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THE PARTNERSHIP
At the outset in September 1997 the MESUDEMO Consortium consisted of five partners:

AGDER Research Foundation (Norway) (co-ordinator)

CBS - Copenhagen Business School (Denmark)

ISTAT - Statistical office of Italy

NEA Transport Research and Training (the Netherlands)

NTUA/DECE - National Technical University of Athens, Depart. Of Electrical and
Computer Engineering (Greece) — for simplicity called hereon NTUA.

AN NANANAY

Due to staff changes CBS decided to withdraw from the project, and terminated its project
activities by the end of 1998. NEA continued the work of CBS together with AVV. ISTAT
sub-contracted FIT Consulting to carry out major parts of the work on their behalf.

In early spring 1999 the Commission (DG VII) decided to follow the advice of the
Consortium and include a Transalpine Pilot Study as a new work package (WP 10) within
the logical frame of MESUDEMO. This modification of the original work programme had
consequences for the originally planned content of WPs 4, 8 and 9 and necessitated input
from CONCERTO (NEA) and ASSEMBLING (MCRIT).

Participants with considerable contributions given during the project:
v AVV, (Part of) Ministry of Transport, the Netherlands
v' (Part of) Ministry of Transport, Austria, related to WP 10
v' SES, (Part of) Ministry of Transport, France.

During the scientific work period, September 1997 - August 2000, the partners had 18 Con-
sortium meetings discussing drafts etc. All partners contributed to the work of the various
WPs, and have consequently been involved in all the Deliverables. WP leaders with specific
responsibility were appointed for the various WPs:

WP1: ISTAT WP6: NEA (originally CBS)

WP2: NEA WP7: NEA (originally CBS)

WP3: AGDER WP8: NTUA

WP4: ISTAT (NTUA for computer issues) WP9: AGDER

WP5: AGDER WP10: NEA (NTUA for data architecture)

The Consortium has produced the following Deliverables and reports:

Del. 1 + 5: Analysis of existing methods, flows and infrastructure databases

Del. 2 + 3: Identifying data on goods and passenger flows

Del. 6 + 7: Definition of networks to be reported and selection of network for the database

Del. 4 + 8: Data architecture and strategic management. Computer models and data
architecture

Del. 9: Ensuring compatibility between supply and demand side methodologies

Del. 10:  Transalpine Pilot Study and demonstrator.

Report, Workshop 1, May 1998, Copenhagen
Report, Workshop 2, June 1999, Rotterdam






Final report

EXECUTIVE SUMMARY

Introduction and overview

The MESUDEMO project deals with tasks 4 and 5 in the Strategic Transport Research
Section of the 4™ Framework Programme in the European Union (EU). As a RTD (Research
and Technical Development) project it is concerned with methods for compiling, storing,
maintaining and disseminating information on transport networks and on flows of goods and
of passengers. Developing data architecture and data models adapted to these flows and
networks has been a mgjor challenge. In the chain of events comprising causes of transport,
transport performance and the impacts from transport, the emphasis in MESUDEMO is on
transport performance. Such boundaries between cause and effect are more or less artificial,
but might be a necessary means preventing projects from becoming unduly large and
unmanageabl e.

The INFOSTAT project laid the foundation for a European Transport Policy Information
System known as ETIS. In the MESUDEMO project those parts of ETIS called transport
demand indicators and transport network indicators have been taken as a starting point.

Transport statistics provides useful information both on the process of monitoring transport
development, but it is also useful for transport policy decision support. In order to extract
policy relevant information from existing primary data, it is necessary to select from and
combine collected data into indicators and variables that can represent the phenomena under
investigation. The terms indicator and variable were used rather interchangeably in the
INFOSTAT project. The ranking does not matter in MESUDEMO and, therefore, no strict
ordering has been observed. Mostly the term indicator is used in MESUDEMO.

The ensuing figure introduces the various work packages (WPs) of MESUDEMO and their
interlinkage. Ensuring compatibility between transport flows and networks and between these
indicators and data models and data architecture is crucia to the success of MESUDEMO.
Therefore, ensuring compatibility has been identified as a separate work package. Separate
identification has also been given to the important transport pilot study called the Transalpine
Pilot Study.

As indicated in the figure, MESUDEMO was originally designed mostly as parallel strings of
work packages. WPs 1-4 represent one string on the demand side of transport, and WPs 5-8
cover the supply side. As often experienced, however, knowledge is not generated in such a
linear fashion. On the contrary, experiences from later work packages impact on preceding
ones, spurring further work there. A non-linear and iterative form of knowledge generation
has been pronounced in the case of MESUDEMO. This fact may to a certain extent explain
why all deliverables have been published in the last few months of the project work, athough
scientific work commenced in the autumn of 1997 and was finished by August 2000.

All in al ten deliverables have been produced in the project, summarising the results achieved
in the ten work packages, in addition to two reports from workshops held in the course of the
project.

A project life of nearly three years is a very long time span in applied research and puts
particular strain on a research consortium organised for the work. MESUDEMO has
experienced this in full, for instance with one consortium partner withdrawing completely
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from the project. From time to time participating organisations have been in need of putting
new team members on the project.

The Work Packages and organisation of MESUDEMO

The policy context of MESUDEMO

The Common Transport Policy (CTP) of the EU has been fundamental in the project work in
more than one way. There is a need for strategic transport research in order to provide the
necessary knowledge to support policy actions in the short-term as well as for long-term
strategic policy actions aiming at structural changes.

Current problems in the transport sector can be classified in the following manner:

= Economic inefficiency, manifesting itself as increasing transport costs and inadequacy
of transport networks to cope with growing logistics requirements and mobility needs
of transport users.
= Congestion problems, particularly in central parts of Europe and in larger metropolitan
areas.
» Intolerably large numbers of traffic accidents leading to much suffering and implying
high private and social costs.
» Environmental damage and consumption of non-renewable resources.
= Spatial and regional imbalances.
Developing and diffusing a unified European transport policy that appears credible to all
European countries, is an extremely important and difficult task as scale and scope of
mobility patterns have evolved out of different social and economic histories. Still European
countries become economically, socially, and politically more integrated and in need of a
common transport policy. At the same time as social and economic processes are becoming
functionally more integrated than before, they are played out over an extended geographical
arena: Loca problems do not necessarily have local causes, general solutions to specific
problems may create adverse effects in different localities and so forth.

An important component of the CTP is to facilitate interoperability and intermodality in
transport, thereby achieving more efficient, cost-effective and environmentally friendly use of
the networks in the different modes of transport. Such a development will promote sustainable
mobility that is fundamental to the CTP. However, no current transport information system, or
any information system representing social systems for that matter, provides such datato any
noticeable extent. The challenge to projects such as MESUDEMO is for that reason
formidable.

Transport research must respond to policy priorities, but as the political perception of
transport also is coloured by deliveries from transport research, this is not just a one-way
relationship. A gradually evolving refinement of the perception of the way the transport
system develops, hinges on interrelationships among decision-makers, planners, researchers
and other actors within the system. This has been clear in the minds of the partners of the
MESUDEMO consortium.

The aim of MESUDEMO has been to develop tools that will cater for decision support at the
European transport policy level. To attain this there is a need to harmonise transport
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information generation across Europe and to establish data architecture and data models for
the production of relevant information. In MESUDEMO the conclusion has been drawn that
information can best be supplied at the national level, but processed at different levels.

As the scope of problems as well as that of priorities varies from the local to the global level
and as data are mostly compiled at the national level, the recommendations from
MESUDEMO may be viewed as a combination of atop-down design approach and a bottom-
up design process.

Top-down part of the ETIS design:
Policy issues > Formulation of the questions to which ETIS has to provide answers >
Initial decisions on the kind of desired data and algorithms that have to be included in
ETIS = Compilation of needed data and construction of data architecture - Giving
answers to policy questions.

Bottom-up part of the ETIS design:
Determination and harmonisation of available data or data that can be collected >
Determination of the possible agorithms and processing methods that can be successfully
used - ldentification of the questions, to which the resulting information system can
answer.

Therefore, the actual procedure of creating any ETIS comprises two stages. There is the
problem-driven, top-down initial one that has to be complemented by a data-driven, bottom-
up one, which will actually determine the parts of the top-down procedure which can actualy
be implemented at any point in time. The two stages, therefore, result in the actual ETIS, that
materialises at any point in time.

Policy priorities, planning issues and information technology change as time goes by.
National backing of ETIS is essential, as data will mostly be compiled at that level. ETIS
must deal with non-compatible data, both technically and conceptually, since collection of
existing primary data is motivated by various policy challenges between countries and
between modes. ETIS aso is faced with the challenge of adjusting to future changes both with
respect to mobility and the development of transport performance which influences the policy
challenges in the future. Therefore, the MESUDEMO consortium has come to the conclusion
that ETIS has to be both simple and flexible to work with, ssmple to maintain and easy to
revise.

Project strategy development (WP 1 and 5) and research methods

Desk research and literature studies initiated the project work and were extensively used all
through the project. Initially desk research and literature studies were supplemented with a
guestionnaire survey on current database practice. A sample of 99 respondents was drawn
from all over Europe, and the survey had a reasonable response rate. The questionnaire survey
contributed to the MESUDEMO project in several ways:

» |t wasauseful processto raise awareness of the whole project; thus the construction of
the questionnaire represented a starting point for the work on all work packages.
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» The results from the survey constituted a basis for the description of existing methods
and an introduction to the average practice in the compilation and the use of transport
information systemsin Europe.

» The general impression from the responses was a necessary departure point for
selecting interview objects for in-depth interviews later on in the process and for
establishing contacts with transport database holders.

» The survey provided the project with inputs about possible solutions for a Pan-
European database on transport infrastructure and transport flows.

The questionnaire survey lead to thirteen in-depth interviews, including international
organisations in the quest for best practice. In the in-depth interviews it was possible to get a
grasp on the functionality and organisation of complete systems. This was an important input
in the project work because it gave insight into current methods for the creation of ETIS and
into what ETIS might look like in practice.

Pilot studies were considered essential to the success of MESUDEMO and served severa
purposes. It was a way of testing hypotheses developed in the project. The questionnaire
survey and the in-depth interviews could not go deep enough as to the feasibility of the ideas
of the architecture of ETIS. Then there was the issue whether the concept of one standardised,
integrated, Pan-European system was possible, and if it could be financed and maintained.

Pilot studies could produce knowledge about what could be done with existing data and data
models, and whether it would be worthwhile spending resources on making one Pan-
European transport policy information system based on existing data and tools.

Two pilot studies and one study on data availability were carried out. A pilot study called
TRANSITIE was carried out within the work package on goods flows (WP 2) and a study on
passenger transport flows within the work package on passenger flows (WP 3). The most
ambitious pilot was the Transalpine Pilot Study (WP 10) which aso included a demonstrator
showing how existing databases and transport model elements could be combined to give
answers to given policy issues in the Alpine region, presented in a Geographical Information
System (GIS).

Workshops were considered useful for co-ordinating project work as well as generating ideas.
They were considered both to be instrumental for scientific progress within on-going work
packages, as well as afirst introduction to ensuing work packages. They aso functioned as an
instrument for disseminating acquired knowledge between each WP, as well as between the
MESUDEMO project and related RTD projects and institutions. Two workshops were held
during the project work, onein May 1998 and the other in June 1999.

Transport flows (WP 2 and 3)

The seven goods flow indicators and the eleven passengers flow indicators from the
INFOSTAT project were analysed with the objective of making them operational in a three
stage research process.

In the first stage the indicators were analysed conceptually and an operational level selected.

Transport is carried out in space and therefore, al flow indicators must have a spatia
dimension. In MESUDEMO the indicators can include an origin and a destination (O/D)
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designation or either an origin (O) or a destination (D) designation. For that purpose an
administrative classification system of space called the NUTS system (Nomenclature des

Unités Terrioriales Statistiques), developed by the EU Commission, has been used in
MESUDEMO to illustrate the spatial reasoning.

