect this is required.

e Air quality deterioration, especially that due to ozone (Os), nitrogen oxides (NOy), volatile
organic compounds (VOCs) and particulate matter (PM), is responsible for a number of
health-related problems from minor throat irritation to asthma, heart disease, and lung
cancer [Kampa et al.,, 2008]. These pollutants are produced in large quantities by different
means of transport, and will vary if the number of car journeys increases, or if they are

replaced by electric train journeys; if more or fewer aircraft journeys are made etc. They
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should, therefore, be analysed by DATASET2050. However, such an analysis is complicat-
ed and could not include pollutant dispersion - a major part of the calculation of air
quality - within this project.

¢ Noise is not, per se, an environmental problem. It has no impact on the planet and dis-
appears within a second or so. If there is no-one around to hear it, it is not a problem at
all. However, noise is a major social problem that is generally included in the list of envi-
ronmental effects of transport. If efforts towards attaining the 4HD2D goals greatly in-
crease, for example, the air traffic at what is currently a small regional airport, it is clear
that DATASET2050 must include the increased noise impact in its indicators. However, see
2.9.2. about other factors involved in noise annoyance.

e Water quality is affected by the entry into water courses and water tables of harmful
pollutants. This can be caused by run-off from polluted land - agricultural pesticides, un-
managed glycol from de-icing aircraft, etc. - infiltration into water tables from agricultural
or industrial processes, including fracking, or through wilful pollution of rivers and
streams, or the sea, whether legal or illegal from industry, sewage works, etc.
DATASET2050 will not examine the impact of the four-hour door-to-door goal on water
quality.

¢ Rubbish, and in particular non-biodegradable rubbish, is one of the longer lasting envi-
ronmental problems associated with the modern era. It is highly unlikely, however, that
the amount of rubbish produced will be impacted by 4HD2D so this will not be taken in-
to account in the present project.

e Land-use change can have serious consequences for the environment. From the destruc-
tion of forests or the covering of previously absorbent land with concrete and asphalt to
the implications for bio-diversity and complex ecosystems, changing the way a given area
of land is used can cause major disruptions to wildlife or the global climate, and be re-
sponsible for flooding, drought etc. Efforts to attain 4HD2D could require the building of
new runways, railways or roads, and the expansion of airports. An indicator is therefore

needed to reflect this.

2.9.2 Social Aspects

Many of the impacts associated with transport noise and emissions,
. especially concerning aircraft activity, on people who live and work
near them are often related to many factors that have nothing to do

- with the noise and emissions themselves. For example: people might

understand the long-term health problems associated with a lower-

ing of local air quality, but it is a difficult subject for complaint —

how do you complain about a 0.000n% increase in your chances of
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contracting lung cancer or asthma? Similarly, you might be scared that a plane flying over-
head will one day crash onto your house or your children’s school, but you cannot complain

about fear. So most annoyance expressed by people living near airports is about noise.

However, [Meidema and Oudshoorn, 2001] have found that only 25-30% of the variance in
expressed annoyance can be accounted for by noise exposure and the physical characteris-
tics of noise, and [Leverton, 2009] stated that virtual noise (non-acoustic reactions to, in this
case, helicopter noise) is "of equal or even greater importance than the maximum noise lev-
el observed during a particular flyover...". [Maris, 2006] showed that just being nice to peo-

ple reduced their annoyance to aircraft noise!

Focus groups organised as part of the EUROCONTROL-sponsored Attitudes to Aircraft An-
noyance Around Airports (5A) project, also identified fear as a major factor: not just of acci-
dents and health problems, but of lower house or land prices, of increased development
and increased road traffic [Heaver, 2002]. Factors such as fear have been found to have a
greater influence on levels of annoyance than demographic variables such as age or wealth
[Miedema and Vos, 1999]. Still, the same study found that higher levels of education and
occupational status are likely to be associated with higher reported annoyance and that
owner occupiers were also found to report higher levels of annoyance than those who rent.

They would also be willing to pay more to reduce noise levels [Fietelson et al, 1996].

The [Miedema and Vos, 1999] study found that confounding factors such as employment at
the airport or high levels of use were found to reduce annoyance levels and [Brooker et al
1985] found dependency on the airport to be a major confounding factor. The 5A project's
focus groups in Manchester and Bucharest identified jobs and economic development to be
important beneficial effects of the airport. In fact [Tomkins et al 1998] found that, for resi-
dential properties around Manchester Airport, the benefits often outweighed the impact of
noise on house prices. Perhaps it could be advantageous to site an airport near a town
whose residents who will work there rather than in the countryside among villagers who
won't. The 5A project found that urban Manchester residents were less annoyed than rural
Lyon residents. ([Fields, 1998] found that levels of background noise are not a contributing

factor))

On a macro scale, however, it must not be forgotten that, as [Lu, 2011] showed, the macro-
economic benefits of an airport far outweigh the environmental cost. The challenge is to
ensure that those who bear the cost share in the benefit and, as we strive to ensure that
passengers can travel from door to door in under four hours, we must make sure that we

don't do so at the expense of those left behind.
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2.10 Capacity

Capacity is a fundamental indicator in transport and communication

systems. It refers to maximum possible output or performance. In air
00000 transport, it may relate to an aggregate measure such as the availa-
ble seat kilometres operated by an airline in a given season or year
(a standard airline capacity metric), or the number of seats in a spe-
cific aircraft operated with a given class configuration. In air traffic
management, it may relate to the hourly aircraft capacity of a run-

way or en-route sector.

Trade-offs with capacity and other KPAs are particularly pronounced and well-known: “To
respond to future growth, capacity must increase, along with corresponding increases in
efficiency, flexibility, and predictability while ensuring that there are no adverse impacts to
safety giving due consideration to the environment. The air navigation system must be resil-
ient to service disruption and the resulting temporary loss of capacity.” [ICAO, 2009]. There
are also typical capacity trade-offs between different times of the day (peak and off-peak),
geographical locations (heavily congested and relatively uncongested) and service users (of-
ten with an associated price differential). Increased capacity also often leads to less stable

operations, with greater unpredictability regarding congestion and delays.

Capacity should also not be considered as a strict maximum. In reality, the transportation
system often operates at a higher throughput than the declared one. The upshot consists
often in unwanted consequences, like longer travelling times than normal and/or scheduled.
Since small delays are usually acceptable, this means that the system naturally operates
slightly above its theoretical capacity. In fact, from this point of view capacity is more a rela-

tionship between throughput and actual travelling times than a number per se.

Introducing the European aviation vision for 2050 and its corresponding goals, Flightpath
2050 [European Commission, 2011], with regard to serving society’s needs, cites: “Meeting
social and market needs for affordable, sustainable, reliable and seamless connectivity for

passengers and freight with sufficient capacity”.

In DATASET2050, capacity needs to be defined as a door-to-door mobility indicator.
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3. Key (mobility) performance indicators
(KPIs)

Measurement of mobility/connectivity performance relies on key performance indicators
(KPIs). While many indicators can be developed for each mobility focus area (MFA) and key
performance area (KPA), having too many may obscure the focus of the analysis and fail to
show the true progress. On the other hand, it is necessary to be able to see which MFAs are
providing the most progress and which are hindering that progress and thus require more
effort. This section describes the development of KPIs for mobility/connectivity that will re-

solve this dilemma.

3.1 Access and equity

-= 11

Sea 0

Three FAs have been described for the Access and Equity KPA: Affordability, Equity, and

Reach. KPIs for this area need, therefore, to ensure that improvements to the overall journey
times do not benefit just the rich, just the able-bodied, just those who live close to a major

airport, etc.

Concerning equity, we suggest several KPIs that take the different facets of equity into ac-
count. The first metrics capture equity over income by examining the difference between the
number of trips taken by the populations in different income bands, similarly to what is
done with inequality of income or wealth. (We ignore trips by people in the "executive" and
"price-conscious business traveller" categories in these metrics.) If the number of trips were
equally distributed among the total population, each sub-part of the population would
make a number of private trips, proportional to their size. The discrepancy between the
number of trips and the size of the population is thus an indication of inequity. We suggest

the three following indicators:

Low-income access = Number of private trips on average in the bottom 50 percent/Number

of private trips on average in the total population
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Medium-income access = Number of private trips on average between the 50th-90th per-

centiles/Number of private trips on average in the total population

High-income access = Number of private trips on average in the 10 top percent/Number of

private trips on average in the total population

If an indicator is less than 1, it means that the corresponding population gets a smaller

share of the total number of trips than would be expected with perfect equity.

Similarly calculated indicators may be used for showing other inequities by simply looking at

different groups of the population: physical disability; genetic background; age; etc.

Equity is also linked to the affordability of a trip for a given person. In order to capture this,
we use another well-known indicator in the economic field: the Gini coefficient. The basic
assumption for equity here is that the price of a given trip should be roughly proportional
to the disposable income of the person, regardless of other factors like the purpose of the
trip or the specific profile of the passenger. The Gini coefficient can be computed graphical-

ly using the cumulative distribution of the ratios price/income or via the formula:

2 X pilii = pilijl
2N Zi p,,/l,

€oini =

which is the average absolute difference of price/income over all the pairs of people in the
population. The Gini coefficient is equal to 0 when the ratios are the same among the

population.

The inequalities of affordability are not the only interesting part of this area however. It is
also important to keep the general, average cost of the trip per passenger at a low level. In
addition, a measure of the average cost of a trip is deeply linked to the cost-efficiency KPA.
The difference lies in the point of view taken: the cost-efficiency KPA relates more to opera-
tor concerns — the supply — whereas affordability is linked to the passenger — the demand.
In perfect competition situations (including perfect information and unbounded rationality),
both areas are supposed to measure the same thing: the company offers the exact price

which covers its costs, including return on investment.

The problem of defining an average affordability measure is that the offer is not constant in
time: the price can increase for instance, but so does the quality of the trip — because it is
faster for instance. However, these considerations bring us back to the issue of efficiency,
which measures the quality of the output given an input. Here instead, we focus only on the
price itself, and so we simply suggest using the average ratio between the price of a trip

and the income of the passengers.
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Finally, the idea behind the Reach MFA is at the heart of the 4HD2D target. The problem of
reaching any destination from any point in Europe in a reasonable time is an open chal-
lenge that relates to the issue of population distribution and infrastructure development.
Measuring the time of travel between any two points in Europe is indeed the simplest way

of defining a metric for this MFA.

Reach is a measure of how far one can get from their door of origin, in our case in less than
4 hours. For any given point in Europe there will be a maximum distance that can be trav-
elled in 4 hours. This is a function of the distance from that door to one or more airports,
the time taken to transit the airport, the number of destinations available at the airport(s)
and how long it takes to fly to them, including connections, and how long it takes to transit
the arrival airport. The time taken for surface egress from the arrival airport is relatively un-
important in this indicator, since it doesn't much alter the total distance travelled, while the
access time to the nearest airport will have a large impact on it. But the major qualifier will

be the offer from local airports.

It can be imagined that this indicator can be shown as a colour-map of Europe, where the
colour indicates the distance that can be travelled in 4 hours. To convert this into an indica-
tor, we take the 10th percentile value of this metric; people starting from 10% of doors can-

not travel this distance in four hours.