The NUTS system is specified for several spatial magnitudes. In NUTS 0 the zone is equal to
the territory of the national state. So an O/D specified for NUTS 0 means that the whole of
one country is considered one area. Zones with higher numbers represent smaller areas within
each country. For each country the NUTS level and zone boundaries have been defined and
are known.

When ETIS has been fully developed at some NUTS level, it will be possible to aggregate up
NUTS levels according to the problem to be solved or the question to be answered.
Specification for more details might be impossible when the NUTS level of ETIS once has
been set.

NUTS 3 is a zone size at which many of the policy questions asked, can be answered at a
sufficient level of accuracy and detail. NUTS 3 is also the level at which several nations have
chosen to develop their national transport planning models. In practice NUTS 2 might be the
best to aspire for, given the present state of affairs in databases.

In particular for the goods flow indicators it was considered essential to implement a transport
chain concept. Then simply an O/D designation does not suffice, but one or more
transshipment points must be identified to cope with intermodality and multimodality issues.

In stage two a comprehensive review procedure was used to identify the level of compatibility
between the actual proposed indicators and the structure of data available from different
sources. The conclusion from the extensive search for available and relevant statistical
information was rather simple:

As far as goods are concerned, traditional statistical data on European goods transport flows
are mostly restricted to a unimodal registration at an annual basis of tonnes and/or tonne-
kilometres broken down by commodity group and only specifying country of origin and
country of destination (NUTS 0). For passenger transport the conclusion was even simpler.
Available information on passenger transport demand on the international level is poor, apart
from air and maritime transport. There are very few O/D related data available for border
crossing transport. Some national travel surveys specify O/D by transport modes on a NUTS
0 level for neighbouring countries, i.e. countries with substantial contact between one another.

The lack of more detailed O/D information is seen as one of the major shortcomings of
existing transport statistics.

The third research stage in the context of work package 2 and 3 comprised two studies on the
perspectives of harmonising and merging data from various sources. In the case of goods
transport the pilot study was called TRANSITIE and used trade and transport data from the

Netherlands in an effort to create a transport chain database. Such a linking of different

databases for all transport modes was outside the scope of MESUDEMO, and maritime

transport was selected as an interesting mode in the Dutch case.

Several experiments were carried out. The one which yielded the best result, took into
account:
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= direction of trade flows (incoming/unloading or outgoing/loading in the Netherlands)

= country of origin/loading or destination/unloading (approximately 200 countries)

= Dutch region of origin/loading or destination/unloading (54 regions that can be
aggregated to NUTS 3).

This alternative resulted in the linking of 81 per cent of the flows, a proportion applying to
exports as well as to imports. It seemed that an initial target set at 90 per cent could be
reached if further attention would be given to the Dutch foreign trade.

Considering the difficulties experienced in the Netherlands, the creation of a Pan-European
consistent transport chain database will be rather challenging and complicated. It cannot be
ruled out that similar data problems also exist in other European countries. However, by
comparing data from different sources it is at least possible to check the quality of data. A
quality check on the transport/trade data is recommended for all countries.

The study on the availability of passenger flow data showed that the existing situation would
make the road towards ETIS complicated, but not impossible. Some countries perform
national travel surveys and collect/model passenger flows from available data. Some countries
also compile statistical information on international trips.

Existing national data are currently too heterogeneous to be harmonised and too scarce to
provide a satisfactory European coverage within ETIS. A great effort is consequently needed
to get the different countries to enrich and adapt their present systems of passenger data
collection. By combining both a top-down and a bottom-up approach, and gradually building
and supplementing the current systems with new data, the passenger component of ETIS can
be developed over time.

The case study on passenger transport focused on data relating to transport between France
and Italy. The intention was to test out how available data sources could be used to supply
more relevant statistical information and to investigate the potential for harmonisation of
quality, availability and suitability of combining national data of two countries. In the study it
was discovered that data on French-Italian passenger flows were:

= of different quality,
» not easily comparable with one another, as they refer to data collections that represent
different definitions, classifications, nomenclature and methodol ogies.

Despite computing efforts it was not possible to link figures to an O/D designation.

Transport networks (WP 6 and 7)

A desired transport network for ETIS should contain all the elements needed to represent
trangport infrastructure in a certain area such as roads, railways, rivers, air corridors etc. A
transport network contains, beside the network elements, all the other elements needed for the
representation of the real world in the system. In the case of MESUDEMO this relates in
particular to the attributes of the transport network.

An extensive review of available European transport networks was carried out in
MESUDEMO with respect to their attributes and which kind of geographical information
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system (GIS) that had been used. Pipelines were excluded because of the private ownership
and the specific commodity flows.

The network attributes of various available GIS have been compared with the possible
attributes from INFOSTAT and other European projects. In the INFOSTAT project
32 network node characteristics and 35 link characteristics were recommended. Concepts,
attributes and characteristics can in the context of MESUDEMO be used interchangeably. In
a very condensed form the options are summarised below. The recommendations from
MESUDEMO are the following:

Road networks

The only way to guarantee an up-to-date accurate road network with many attributes is by
using national sources. The national road networks are maintained in most countries on a
continuous basis. Generally, it is recommended to:

Define the ETIS-relevant roads.

Define the geographical centres of NUTS-zones.

Establish uniform definitions of attributes.

Establish an organisation to receive the data from the national organisations on a
continuous base.

A first step on the path to ETIS has aready been taken by the RADEF project (see the
following information box). This project contains a dictionary providing agreed terms,
definitions, categorisations, and relationships for various types of road data, such as traffic
details, number of accidents, road geometry and road condition statistics. Common location
referencing is a particularly important component, linking the national networks to a
European transport network. The data dictionary is the result of extensive co-operative
research by the public road administrations. Further guidance from the European Commission
to create an ETIS-network is, however, necessary.

Networks for other modes

Changes in the infrastructure for these transport networks occur less frequently. The
recommendation is to continue the maintenance of existing network models on an ad hoc
base. It is also recommended to establish an organisation to guarantee the quality of the
network data. Furthermore, a standardisation of the definition of attributes is necessary. To
extend the network concept to transport chains, the creation of a multimodal network is
essential. Apart from the ETIS-relevant attributes also a unique transshipment location must
be added to the separate networks.

It is recommended that compatibility between network and attribute data should be secured
through using the network as the integrator of data. The only components that ETIS always
must have are the maps of the transport infrastructure networks. There are substantial
advantages of having only one common referential structure to which data can be related.
Thus, some of the variables are location specific and need to be assigned as such. In this way
many types of data sets can be related to each other through the spatial linkages and thus
enabling complex relational analyses.
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Available Geographical Information Systems (GIS) for transport infrastructure.

Infrastructure/ Networks described Remarks

mode

Road RADEF RADEF is a project from the Western European Road Directors

GISCO in order to facilitate the exchange of highway information
GISCO-APUR held in various national databases
GEOSY STRANS GISCO isthe Geographical Information System of the European
NIN Commission
United Nations GISCO-APUR is an update of the GISCO network by the French
Commercia networks firm APUR.
(TeleAtlas, Mapinfo, |GEOSY STRANS is anetwork made in the Fourth Framework
NEA/IWW European Programme.
networks and AND-  |NIN isthe Nationa Infrastructure Network of the Dutch
mapping) Ministry of Transport, Public Works and Water
Management
Rail GISCO
GISCO-APUR
GEOSY STRANS
TERN
Inland waterways |PAWN PC-Navigo is a route planner for Western Europe’s inland
NEA waterways developed and owned by a private Dutch firm.
PC-Navigo The NEA network is a network used in a production and
assignment model on inland navigation predicting futurg
traffic.
PAWN is a network used for a model called ‘Policy Analyses
Waterway management for the Netherlands’

Sea VESON The VESON Worldwide Distance Tables is a privately owned
database with static tables and routing along predefinefl
linking points.

Air GISCO

Intermodal GISCO

Inventory of terminals
Commercial: Ports
database

The Transalpine Pilot Study and its demonstrator (WP 10)

The Transalpine Pilot Study demonstrates the need and tests the feasibility of building up an
ETIS to be applied to a specificaly chosen area. The selected area should raise sensitive
political issues at the same time as one might expect that the necessary data could be
compiled and brought together. The choice fell on ETIS applied to the Alps. Therefore the
database has been called the Alpine Transport Policy Information System (ATIS), and it
proved to be a successful effort of combining trade and transport through the following steps:

» Regionaisation (NUTS2) of trade flows between countries per transport mode and
commodity group.

» |Implementation of main transport chain structures in trade flows.

* Implementation of main Alpine transport chain structures in trade flows over the Alps.
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* Didtribution of trade flows along Alpine crossings over all main transport chain
structures.
»  Assessing impactsrelated to ATIS issues using the ETIS approach.

Before generalising the positive experience from ATIS to a future ETIS it has to be kept in
mind that the data situation in the Alpine region is very favourable. Due to the focus of public
interest in transport through the Alps many joint efforts have been made in monitoring these
flows. Still there are other areas and corridors in Europe where comparable surveys, donein a
harmonised way, would be very favourable for ETIS. Bearing in mind that in some of these
areas national efforts of data collection have been made, the recommendation of harmonising
and enlarging them on a European level |ooks quite promising.

A major problem faced in the Transalpine Pilot Study concerns data confidentiality. Many
transport operators, mainly railway companies but also terminal operators are not willing to
hand out their data in a sufficient degree of detail. Here solutions on European level are
necessary.

A redlistic picture of the important market of intermodal transport necessitates a transport

chain approach within goods transport statistics. For that purpose a specific effort of data
collecting should be undertaken. Although access to relevant parts of the information carried

out by electronic data interchange systems (EDI systems) may be a solution in the long-term,

the effort in the short-term has to be focused on shippers’ surveys. As a complement, it would
be valuable getting some specific information from terminals and ports.

ATIS used GISCO (the GIS used by the Commission) as its geographical information system,
and included the ambitious aim of building a demonstrator to show how policy issues and the
effects of policy instruments could be studied in the context of this geographic information
system. Transport models reacting to selected policy instruments were taken from the
STEMM project and adapted to ATIS. For this purpose so-called multiple route choice
functions were calibrated for ATIS and data architecture and data models were developed.

As examples of policy instruments and challenges selected can be mentioned:

» Closing the Brenner Pass,
» Levying road tolls on vehicles crossing Switzerland.

The following two maps illustrate in the first instance road freight flows crossing the Brenner
and the change to these flows if Brenner were to be closed.

The implementation of ETIS has been revealed to be a complex project. The pilot study in the
Alpine area was very useful in order to understand the process and to fix the steps of the
implementation of a future ETIS. Particularly the possibility to build up a European database

for freight flows has been highlighted and is an important added value of the work.

The final lesson is that the architecture and the structure recommended for ETIS have been
proved to be feasible. It is also recommended that the architecture should Ibg defitil

to begin with, as most of the options are fixed, and to extend it in order to introduce more
flexibility in the measurement and analysis of policy impacts.
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Ensuring compatibility (WP 9)

Compatibility between supply and demand methodologies is one of the universal goals for a
system that will monitor and guide policy actions in transport. Such compatibility will not
only make it possible to provide the user with information on the actual utilisation of the
transport infrastructure, but also increase the knowledge of the forces behind it.

When the objective of MESUDEMO was formulated, it was presumed that methodologies for

supply and demand databases would be developed during the MESUDEMO project work,

leaving the finalising stages “only” with the challenge of ensuring compatibility between the
two. However, during the work many other compatibility obstacles surfaced, as difficult and
as important. The compatibility challenge, then, should be viewed along two dimensions, one
between already existing data and systems, and the other between how mobility is
conceptualised and data selected and compiled to describe and explain it. The figure
illustrates the two dimensions.

The two-dimensional compatibility challenge

MESUDEMO mainly deals with the challenge of ensuring compatibility between existing
systems, but the other approach should not be forgotten: A dialogue on the forces behind
transport should be encouraged in the European countries, leading to more compatible
systems underlying ETIS.

Data architecture and data models for ETIS (WP 4 and 8)

The main objective has been the development ofet of data models and the
corresponding data architecture for the creation of a European database on transport flows
and transport infrastructure.

The main results of WP 4 and WP 8 can be summarised as follows:

» A better understanding of the organisational and technical nature of ETIS has been
achieved as to aim and form, technical needs and solutions, installation and maintenance
etc.

» A step-wise practical path to a future ETIS has been envisaged and described.

= A concrete need for preparatory work at the European level has been identified.

» A general architecture of an ETIS-type system has been developed, and the main modules
of it have been further analysed.

= A novel internal data architecture and the corresponding data model for the transport
infrastructure networks and the transport flows have been developed, which:
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» For the first time, takes into account critical parameters such as the level-of-detail, the
relevance of the associated information (e.g. the network and region attributes) to the
transport or policy issues at hand, the possible locality of the problem at hand etc. (e.g.
the local problems of specific corridors)

= Can support widely different needs, ranging from organising transport supply and
demand information to transport modelling and forecasting. It can also resolve
problems from the polymorphy and diversity of the transport data.

» Permits the seamless integration of external, third-party data sets and processing
methods (including models), without violating ownership and confidentiality issues.

» Followsthe current state of art for creating open and scal able systems.

* An implementation methodology for ETIS that reduces the installation and maintenance
costs and permits the open, but controlled access to its data and processing methods, has
been developed. This methodology, moreover, permits the easy construction of third-party
additional software for ETIS.

The following figure outlines the general architecture of ETIS, showing the various sub-
systems at a conceptual level.

ETIS will comprise data of two categories; structural and unstructural data. The first category
can be further divided:

»  Static data, i.e. datathat regularly do not change or change very slowly. Usually most of
the infrastructure-related data as well as socio-economic data fall in this category.

»  Dynamic data, i.e. datathat change very fast and need special methods for handling, e.g.,
traffic data on a road network that may need updating very often.

»  Time series comprising the time pattern of indicators.

Unstructured data are usualy textual or multimedia data, including documentation, EU or
national directives, knowledge representation, etc.

Usually, a Geographical Information System (GIS) is used for the organisation of the
infrastructure-related data. The transport networks, specifically the nodes and the links, are
used as the elements, to which all other information is linked. Each mode is usually on a
different plane, called layer. The work in MESUDEMO, however, has shown that such a
conventional organisation can prove both inefficient and restricting for ETIS.

In MESUDEMO, a unified model has been developed for ETIS, for handling all different
kinds of data, as well as the necessary meta-information. As a genera rule, all data are
recommended to be organised in a contemporary, advanced DBMS (Database Management
System). The need for geographical visualisations and spatial analyses are covered through
the use of a spatial data interchange module, which takes care of the communication of the
database to a GIS. Such modules have already become commercially available.

A general architecture of ETIS, showing the various sub-systems at a conceptual level

ETIS must be associated not only with an information system, but also with a whole set of
methodologies and procedures for gathering proper data, creating and regularly maintaining a
corresponding information system suitable for supporting decision making in transport policy
matters.

12
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In the case of ETIS, the usual top-down design method, used for national systems cannot
stand alone. Instead, a combination of this approach with a bottom-up one has to be used. It
may be necessary to build specific, localised ETIS sub-systems for dealing with problems and
political issues of multi-national character particular for certain areas. These systems can be
thought as a more complete and extended form of transport observatories. A possible and
probable form that an ETIS can take is that of a network of interconnected, co-operating (i.e.
federated) systems:. the ETIS network.

One must carefully consider not only the initial creation of ETIS, but also the maintenance

and update of it as maor challenge. In fact, building a complete information system of this
typeisonly justified, if this system is highly re-usable and updateable.
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INTRODUCTION

The Common Transport Policy (CTP) is given high priority in the European Union (EU). The
rapidly increasing mobility observed for many years has consequences like bottlenecks in the
infrastructure, damaging impacts on the environment and regional imbalances. Thereis a need
for strategic transport research in order to provide relevant knowledge to support short-term
corrective policy actions as well as to support long-term strategic policy actions aiming at
structural changes.

Main problems in the transport sector are:

= economic inefficiencies, including increasing transport costs and the inadequacy of the
transport networks to cope with the growing logistic requirements and mobility needs in
relation to commercial competitiveness

* increasing congestion problems in the central parts of Europe and in larger metropolitan
areas

» anintolerable large number of traffic accidents and related high costs to society in general

* increasing environmental damage and growing energy consumption

= geographical imbalances and inefficiencies accented by the present transport network
structure.

Road transport is dominating and congestion and externality problems create increasing
pressure on policy makers to induce shift to rail and shipping and various forms of intermodal
transport. The railways have difficulties to respond to increased expectations, not being
competitive, neither from the cost side nor in terms of providing competitive quality of

service in a modern logistics context relevant for shippers. Infrastructure links across Europe

are located in different countries with different policies and regulatory traditions. The main
problem regarding rail is that the presence of national monopolies with an inadequate internal
organisation and a lack of market oriented behaviour hinder competitive strategies. This is
reinforced by the fact that railways have to serve national policy goas where transport
development per se is sub-ordinate to regional development, etc. Similar “European”
challenges have been pointed at in air transport. In this sector it is claimed that there is a
potential for a more efficient hub-and-spoke organisation in Europe than the present one,
which has been motivated to a considerable extent by the national orientation of airline
companies, with national capitals as hubs, regardless of other alternatives.

Looking at the policy itself, initiatives are characterised by the dominance of infrastructure
concerns. But "hardware" in general is not a scarce factor, and hence constructing new links,
tunnels, etc., cannot be the crucial success factor. Large infrastructure improvements will
have impact in the long run, and in a way only create potentials, but they will not by
themselves improve the efficiency of the system.

The problem of promoting intermodal transport contains many features that are typical for
European transport policy. Being a problem of intermodality, the success of combining
transport modes also requires solutions to problems of interconnectivity and interoperability.
The relevant transport distances being long, more than one country is involved. Therefore
infrastructure planning (including terminal facilities), regulations of the use of these
infrastructures (access, tariffs, quantitative regulations) and subsidies to promote intermodal
transport have to be co-ordinated among different countries with different interests.
Promoting intermodal transport in an increasingly competitive and liberalised market also
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implies considering behaviour on the supply side, but above all the demand side. The weight
also has to be on promoting efficient use of infrastructure rather than building infrastructure.

An important component for the CTP is to create conditions for the interoperability and
intermodality of transport networks so as to achieve the most efficient and cost-effective use
of the different modes of transport, having regard to their effects on safety, environment and
energy requirements. In the Transport White Paper the objectives and scope of the CTP are
described, in relation to the principle of sustainable mobility:

These objectives require the development of policies to ensure that the transport sector
can take full advantage of the Treaty's provision on the single market and that the
different geographical components of the Community benefit from transport systems that
will provide services efficiently, safely, under the best possible social conditions and fully
respecting the objectives of the Community's environment policy (paragraphs 35 - 39).

Trans-European Transport Networks (TEN-T, or here shortened to TEN) aim at meeting the
mobility requirements of both citizens and enterprises at reasonable cost consistent with their
long-term maintenance and development. The policy objectives regarding environment
indicate that transport systems must contribute to the solution of major threats for the
environment, such as the greenhouse effect and to the achievement of sustainable
devel opment.

The objectives of transport efficiency and social cohesion have a spatial dimension as well, in
terms of meeting regional development goals and considering the spatial distribution of socio-
economic activities, in particular in relation to the development of the TEN. Globalisation
together with an open and liberalised single market creates challenges of a new kind.
European Spatial Development Perspective (ESDP) is a political tool to reduce regional
differences in growth rate and living conditions. The CTP objectives relate to the problems
derived from the increasing mobility and the expanded needs for mobility at all geographical
levelsand in all sectors of the society.

Community research concerning transport should provide new tools for facilitating
sustainable mobility: efficient, safe transport under the best possible environmental and social
conditions. Internalisation of external costs by pricing or taxation of each mode and system is
envisaged to be amajor element of the CTP.

Regarding the principle of subsidiarity it is stated that the EU and its Member States have to
co-ordinate their research to ensure that national policies and Community policies are
mutually consistent.

These, and similar, policy problems at the European level call for tools to measure and
monitor transport performances in a proper way, to link the transport sector to the other
sectors of the society, to be able to select the most efficient actions and to calculate - and
predict - the consequences.

The important process of developing and diffusing a unified European transport policy that
appears credible to all European countries, acknowledging that the shape and content of
mobility patterns have evolved out of different social and economic histories, also has its
imperatives on transport research. While the European society becomes more economically,
socialy, and politically integrated, this to an increasing degree underpins the geographical
dispersion of activities. Social and economic processes are functionally more integrated than
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before, but at the same time played out over an extended geographical arena: Local problems
do not necessarily have local causes and general solutions to specific problems may create
adverse effectsin different localities.

To a project like MESUDEMO, the aim has been to develop sets of methods that will cater
for decision support for European transport policy design. This challenge has boiled down to
two main concerns. Firstly, there is a need to harmonise the generation of transport
information across Europe in order to achieve a consistent description of transport
development. Secondly, the generation of such information must be designed in a way that
promotes an enhanced understanding of the forces that shape and drive transport
development. These are both formidable tasks, and the quantitative and descriptive orientation
that was a precondition for MESUDEMO has lead to a focus on the first point.

The challenge of promoting knowledge about the efficiency of infrastructure utilisation
resulted in an organisation of MESUDEMO along two lines. One line treats data on
infrastructure provision, the supply side, and the other deals with data on transport flows,
which then constitutes the demand for infrastructure in this context. Extracting, processing,
managing, and disseminating such information at the European level through the use of state-
of-the-art information technology, is amajor achievement of the project.

According to the main lines sketched above, MESUDEMO was originally designed as
parallel strings of work packages, with a compatibility check all along the project work and
finally in the end. As often experienced, however, knowledge does not generate in such a one-
dimensional, linear fashion. Just as much, experiences from later work packages influenced
on preceding ones, spurring further work there. This in turn laid the foundations for further
work in the following work packages, and so forth. This experience has necessitated a
dynamic way of working.

The non-linear, or iterative form of knowledge generation has presented the project with a
series of hen-and-egg problems and solutions have not always been inevitable: How does one
design transport information for the support of policy decisions when these decisions are
based on transport information? How does one, technically, design a transport information
system when the content of these databases depends on what is technically viable?

In addition to this, the project has been exposed to several “top-down versus bottom-up”
considerations in different situations: A re-design of European transport information fitted

exclusively to the quest for decision support on the European transport policy level would

face the problem of possibly disrupting both the structures and content of existing transport
information systems. This would be a costly process, while leaving much existing knowledge
obsolete. On the other hand, a future ETIS could be built on highly valuable, though

fragmented and less compatible, existing systems and data, but then possibly limiting the
scope for decision makers on the European level in designing adequate policies.

From the outset of the project, it was a common opinion within the Consortium, as well with

representatives of the Commission that the recommendations arrived at by “desk research”
would not be sufficiently grounded on the abstract level alone. This led to an extension of
MESUDEMO in shape of the Transalpine pilot study. This extended the scope of the project
to a considerable degree, and was an opportunity to combine knowledge from severdl other 4
Framework Programme research projects. Furthermore, it was invaluable for testing the
geographically generalised conclusions of the project in a specific context. This is an

important concern as the intertwined relationships that shape transport development make
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such development highly context specific. It was therefore regarded as important to test the
relevance of the generalised MESUDEMO priorities in a specific area. This generated
invaluable knowledge both for the relevance of the MESUDEMO recommendations and for

further work. It should be remembered, however, that such a case study is considered more

like an experiment, less like a “sample” prone to generalisation. The potential of case studies
for generalisation lies in the possibility of expanding theories (analytical generalisation), not
in enumerating frequencies (statistical generalisation).