3.1.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

The distance that can be attained, within Eu-
ACEQLY  4-hour reach rope, from 90% of European doors of origin in  Percentage Seasonal

exactly 4 hours

) Number of private trips on average in the bot-
Low-income ) ) ) )
ACEQ?2 tom 50% by income / Number of private trips  Unitless Yearly
access
on average in the total population

) ) Number of private trips on average between the
Medium-income ) ) )
ACEQ3 50th-90th percentiles by income / Number of  Unitless Yearly
access
private trips on average in the total population

o Number of private trips on average in the 10%
High-income ) ) i )
ACEQ4 by income / Number of private trips on average Unitless Yearly
access
in the total population
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Code Key? Name Definition Unit(s) Scope

Number of private trips on average in the top
Income access ) ) ) )
ACEQ5 Y di . 50% by income / Number of private trips on Unitless Yearly
ispari
Py average in the bottom 50% by income

Number of private trips on average by people in
ACEQ6 Carless access  households without a car / Number of private  Unitless Yearly

trips on average in the total population

Number of private trips on average by disabled
ACEQ7 Y  Disabled access people / Number of private trips on average in  Unitless Yearly

the total population

N Average ratio between the price of a passen- )
ACEQS8 Affordability ) o Unitless Seasonal
ger's trip and their income

. Percentage of passengers whose trip-price to
ACEQ9 Unaffordability ) Percentage Seasonal
income ratio value exceeds the average

3.2 Cost-effectiveness
O
- e 5

Cost-effectiveness involves comparing a given output of a system with how much it costs to
produce it. In the area of services, the output is not always easy to define since a system
can be considered as producing several distinct outputs at the same time, all of them given
different importance by different individuals. So in order to define a cost-efficiency indicator
for mobility, we must turn to the question of what the primary goals of the transport system

are.

The basic idea of transport is to take people or goods from point A to point B. In this re-
gard, a first metric one could define is the total throughput of the transport system divided
by the total cost incurred. However, DATASET2050 is only interested in journeys with an air

leg, so we would have to separate out all of the costs not associated with these journeys,
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including their share of the infrastructure. Instead, one could measure the total number of
kilometres of passenger trips that include an air leg divided by the cost of undertaking
them. This has of course the down-side that artificially longer trips are more cost-efficient,
which is why this KPI should be used in conjunction with the efficiency KPIs presented in

section 3.3.

Measuring the cost is not an obvious matter either, because the cost to the consumer is
distinct from the cost to the companies and to society as a whole. This can be because of
subsidies from the state for instance, or because of dividends given to shareholders. As a

result, two distinct measures of cost efficiency should be considered:

e The total distance travelled divided by the total price paid by consumers,
e The total distance travelled divided by the total cost to the different companies involved

in the transport system.

The first KPI is probably easier to measure to some extent, and can easily be used locally
(e.g. for a given type of trip). Computing the second requires having access to the financial
data of all the actors involved and is only computable on a very large scale (because com-

panies are typically involved at different location at the same time).

More generally, since cost-effectiveness is the ratio between an output of the system and an
input, many different definitions of cost-effectiveness can be given. The following table
shows the possible inputs (denominator) and outputs (numerator) leading to the ratios that
could be useful in this KPA.

Total number of Number of
) Number of Total number of
itO passenger-kms / tonne-kms (for value for pas-
passengers passengers-kms . .
Total travel time freight)

Total subjective

sengers

pax-kms per pax-speed per  tonne-kms per

Price for passen- Inverse of av- value per euro

gers

erage price

euro spent by

pax

euro spent by

pax

euro spent by

client

spent by client

Cost for airline

pax per euro
of operational

airline cost

pax-kms per
euro of opera-
tional airline

cost

pax-speed per
euro of opera-
tional airline

cost

tonne-kms per
euro of opera-
tional airline

cost

value per euro
of operational

airline cost

Cost for all stake-

pax per euro

pax-kms per

pax-speed per

euro of total

tonne-kms per

euro of total

value per euro

holders: airports, of total opera- euro of total of total opera-

tional cost operational cost operational cost operational cost tional cost

airlines, ANSPs,

D5.1 Mobility Assessment - 39



Total number of Number of Total subjective

) Number of Total number of

iwO passenger-kms / tonne-kms (for value for pas-
passengers passengers-kms _ _

Total travel time freight) sengers

etc

Number of hours
pax per hour pax-kms per pax-speed per  tonne-kms per value per hour
of crew duty for
i of duty hour of duty hour of duty hour of duty of duty
airline

As highlighted in the table above and in section 2, another aspect of cost-effectiveness is
the subjective value that travellers put on their journeys - "was it good value for money?"
This value is usually expressed in a common currency, since the whole concept of value of
time can be expressed as "what is my time worth when it is spent this way?" or "how much
am I willing to spend to pass my time this way rather than that way?". As explained in sec-
tion 2, this is estimated through different means, including surveys. After evaluating the val-
ue of time for different kinds of travel and different types of passenger, this can be
extrapolated for the whole transport system and can be considered one of its outputs (the
most important one, one could argue). This output can be compared to different inputs of

the system, as shown in the previous table.

A further area of interest was added section 2, namely the number of beneficiaries - can
something be considered cost-effective if, despite being value for money, it only serves a
small part of its potential market and brings no benefit to anyone else. On the other hand,
if it does bring benefit to other parts of society than just those who buy the ticket, shouldn't
they pay towards the cost? Evaluating a metric for this is, however, an incredibly complex
task and this will not figure in the indicators used in DATASET2050. It should nevertheless

be taken into consideration at some point in the future.

3.2.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

The total passenger distance travelled

Passenger distance divided by the total travel price paid by
COST1Y pax.km/euro Seasonal
per euro spent consumers

Passenger distance The total passenger distance travelled

COST2 pax.km/euro Seasonal

per euro airline divided by the total operational airline
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Code Key? Name Definition Unit(s) Scope

cost cost

3.3 Efficiency

/WP
UN

Efficiency is associated with the 'performance’ of a given trip with respect to some baseline.

R/

For instance, SESAR uses the geometric length of the trajectory with respect to the great
circle distance to define the efficiency of the flight trajectory. In the context of mobility, we
are more interested in the time dimension, and so our measures of efficiency are related to

duration.

To define efficiency, one needs a baseline, and this is not a trivial issue. It is related to some
expectations of the 'best' one could do under some constraints. In the mobility case, there
are two reasonable levels of expectation: what the trip could be under optimal conditions
with the current processes and technology, and what it could be after improving the tech-
nology and processes. The first level of expectation can reasonably be measured and com-
pared. To do this, the table below gives the definition of each of the best times achievable

in the different legs and under which conditions they can be reached.

Phase Basic assumptions Conditions
. Fastest possible mode or combination of No congestion or disruption during the (in-
modes is selected termodal) surface access journey(s)

Shortest possible time, (a) with, (b) without, ) )
) ) S No queues for check-in, baggage drop, securi-
bags*, allowing for arrival at gate within mini- ]
K2G ) ) o ty, passport control, or customs**; no elective
mum (boarding process) time specified by the } o
wait, buffer or retail time for the passenger

carrier®
e Shortest terminal, taxi-out, avarlable routing No ATFM delay or other disruption; no flight
(not GCD) and taxi-in configurations buffer time; MCTs” observed for connections
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Phase Basic assumptions Conditions

No queues for baggage reclaim, security,

o Shortest possible time, (a) with, (b) without, passport control, or customs**; no elective
baggage reclaim* wait, (onward mode) buffer or retail time for
the passenger
K2D As per D2K As per D2K

* We thus assume that even in future timeframes airport processes for passengers may be
quicker without bags. This may not be the case, e.g. with remote check-in and baggage de-

livery, in which case (a) = (b).

A These times are thus considered incompressible for the purposes of this measurement. In

future timeframes they become less, but not zero.
** Alternatively, the 10th percentile of such queue times could be used.

The efficiency is then simply computed by dividing the best time with actual time of travel.
Note that SESAR defines the total efficiency of trajectories ECAC-wide by computing the
sum of the best lengths divided by the sum of the actual lengths. However, SESAR only
deals with en-route trajectories here, and in this case distance is a proxy for fuel consump-
tion, the real efficiency gain aimed for. We consider that the average of the ratios of times

for each trip is more in line with what the DATASET2050n efficiency KPI is trying to capture.

The second level of expectation is obviously more complicated to compute since it cannot
be based on actual data but needs to be the result of projections. The best time is then
estimated by modifying the durations measured for the current baseline. By using this sec-
ond baseline (for instance corresponding to 2050), one can quantitatively measure the gap

between the current situation and the policy-makers' ambitions.

3.3.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

) o Best possible journey time!/actual time of )
EFFI1 Pax time efficiency ravel Unitless Seasonal
rave

Average time efficien- )
EFFI2 Average of EFFIL for all passengers Unitless Seasonal

cy

EFFI3Y  Time efficiency per-  Percentage of journeys for which EFFI1 ex- Percentage Seasonal
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Code Key? Name Definition Unit(s) Scope

formance ceeds 0.8

lwithout bags, no queuing, minimum connection times

3.4 Flexibility

g °Q %, ?E

The flexibility KPA is made of three FAs: diversity of destinations, multimodality, and resili-

ence.

The first one is linked to the possibility of reaching a large number of destinations from a
given origin. Moreover, we want to emphasise the fact that reaching very different destina-
tions is more important for this KPA than reaching similar destinations. As an example, a
passenger from a city A could reach several cities in different countries but then have little
transportation means to the surrounding areas, whereas a passenger from a city B could
reach only another city C and have efficient transportation from there to continue the jour-

ney, but to destinations quite similar to C.

We start by considering a maximum travelling time of 4 hours,. We consider an origin O for

the trip, somewhere in Europe and not necessarily an airport itself. We consider all the pos-

. N , . . . 0
sible destinations 7 reachable in 4 hours from O. From O, it takes Mx minutes to get to K

(Kerb of origin airport x). There is then a list of destination airports, whose kerbs are signi-
D
Ky (Kerb of destination airport y), that can be reached from each K? such that the

DJ' is a destination door that can

fied as
D
journey time Jo from K? to K" < an - My). Finally, each
D
be reached from each &5 in (4h - My - fxy). The physical distance (e.g. great circle distance)

between O and J is dODJ

The following metric reflects the diversity of destinations from O:

oo = (1/ Z dop)) Z(dooz Z dpipjldop;)

JF
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For a given number of destinations, the measure increases with the distance between desti-
nations. For a fixed distances between destinations, the measure increases with the number
of destinations. As it is above, the metric is normalised properly against the absolute dis-
tances involved during the trips. This can be modified if needed, to give a greater weight to
further destinations. The metric is designed to be computed based on a single origin. It can

then be averaged over all possible origins in a given area or Europe-wide.

If enough computing power and data access is available, it a map of Europe with each point
coloured according to the size of the (not necessarily contiguous) area that can be reached
within 4 hours from that point could be envisaged. A single metric can be produced by tak-

ing the integral of these area values divided by the total area of the EU.