Transport research must respond to policy priorities, but as the political perception of
transport also is coloured by deliveries from transport research, this is not just a one-way
relationship. A gradual evolving and refining of the perceptions of how the transport system
develops hinge on interrelationships between decision makers, planners, researchers, and
other actors within the system. Therefore, it has been a main concern in the project to
establish MESUDEMO as an arena where such mutuality could be reached.

MESUDEMO has been a large project, in resources deployed, in time-span, and in thematic
scope. Still, it cuts into real life only at a certain stage of development, which underpins the
need for continuity in transport research compatible with the continuing and ever-changing
character of society itself.

It has been argued that all priorities may not be simultaneously achievable, nor do they exist
independently of each other. There may also be discrepancies between some kind of scientific
ideal and practical research, where beliefs, doubts, trying and failing are the everyday
experience. However, these issues do find their solutions through human practice. How these
priorities were weighted, manifested itself through the actual selection of methods in the
project. The Consortium, mainly with experience in research and consultant activities, was
strengthened in this respect by the active commitment and involvement from the national
administrations participating in the project.

This report presents the methods, the work process and the findings in MESUDEMO in more
detail; a more comprehensive description of the information can be found in the Deliverables
of the project, listed in the Partnership chapter above.

Chapter 1 explains the methods applied in MESUDEMO, from the Questionnaire survey
through the in-depth interviews, to the pilot studies in the Alps and in the Netherlands and the
two Workshops arranged by the Consortium.

In chapter 2 the recommendations on how to represent transport flows on freight and
passengers are summarised. In chapter 3 we present our recommendations towards the
networks to include in ETIS, in order to design a simple and flexible decision support tool
that integrates transport flows and the infrastructure supply. Chapter 4 covers the Transalpine
pilot study that was performed in the framework of the MESUDEMO project, all the way
from policy issues through data acquisition and combination, to the construction of a
harmonised database for freight transport chains crossing the Alps.

Chapter 5 deals with the challenge of ensuring compatibility between supply and demand
data. Two different approaches are introduced. One way of ensuring compatibility is by doing
the best out of existing data, by harmonising and organising data from different sources into
consistent data sets. The other approach is to encourage a dialogue between the suppliers of
data on how we conceptualise transport development, thereby securing compatible systems
from the bottom of ETIS. Chapter 6 describes the architecture of ETIS and the data models
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that will secure a flexible and consistent system for European transport policy decision
support. The final chapter 7 presents the overal conclusions and recommendations from the
project.
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1 RESEARCH METHODS SELECTED FOR MESUDEMO

1.1 Framework

The project was organised according to ten different workpackages (WP'’s), interlinking each
other as shown in the figure below.

Figure 1-1:The Workpackages and organisation of MESUDEMO

The method chosen for the MESUDEMO project can be described in a three-stage approach:

1. Make an analysis of significant discrepancies between existing procedures used to
produce current databases and their associated data variables. Study the transition from
the databases, which hold national information to those, which have to hold European,
multi-national information.

2. Describe and develop viable, practical methods fitting the basic concepts of the
INFOSTAT project, and draw up the presentation framework for the creation of European
databases.

3. Test the method for constituting and presenting the database by using existing and/or new,
measured or modelled data.

MESUDEMO started off with WPs 1 and 5, stage 1 above, with a questionnaire survey and
in-depth interviews mapping the state-of-art in Europe when it comes to transport databases
and information systems. In WPs 2 and 3, stage 2, suggestions were developed towards
variables on flows that were essential as the basis for current and future policy decisions.
These workpackages also supplied a procedure for estimation of those variables that were
urgently needed, but missing at the time. The network to include in the European Transport
Policy Information System (ETIS) was developed in WPs 6 and 7, stage 2, both for modelling
and for policy decisions regarding infrastructure. In WPs 4 and 8 it has been proposed an
integrated architecture for the system that revealed itself through WPs 1-3 and 5-7; an overall
system architecture, internal data architectures for the network and flows data, as well as
proper implementation methods. Finally, in WP9 the compatibility between the supply and
demand data and tools has been considered. The Transalpine pilot, WP10, along with the pilot
in WP 2, were both laboratories for the findings developed in MESUDEMO, but contributed
also as a first stage on the path towards implementing ETIS (stage 3).

1.2 Research orientation

In the MESUDEMO project a need was felt for a further step into reality, trying to "get
behind" the information gathered in INFOSTAT. The original main purpose of a
questionnaire survey was twofold:

1. Since MESUDEMO was going to come up with methodologies for a complete
information system, it was regarded essential to have good descriptions of alternative
ways of organising transport information systems around Europe. We thus wanted to
identify some good practice to learn from, in the process of describing the architecture of
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the pan-European system. This called for a comprehensive survey of each database,
getting insights into every step and functionality in the production process of the database.
At the outset we did not have sufficient knowledge of the distribution of such good
practice in Europe and thus we wanted to start out broadly, trying to get alarge number of
answers to a large number of questions. This initial approach had the clear disadvantage
that we risked having a low response rate, since filling out the questionnaire could be a
time consuming burden on several personsin each institution.

2. The second purpose of the questionnaire survey was found in the fact that many of the
respondents represented possible partners when building the architecture of ETIS, in the
form of sources of information. Therefore it was regarded as interesting to compare and
assess the possibilities of linking the respondents together in a future information network.

The sample was decided to be as wide as possible in order to create a first linkage among
MESUDEMO and key actors fully involved in MESUDEMO outcomes. Thus, the need to
reach as many as possible database holders resulted in a sample of 99 respondents across
Europe. Some relevant respondents were found among the institutions that received the
INFOSTAT report as part of the dissemination activity of the project. Also, the list of
database holders from the UN/ECMT/ EUROSTAT common Questionnaire was used
as a basis for revealing good databases.

The questionnaire contributed to the project in several ways:

1. It was a useful process to raise awareness of the whole MESUDEMO project, thus the
construction of the questionnaire represented a starting point for the work on all work
packages.

2. The results from the survey constituted a basis for WPs 1 and 5, describing existing
methods for transport information systemsin Europe.

3. The general impression from the responses was a necessary departure point for selecting
interview objects for in-depth interviews later on in the process and for establishing
contacts with transport database holders.

4. The survey provided MESUDEMO with inputs about possible solutions for a Pan-
European database on infrastructures and of flows. The gquestionnaire was to give inputs
both to how an information system for transport could be designed, that ETIS could learn
from small systems, and also on how these small systems could be integrated into ETIS.

5. The broad distribution of the survey in itself established attention towards ETIS among
experts in the European countries.

The drawback of a quantitative questionnaire survey as a method, is the lack of contextual
information. In order for MESUDEMO to provide avision of ETIS, we needed experience on

the complete production process of the database. The respondents’ different preferences on
the "modules” in the system (surveys, harmonisation, software, hardware, dissemination
media etc.) are probably better explained by the context they belong to, in time and space,
than the isolated characteristics of the selected solutions. It would thus be a big mistake if we
did not go deep into selected cases, but just selected the most frequently used solutions to the
"modules” needed in ETIS.

The advantages of investigation through in-depth interviews are that one is more able to get a

grasp on the functionality and organisation of a complete system. In addition, in the course of
the interview, one can detect aspects not contemplated before the investigation. A drawback is

22



Final report

that interviews of this type are rather resource demanding. Thus, only a limited number of
database holders were interviewed.

The aim of the interviews has been twofold. Firstly, to get a better idea of the state of the art
when it comes to collecting, storing, maintaining and disseminating transport information.
This has been an important part of the input necessary for the other work packages that seek
both to come up with a methodology for the creation of ETIS and to make a small-scale
exercise of what ETIS might look like in practice.

Secondly, the goal has been to establish a network of data providers in Europe and to promote
the idea of ETIS to them. The success of ETIS relies heavily upon co-operation with data
providers and their attitude towards the idea of establishing and maintaining ETIS.

The questionnaire survey and other inputs were the main basis for the selection of institutions
to be interviewed. Some international database holders quickly pointed themselves out, but
other sources were contacted as well. The selected institutions included national statistical
offices, transport ministries and other public institutions, supranational institutions and
commercial companies.

In total 12 interviews were carried out in 5 countries. The organisation interviewed comprised
three international organisations (EUROSTAT, ECMT and UIC), two national statistical
offices (Italy and Norway), three Ministries of Transport (the Netherlands, Italy and France),
one port (Rotterdam), one railway company (Italy) and two motorway companies/
organisations (Italy and France).

Workshops were considered essential for co-ordinating project work as well as generating
ideas. The workshops were both instruments for scientificaly progress within each on-going
work package, as well as a first introduction of the coming WPs. The workshops also
functioned as an instrument for disseminating acquired knowledge between each WP, as well
as between the MESUDEMO project and related projects and institutions.

The first workshop was arranged in Copenhagen on May 11" and 12™ 1998. In addition to the
members of the Consortium participated EUROSTAT, UN/ECE, Dutch Central Statistical
Bureau, Ministry of Transport in France and Ministry of Transport in Great Britain (DETR).
EUROSTAT participated after that in many MESUDEMO meetings. The workshop produced
many valuable insights into the common questionnaire, and into transport databases in
Europe.

The second Workshop took place in Rotterdam on the 17" and 18" of June 1999. The
presence of several representatives of the Commission, producing inputs towards the needs
for ETIS and the role of MESUDEMO in this context, was one of the main benefits from the
second workshop. External experts, both from other 4™ Framework projects (ASSEMBLING,
CONCERTO, BRIDGES), but also other experts gave vauable inputs to the work in
MESUDEMO.

For the sake of dissemination and contact with relevant institutions and experts, we created
our own homepage, where the project and its results are presented.

1.3 Pilot studies and test cases
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It is a widely accepted technique to execute pilot studies in order to get a better insight
inotcomplex systems which are difficult to grasp from the beginning. The pilot studies and
testsin MESUDEMO served at |east three purposes, or one purpose on three levels:

Firstly, “semi-experiments” were needed to test out hypotheses developed in the project. The
real-world examples were hard to access. Also, there were few examples of organising
information geared towards pan-European policy issues. Existing systems are often either
national or uni-modal.

Secondly, the questionnaires and the in-depth interviews did not give sufficient unambiguous
answers on the feasibility of the vision of the architecture of ETIS. It was necessary to check
results from desk research and meetings against limited problems and geographical areas in
Europe. MESUDEMO was going to recommend methodologies for establishing ETIS, and
the pilots were used to check to which degree results were feasible in the European transport
environment.

Thirdly, the pilot studies would produce knowledge about what could be donexsiting

data and models, and, thus, if it was worthwhile spending resources on making a pan-
European system based on existing data and tools.

It would not be possible to generalise conclusions to the whole of Europe based on the
experiences from each pilot. However, the pilot studies have led the Consortium closer to
general knowledge.

1.3.1 The Transalpine Pilot study

The idea of the Transalpine Pilot study was launched at the Paris workshop of CONCERTO
in May 1998. The transit transport in the Alps was considered a good example of a policy
issue with a strong European interest, and a proper one to be used in a pilot study for testing
the feasibility of a system consisting of elements of an ETIS.

The Transalpine Pilot was aiming at examining in practice and in detail the way to use
transport knowledge and existing data sources and models for answering policy questions.
The aim was to construct a system with many of the same characteristics as ETIS.

The Transalpine Pilot was connected to a complex transport area with a high degree of
political interest, where four EU countries and one non-EU country (Germany, France, ltaly,
Austria, Switzerland) are directly involved, in addition to a host of other more remotely
involved countries. There is a high degree of Community interest negotiating and regulating
Alpine transit, also trying to promote sustainable environmental friendly transport solutions.
A huge volume of freight crosses the Alps, raising questions about mode choice, the use of
existing infrastructure, environmental impacts etc. Several studies had been undertaken
corresponding to different interests, policies and data problems.

The main objectives of the Transalpine Pilot were to investigate how far towards ETIS one
could come by using all available data and information and to demonstratecthef an
information system.