One can also consider diversity in a cultural context, which in Europe most frequently means
its countries, each of which has been coloured by centuries of tradition, annexation, separa-
tion etc. The countries, or "member states" are, however, of vastly different sizes and there
are often major cultural variations within each of them (Prussians vs. Bavarians in Germany,
for example). Eurostat's nomenclature d'unités territoriales statistiques (NUTS) (Classification
of Territorial Units for Statistics - http://ec.europa.eu/eurostat/web/nuts/overview) subdivides
each of the EU's 28 member states into several high-level regions (NUTS 1), generally the
states' own highest administrative subdivisions. In total, there are 98 NUTS 1 regions which,
though not identical in size, are more closely aligned in terms of population while still gen-
erally representing specific cultural traits. The number of NUTS 1 regions per country is giv-

en in the table below.

Country NUTS1s Country NUTS1s Country NUTS1s Country NUTS1s

AT 3 BE 3 BG 2 cy 1
cz 1 DE 16 DK 1 EE 1
EL 4 ES 7 FI 2 FR 9
HR 1 HU 3 IE 1 IT 5
LT 1 LU 1 LV 1 MT 1
NL 4 PL 6 PT 3 RO 4
SE 3 SI 1 SK 1 UK 12
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These NUTS 1 regions are further sub-divided into NUTS 2 areas and then further into NUTS
3 areas. Although in some cases NUTS 2 sub-regions can have very strong cultural identities

- Catalonia is a NUTS 2, for example -

A good measure of diversity of destinations then would be an association of the number of
countries and the number of NUTS 1 regions that can be reached in 4 hours from a given
destination. It is important, however, that the indicator show greater diversity if a single
NUTS 1 region can be reached in each of 8 states than if 8 NUTS 1 regions, all from a single
state, can be reached. An indicator formed from both the number of countries and the
number of NUTS 1 regions accessible must, therefore, be created. Such an indicator could
be:

Cultural diversity score = number_of NUTS1 x number_of_countries reachable

in this case reaching 8 NUTS 1 regions in 8 countries would give a score of 64, whereas 8
NUTS 1 regions in just one country would produce a score of 8 as would reaching 2 NUTS 1
regions in each of 2 countries. The minimum value of the index is 1 (the home NUTS 1 re-
gion in the home country) and the maximum is 98 x 28 = 2744. A KPI based on this indica-

tor could be:

The number of origins giving rise to a cultural diversity score greater than 1372 (equivalent

to 2/5*98 * 3/,*28 or half of the maximum). This figure can be refined from current data.

A graphic representation of this measure diversity can be produced similar to the one de-

scribed above.

A traveller needs to know that if a plane, train, bus or coach is cancelled, there will be an
alternative available to help them onward with their journey in time to not miss their next
connection. This is rarely the case at present! However, if we are to achieve the
Flightpath2050 goal by 2050, such measures will need to be put in place. For an analysis of
this resilience, we can take our cue from work performed on IT network resilience by ENISA,
the European Union Agency for Network and Information Security [ENISA, 2011]. They have
categorised resilience metrics into incident-based and domain-based classifications as fol-

lows:
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Incident-based classification

Preparedness

Service Delivery

Recovery

Mean time to
Incident Discovery
Mean time to Patch
Patch management
coverage
Vulnerability
scanning coverage

Operational mean
time between
failures
Operational
availability
Operational
reliability

Fault report rate

Mean down time
Mean time to repair
Maintainability

Risk assessment coverage
Risk treatment plan
coverage

Security testing coverage
Security audit
deficiencies

Percent of ICT systems
with BC plans

Incident rate
lllegitimate network
traffic

Percent of systems
without known
severe vulnerabilities

Mean time to
incident
recovery

+ Tolerance

¢ Delay variation
* Packet loss
* Bandwidth

utilization

Domain-based classification

Obviously, many elements here are irrelevant to our needs, but since transport is a network
there are many others, especially in the "Dependability” domain, that, "mutatis mutandi”, can
be taken on-board. In DATASET2050, we are mostly concerned with time; it is reasonable,
therefore, that metrics relating to time should be considered as most important to our re-

quirements:

¢ Mean time to patch (i.e. to implement a workaround solution);
e Patch management coverage (i.e. availability of workaround solutions);

e Mean time to repair (i.e. to have standard service again).

The service-delivery metrics in the dependability domain are more concerned with reliability
than resilience and therefore should be taken into consideration for the "predictability” indi-

cator.

In general, for the 4-hour door-to-door objective, it is the "mean to patch" indicator that is
the most pertinent; how long before our traveller is back on their way? It is quite possible
that a workaround could be implemented during the buffer time the passenger allowed

themself, so the effect of the failure could be nil.

3.4.1 List of proposed indicators

Key _— , Com-
Code Name Definition Unit(s) Scope
? ments
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Key o . Com-
Code Name Definition Unit(s) Scope
? ments
FLEx Distance 5 | 4 J d J s
— . ! o eason-
Y  diversity of “© ( /E ODJ)E ODi Z pipj/ ODiynitless
1 0 j i J#i al
destinations
Cultural )
FLEX ) ) Number of NUTS1 regions reachable * num-
diversity of ) ) ~ Count
2 o ber of countries reachable, for a given origin.
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3.5 Interoperability

The key to analysing interoperability performance is the relationship between the "transi-

tions" and the "phases” that make up the journey.

The most simple measure of (non-)interoperability is the number of transitions in a trip, or
the number of transitions in a trip per unit of time. This can be considered a good proxy for
the cognitive load of the passenger when across different, vaguely similar travel options. It is

very easy to measure in reality and does not require any 'subjective’ data. Unfortunately, it
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fails in particular when one tries to introduce new concepts. For instance, smart travel card

does not change the number of transitions, but reduces their cognitive load greatly.

To go further, one has to tackle the issue of the intensity of the cognitive load associated
with the transitions, and even the phases. This is much more difficult to measure since it is
difficult to observe. One possibility is to consider the extreme case where the passenger
always uses their maximum cognitive capacity to make the transition and no cognitive ca-
pacity during actual phases. This is quite unrealistic for normal transitions — when everything
is going well and the passenger just needs basic orientation capacities for instance — but
might be a fairly good approach in times of heavy disruption — for instance when the pas-
senger has to find alternative itineraries in a short time. Under this assumption, the total
time spent during the transition can be considered to be the total cognitive load 'spent’ for
it. A second measure of interoperability could therefore be the ratio of the time spent dur-
ing phases to the total travel time. The higher the ratio, the less time the passengers spend
in transition and the easier it is for them to undertake the journey. This ratio will be quite
easy to compute in practice because of the relative ease in measuring the different times

involved.

An even more advanced measure would take into account the real cognitive load on the
passenger. This is of course impossible to do extensively, but some targeted questionnaires
could help in estimating it since people typically associate cognitive load with a feeling of
discomfort. The use of what neuro-economics sometimes calls 'system 2' — the 'conscious'
part of the brain — is demanding, whereas 'system 1' — the intuitive part — is easy to use
[Kahneman, 2011]. As a result, one could ask passengers to rate the comfort they experi-
enced just after the transition, e.g. on arriving at the gate. These measures could then be
used to weight the transitions differently with respect to their ease of processing. Thus a
third measure for (non-)interoperability could be the sum (over the transitions) of the
measures of discomfort throughout the trip. Finally, one could combine these last two indi-
cators by taking the sum of the transition times, each weighted by the measure of discom-
fort, divided by the total (un-weighted) travel time. One could even extend this procedure to
the phases of travel, when cognitive loads are sometimes non negligible (waiting times for

instance).

3.5.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

Journey transition Total time spent in transitions during a journey
INOP1 t' Minutes  Journey
ime
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Code Key? Name Definition Unit(s) Scope

Number of phas- Number of phases required to complete a Number
INOP2 , Day
es journey of phases
Transition- Average of (Time spent during transitions / )
INOP3Y ) ) ) Unitless  Day
journey ratio total travel time for the journey)

Average time per ) o )
INOP4 - Average of time spent per transition Minutes Day
transition

3.6 Predictability

When looking at the requirements of DATASET2050, the variability, punctuality and reliabil-

ity, not just of the air leg, but especially of the ground access modes is vitally important.
Punctuality needs to be known and taken into account in planning (and preferably correct-
ed). Variability gives rise to large buffer times that the passenger has to build into the time
allowed for the different stages of the journey. Variability will also be a major factor in buff-

er times left for airport processes.

Variability is a function of the spread of (e.g.) arrival times, independent of the published
arrival time. Predictability is a function of the variability in a large number of factors includ-
ing departure delays, weather conditions, congestion, and route availability [PRR, 2016]. It
can be seen that, for aviation, en-route performance helps to reduce the delay at arrival
compared with the delay on departure, thus punctuality is improved; however, the spread of
delays at arrival is greater than those at departure, thus predictability deteriorates over the
flight.
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Variability on intra-European flights (2008-2015)
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Punctuality - what percentage of flights finish within n minutes of the advertised time - is a
major indicator used by transport providers to show their level of service to passengers.
Obviously, DATASET2050 is looking at passenger journeys so we have to examine the flight
punctuality for each passenger on that flight. The table below gives flight punctuality by
EMEA airline with respect to published arrival times [OAG, 2017]

Europe, Middle East & Africa (EMEA)

Table 5: Top EMEA airlines by OTP*

Rank Coverage OTP 2016

Name

1 99.5% KLM KL 87.89%
2 80.0% Flybe BE 86.62%
3 97.2% Iberia B 85.67%
4 82.7% Monarch Airlines zB 85.67%
5 99.1% Austrian Airlines 0s 84.89%
6 98.8% Finnair AY 84.12%
7 86.8% | Transavia HV 83.98%
8 905%  AerLingus El 83.97%
9 99.0% Gulf Air GF 82.70%
10 89.4%  Jet2.com LS 82.64%

* Regions are defined by IATA and OAG must have received data for at least 80% of scheduled flights operated
by an airline. Airlines must also have operated a minimum of 18,000 flights in 2016 to quality for regional ranking.
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A problem associated with punctuality is that it includes operators' contingencies for unpre-

dictability already built into their schedules in the form of schedule buffer.

The two concepts may be combined by considering arrival time as a normalised probability
function (Jfdt = 1) of mean t, and standard deviation o. The smaller g, the lower the varia-
bility. The greater the area of the distribution within the limits t, £ n minutes (where t, is

the published arrival time), the higher the punctuality.

For European railways, the rail industry has a standard measurement of performance called
the Public Performance Measure (PPM) that, in the UK at least, includes all trains and all
factors (including weather, suicides, etc.) causing delay or disruption. It shows the percent-
age of trains that arrive at their terminating station on time, defined as less than 5 minutes
from the scheduled time for commuter services and less than 10 minutes for long distance
services. UK railway PPM from 2002 to 2017, including moving annual averages (MAAs), are
given below [Network Rail, 2017]
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As well as the PPM, UK Network Rail also produces indicators for average lateness of pas-
sengers and for right-time performance - the percentage of trains arriving before or within
59 seconds of their scheduled time - see RT MAA on the above chart. Finally, they also pub-

lish details of cancelled and significantly late trains (CaSL), which is a measure of reliability.

The UK Department for Transport produces performance statistics for the average excess
waiting time for frequent bus services [DfT, 2017a]. It is noticeable that, as opposed to trains

and planes where arrival time is considered to be the most important, with buses it is de-

D5.1 Mobility Assessment - 51



parture time (the time when the bus picks up its passengers) that is analysed. However,
since this is also the set-down time for alighting passengers, it is a perfectly good proxy for

arrival time.

For roads, there are many factors that can affect the delay in a journey by car or taxi. These
are generally brought together under the term "congestion”. In the UK, the Department for
Transport publishes annual "Travel time measures" [DfT, 2017b] which give average delay
values in terms of seconds per mile travelled and in terms of percentage overhead required
compared with free-flow:

Figure 1: Average delay compared to free flow on the Strategic Road Figure 3: Additional time needed compared to free flow to ensure on

Network (Table CGN0402) time arrival on the Strategic Road Network (Table CGN0403)
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These charts show the evolution of delays for the UK's Strategic Road Network (SRN) -
mainly motorways and dual carriageways - compared with the free-flow time (the speed
limit is generally 70mph, 112km/h). They show a 9 second delay per vehicle mile (s/veh.mile)
(5.625 s/veh.km), or 17.5%. On local "A" roads (national class roads other than those in the
SRN), this delay varies between 12 s/veh.mile (7.5 s/veh.km) on rural roads (speed limit
60mph, 96km/h) - 20% - and 60 spvpm (37.5 s/veh.km) on urban roads (speed limit 30mph,
48km/h) - 50%.

Deliverable 4.1 of this project showed that road traffic access speeds vary considerably dur-
ing the day:
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London - Airport Access by Private Car London - Airport Access by Public Transport
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Reliability is a game changer: a bus or train not showing up or breaking down can mean a
missed plane and a cancelled business trip or holiday. It is not likely to affect the door-to-
door journey time as much as it will cancel the journey, unless the contingency measures
that are part of the resilience discussed in the context of the flexibility KPI can kick in and

enable the traveller to continue their journey in time.

Indicators for predictability will help understand how efforts to improve this can help to-
wards reducing buffer times and improving the chances that a passenger will be able to
complete their journey within 4 hours. Such indicators will include metrics on the variability
(standard deviation in arrival time), punctuality (percentage of trips arriving within n minutes
of their scheduled time) and reliability (percentage of trips cancelled or delayed excessively)
not just of flights, but especially of the public transport services that will enable the passen-
ger to accomplish the D2K and K2G phases of their journey. These metrics will build up into

more specific indicators such as:

e the probability that delays in the D2K and K2G segments of the journey will result in the
passenger's not being able to board their plane including being too late to be able to

accomplish bag-drop etc. A standard minimum buffer time will be allowed.
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e the probability that individual delays in each leg of a journey will result in a final delay
greater than 15 minutes. This basically assumes that the D2K and K2G phases allowed the
flight(s) to be caught, so we are concerned here with delay in take-off of the flight, and
during the G2G, G2K and K2D phases.

A journey can be affected by many events throughout its duration and these events have
different implications for the journey as a whole depending on the mode of transport or

airport process concerned. These are summarised below.

Phase Mode/Process Event Probable implication for journey
Walking/cycling Crowds Delay
Traffic jam Delay
Car/taxi/minicab/car-hire
Breakdown Cancellation
) Late leaving Delay
Local public
transport Missed Delay
(bus/metro/tram)

Cancellation Delay

Late leaving Delay (but may be absorbed)

b2k Delayed arrival Delay

Fixed-timetable . . .
Delay or Cancellation (depending on service fre-

train/coach Missed
quency)
) Delay or Cancellation (depending on service fre-
Cancellation
quency)
Traffic jam Delay
Breakdown Cancellation
Airport shuttle
Missed Delay

(car-park/hotel/car-hire)

Cancellation Delay

Late leaving Delay
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Phase Mode/Process Event Probable implication for journey

Queues Delay/Cancellation
Check-in
Missed Cancellation
Queues Delay/Cancellation
K2G Bag-drop
Missed Cancellation
Border control Queues Delay/Cancellation
Security Queues Delay/Cancellation
Boarding Missed Cancellation
Technical fail- ) )
G2G Major delay/Cancellation
. ure
Flight
Cancellation Cancellation
G2K  All processes Queues Delay
K2D All legs All causes Delay

NB: In this table, Kerb (K) refers to the point of entry/exit of the terminal, not the airport.

The traveller will generally allow for a certain buffer time in their journey. This time is in-
tended to cover, in the mind of the traveller, the delays they might face on the different
transport modes they will use, as well as the possible queuing for airport processes. Its value
may be large (even allowing for missed connections) or small, depending on the traveller's
degree of pessimism and may be more or less an accurate reflection of the buffer required,
depending on their knowledge of the general delay situation on their route, and of the spe-
cific one for that occasion. This buffer will have a bearing on the probabilities mentioned

above.

It is important to note that just adding n minutes to the journey time does not necessarily
improve the chances of getting to the airport on time. There's no advantage to getting to
the bus stop outside your house 25 minutes before the bus goes rather than 5 minutes be-
fore. However, if busses leave every 10 minutes, there is an advantage to being there 20
minutes earlier, but then only if getting an earlier bus improves your chances of getting the

next transport leg. It follows, therefore, that buffers need to be calculated in reverse order:
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e What time do I need to be at the airport terminal by?

e Which transport mode selections will get me there most predictably and, preferably, fast-

est?

e What departure time of the last leg Ly should I take to be sure of getting there in time?

e What departure time of leg La-1 should I take to be sure of catching leg Ly?

e etc

e When do I have to leave the house to be sure of catching leg Ly

In fact, this concept applies to the entire journey, every leg of which is determined, in re-

verse order, by the time the traveller needs to be at the door of their destination.

It follows that it is possible to calculate what minimum buffer time would required at the

door of origin to ensure a, say, 95% chance of arriving at destination within 15 minutes of

the planned arrival time.

3.6.1 List of proposed indicators

The following metrics and indicators are proposed for the Predictability Key Performance

Area.
Code Key? Name Definition Unit(s) Scope Comments
Standard deviation in arrival )
o ) ) This could be
Variability on time of scheduled flights at ) )
) ) o ) ) yearly if there is
PRED1 intra-European  their destination airport around minutes  Seasonal
) ) ) no seasonal
flights the mean arrival time of that
) effect.
flight
Standard deviation in arrival
Variability on time of public transport surface Yearly, by
PRED2 airport public access modes at the airport minutes  access
transport around the mean arrival time mode
of their journey
Percentage of scheduled flights )
) ) o ) This could be
Punctuality of  that arrive within 10 minutes of ) )
) ) ) ) yearly if there is
PRED3 intra-European  their scheduled arrival time percentage Seasonal
) ) ) ) no seasonal
flights (irrespective of their departure
) effect.
time)
PRED4 Punctuality of Percentage of scheduled public percentage Yearly, by
airport public transport journeys that arrive at access
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Code Key? Name Definition Unit(s) Scope Comments
transport the airport within 5 minutes of mode
their scheduled arrival time
o ) Two hours is a
Reliability of Percentage of scheduled flights

parameter that

PRED5S intra-European  that are cancelled or delayed  percentage Yearly
) can be changes
flights by more than two hours .
if necessary
o Percentage of scheduled public
Reliability of ) Yearly, by The value 30
) ) transport journeys that are
PRED6 airport public percentage access can be changed
cancelled or delayed by more )
transport ) mode if necessary
than 30 minutes
Probability that delays in the
D2K and K2G segments of the
Likelihood of journey will result in the pas- Per jour-
PRED7 o ) ) percentage
missing a flight senger's not being able to ney
board their plane. (Includes
being too late for check-in etc.)
o Probability that individual de-
Likelihood of ) .
o lays in each leg of a journey
arriving more ] ) ] ) The value 15
) will result in a final delay Per jour-
PRED8 Y  than 15 minutes ) ) percentage can be changed
) greater than 15 minutes, in- ney )
late at destina- ) ) if necessary
) cluding total cancellation of
tion )
the journey
Average minimum buffer time
required at the door of origin The values 95%
Minimum buffer to ensure a 95% chance of _ and 15 minutes
PRED9 Y minutes  Seasonal

time required

arriving at destination within
15 minutes of the planned

arrival time

can be changed

if necessary
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3.7 Safety

There are many ways to measure transport safety. From the passenger's point of view, safety
can be summarised as: 'I want to still be alive and not have suffered a life-changing accident
when my trip ends'. Unfortunately, this is not always the result. The job of a safety indicator

is, therefore, to measure how often an undesired result occurs.

Indicators can range from the number of accidents involving death or life-changing injury
for every n journeys to the number of deaths or life-changing injuries per passenger-km.
The results of using these can vary considerably. Additionally, different sectors of the
transport system have their own specific ways to measure safety that depend upon that sec-
tor. For example, in Air Traffic Management, the Risk Analysis Tool (RAT) method
[EUROCONTROL, 2015] is used to produce indicators on the effectiveness of safety man-

agement.

It is not considered that complicated indicators such as the RAT method are required for
our purposes. On the other hand, in a door-to-door journey, it is necessary to take every
segment of the journey into account and it is essential that the safety indicator used be
capable of showing the safety difference between several mobility options: ground access by
train or car; flight between two hubs with its associated ground access, compared with a

point-to-point flight from smaller local airports with much shorter ground access; etc.

An initial indicator could be the number of deaths or life-changing injuries per million pas-
senger journeys. This responds exactly to the passenger viewpoint given above. It doesn't,
however, take the length of the journey into account; the longer a journey is, the more op-
portunity there is for an accident. So the above indicator could be modified to include the
number of deaths or life-changing injuries per million passenger kms. While this is logical
for trips by road (whatever the form of transport used) it is not the case for air journeys,
where the length of the flight is generally unrelated to safety - the main risk of accident is

during take-off and especially landing [Boeing, 2016].
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Fatal Accidents and Onboard Fatalities by Phase of Flight
Fatal Accidents | Worldwide Commercial Jet Fleet | 2006 through 2015

Percentage of fatal accidents and onboard fatalities
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However, flight safety statistics vary according to airplane model [Boeing, 2016]

Accident Rates by Airplane Type

Hull Loss Accidents | Worldwide Commercial Jet Fleet | 1959 through 2015
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and according to airline [JACDEC, 2017].
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RANK AIRLINE CODECS COUNTRY INDEX

2016

1 Cathay Pacific Airways CX, CPA [ | China,Hong-Kong 0,005

2 Air New Zealand NZ, ANZ = New Zealand 0,007

3 Hainan Airlines HU,CHH g China 0,009

4 Qatar Airways aR, QTR i Qatar 0,009

3 KLM KL, KLM == Netherlands 0,01

6  EVAAIr BR,EVA g Taiwan 0,012

7 Emirates EK, UAE - United Arab Emirates 0,013

8 Etihad Airways EY, ETD = United Arab Emirates 0,014

9  QANTAS QF QFA g Australia 0,015

10 Japan Airlines JL, JAL e Japan 0,015
1 All Nippon Airways NH, ANA e Japan 0,016
12 Lufthansa LH, DLH — Germany 0,016
13 TAP Portugal TP, TAP [ Portugal 0,017
14 Virgin Atlantic Airways VS, VIR E&d United Kingdom 0,017
15 Delta Air Lines DL, DAL Es USA 0,018
16 Air Canada AC, ACA )+l Canada 0,020
17  jetBlue Airways BB, JBU Es USA 0,020
18  Virgin Australia VA VOZ = | Australia 0,020
19 British Airways BA, BAW k& United Kingdom 0,023
20 Air Berlin AB, BER &= Germany 0,023

It follows, therefore, that our initial indicator should be the average of a metric for the
probability of a given passenger dying on their journey (life-changing injury is not often an
available statistic) over a given period, expressed as the number of deaths per million pas-
senger journeys, where the per-journey metric would be calculated as a mix of km-based
and journey-based statistics, taking modes of transport, the airline(s) used, the plane(s) used,

and the country or countries involved in each leg of the journey into account.
n
M=1-]]a-md)
i=1

where Mi is the fatality rate per km of the " transport mode in the journey and di is the

length of the & journey in km. For rail and air legs, whose fatality rates are given per jour-

ney, di =1

Eurostat data on passenger traffic and fatalities is given in the appendix. It gives an analysis
of recently reported traffic and deaths for different reported transport modes (pedestrian,
bicycle, motorcycle, car, local public transport, rail and air) in the 28 EU and 4 EFTA coun-

tries.