The Transalpine pilot was defined as a separate WP10 in MESUDEMO, thus replacing the
need for a separate pilot study in WP9.
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1.3.2 The TRANSITIE Pilot study

In the work of WP2, aiming at the recommendation for variables on freight flows, the
TRANSITIE pilot was performed in order to check whether it is possible to get a consistent
and reliable image of the international goods flows from, to and through a limited case area.
In the Netherlands needs were felt for reliable data on international goods flows. If no action
would be undertaken, both quality and quantity of the statistics would deteriorate. Therefore it
was desired to check the feasibility of getting this consistent and reliable image of the
international goods flows from, to and through the Netherlands by other means. Statistics of
import and transport was an important source of information for the international part. In the
pilot an attempt was made to get better insight in the bottlenecks which were observed in the
various statistics for international goods transport and the possible solutions.

1.3.3 Mirror bias error: An example on France/Italy passenger flows

The example from WP3 focused on the passenger transport flow between Italy and France.
The method was firstly to identify and contact data holders for each mode in each country.
The data holders are both public and private bodies, situated at national, provincial and local
levels, and indeed covering different territories. Therefore, a second task was to collect the
relevant data and control if the data fitted the required specification or could be modified to fit
into the definitions of the selected variables. The third step in the method was to check the
national datain the two countries on quality, availability and suitability, and in addition on the
technical computer side and on the process to acquire the data.

1.4 Methodology for the work on the ETIS Architecture

The design process of any information system must start with the needs of the users of the
system. From their needs one can deduce the functionality, the hardware and software needs
and the quality of the data to be fed into the system. In an information system like ETIS this
has not been possible. There are many reasons for this, one of them being that instead of the
needs of the system guiding the data provision process, we depend on existing data gathered
in the European countries. Another reason is the uncertainty regarding the needs of the users
of ETIS. Being asocia system, it is extremely challenging to organise the constituent parts of
the transport system into an information system that will reflect the causes and effects in
transport development. This objective is very ambitious, and may be impossible to meet
completely.

The following methodology was initially planned for the ETIS architecture:

»  State-of-art analysis

* In-depth analysis of existing “best-practice” databases

» Consideration of the sources around Europe, in order to find a way to create ETIS as a
virtual database (a concept first presented in INFOSTAT)

» Determination of the requirements and, if possible, the specifications for such a system

* Proposition of an overall architecture and internal data models for the flows and
infrastructure databases at a European level

»  Getting feedback from the potential users of the system on the proposed schemes

» Execute selected computer tests to demonstrate the feasibility of the proposed schemes
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The work plan was necessarily updated each time new State-of-art information was
available and/or evolving databases became available for examination. Moreover, based
on a continuous monitoring of the State-of-art and the evolution of the policy and
transport issues and problems, an extensive analysis of the concepts relativeto ETIS has
been made and an additional, important set of design principles has been identified.

The methodology has been complemented with the following steps:

26

Broadening the State-of-art analysis, in order to include the international State-of-art (not

only in EU, but also in North-America, etc.) in advanced transport information systems

and systems including georeferencing

Examination of the possibility of technology migration from other IT fields

Investigation of the possibility of creating open and scalable architectures, aswell as

systems that can:

— Accept and handle the diversity and polymorphy of the data and processing methods
used for the transport-related and policy-related problems

— Cope with issues like data ownership, locality of the problems and the policy issues,
etc.

— Achieve agraceful co-operation with the multitude of existing national and
international systems.



Final report

2 TRANSPORT FLOW INDICATORS

The term indicator is widely used in the INFOSTAT project. However, INFOSTAT that
introduced ETIS used the terms indicators and variables rather interchangeably. One might
argue that indicator is awider term which is given a more quantifiable content by one or more
variables. The quantified content is expressed through data and statistics. One might also
argue that variable is a wider term than indicator. The ranking does not matter in
MESUDEMO and, therefore, no strict ordering has been observed. Mostly the term indicator
isused in MESUDEMO.

Transport takes place in space and thereby creates time and place utility. The actual division
of space into regions or zones, two concepts that are used interchangeably in MESUDEMO,
might be crucial to the kind of detailed information, which ETIS can supply. Selection of an
actual zoning system to be applied to ETIS has not been specified as atask for MESUDEMO.

An administrative classification system of space called the NUTS system (Nomenclature des
Unités Terrioriales Statistiques) has been developed by the EU Commission and has been
used in MESUDEMO to illustrate the spatial reasoning.

The NUTS system is specified for several spatial magnitudes. In NUTS O the zone is equal to
the territory of the national state. So an O/D specified for NUTS 0 means that the whole of the
country is considered one area. Zones with higher numbers represent smaller areas within
each country. For each country the NUTS level and zone boundaries have been defined and
are known.

The basis for delimitation of zones has - in most cases - been the existing administrative
borders. Hence, the size of zones in one country may vary considerably compared to other
countries. Another point to note is that the zone borders in many cases will not be the best
delimitation for the purpose of accumulating transport information. To use the case of
transport modelling, the zone system should ideally be based upon functional criteria and not
on administrative borders. In practice a compromise between planning needs and availability
of information has to be reached.

When ETIS has been fully developed at some NUTS level, it will of course be possible to

aggregate up NUTS levels according to the problem to be solved or the question to be
answered. Specification for more details might be impossible when the NUTS level of ETIS

once has been set.

NUTS 3 is a zone size at which many of the policy questions asked can be answered at a
sufficient level of accuracy and detail and NUTS 3 is also the level at which several nations
have chosen to develop their national transport planning models. In practice NUTS 2 might be
the best to aspire for given the present state of affairs in databases.
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2.1 Goods transport indicators

2.1.1 ETIS indicators and the need for a consistent database

The ETIS indicators as developed in the INFOSTAT project have been at the core of WP 2.
To test out the proposal for operational indicators and in order to discover the difficulties that
exist in practice to arrive at ETIS, a pilot study was carried out in WP 2. This was achieved
through co-financing with the Dutch Ministry of Transport and with data on international
freight flows from the Netherlands. This pilot was called TRANSITIE.

The work developed in four stages:

1. Developing adefinition of relevant indicators to constitute the database on goods flows.

2. Development of a methodology for a new statistical framework with data from the
Netherlands: The pilot study TRANSITIE.

3. A pan-European extension of the methodology for a general database on goods flows.

4. Recommendations and inputs to other WP’s of MESUDEMO.

The specific fields of investigation are the goods transport demand indicators of ETIS that are
needed to describe the volume and structure of transport generated by the different mobility
actors. The selected indicators are listed below in a uniform way, including the label, the unit
of measurement, observational unit and priority level in accordance with the INFOSTAT
recommendations.

None of the indicators may be considered as being final, neither in INFOSTAT nor in
MESUDEMO. They may be elaborated further in future, but they are now brought into a
harmonised and consistent database structure, using the experience gained in the TRANSITIE
pilot study on the data from the Netherlands.

The operational definitions leading to a policy oriented comprehensive database structure are
described in table 2-1.
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No. |Label Unit of Observa- Priority
measurement | tional unit level®)
1. |Total annual interzonal goods transport flow |Tonnesyear® |O/D pair F
by commaodity group, mode (or combination
of modes) and type of transport chain
2. | Average distance between origin and Km, O/D pair F
destination of transport unit by mode
3. |Average distance between origin and Km O/D pair F
destination of the good
4. |Loading factor (ratio between volume and Per cent O/D pair D
capacity) per type of transport unit by mode (main leg)
5. |Annual total number of tonnes transported | Tonneslyear” | O/D pair F
broken down by (main leg)
* size of shipment (weight)
« value of shipment? (ECU)
« trip distance (km)
 containerisation (yes or no)
« type of transport unit
6. |Average number of days of use of the Days Zone D
transport unit
7. |Useof EDI, tracing and tracking of shipment | Yes or no Zone D
1. Tonne-kilometre figures may be derived when combining the tonnes/year and distance between O/D pairs.
2. It might be considered to present the value flows in the same spatial and modal details as volume (tonne)
flows.
3. F=fundamental, D = desirable
Indicator 1
No. |Label Unit of Observa- Priority
measurement |tional unit |level
1. Tota annual inter zonal goods transport flow | Tonnes/year OID pair F
by commaodity group, mode (or combination
of modes) and type of transport chain

This indicator is intended to describe the volume and structure of goods flows between the
original origin and final destination. Following the INFOSTAT definition transport chain has
been defined as: "a sequence of transport modes used to carry a certain quantity of goods from its
origin to its final destination. Along the chain, one or more transhipments may take place. As such
direct flows of goods may be regarded as a transport chain without transhipment." (Page 46)

A transport chain with a single transshipment node (point in space) could be represented in a
database record structure as follows:

N LA W~

Zone of original origin of goods flow (o)
Zone of final destination of goods flow (d)
Zone of transshipment (n)

Mode from original origin to node of transshipment (ml)
Mode from node of transshipment to final destination (m2)

Commodity group (2)
Weight transported in tonnes (1T)

In mathematical notation: 77 , 4 », mi, m2, ¢
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Indicator 2
No. |Label Unit of Observa- Priority
measurement | tional unit | level
2. | Average distance between origin and Km O/D pair F
destination of transport unit by mode

This indicator could be interpreted as the infrastructure network distance with choice of
shortest, cheapest or fastest route between two regions. Transport time and cost could aso be
calculated in a similar way. The term transport unit is explained in table 2-2. Indicator no. 2
could be represented as follows in a database record structure:

kLN~

Zone of loading of transport unit (i)
Zone of unloading of transport unit (j)
Transport mode (m)

Transport unit (u)

Average distance in kilometre (DT)

In mathematical notation: DT ; ; , «

If distance is calculated from available O/D-data in transport statistics on both weight
transported (tonnes) and transport performance (tonne-kilometres), transport distance could be
represented in a database record according to:

N R W~

Zone of loading of transport unit (i)

Zone of unloading of transport unit (j)
Transport mode (m)

Transport unit (u)

Weight transported in tonnes (TT)

Transport performance in tonne-kilometres (TK)
Average distance in kilometres (DT) = 6/5

In mathematical notation: DT ; ; , «

TK

DT/‘ Jomu = #
v 1T . .
i, jmu
Indicator 3
No. |Label Unit of Observational |Priority
measurement | unit level
3. |Average distance between origin and Km O/D pair F
destination of the good

Just as for indicator 2, it seems justified to relate this indicator to transport performance in a
transport chain, which could be calculated from available O/D- (chain-) data on tonnes
transported and tonne-kilometres. For a transport chain with a single transshipment node the
average distance could be represented as follows in a database record structure:

KL~
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Zone of original origin of goods flow (o)

Zone of final destination of goods flow (d)

Zone of transshipment (n)

Mode from original origin to node of transshipment (ml)
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Mode from node of transshipment to final destination (m2)
Weight transported in tonnes (1T)

Transport performance in tonne-kilometres (TK)

Average distance in kilometres (DT) = 7/6

o N

In mathematical notation: DT, 4 . mi, m2

DT - TK o,d,n,mlm2
0,d,n,mlm2 TT
o,d,n,mlm2
Indicator 4
No. |Label Unit of | Observa- Priority
measurement tional unit |level
4. |Loading factor (ratio between volume and|Per cent o/D pair|D
capacity) per type of transport unit by (main leg)
mode

Although this indicator is not seen as fundamental for the transport demand flows, it could
give valuable information on the efficiency of transport performance both for transport
operators and policy makers. The capacity of a transport unit can be specified in various
ways, for instance:

v Weight carrying capacity (tonnes)

»  Volume carrying capacity (m’ or litres)

= Capacity in number of units (TEU's, pallets, length of lanes, etc.)