These data show that aviation accident rates are incredibly small nowadays. There were two
major air crashes in Europe in the 10 years from 2006-2015 - Spanair Flight 5022 in 2008,
GermanWings Flight 9525 in 2015 (Eurostat). These accounted for 304 of the total of 434 air
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fatalities (including crew) in those years. For the years 2011 to 2015, there were 37.6 fatali-
ties/year on average, for over 556 million intra-EU passenger journeys in 2015, or one death

per 14.8 million passenger journeys.

Train safety has also improved over the last few decades and there were 45 rail passenger
deaths per year on average in Eu28+4 between 2011 and 2015. The fatality rate is 1 death

for 209 million passenger journeys and 1 per 9,721 million passenger kilometres.

For car journeys to and from the airport, data from those countries that report to Eurostat
show a fatality rate of 1 for every 228 million passenger kilometres. The rate for motorcycles
(including mopeds) is 1 to 12 million passenger kilometres, and that for buses and coaches
is 1 to 2,515.

Norway is the only country that reports bicycle use to Eurostat; they recorded 10 fatalities
on average over the 5 years from 2011 to 2015 for 1,114 million passenger kilometres of
bicycle use per year: or a ratio of 1 to 111. There were 2093 bicycle deaths on average per

year in EU28+4 and 5,661 pedestrians were killed in road accidents.

These values are summarised below:

Transport Mode Deaths 1 death per
Bicycle 8.977E-09 /pax.km 111.40 Mpkm
Motorcycle 8.375E-08 /pax.km 11.94 Mpkm
Car 6.030E-09 /pax.km 165.83 Mpkm
Local public transport (LPT) 3.976E-10 /pax.km 2,515.35 Mpkm
1.029E-10 /pax.km 9,721.04 Mpkm
Rail
4.782E-09 /pax 209.11 Mpax
Air 6.758E-08 /pax 14.80 Mpax

As has been stated above, the fatality-rate values used should preferably be those for the
country in which a leg of the journey took place. Care should be taken, however, with inter-
national legs. The two major air crashes mentioned above took place in Spain and France,
but should they be considered as increasing the risk to passengers who fly over those coun-
tries? The Spanair crash was caused by a mix of pilot-error, a faulty warning light and a bad
technical workaround for the faulty light. Given that the pilot, the airline, the technician, and

the airport - Madrid Barajas - were all Spanish, there is a reasonable argument for saying
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that this should count towards the safety of Spanish air travel. The GermanWings flight
started, as did the Spanair one, at Barcelona airport. The airline and pilots were German. The
crash, however, was caused by the co-pilot's committing suicide. Had his flight that day tak-
en him over the Italian Alps rather than the French ones, the crash would therefore have
happened in Italy, not France. Such a flight cannot meaningfully be attributed to a single

country's accident statistics.

In the light of this, it is recommended that air travel be considered as a single risk of 1 fa-

tality per 14.8 million passenger trips.

3.7.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

N n;
> a=JJa - mydy)
j=1 i=1

1
N x 1,000,000

Number of where: Fatalities per

deaths per ) ) . ) o
- N is the number of journeys J in the reference peri- million pas-
SAFELY  million ) Yearly
od; senger jour-
passenger

journeys % is the number of legs Z in the Jt journey neys

Mij is the fatality rate per km of the it leg of the Jt

journey
dij is the distance travelled in the i leg of the Jth
journey; dif =1 in the case of rail and air legs whose

fatality rate is given per passenger journey.
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3.8 Security

It is considered that nothing in the 4HD2D concept is going to change a passenger's securi-

ty to any measurable extent. It has been decided, therefore, to not include a KPI for security.

However, as with all other aspects of modern life, transport is heavily reliant on modern in-

formation infrastructure and with this comes the necessity for strong cyber-security. We

therefore propose a metric on this, though we do not consider this to be a key indicator.

This indicator is simply the number of cyber-security "events" on in the transport system per

year.

3.8.1 List of proposed indicators

Code Name Definition Unit(s) Scope
Number of cyber- Number of cyber-security "events" on in the No. of

SECU1 ) Yearly
security events transport system per year events

3.9 Sustainability

& i

| S

KPIs related to environmental sustainability are usually proxies aiming at giving an idea of

how much a process is irreversible in terms of environmental impact. By 'irreversible’, we

mean that the natural recovery time is much longer that the typical span of human civilisa-

tion, or that artificial means of recovery are beyond our reach for now.
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The typical impact of our industrial processes is borne by the environment, with the most
important consequence being global warming. In order to measure the impact of the
transport system towards this (undesirable) consequence, it is customary to focus on the
production of greenhouse-effect gases such as methane or carbon dioxide. These gases are
not toxic per se for human beings in such small concentrations, but greatly participate to
global warming, according to climate models. A list of KPIs covering the global warming

effect could thus be:

e Volume of CO, produced per kilometre travelled by each passenger;
e Volume of CH, produced per kilometre travelled by each passenger;

e Total volume of CO, and CH,4 produced.

However, many other gases such as nitrogen oxides (NOx) are responsible for global warm-
ing, as are cirrus clouds induced by aircraft contrails. Moreover, the different gases impact
the global climate in different ways, due to complex positive and negative feedback loops.
Finally, they have different impacts on the climate due to their various electromagnetic ab-
sorption properties. For these reasons, we suggest using a global measure of the impact of
all these gases combined. We propose the 'Global Warming Potential' (GWP) index used by
the Kyoto protocol that gives the radiative forcing capacity of each pollutant with respect to
CO,. In its definition, the GWP takes into account the feedback from other parts of the cli-
matic systems, like the 'sinks' that can absorb vast quantities of gases (the oceans, for in-
stance). As a consequence, it takes into account the likely decay of the gas's concentration
after its release into the atmosphere, which implies that the GWP measure is given for a
specific time horizon. Here we consider the time horizon of 20 years, which is one of the
time horizons used in the Kyoto protocol (along with 100 years and 500 years). For a single

trip, we suggest the following two measures:

Ei ViGWP,'
° 8= d
o 8a= 2,’ viGWP;

where Vi is the volume of pollutant ¢ produced during the journey, GWP; s the correspond-
ing GWP of the pollutant, and d is the total distance travelled (possibly great circle instead
of real distance). The first of these gives the CO, equivalent produced per kilometre trav-
elled, whereas the second is simply the absolute version in order to measure the real impact
of the transport system on the environment. These measures can then be averaged or
summed over the different passengers and journeys performed in Europe. It is important to
note that these measures are only approximations, since the impact of a gas on the climate

is usually non-linear with its volume in the atmosphere.

Equivalent indicators can be produced using values of the Global Temperature change Po-

tential metric (GTP) instead of GWP. GTP is the ratio of change in global mean surface tem-
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perature at a chosen point in time from the substance of interest relative to that from CO..
Similarly, AGWP and AGTP, that give the absolute value of the warming and temperature-
change potentials, may also be used. Rather than being relative to CO,, these give the total
warming effect in W/m? and the total temperature change in pK respectively, at the given

time horizon.

Another important aspect of environmentally sustainable development is the total environ-
mental impact when all the processes and objects needed to transport a passenger from A
to B are taken into account. Among them, the gas emissions due to the construction of the
aircraft, the heating and electricity needed at the airport, the commuting trips of the ground
staff and aircrew to operate the flights, etc. This is of course harder to measure but given
that the information is available, one can use the above formulas to have a more complete

description of the transport system.

Most greenhouse gases are not actually toxic to human beings in weak concentrations.
More problematic on a short time scale are the micro-particles emitted during travel that
degrade air quality and thus people's health. Many measures of these pollutants exist in
different reports, in particular categorising them into different types according to their typi-
cal size. The present work does not see any relevant and simple measure which could be
added to this list. For the same reason, issues related to noise are not tackled here due to

the existence of very good metrics in the literature.

No industry can survive without being economically viable and a final factor in sustainability
is its economic aspect. A sustainable operation should be economically competitive with
other solutions, or at least competitive enough so that it can be subsidised within reasona-
ble ranges. Ensuring that an operation is environmentally sustainable must not produce an
economic impact that would make that operation nonviable. However, in many cases, the
internal costs of pollution mitigation - what an industry pays to avoid producing that pollu-
tant - far outweigh the costs of that pollutant to the industry since these costs are external -
society and the environment pay the price. In order to reduce the relative cost of mitigation,

it is necessary to (partially) internalise these external costs.

If an alternative is more expensive than its non-sustainable counterpart, one can put a price
on a volume of a pollutant which is avoided in the first alternative. The smaller the price, the
more competitive the sustainable alternative is, and the more likely it is to be widely adopt-

ed and actually make a difference in terms of the environment.

The main issue with this concept is that it assumes that there is an alternative, more sus-
tainable path for every journey. This could be something that already exists as an option for
the traveller or something that has yet to be deployed. From here, it is clear that this kind

of concept can only be applied to specific cases but can hardly be generalised to the whole
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transport system. Moreover, some of these alternatives are actually linked to different condi-

tions of travel, not just to the price itself. In fact, some alternatives nowadays are actually

cheaper (car sharing for instance). With such considerations, we begin to step into the field

of the value of time, i.e. what preferences people have for spending their time. This is a

complex subject which needs more study but is out of the scope of the present definition of

sustainability KPIs.

Here we use a simple definition available for some specific cases where a clear, 'greener’

alternative to a given journey exists. The supplementary cost of the green alternative (i.e. the

price of avoiding a unit of GWP) can be computed as follows:

Pg — Png

A, =
§ 8ng — 8¢

3.9.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope
Sum of CO; produced per passenger.km
CO, per passenger ) Passenger
SUST1 for each mode of travel used times kms kg _
km _ journey
spent in that mode
Sum of NOx produced per passenger.km
NO, per passenger ) Passenger
SUST2 for each mode of travel used times kms kg _
km _ journey
spent in that mode
Global Warming All intra-
. Zi v,-GWP,-
SUST3 Potential per km Average of p over all journeys kg CO,e European
of air journey flights
Global Warming All intra-
SUST4 Potential of intra- Average of Zi viGWP; o journeys I kg CO,e  European
European air travel flights
Total Global All intra-
, Y v GWPy
Warming Potential 4=t & ; European
SUST5 Y , Lo for each pollutant I for kg COe
of intra-European journeys,

j .
travel each leg J of a journey

door-to-door
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3.10 Capacity

We have previously remarked that capacity is a fundamental indicator in transport and
communication systems. Trade-offs between capacity and other KPAs are particularly pro-
nounced - notably that increased capacity cannot be offered at the expense of safety. There
are also trade-offs between peak and off-peak service provision, in that in order to satisfy
peak demand (or the demand of certain users), there may be unused capacity during off-

peak times (or negative consequences for other others).

Capacity strictly refers to the maximum possible output or performance. In practice, howev-
er, it is often necessary to use a proxy measure in the public transport / mobility context,
since the maximum possible is often undesirable due to conflicts with other indicators (no-

tably safety, flexibility and comfort).

In DATASET2050, capacity is defined as a door-to-door mobility indicator and uses a rela-
tive, proxy measure - the percentage of trips falling with certain time durations - rather than
the absolute number of such (possible) trips. We note that this does not include any meas-

ure of the desirability or demand for such trips.

Following the discussion in Section 2, we also consider the capacity as the potential to
transport passengers with minimal disruption. CAP5 in the table below is a suggestion for a

metric following this point of view.

3.10.1 List of proposed indicators

Code Key? Name Definition Unit(s) Scope

Total number of journeys per year (regard- Number of Passenger

CAPA1 Total journeys ) . .
less of travel time) trips journeys
Percentage of door-to-door journeys using a
Journeys under ) ) ) o Passenger
CAPA2 Y public service air carrier in one leg of the Percentage
4 hours journeys

journey, made within 4 hours
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Code  Key? Name

Definition Unit(s) Scope

Percentage of door-to-door journeys using a

Journeys under public service air carrier in one leg of the Passenger
CAPA3 ] ) o Percentage .
6 hours journey, made in over 4 hours but within 6 journeys
hours
Percentage of door-to-door journeys using a
Journeys over 6 ) ) ) o Passenger
CAPA4* public service air carrier in one leg of the Percentage .
hours ) ) journeys
journey, made in over 6 hours
Delay elasticity ~Average number of additional minutes of )
) ] ) ) o Minute per Passenger
CAPA5**Y  with respect to travelling time triggered by an additional

throughput

assenger journeys
passenger in the system . J ! /

* Useful in its own right as an indicator of the tail of the passenger journey distribution, but
actually equal to 1 - (CAP2 + CAP3).

** In contrast to most of the other metrics, this should be as small as possible.
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4. Mobility performance assessment
method

Calculating values of indicators can be complicated, with exceptions and pitfalls to be ac-
commodated. Indicators are often based on several metrics pertaining to different focus

areas. The methods for calculating these indicators are described below.

The goal of the assessment methodology is to define the process needed to describe mo-
bility in Europe. This methodology should build upon the theoretical ap-
proachhttps://research.innaxis.org/display/H2020TBD/22.4+Theoretical+approach (D22) to
mobility and detail all those process that need to be measured to describe the different

focus areas of mobility. Concretely, this means showing the level to which journeys are:

e seamless;

e inter-modal / multi-modal;

e frequent;
e resilient;
o fast;

e predictable;

e safe and secure;
o affordable;

e comfortable;

e diverse in their potential destinations.
The mobility assessment will cover the following:

e a procedure to measure mobility, following the general theoretical approach. The proce-
dure will detail the processes to be measured;

e explicit traffic and passenger itinerary data that would need to be measured (e.g. top 10
hubs, or top 15 hubs plus 30% of secondary airports, or at least top 5 airports in every
country, etc.);

e processes that need to measured;

e data expected to support the measurements for each of the processes.

The methodology should clarify what the main attributes of mobility are and how these are

to be modelled.

The output of this task will be used for measuring with data where possible, or for model-

ling & simulating those processes for which data is incomplete. Therefore this task will:
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e support the simulations;
e help to evolve the architecture of the models to ensure they support the methodology;

e provide credibility to the process and guarantee that results are reproducible.

4.1 Assessment methods

Indicators can be evaluated in different ways, based on the way of collecting the data and
the type of data needed. Two main types of data collection are usually considered: prospec-
tive and retrospective. The former is designed to provide data to answer a specific question
by measuring some specific indicators. The latter uses pre-compiled data to evaluate new
indicators. This distinction is sometimes important because some data are very specific and

need tailored acquisition techniques such as surveys, as described below.

Data acquisition comes in several forms. The first of these is existing databases that have
been compiled for general purposes and come from multiple sources: from information di-
rectly taken from smartphones (geolocation, communication) to credit cards transactions;
from the Internet of Things (IoT) to the ubiquitous sensors (beacons, GIS) located every-
where nowadays. Data from these types of database, which can be open or closed, are usu-
ally very voluminous, and can be more or less extensive and of greatly differing quality. In
any case, they usually compile measures of easily observables variables, such as traffic, cost,
etc. Besides the sometimes prohibitive cost of obtaining them, the main issues in using
them in a European mobility assessment usually relate to their scope or their level of detail.
Having a consistent database for the whole of Europe is usually a problem, as well as having
measures at too high a level; for instance the revenues of airlines may be aggregated per
airport and per year. Another problem often encountered with these datasets is the difficulty
in cross-referencing or combining data from one dataset with that of another; for instance,

schedule data for flights might have different flight identifiers than trajectory data.

Surveys represent another possibility for obtaining data. As opposed to automatic data ac-
quisition procedures, surveys sometimes allow a deeper look into people's decision-making
processes. If answers to some questions could in principle be acquired automatically
through other means, others are linked to the declared preferences of passengers and diffi-
cult to obtain otherwise. Surveys represent a good opportunity for obtaining tailored an-
swers to complex questions, but their downside is that the volume of data obtained is
usually small and barely sufficient for statistical analysis. Surveys are not usually needed

when the data are easily obtainable through automatic means.

A variant of the surveying is the use of focus groups. Instead of individuals, focus groups

typically involve a group of different kinds of people, who are supposed to represent a vast
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section of society. Focus groups are usually used in politics and market research and give
qualitative feedback on a person, product, etc. They are interesting with respect to surveys
because they allow a consensus to be formed quickly, and more generally the open discus-
sion they foster gives precious insight into how people's opinion is formed. In the context of
mobility assessment, they can be important in determining the levels of passenger satisfac-

tion in several situations, potentially hypothetical.

A final kind of data can also be used to some extent to provide information that is other-
wise difficult or impossible to obtain. Sometimes one wants to compute an indicator for a
situation that has not yet arisen, perhaps because the event is highly unlikely or perhaps
because it refers to a new operational environment under study. In these cases, the output
of a model can complement or replace the data observed in reality. Provided that it is vali-
dated, a model can be a powerful data generator, since a vast spectrum of situations can be
explored by testing situations that could never be studied in reality. Depending on the type
of model and its level of detail, it is also possible to acquire some microscopic, hidden de-
tails that are almost impossible to measure in reality. The downside of this kind of data is
that, by definition, a model is a simplification of reality and one needs a certain amount of
trust in the model to reach a reliable conclusion. This is usually obtained through the use of

validation techniques, including expert feedback and calibration of existing databases.

4.2 Summary of indicators recommended for DATASET2050

analysis

The previous discussions have defined many indicators within each MFA that can be useful
for analysing the impact of research and developments towards the 4-hour door-to-door
objective undertaken between now and 2050. These are detailed in tables at the end of

each sub-section of Section 3.

However, calculating the full list of metrics and indicators for current, 2035 and 2050 is be-
yond the scope of the DATASET2050 project. Some of the concepts are mentioned merely
in the hope that they will be taken into account in further work and research exercises to-
wards the 4-hour door-to-door goal. The table below identifies the specific subset that will
be calculated, computed and reported in D5.2. These are all within the scope, budget and
planning of DATASET2050 activities.

The DATASET2050 project's main objective is that 90% of journeys be achievable in less

than 4 hours, door-to-door. For this, there is one primary indicator:

D5.1 Mobility Assessment - 71



The percentage of intra-European journeys with a publicly scheduled air leg achieved in less

than 4 hours, door-to-door.

This can be considered to be a measure of the capacity of the system to enable the goal to
be attained. As such, it is defined as indicator CAPA2 in section 3.10.1 (see also below).
Key Performance

Key Performance Indicators Other Indicators
Area

ACEQ2 Low-income access

ACEQ1 4-hour reach
ACEQ3 Medium-income access

. ACEQ4 High-income access
Access and equi- o
ACEQS5 Income access disparity

t
y ACEQ6 Carless access
ACEQS8 Affordability
ACEQ7 Disabled access
ACEQ9 Unaffordability
Cost- ) Passenger distance per euro
) COST1 Passenger distance per euro spent ~ COST2 |
effectiveness airline cost
EFFI1  Pax time efficiency
Efficiency EFFI3  Time efficiency performance
EFFI2 Average time efficiency
Cultural diversity of destina-
FLEX2 .
tions
Flexibility FLEX1 Distance diversity of destinations

FLEX3 Cultural diversity performance

FLEX4 Mean time to fix

Total time spent in transitions
INOP1 ] .
during a journey

- e ) Number of phases required
Interoperability ~ INOP3 Transition-journey ratio INOP2 )
to complete a journey

Average of time spent per
INOP4 g P P
transition
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Key Performance

Area

Key Performance Indicators

Other Indicators

Predictability

Likelihood of arriving more than 15

minutes late at destination

PRED1

Variability on intra-European
flights

PRED2

Variability on airport public

transport

PRED3

Punctuality of intra-European
flights

Minimum buffer time required to
PRED9 ensure arriving less than 15 minutes

late

PRED4

Punctuality of airport public

transport

PRED5

Reliability of intra-European
flights

PRED6

Reliability of airport public

transport

PRED7

Likelihood of missing a flight

Safety

Number of deaths per million pas-
SAFEL .
senger journeys

Security

SECU1

Number of cyber-security

events

Sustainability

Total Global Warming Potential of
SUSTS | .
intra-European air travel

SUST1

CO, per passenger km

SUST2

NO, per passenger km

SUST3

Global Warming Potential per

km of air journeys

SUST4

Global Warming Potential of

intra-European air travel

Capacity

CAPAZ2 Journeys within 4 hours

CAPA1 Total journeys

CAPAS Delay elasticity with respect to

CAPA3 Journeys under 6 hours
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Key Performance ) )
A Key Performance Indicators Other Indicators
rea

throughput CAPA4 Journeys over 6 hours

4.3 Calculation of Key Performance Indicators for DATASET2050

KPA: Access and equity

4-hour reach is the distance that can be travelled, within Europe, from 90% of European
doors of origin in exactly 4 hours. This is defined as the lower 10th percentile of the distri-
bution of the maximum attainable distance, within Europe, from each European door, in
exactly 4 hours. For this it is understood that the furthest distance may be reached by tak-
ing the shortest possible time in each phase of that journey. So it is assumed that the pas-
senger has no luggage, therefore spends no time at bag-drop or baggage reclaim, and has
checked in via internet. For intra-Schengen flights there is no passport control either, while
flights involving at least one non-Schengen country will require this. We also assume that
the immigration process is the same for all EU citizens at any given airport, inside or outside

the Schengen zone.