A database record with the loading factor (capacity utilisation) could be specified as follows:

1. Zone of loading of transport unit (i)
2. Zone of unloading of transport unit (j)
3. Transport mode (m)
4. Transport unit (u)
5. Weight transported in tonnes (TT)
6. Carrying capacity moved in tonnes (TC)
7. Loading factor (LF)
In mathematical notation: LE'; ; », 4
1T . .
LF ima = b
e, .
Indicator 5
No. |Label Unit of Obser- Priority

measurement vational unit | level

5. | Annual total number of tonnestransported | Tonnes/year” O/D pair F
broken down by size of shipment (weight), (main leg)
value of shipment? (Euro), trip distance
(km), containerisation (yes or no) and type of
transport unit

1. Tonne-kilometre figures may be derived when combining tonnes/year and distance between O/D pairs.

2. 1t might be considered to present the value flows in the same spatial and modal details as volume (tonne)
flows.
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A database record with these specifications could be represented as follows:

1
2
3
4
5.
6.
7.
8
9.
1

Zone of loading of transport unit (i)

Zone of unloading of transport unit (j)

Transport mode (m)

Transport unit (u)

Shipment weight class (s)
Shipment value class (v)
Trip distance class (d)

Cargo type (c)

Weight transported in tonnes (TT)
0. Value transported in Euro’s (VT)

In mathematical notation: 77 ; ; w u 5v,a &d VI svd

Indicator 6

Final report

No. | Label Unit of | Observational | Priority
measurement |unit level
6. |Average number of days of use of the|Days Zone D
transport unit

This indicator is intended to describe the availability of the transport unit. In combination
with other freight transport supply and demand indicators a global figure might be calculated
to monitor the capacity situation in the various transport markets.

A database record with these specifications could be represented as follows:

N R~

Zone of registration (z)
Transport mode (m)

Transport unit (u)

Carrying capacity class (tc)
Number of transport units (TU)

Average weight carrying capacity (ATC)

Average number of hours of use (H)

Indicator 7

No. |Label Unit of | Observational |Priority
measurement unit level
7. |Use of EDI, tracing and tracking of | Yesor no Zone D
shipment

It is hard to find a meaningful interpretation for this INFOSTAT indicator if the observational
unit is a zone. From the point of view of freight transport demand it should say something
about the use of EDI and tracking and tracing of individual shipments. What zone should be
taken for the aggregation of this shipment related information, the origin, the destination or
perhaps the transshipment zone? It seems more appropriate to aggregate to an O/D-relation
with perhaps further specification of the kind of shipment as for indicator 5. Because this
indicator is not seen as fundamental, it will not be treated as a separate indicator, but can be

treated as part of indicator 5.
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The indicators described above can be considered as belonging to four different groups or
levels of information, ranging from the goods flow in transport means (mode and unit), the
trip, the load (consignment) and the transport chain. These groups are closely related (linked)
to each other.

A scheme for bringing together the various data elements of the ETIS goods transport demand
indicators by linking the four levels of information in a policy oriented comprehensive
database is presented in table 2-2. The following aspects should be kept in mind before
linking transport information:

» A harmonised classification should be used to be able to keep hold of the most detailed
information possible, such asinformation on the load (consignment)

» Individual items should be considered as new variables, such as number of trips,
number of consignments, etc.

» Some additional variables should be calculated, e.g. weight x consignment distance for
tonne-km, capacity x (loaded and/or empty) trip distance, etc.

» Consistency with classification used in trade databases for building transport chains

» Consistency with classification used in other parts of ETIS (socio-economic data,
passenger flows, infrastructure links and nodes, impacts).

The concepts in table 2-2 apply to an idea situation. Then linkage between the elements,
especialy between the zones of loading/unloading of the successive trips of a specific load,
would be possible at a very disaggregate level, i.e. at the level of each distinct trip made by a
specific load.
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Table 2-2: Four levels of individual linked information on goods transport demand

Observation level and Structure of the variable Measurement
conceptual symbol unit
Mode and unit of transport ]
1 Zoneof regigtration z NUTS 2/3 zone
2 transport mode m  sea, road, inland shipping, rail, pipe, air
3 transport unit u tank, swap body, container, palet etc.
4 weight carrying capacity TC Tonne
5 volume carrying capacity MC m?, pallets, TEU', etc.
6 effective hours of use HC hours
I
1 link to mode and unit of key
transport
2 zoneof starting of thetrip i NUTS 2/3 zone
3 zoneof ending of thetrip | NUTS 2/3 zone
4 kind of trip k  loaded, empty, pick up & delivery, etc.
5 total trip distance DT km
Load
1 linktotrip key
2 zoneof loading [ NUTS 2/3 zone
3 zone of unloading ] NUTS 2/3 zone
3 commodity group g NSTR,HSclass
4 cargotype c  dry bulk, wet bulk, general cargo, loaded/empty container, etc.
5 EDI, tracking & tracing e  yesno
6 weight of load TT tonne
7 vaueof load VT EURO
8 volume of load MT m®, pallets, TEU', etc.
9 distance O/D load DS km
10 price of the transport of the EURO
load
Transportchain ]
1 linktoload 1 key 1
2 linktoload 2 key 2
3 linktoload 3 key 3
n linktoload n key n

The element key in table 2-2 denotes various sets of information (coefficients, parameters,
etc.) enabling us to build complex information chains. To achieve this one must at the bottom
have information at avery detailed level such asthe single load.

If aggregate information is used, it will be difficult to produce the required linkages,
especialy from the load to the transport chain. A reverse scheme must, therefore, be taken

into consideration as a way to assemble the different elements of the transport chain, going

from the identification of the shipment to the characteristics of the transport movements (trip,

mode and transport unit attributes). Information consistent with such a scheme could be
compiled through shippers’ surveys in the short-term and through shippers’ or major transport
integrators’ EDI systems in the medium/long-term. The drawback would be the cost to collect
new information, but the advantage would be the assurance from the beginning that different
elements could be linked at a very disaggregate level. At the same time one could also collect
information about economic and logistics determinants of transport.
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A comprehensive review procedure was used to identify the level of compatibility between
the actual proposed indicators and the structure of data available from different sources, but
fulfilling a similar purpose. The conclusion from the extensive search for available and
relevant statistical information was rather ssimple. Traditional statistical data on European
goods transport flows are mostly restricted to a unimodal registration at an annual basis of
tonnes and/or tonne-kilometres broken down by commodity group and only specifying
country of origin and country of destination (NUTS 0). The lack of more detailed O/D
information is seen as one of the major shortcomings of the existing transport statistics. To
test out in some detail the possibility of establishing relevant databases by combining and
restructuring available data sets (databases), the Transal pine Pilot Study was carried out. This
pilot study is described in chapter 4.

2.1.2 Pilot study TRANSITIE

The conclusions and recommendations from TRANSITIE - focused on the creation of a
transport chain database - have been incorporated in a detailed project plan for the Dutch
central bureau of statistics (CBS) for improving the quality of both the trade and transport
statistics and implementing the proposed methodology. To point out the possibility of the
proposed methodology, a test has been performed in linking available trade and transport data
for one specific mode: maritime transport. Procedures and results are presented in this
chapter.

The basis for the new international goods transport statistics will be the transport data of sea
transport, inland shipping, road transport, air and pipelines. The starting point is that the
transport data should be as complete as possible. This applies mainly to road transport
(including foreign transporters), pipelines and transport by air.

Transport chains will have to be established based on the transport data mentioned. This can
be done in the following manner:

1. Imports and exports from the Dutch AAD (Aan-, af- en doorvoer) set of data should be
linked. All needed transport flows for this linkage should in principle be found in a
transport database. The assumption is thus that import and export are integra
observations.

2. Information on entrep6t from the Dutch AAD, possibly distinguished by import, export
and transshipment should be linked. In principle all relevant transport flows should be
traceable, in other words it is assumed that entrepdt also involves an integral

observation.

3. The transport volume of intra-EU trade remaining after the two steps mentioned above
have been carried out, relates to transshipment, assuming that import and export and
entrepoOt are integral observations. For the determination (partly) of the other used modes
of transport in the international transshipment chains for 1997, one can use the registered
transshipment (increased sample survey of one month per quarter); for 1998 only two
months will be available (January and April). This transshipment should also be linked
to the transport databases. For determination of the transport chain in the inter-European
transit a separate methodology will have to be developed. Since transshipment in
relation to third countries cannot sufficiently be determined on the basis of available

transshipment data, a separate methodology should be developed.
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After data have been linked, relevant characteristics from the AAD, such as type of flow
(import, export or transit) and statistical value should be processed in the transport database
concerned. Linking should be performed with databases which are as detailed as possible. For
AAD this means that databases should be used in which, for some transport flows, a number
of characteristics of this transport might be unknown. This concerns in particular the container
indicator and Dutch transport area of loading or unloading.

The following databases were used for testing:

» Database on Maritime Transport.

» Severa databases containing trade by sea were available, and three of them were used
for linking. The result presented in table 2-3 is based on a database from CBS with
both corrections and estimations included (c). Corrections and estimations have been
performed by NEA.

An alternative denoted c yielded the best result. This aternative took into account the
direction of trade flows (incoming/unloading or outgoing/loading in the Netherlands), the
country of origin/loading or destination/unloading (approximately 200 countries) and the
Dutch region of origin/loading or destination/unloading (54 regions can be aggregated to
NUTS 3). This dternative resulted in the linking of 81 per cent of the flows, a proportion
applying to exports as well as to imports, see table 2-3. It seems that the initial target set at
90 per cent could even be reached if further attention was paid to some imbalances concerning
the ports of Amsterdam and Rotterdam, oil imports from Egypt and Saudi-Arabia and the
flows with the United Kingdom. The creation of transport chains that is the result of this
linking process, is therefore, feasible for maritime transport selected in the Dutch situation.
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Total result linking AAD-data sets (alternative c) to sea transport database,

Starting values

Import/export|  Transshipment Tota AAD Sea transport
AAD AAD
Import 148 076 255 154 029 075 302 105 330 305857 171
Expot | 40004786 48760002 83854788 81875 880
Total 188 171 041 202 789 077 390960 118 387 733 051
Total linked
Import/export|  Transshipment Tota AAD Sea transport
AAD AAD
Import 138 464 278 110 317 087 248 781 365 248 781 365
Bxport | 33213266 32983471 66196737 66 196 737
Tota 171 677 545 143 300 557 314 978 102 314 978 102
Remainder
Import/export|  Transshipment Total AAD Sea transport
AAD AAD
Import 9611977 43711988 53 323 965 57 075 806
Export | 6881520 15776531 22658051 15679 143
Total 16 493 497 59 488 520 75982 016 72 754 949
Per cent linked
import/export transshipment total AAD sea transport
AAD AAD
Import A 72 82 8l
Export | 83 68 [ 81
Total 91 71 81 81

Considering the difficulties experienced in the Netherlands, the creation of a pan-European

consistent transport chain database will be rather challenging and complicated. It cannot be

ruled out that similar data problems also exist in other European countries. However, by
comparing data from different sources it is possible to check the quality of the data. A quality
check on the transport/trade data is recommended for all countries.

2.2 Passenger transport indicators

2.2.1 ETIS indicators and the need for a consistent database

Table 2-4 shows the INFOSTAT indicators that have been made operational
MESUDEMO. As for goods transport some notation principles are used to specify the

passenger indicators:

trip chai

origin zone of atrip
destination zone of atrip
zone of resident population
long-distance

n

""Q.E'OBO_?\_‘_'_'

distance of trips
number of trips

transport mode (e.g. passenger car, bus, coach, railway, air plane, ship)
purpose of atrip (e.g. commuting, business, leisure, other)
type of car owner (e.g. privately owned, owned by business)

in
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p = number of passenger-kilometres.

The following definitions have been adopted by the MESUDEMO project with relevance for
the indicators:

. A journey is the act of travelling from one place to another; it suggests the idea of
a somewhat prolonged travel for a specific object, leading a person to pass directly
from one point to another.

. Trip is a basic concept comprising the homogenous part of a journey as to journey
purpose. So if a person commuting by car stops on the way to the job to do e.g. some
shopping, the journey is split into two trips, each with its definite purpose.