For our calculations, we modify our standard door-to-door (D2D) breakdown into D2K, K2G,
G2G, G2K, and K2D slightly; we consider the airport kerb to be the point of entry to the
departure terminal or the point of departure from the arrival terminal, such that D2K and
K2D include all consequences, inside and outside the airport, of the choice of surface ac-
cess/egress to/from the airport. Similarly, K2G and G2K are independent of this choice, give
or take the difference in walking time between arrival points metro station, physical kerb,
taxi rank etc. D2K and K2D may, on the other hand, vary according to the flight taken, since
flights to/from different destinations/origins or using different carriers may depart

from/arrive at different terminals.

Note however that the time taken for the K2G phase, Ik2G, and that taken for K2G, G2k, will
depend on whether the flight involves a non-Schengen country and therefore involves pass-
port control. These times also depend on which terminal or which zone of a terminal the
respective flight flies from/to. There are also different gate-closing requirements according
to carriers and whether the flight involves transfer to the plane by bus etc. However, this is
included in the G2G time 1G2G for the flight. It follows, therefore, that for a given passenger
(in our case pre-checked-in, without disability, without luggage), ’k2G, G2G, and G2k de-

pend on the flight taken and can be considered fixed. We call the minimal duration from
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kerb to kerb (K2K) fx2k. (This K2K may, of course involve flight connections, especially in the

case of a very small local airport.)

It can be considered that, in the minimum case, the destination door is an office at the des-
tination terminal with K2D=0. It follows, therefore, that from each door of origin i, a certain
number of local airport terminals J can be reached such that there is at least one flight

from that terminal for which

tkog < dhrs — tDZK,;

where "P2Kj is the minimum time required to get from door I to terminal J.

Now for every flight k& from terminal J for which trak, < 4hrs =tk

max fxap = 4hrs — ik, — k2K This provides the limit on how far can be travelled @kzp,
by any surface egress method, from the destination terminal. The reach from door I is

therefore
max(Vj : distance(D2K;;) + (Vk : distance(K2Kj,) + max(dgap)))

To calculate the value of the "Reach" indicator, we evaluate this maximum distance for each
door I and find the 10th percentile.

4.3.2 Income access disparity

The 4-hour door-to-door objective should benefit all travellers, not just one section of so-
ciety. It is possible that in some circumstances, it might be easier or cheaper to put
measures in place to attain the 4HD2D goal that make it easier for a particular section of
society to access air travel than it does for another section. The advantaged section could
well be those who are better off. The "Income access disparity" indicator is designed to
show whether this is the case and to enable an understanding of the impact of 4HD2D

measures on income equity.

The idea behind this indicator is to show the disparity in access to airline flights between
the more and less well-off parts of society. This does not specifically take into account con-
founding factors such surface modes available to a traveller, where they live or where the
flights they took were to. Nor does it look at differentiating factors such as the length of the

journey, the cost, etc.

This indicator is evaluated as:

Jjourneysy,
journeys;
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where JOUTREYSy is the number of private journeys involving an air leg by people in the top
50% of the population by income and journeys; is the number of private journeys involv-
ing an air leg by people in the bottom 50% of the population by income. These values will
be the result of surveys of representative samples of the population and will cover a given

year.

A value of 1 indicates perfect equity. It is assumed that this indicator will initially have a val-

ue greater than this.

4.3.3 Disabled access

As with the "Income access disparity" indicator, this indicator is designed to show the dis-
parity in access to airline flights between people with and without disabilities. As with the
previous indicator, this ignores any other factors such surface modes available and thus al-
lows a true indication of discrimination against people with disabilities in the (air) transport

system.

The data used for this indicator will be the taken from population surveys. It is evaluated as:

n
Z journeys;
N-—n i
X
n (N—n)
Z Jjourneys;
J

where 7 is the number of people with disabilities in the total population N; JOUTREYSy s the
number of journeys involving an air leg taken by person X in the reporting period, in this

case a given year.

A value of 1 indicates perfect equity, but it is most likely that the value calculated will be

much lower than this.

4.3.4 Passenger distance per euro spent

When looking at the cost of air travel, it is important to include the whole cost, not just the
ticket price. This means that if a car is used for accessing the airport of origin, not only the
cost of fuel (and possibly depreciation of the car itself) should be taken into account, but
also the cost of parking the car. If the passenger was taken to the airport by a friend or re-
lation, the cost of the return trip by that person should also be considered as should their
trip to the airport to pick a returning passenger up. Similarly, bus, train, metro and taxi fares

should all be taken into account. A difficulty arises with the cost of a hire car, since it is
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quite probable that that hire will be used for other purposes than simply travelling between

the airport and the destination door.

The rise of low-fare airlines, and the increasing corresponding habit among previously full-
service carriers to charge for everything, means that the reported cost of an airfare must
include charges for extra baggage, booking and "administration" fees, etc. On the other

hand, optional items such as insurance, or food and drink should be excluded.

The "passenger distance per euro spent” indicator is given as:

2 distance
cost

where distance is the total journey distance; cost is the total cost of the journey to the pas-

senger; and 7 is the number of passengers in the population.

As a cost-efficiency indicator, the population used will be all passengers on intra-European
flights for a season. It could, however, be extended to being an indicator of equity by evalu-
ating it separately for populations originating in the 98 different NUTS1 regions and com-

paring the resulting values.

4.3.5 Time efficiency performance

Efficiency is a measure of the performance of a system with respect to a baseline. In the
case of "time efficiency" here, the baseline is how efficient a passenger's journey could have
been (i.e. how long it would have taken) if there had been no delays or queues, and no
need for buffer times - the "just in time" scenario. Our indicator is therefore a measure of

how long the actual journey took, compared with the best possible journey time.

best
actual

Efficiency =

To calculate this best possible journey time we specify specific criteria for each of the 5
phases of the D2D breakdown:

e D2K - The fastest possible mode or combination of modes is selected. There is no con-
gestion or disruption during the surface access trip(s).

e K2G - The shortest possible time that allows for arrival at the gate within minimum
boarding process time specified by the carrier. There are no queues for check-in, bag-
gage drop, security, passport control, or customs and the passenger has not provided for

any elective wait, buffer or retail time.
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e G2G - The fastest terminal, taxi-out, available routing (though not great-circle distance)
and taxi-in configurations are selected. There is no ATFM delay or other disruption and
no flight buffer time. MCTs are observed for connections.

e G2K - There are no queues for baggage reclaim, passport control, or customs and the
passenger has not provided for any elective wait or retail time.

e K2D - The fastest possible mode or combination of modes is selected. There is no con-

gestion or disruption during the surface egress trip(s).

If the passenger has luggage, the best possible journey is calculated taking bag drop and

luggage reclaim (first bag off) into account, otherwise no time is allowed for these.

The "time efficiency performance” indicator is the percentage of journeys in the reporting
season for which Efficiency eyceeds 0.8.

4.3.6 Distance diversity of destinations

The indicator for "Diversity in destinations” is intended to test whether a passenger from a
given origin has the possibility of reaching a large number of disparate destinations as op-
posed to reaching many similar destinations, within our 4-hour time frame. The more desti-
nations, and the more widespread these destinations, the higher the value of the indicator
should be.

This gives rise to a question on our meaning of diversity: if we could travel to just four hy-
pothetical destinations 200km north, south, east and west of our origin, is the diversity more
or less than if we could only reach those same destinations, but from an origin 2,000km
away? There are arguments in favour of each answer of "more", "less" or "the same". We
choose to consider that the diversity is the same and so normalise our indicator against the

absolute distances involved during the trips.

Diversity in destinations is shown by the examining the distance between them. Having de-
termined the list of all possible destinations Dy reachable within 4 hours from a given door
of origin O, the following metric looks at the distance between O and each of these possi-

ble destinations, as well as the pair-wise distance between all of the destinations themselves.

s0=3 (1001 ¥ 221 /'3 55,
J J

; |0D;|

The value of 0 increases with the distance between destinations. Many destinations very
close to each other will not affect the value significantly from if there were one destination

at that place.
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80 should be computed for every possible origin. It can then be averaged over a given re-
gion. This could be the whole of Europe, to give a basic Europe-wide indicator, or it could
be separate smaller areas (Country, NUTS1, etc) to give an indication of cross-European
disparity. Additionally, averages, or indeed the individual 80 values themselves could be

mapped as colour codes to show disparity graphically.

4.3.7 Transition-journey ratio

The better the "interoperability” between the different phases of a journey - be they differ-
ent modes of transport for surface access or the different processes at the terminal - the
lower the "cognitive load" on the passenger and, therefore, the smoother the journey. For
example, integrated ticketing in a city's public transport system reduces the time and incon-

venience of changing transport mode during airport access.

We consider that each of the different phases of a journey is separated from the next by a
"transition". These transitions include waiting time, but not physical queuing time, which is
considered part of the process of the phase. We can then measure the cognitive load by
looking at the number of the transitions involved in a trip and how long they take. The
more time, or the greater the proportion of time, spent in transitions the less inter-operable

the phases of the journey.

For a given journey we take the ratio:

transitiontime

totaltime

where transitiontime is the time spent during transitions and totaltime is the total travel

time for the journey.

The transition-journey ratio indicator is the average of this value for all journeys in a given

day.

4.3.8 Probability that the traveller arrives more than 15 minutes late at desti-

nation

The door to door journey can be considered to be a series of legs that can fall into one of

several transport categories:

e un-timetabled transport - car (self-drive or driven by someone else), taxi, shuttle (e.g. car-

hire), bicycle, motorbike, etc. (walking is considered part of a transition - see below);
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e pseudo random transport modes - bus, metro, tram, etc. where, though timetabled, these
timetables are not published and they appear to the traveller to arrive at random inter-
vals;

e short-interval timetabled services - train, tram, bus or shuttle (e.g hotel shuttle service)
whose timetable is published but the interval between services is relatively short;

e long-interval timetabled services - trains or coaches with published timetables where the

service interval is large (hereafter called "intercity service");
or can be airport processes:

e check-in/bag-drop;
e border control;
e security screening;

e luggage reclaim.

We can consider that each of these legs i is composed of three parts, a trip/airport-process
Di, a transition i from process Pi to process Pi+l, and a wait Wi for the next process, whose

duration is Pi + % + Wi gych that the total journey time T is given by:

n
T= Z(Pi + i+ wi)
i=1

where I1 is the transition from the origin door to the first transport leg, P1 being 0 (closing

the door!). Wr is the number of minutes early the traveller arrives at their destination, with
wy > —15minutes tor this indicator.

Decomposing the journey

T is a function of the predictability of the various modes of transport used for the various

legs of the journey. It is, however, principally composed of two values:

e the time needed to be able to arrive at the airport in time (D2K) and to pass through
airport formalities (K2G) to be able to catch the first flight leg;

e the time needed in planning to account for delay to the flights (G2G), passage through
airport exit processes (G2K) and surface egress transport (K2D) to be able to arrive at

destination in time.

In fact, there are possible sub-divisions to these times if an intercity service is taken, either
in the D2K phase or the K2D phase. (We assume that in a 4-hour door-to-door journey,

there is only time for one such intercity service either side of the flight.)

The journey then reduces to a series of macro steps, each composed of several Pi +%i + Wi

legs, each ending at a make-or-break time:
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A: Catch an intercity service or NULL if no such service is taken

B: Arrive at the airport in time for last check-in/bag-drop or NULL if pre-checked and no
luggage

C: Arrive at the gate in time for boarding

X: Catch intermediate flights or NULL if only one flight is taken

Y: Catch an intercity service or NULL if no such service is taken

Z: Arrive at the destination with less than 15 minutes delay

The probability of arriving less than 15 minutes late is therefore:

Pr(A). Ry. Pr(B). Pr(C). Rc. Pr(X). Rx. Pr(Y). Ry. Pr(Z)

where Bs is the reliability of the flight/intercity-service taken after macro step

S €[A,C, X, Y] As stated, some of these macro steps may be null, depending on the con-

ditions of the journey, and in this case the corresponding probability is 1:

In order to arrive at the gate in time for boarding

Condition

Intercity service y y n n
Check-in/bag-drop necessary y n y n
Probability Pr(A).R(A).Pr(B).Pr(C)  PR(A).R(A).1.Pr(C)  1.Pr(B).Pr(C) 1.1.Pr(C)

To get to the destination from the first departure gate:

Condition

Multiple flights y y n n
Intercity service y n y n
Probability Pr(X).Pr(Y).Pr(2) PR(X).1.Pr(2) 1.Pr(Y).Pr(2) 1.1.Pr(2)

Each of these non-null macro steps will have its own planned (expected) duration AR ZF

including a safety buffer, and this will depend on the existence or not of the preceding

steps. For example, a passenger with no luggage, but who has not checked in on-line, and

who will not take an intercity train as part of their journey to the airport will follow steps B

and C. They will, therefore, have planned durations BE and C* separately, whereas if the

same traveller has already checked in online, they will only follow step € and only define CE
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for the entire journey from the origin to the gate. In most cases, these planned durations
only apply to the respective macro step. As a special case, however, any surplus time from
step B, if there is a step B, is added to that of step C since, although check-in/bag-drop
have a time after which they can be "missed", arriving early enables the traveller to pass

early through this process and therefore have more time to do so.

These probabilities and the planned durations they define determine the flights (and
trains/coaches) that have to be taken to complete the journey on time. The specific intercity
or air transport legs will be chosen in advance, probably in reverse order, to "ensure" arrival

on time.
In DATASET2050, the final probability is the simple ratio

ny

N

where 77 is the number of exercises where the traveller was more than 15 minutes late arriv-

ing at the destination door and N is the total number of exercises.

In order to allow a better analysis of the reasons for late arrival, it would be useful to calcu-
late the partial probabilities [A,B,C,X,Y,Z] apove. (Note that the product of these is the
probability of NOT arriving 15 minutes late!)

4.3.9 Minimum buffer required for 95% chance of arrival on time

The purpose of this metric is to determine T, the minimum duration of the journey, or more
precisely, To, the minimum time for leaving the origin door to have a certain probability of

being at the destination door at the required time.

Section 4.3.8 discussed the chance of arriving more than 15 minutes late at the destination
door. This probability will have been calculated using standard, pre-defined buffer times that
the traveller leaves to be able to catch the first flight and, in their planning, between the
published arrival time of the last flight and the time they require to be at the destination
door. As explained in that section, there are a series of requirements for the journey to be
accomplished on time [A,B,C,X.Y,Z]

The amount of buffer, or indeed just "time", the traveller leaves depends very much on the
circumstances of the journey. above all whether there are intercity coach or train legs where
the interval between services is large and where missing it would entail missing the flight or

being very late at destination.
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Analysis of these buffer times should be performed for each of the macro steps
[Z,Y,X,C,B,A] adjusting departure times to ensure that the final arrival time is less than

15 minutes late for 95% of cases.

The final buffer times should be given for each of the D2G segment and the G2D segment,
as a percentage of total time taken for that segment. The timings in the G2G segment will
be determined by published flight times and MCTs.

4.3.10 Number of deaths per million passenger journeys

Air travel is very safe, especially in terms of the number of passenger kilometres travelled.
But the number of kilometres travelled is not an important factor in air transport safety. It is,
however, with other forms of transport. While indicators of safety will generally look at many

aspects, this key performance indicator is concerned simply with the prospect of fatalities.

As each journey is composed of several legs, not all of them by air, and as each of which
can be related to a known fatality rate, we can combine the fatality rates for all of the
modes of travel used on a particular journey to find the probability of a passenger's being

killed on their journey.

The probability of dying during a journey is 1.0 (i.e. 100%) minus the probability of not be-
ing killed during any of its legs. This in turn is the product of the probabilities of not being
killed in each leg, which is is 1.0 (100%) minus the fatality rate for that leg. So we have:

N nj
Y =T -mydy)
Jj=1 i=1

N

x 1,000, 000

where:

N is the number of journeys Jin the reference period;

% is the number of legs i in the J journey

Mij is the fatality rate per passenger km of the it" leg of the Jth journey
d

i is the distance travelled in the ith leg of the J® journey

In the case of rail and air legs whose fatality rate is given per passenger trip, % is the fatal-
d; =1
if :

ity rate per passenger trip and

Fatality rates are very small, so it is essential that enough precision be used to ensure that
rounding errors do not invalidate the indicator and therefore the understanding of the im-

pact on safety of measures taken.
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4.3.11 Total Global Warming Potential of intra-European air travel

It is generally well accepted that air travel is a significant contributor to anthropogenic cli-
mate change. There are several metrics that can be used to measure this impact. We use
the Global Warming Potential (GWP) metric that gives the warming effect of the journey in
terms of units of CO,. While most studies only look at the GWP of aviation itself, our indica-

tor shows the total GWP of journeys that involve an air leg.

The GWP of intra-European air travel can be computed as follows:
> Y v Gwry,
iJop

for each pollutant P for each leg J, of transport mode J, in journey ¢,
where Vir is the volume of pollutant £ produced during leg J

and GWPy, is the unitary global warming potential of pollutant P for transport mode J.
This transport-mode distinction is required since the GWP of a pollutant may depend on
whether it is emitted at altitude by a flight (where it may interact with other chemical com-

pounds) or at ground level.

4.3.12 Journeys under 4 hours

The EC high-level group objective being studied by the DATASET2050 project is that "90%
of [air] passengers will be able to complete their journey, door-to-door, in under 4 hours [in

2050]". The "journeys under 4 hours" indicator is, therefore, the key indicator of this project.

Using real passenger data, this indicator is simple to calculate
J
= x 100%
n

where J is the number door-to-door journeys involving an air leg that were accomplished in

4 hours or under and 7 is the total number of journeys in the reporting period.

In our project, this value will depend highly on the conditions supplied to the models that
will be responsible for providing the data. A major variable among these is the amount of
buffer time each passenger is assumed to have left to ensure that they arrive in time for
each planned leg. This indicator is, therefore, heavily linked with the "minimum buffer time"

indicator described in section 4.2.9.
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4.3.13 Delay elasticity with respect to throughput

As previously noted, capacity is not a strict upper bound for the throughput of the system
but rather an indication of the typical throughput over which several issues appear, includ-
ing additional delay. As a consequence, a measure of how much delay is created when a
certain number of additional passengers pass through the system is directly related to the
capacity of the system. This relationship between delay and throughput is often modelled or
assumed in the literature. Typical shapes assumed or inferred for this functional relationship

include exponential functions and linear relationships, for instance for single airports.

Measuring the full functional relationship is a complex task that involves higher degrees of
modelling. Instead, measuring the elasticity of delay around the current functioning point of
the system is easier. Indeed, since the throughput is naturally oscillating because of chang-
ing demand and supply conditions, e.g. seasonality, one can measure the evolution of delay
when the throughput changes. The statistically linear relationship obtained can be seen as a
local approximation of the full theoretical relationship around a point close to the current

capacity. Notionally, one can write the delay elasticity as:

Ad

ks = AN

where Ad is the variation of delay and AN is the variation of throughput. In practice, one

would write the following equation:

0=ksN +c

and use is it for a linear regression of the delays versus the throughput measured over a

year.

Small values of ks mean that the additional passengers do not create much additional delay,
and thus that the system is far from its capacity. High values of ks, on the other hand, mean
that delay is rapidly increasing with the number passengers, and thus that the system is

congested.
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5. Conclusions

There are many aspects to measuring and assessing mobility. These aspects have been re-
grouped into key performance areas (KPAs) each subdivided into several mobility focus are-
as (MFAs). It is important that DATASET2050 assess each of these areas to ensure that
actions taken under the guise of improving 4-hour door-to-door (4HD2D) mobility provide
across-the-board improvements rather than just furthering one particular domain or worse,

producing degradation in some domains.

This document has defined 13 key performance indicators (KPIs) for this, together with the
method of calculating them with the DATASET2050 models. It has also suggested 30 other

indicators, though without addressing their calculation.

It is hoped that this document will help research by DATASET2050 and other projects move
towards the 4HD2D objective in a way that benefits all sections of the transport industry,

human society, and the planet we live on.
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7. Acronyms and abbreviations

4HD2D: Four-hour door-to-door

ACARE: Advisory Council for Aviation Research and Innovation in Europe

ACI: Airports Council International

ATM: Air Traffic Management

BHL: Short name of DATASET2050 partner: Bauhaus Luftfahrt

CSA: Coordination and Support Action

D2D: Door-to-door (mobility concept)

D2K: Door-to-kerb

DATASET2050: Data-driven approach for a seamless efficient travelling in 2050
DX.Y: Deliverable's name (X=workpackage, Y=deliverable numbering within workpackage)
EC: European Commission

ECTL: Short name of DATASET2050 partner: EUROCONTROL

EU: European Union

EU-28: European Union 28 member countries (since July 2013)

FP7: Seventh Framework Programme for Research and Technological Development
G2G: Gate-to-gate

G2K: Gate-to-kerb

GCD: Great circle distance

H2020: Horizon 2020 research programme

IATA: International Air Transport Association

ICAO: International Civil Aviation Organization

INX: Short name of DATASET2050 coordinator: Innaxis

K2G: Kerb-to-gate

KPA: Key performance area

KPI: Key performance indicator

MCT: Minimum connecting time

MFA: Mobility Focus Areas

MG: Mobility for growth (H2020 theme)

NOx: Oxides of nitrogen

PRU: Performance Review Unit (EUROCONTROL)

R&D: Research and development

SESAR: Single European Sky ATM Research

STEEP-M: Social, technological, economic, environmental, political and mobility

TBO: Time-Based Operations
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TE: Time-efficient (airport)
UN: United Nations

UoW: Short name of DATASET2050 partner: University of Westminster
WP: Workpackage
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traffic deaths (EUROSTAT)

Appendix L. Safety data

Transport traffic and deaths per year in EU28+4 (Eurostat data)
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D5.1 Mobility Assessment
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