If wetry to give strict definitions to the first five indicatorsin table 2-4, we could identify two
different viewpoints or perspectives based on a different understanding of the indicators, as
follows:

» Defining the variables with reference to the trip production by the resident population
of zone k from each zone i, including the residence zone.
» Defining the variables with consideration to the trip production of zone .

The first dternative that is considered to be most reliable, affordable and viable has been
chosen. The elaboration of variables even if it is done in a somewhat different way as
compared to the case of goods transport largely benefits from the in depth analysis presented
in the previous chapter.

38



Final report

Table 2-4: INFOSTAT passenger transport demand indicators

No Label Unit of O.bserva-. Priority
measurement tional unit level
Total annual number of passenger trips generated by
1  zone population broken down by mode or combination Trips/year Zone F
of modes and trip purpose
Total annual number of passenger-kilometres generated
2 by zone population broken down by mode or Km/year Zone F
combination of modes and trip purpose
Total annual number of long-distance trips generated by
3 zone population broken down by mode or combination Trips/year Zone F
of modes and trip purpose
Total annual number of passenger-kilometres in long-
4  distance transport generated by zone population broken

down by mode or combination of modes and trip Kmlyear Zone F
purpose
Average distance of passenger trips made by zone

5  population broken down by mode or combination of Km/trip Zone F

modes and trip purpose
6  Annua distance travelled per inhabitant of zone by Km/person and

mode or combination of modes and trip purpose year
7  Annua mileage per car registered in zone broken down Km/car and

by type of car owner (private, business) year

Average vehicle occupancy rate for trips of vehicles
8  registered in zone broken down by vehicle type and trip

purpose

Total annual interzonal passenger transport flow by trip
9  purpose, mode (or combination of modes) and type of

trip chain

Annual total of passenger-kilometres occurring on
10 territory of zone broken down by kind of infrastructure

used

Annual total of passenger-kilometres occurring on
11 territory of zone broken down by trip distance class

(type of day, time of day, type of traffic conditions)

Zone F

Zone F

Passengers/

vehicle trip Zone F

Passenger trips

per year O/D pair F

Passenger-km
per year

Zone D

Passenger-km

per year Zone D

In the following listing of indicators two columns called

» related variable description
» variablelabel

are included in addition to those specified in the INFOSTAT project. Both columns intend to
present steps in the process of giving operational content to concepts. The forma symbols
used are further elaborated upon at the end of the listing.

Indicator 1

Related Unit of  Obser- Priority
Label for passenger indicator 1 variable Variable measure- vational level
description ment unit
Total annual number of passenger trips Number of tripsby Trip origin
generated by zone population broken down by  origin, modeand  Trip mode(s) Trips/year Zone F
mode or combination of modes and trip purpose trip purpose Trip purpose

Definition: T"i,m,p number of trips generated by resident population in zone £ from zone
i, per mode m and purpose p, per year
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Indicator 2
Related Unit of  Obser- Priority
Label for passenger indicator 2 variable Variable measure- vational level
description ment unit
Total annual number of passenger-kilometres Trip
generated by zone population broken down by  Number of destination
mode or combination of modes and trip purpose pqssenga/km by Tr!p dl_stgnce Kmiyear Zone =
origin, modeand  Trip origin
trip purpose Trip mode(s)
Trip purpose

Definition: Pki,m,p number of passenger-kilometres generated by resident
population in zone £ from zone i, per mode m and purpose p, per year
Indicator 3
Related Unit of Obser- Priori
Label for passenger indicator 3 variable Variable measure- vational R
o . . level
description ment unit
Total annual number of long-distance trips Number of long- Long-distance:
generated by zone population broken down by  distance tripsby  trip origin .
mode or combination of modes and trip purpose origin, modeand trip mode(s) Trips/year Zone F
trip purpose trip purpose
Definition:  T"%,, number of long-distance trips generated by resident population in
zone k from zone i, per mode m and purpose p, per year
Indicator 4

Label for passenger indicator 4

Total annual number of passenger-kilometresin
long-distance transport generated by zone
population broken down by mode or
combination of modes and trip purpose

Related
variable Variable
description
Long-distance:
glumbzre?;km in destination
distance

long-distance trips

by origin,mode and origin

Unit of Obser-
measure- vational
ment unit

Kmlyear Zone

Priority
level

=

) mode(s)
trip purpose oUrpose
Definition: P,  number of passenger-kilometres of long distance trips generated by
resident population in zone £ from zone i, per mode m and purpose p,
per year
Indicator 5

Related Unit of Obser- Priority
Label for passenger indicator S variable Variable measure- vational level
description ment unit
Average distance of passenger trips made by . Trip length (km)
zone population broken down by mode or Average d|stan_ce Trip length by
e . of passenger trips .
combination of modes and trip purpose mode(s) Km/trip Zone F
by mode(s) and X
Trip length by
purpose
purpose

Definition: D" mp

from zone i, per mode m and purpose p, per year
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Indicator 6
Related Unit of Obser- Priorit
Label for passenger indicator 6 variable Variable measure- vational level y
description ment unit
Annual distance travelled per inhabitant of Total km
zone by mode or combination of modes and travelled
trip purpose Total kmtravelled Total km Km per
per inhabitant by  travelled by person o =
origin, mode(s), mode(s) and
purpose Total km year
travelled by
purpose
Definition:  DKMimp total km travelled per inhabitant of zone i, per mode m and
purpose p, per year
Indicator 7
Related Unit of Obser- Priorit
Label for passenger indicator 7 variable Variable measure- vational level y
description ment unit
Annual mileage per car registered in zone Annual km/car by
broken down by type of car owner (private, Qnr;gilektr)n per car Km/car Zone =
business) y e Annual km/car by and year
ownership .
ownership
Definition:. DCAR", annual mileage per car registered in zone i, per type of
car owner w, per year
Indicator 8
Related Unit of Obser- Priority
Label for passenger indicator 8 variable Variable measure- vational
o . . level
description ment unit
Average vehicle occupancy rate for trips of Average Average vehicle
vehicles registered in zone broken down by rag occupancy by
. vehicle Passenger
type of car owner and trip purpose area .
occupancy rate . s/ vehicle Zone F
Average vehicle .
by zone, by trip
. occupancy by
ownership )
ownership
Definition:  OCC", average vehicle occupancy rate of vehiclesregistered in
zone i, per type of car owner w and purpose p, per year
Indicator 9
Related Unit of Obser- Priorit
Label for passenger indicator 9 variable Variable measure- vational level Y
description ment unit
Total annual interzonal passenger transport O/D flows by P or
flow by trip purpose, mode (or combination ~ O/D flows by trip mode(s) triassssler@ O/D vair F
of modes) and type of trip chain purpose, mode(s) O/D flows by egr P b
trip purpose y

Definition:  Tijmp

total number of trips generated by origin zone i and attracted by

destination zone j, per type of trip chain, mode m and purpose p, per

year
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Indicator 10
Related Unit of Obser- Priority
Label for passenger indicator 10 variable Variable measure- vational level
description ment unit
Annual total of passenger-kilometres Passenger
occurring on territory of zone broken down Not relevant Not relevant -kmper  Zone D
by kind of infrastructure used year
Definition: Not relevant.
Indicator 11
Related Unit of Obser- Priority
Label for passenger indicator 11 variable Variable measure- vational level
description ment unit
Annual total of passenger-kilometres
occurring on territory of zone broken down Passenger
L : Not relevant Not relevant -kmper  Zone D
by trip distance class (type of day, time of year

day, type of traffic conditions)

Definition: Not relevant.

Indicators 10 and 11 have been considered not relevant in the context of the origin and
destination framework that has been basic to this chapter.

Variables can be sorted in independent and dependent variables, e.g. as follows:

Independent variables

T"i,m,p number of trips generated by resident population in zone £ from zone i per
mode m and purpose p, per year

T'*"i,m,p number of long-distance trips generated by resident population in zone k from
zone i per mode m and purpose p, per year

D"i,m,p average distance of trips generated by resident population in zone £ from zone i
per mode m and purpose p, per year

DKMimp total km travelled per inhabitant of zone i per mode m and purpose p, per year

DCAR"Y; annual mileage per car registered in zone i, per type of car owner w, per year

ocC"ip average vehicle occupancy rate of vehicles registered in zone i, per type of car
owner w and purpose p, per year

Tijemp total number of trips generated by origin zone i and attracted by destination

zonej, per type of trip chain ¢, mode m and purpose p, per year, for i Zj

Dependent variables

I:)ki,m,p
I:)l'ki,m,p

number of passenger-kilometres generated by resident population in zone &
from zonei per mode m and purpose p, per year

number of passenger-kilometres of long distance trips generated by resident
population in zone £ from zone i per mode m and purpose p, per year

Further some relationships between dependent and independent variables can be identified:
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Relationships
— mk k
im,p _];,m,p |1Di,m,p

P],k :T],k DDZ,k

im,p im,p im,p

Pk

Variable D”",;,W Is defined as average distance of long-distance trips generated by resident
population in zone k£ from zone i per mode m and purpose p, per year. Values can be
calculated from the D"i,m,p, based on the definition of long-distance trip.

The demand both on data and on functionality of the future ETIS strongly depends on the
requirement of defining not only a procedure for database creation, but also on a reliable
mai ntenance procedure with flexibility to include new data sets and new layers as needs arise.

2.2.2 Passenger data availability

For passenger transport there is much less relevant, international statistics available than for
goods transport. The reason is due to the fact that foreign trade by transport modes has been
linked to fiscal policies that have traditionally needed very detailed information on trade
aspects.

On the national level availability of passenger transport data relevant for the variables has
been checked for countries in the European Economic Area (EEA) as well as for CEEC and
some other countries. For each country the following data sources have been checked:

= Specific surveys by transport mode
» National travel surveys (NTS)
= Other specific surveys.

A significant number of European countries have collected valuable data about |ong-distance
passenger flows, including border-crossing traffic, in household and/or passenger surveys,
and some very few countries update at regular intervals an interurban O/D matrix, mixing
observed and modelled data and including international flows. In some countries there hardly
exist any harmonised passenger data on national level. Thusthereis quite an effort to be made
to enrich the national databases in order to be able to complete national O/D matrices, before
international procedures can be drawn up. Considering past experiences, the level of ambition
of such agoal must not be underestimated.

Available information on passenger transport demand on the international level is also poor,
apart from air and maritime transport (because of their character of closed systems). There are
very few O/D related data available in international passenger transport. Some national travel
surveys specify O/D by transport modes on a NUTS 0 level for neighbouring countries, i.e.
countries with substantial contact between one another if international travels are included in
the survey.

The situation regarding the availability of passenger data can be summed up as follows:
= Air passenger data concerning flows between airports are currently available
» Rail data could be created from ticket sales, but the competitive aspects make it
difficult to obtain these data
» Maritime data are, despiteit is aclosed transport system, not easily available
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» The most difficult situation is faced concerning road travel, despite the quality of the
five years census by UN-ECE. Some kind of best practise on the national level may be
identified as an example to follow

» Datafrom the European Travel Monitor are commercially available, but the database
is limited to tourist travel. The reliability of the data should be further investigated
before conclusions can be drawn as to rel evance.

2.2.3 Mirror bias error: An example on France/Italy passenger flows

The analysis intended to test out how available data sources could be used to supply more
relevant dsatistical information and to find out something about the potential for
harmonisation of quality, availability and suitability when using national data in two
countries. The study was limited both in scope and scale according to available time and
costs. Geographically the test was limited to only two countries (France and Italy). The study
intended to give the total volume of flows in each direction separately for three transport
modes’ (air, rail and road travel) and three purposes (business, leisure and other purpose). It
was also the intention to compile data on accidents, energy consumption and emissions.

It has to be underlined that, at the moment, statistical transport information derived from
several different sources, mainly of administrative nature, constitutes an extremely
heterogeneous system. In the pilot study it was found that data on French-Italian passenger
flows were

» of different statistical quality
* ot easily comparable with one another since they refer to data collections that present
different definitions, classifications, nhomenclature and methodol ogies.

Despite computing efforts it was not possible to link such figures as presented above to O/D.
There were also problems as to data privacy, information reliability and quality of the whole
process of data gathering.

The conclusions from the pilot study can be summarised in the following way:

» Total passenger flows between France and Italy could not be described in a way
relevant for ETIS with the data made available to the pilot study. At NUTS O level it
was not possible to find data, which could be used to estimate the transport flow,
neither totally nor partially by transport mode

» There were differences in the methodology for data collection, in the data gathering
process and even in the definitions of terms

» The problem of data privacy hasto be solved

* The idea of quantifying indicators on transport impacts had for lack of available
information to be discarded

» European national bodies have to be invited to actively participate in the creation of
ETIS because lack of such co-operation may cause the failure of the overall scheme.

! Maritime passengers flows between the two countries are limited and for this reason are not taken into account.
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2.2.4 Recommendations for passenger transport

The existing situation on passenger data in the different countries makes the path towards
ETIS complicated, but not impossible.

A European passenger database within ETIS should include the proposed list of variables and
focus on the O/D flows in relation with a zoning system. Data should be provided at NUTS 3
level, since thisis the level where transport policy may be best monitored and corridor studies
evaluated. From NUTS 3 the data can be aggregated to higher levels and thus be used to
feature in global terms the answers to Pan-European policy questions. It is, however,
important for TEN-T evaluations, Environment Impact Assessments and for validity and
reliability, that data on the national level are collected at more detailed levelsi.e. NUTS 4 or
NUTS5.

The existing national data are currently too heterogeneous to be easily harmonised and too
scarce to provide a satisfactory European coverage within ETIS. A great effort is
consequently needed to get the different countries to enrich and adapt their present system of
passenger data collection. The main effort should probably be devoted to the building of a
consistent system at the national level, allowing to harmonise the results from passenger
surveys within the framework of full scale household surveys, in order to produce reliable
estimates of O/D flows. In paralel, the opportunity should be taken to harmonise the
definition of concepts and nomenclature of variables within each country and among
European countries, in order to reach a consistent set of survey forms at the European level.
Communication and co-operation with the national institutions will in this respect be of
central importance in order to succeed in building ETIS as a transparent and multi-layered
information system.

By using both a top-down and bottom-up approach, and gradually building and
supplementing the system with new data collection, coming to a more reliable modelling of
O/D matrices based on a better coverage through observed data, a passenger component of
ETIS can be developed over time. On the one hand, the result of the household survey
planned within the 5" framework DATELINE consortium, benefiting from the previous
methodologica experience of the EUROSTAT pilot long-distance surveys and of the MEST
project, will certainly bring an important contribution to the existence of a European
framework for harmonisation. The experience of best practise countries in their combination
of compilation and modelling of data to produce O/D matrices should be of great help to
establish additional national matrices and combine them at the European level.

Although al this may look as over-ambitious, one should bear in mind that the cost of
building ETIS is negligible compared to the cost of inefficient maintenance, expansion and
use of the transport system, and the knowledge base it will represent will be of great value.
Hence, the building and financing of ETIS should betied to the extension of TEN-T.
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3 TRANSPORT NETWORKS

A transport network is an essential part in ETIS and must necessarily be georeferenced to be
fully useful and enter in spatial calculations such as shortest path and nearest neighbourhood
calculations. Such a network contains a representation of all the transport modes needed in
ETIS (roads, railways, rivers, air corridors €etc).

The chapter starts by introducing networks, network concepts and network attributes
(chapter 3.1), then follows up with a presentation of principles of ETIS networks
(chapter 3.2). Existing representation of networks and their attributes are dealt with in
chapter 3.3 and pilots carried out in the context of MESUDEMO are considered in
chapter 3.4. Chapter 3.5 draws conclusions and recommendations.

3.1 The networks and ETIS

ETIS is a system intended for analyses on a European scale. This means that it is
recommended to define a hierarchical classification system for such infrastructure networks
representing Trans-European importance. Such a system should reflect existing hierarchical
classification systems aready agreed upon in EU, ECMT, UIC, IATA, UN and other
international organisations. What concerns the networks of national importance, the national
classifications should be used. For the same reason ETIS should also use one European wide
zoning system. Using many different zoning systems causes data conversion problems and
requires alot of maintenance. In Europe the NUTS system is defined European wide.

The georeferenced representation of transport networks and their attributes has been made
from the point of view of policy relevance. The most important information sources have
been:

» Policy documents published by the European Commission on the CTP (Common
Transport Policy)

» The INFOSTAT — reports

» Consultations with representatives of other relevant ongoing European RTD

» Literature studies.

Dutch experiences in the field of transport network models indicate that there are substantial
advantages of having only one common referential structure to which data can be related. This
allows one to see for example if accidents are happening on the same location, so that one can
take preventive measures. Thus, some of the variables are location specific and need to be
assigned as such. In this way many types of data sets can be related to each other through the
spatial linkages and thus enabling complex relational analyses.

The outcome has been identification of three very important concepts: corridor, accessibility
and transport chain and a number of attribute groups for transport infrastructure.

Corridors

A corridor is defined as a sequence of strongly interconnected regions. The actual definition
of a corridor depends on the focus that in the ETIS context is the CTP. The corridor concept
can be used when deciding on future infrastructure investments that need to be viewed in a
larger inter-regional or even Pan-European context.
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Accessibility

INFOSTAT defines accessibility as a measure of how well regions, cities or other units are
interconnected via infrastructure networks. From an infrastructure perspective accessibility
can be interpreted as a measure of the centrality of network nodes.

Transport chains

A transport chain consists of a sequence of transport modes used to carry a certain quantity of
goods from its origina origin to its fina destination. Along the chain, one or more
transshipments may take place. As such direct flows of goods may be regarded as a transport
chain without transshipment.

For transport infrastructure the following groups of attributes should be given specia
attention.

Construction data
For planning, monitoring and evaluating purposes some information on year of construction
and method of financing, including share of EU funding, is essential.

Flow supporting facilities

This group of variables refer to al relevant equipment along links and at nodes that support
and guide the flows of transport means, freight and passengers. Indication and the
development of the level of service offered in the European networks will thus be apparent.
Examples may be: automatic traffic control centres, signalling boxes, service stations,
warehouses, parking facilities, etc.

Capacity and design

The capacity variables concern the physical lay-out of the links and nodes. The variable may
describe thickness (e.g. no. of tracks, lines, lanes available) and gauge (such as depth of sea
lane, track width, height of bridge/ tunnel) of the link. Maximum traffic loads possible should
be included e.g. a Level-of-Service (LoS) indicator for the roads, capacity of airports,
warehouses etc.

Maintenance and state of infrastructure
To monitor the effects of the infrastructure use and to project future maintenance spending
network, specific indicators are needed. No such indicators have been found.

Restrictions on use

This group of variables refer to the various administrative regulations of the use of the
infrastructure and of the services provided with it. Examples can be indicators such as speed
limits on traffic, use-only tracks or lanes, opening hours, limits to sizes and weights of
vehicles, or draught of vessels.

Accessibility and network connection

From an infrastructure perspective there are two dimensions of accessibility that should be
dealt with: spatial reach of nodes (describing the extension of the catchment area of a node);
and network connection (describing the network quality of a node in terms of how well it is
connected to the high grade networks, basically the TEN-T of the same or other modes).

Quality of transport services
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This group of variablesare closely related to the previous and refer to the quality of the
transport linkages between nodes in the network, of the transshipment activities at nodes, and
of individual links in the network. Quality is in this context congruent with time friction and
reliability. The indicators should aso help identifying infrastructure bottlenecks through
comparison with capacity and design indicators.

3.2 Fundamental principles for the ETIS network

The following starting points have been defined when designing the structure of the ETIS-
network:

The network should be a potential intermodal network (air, road, rail and waterways).
The network should include a zoning system.

Calculations and anal yses from the system should be comparable and repeatable.

The analyses within an ETIS will have different spatial dimensions. Therefore a
hierarchical structure of roads, railways etc. should be employed .

Beside those starting points some additional principles for the construction of the ETIS
network have been defined:

Transportation link as the basic modelling object for the physical infrastructure in the real
world.

The transportation link is the formal representation of (part of) aroad, a waterway, an air
corridor etc. On atransportation link there is no exchange of traffic allowed and a
transportation link must be bounded by exactly two different nodes and it must be possible
to travel from each link to each of the other ones. Examples of transportation links are
roads, railway lines, air corridors and waterways.

Transshipment point is the exchange point between the different (transportation) modes.
Examples of such transshipment points are railway stations, airports and harbours.

The mode of transport for goods and passengers cannot change at every place of the
network. To be able to change transportation mode certain facilities such as cranes,
warehouses, waiting rooms and docking facilities are needed.

A transportation link should be suited for dynamic segmentation as a long-term option.
Dynamic segmentation is a technique to store, query and analyse the attributes of parts of
alinear feature without having to modify the whole network feature. The advantage is that
the user can define different data sets to different portions of the network elements. When
there is no such capability the user should partition lines into segments using (pseudo)
nodes. The transportation links must be topologically structured: i.e. they must together
form a connected graph (network) as shown in the figure below:

The zoning system is an integrated part of the network.

— & 85— & Node

B———-a Link

T T

Not all traffic and transport statistics can be related to a transport link or a transshipment
location. This has sometimes to do with the fact that a particular transport figure is so coarse
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that it cannot be related to a transport axis but only to a particular relation. Sometime it has to
do with the fact that demographic components make part of a transport figure. This means
that area features should make part of the ETIS data model.

Selection of network detail
In the GEOSY STRANS project three hierarchical levels have been proposed in the case of
European network application:

International level: Network of main axes linking major European socio-economic and
political places.

National level: Network of man national axes linking major places of regional
importance.
Regional level: Network of main regional axes linking major places of each country.

Below criteriafor theinitial selection of networks for ETIS for each mode are suggested.

Roads

The Motorway Working Group of the Transport Infrastructure Committee formulated a
Master Plan for road transport which came to be the foundation of the technical
specifications of Trans-European road network. Their work was the key input to the
formulation of general guidelines outlined in the Commission’s proposal COM(94)107 in
1994,

The TEN of roads should consist of motorways and other high quality roads that comply with
the standards suggested by the working group. The roads must:

» play an important role to long distance traffic; or

» function as bypasses around larger urban centres on certain sections of the net; or
» enable the interconnection of the other transport modes; or

= connect landlocked and peripheral areas with the central areas of the Union.

Railways
The conventional lines of Community interest are defined as those which:

» play an important role for the goods and passenger transport over long distances;

» play an important role in the combined transport operations over long distances;

» enable the interconnection to the other modal networks, and access to regional and local
networks.

There are no technical specifications given for the conventional lines, thus, it can be assumed
that the international agreement on international standards for the rail network (the AGC
agreement set up by UN/ECE) in 1985 is valid.

Air

The TEN of airports should comprise airports of common interest situated within the territory
of the Community, and which are open to commercial traffic. The criteria according to which
airports of common interest qualify to be part of the TEN depend on the function of the
airport. Three types of functionality were identified. To each of these categories the
specifications of corresponding airport qualities are described (see L240 24th of August
1992):
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= Community connecting points: Key function isto provide links between the Community
and the rest of the world;

» Regional connecting points: Key function isto provide links between European countries
within EU;

» Accessibility points: Key function isto enhance accessibility for the remote areas to the
core of the networks.

Inland waterways

In 1992 the UN/ECMT and the Central Commission for Navigation on the Rhine agreed on
replacing the old standards from 1961 with new ones which corresponded better with the
traffic flows and which introduced uniform standards for all the European inland waterways
(CEMT/CM(92)6/FINAL). Also the concept of secondary networks was introduced referring
to networks which link the regiona network to the main network or to networks of other
modes.

The ports of the inland waterway network function as connecting points between different
modal networks of the TEN of goods transport. Thus, to be recognised as ports in the TEN of
inland waterways they should be:

* Situated on the net;

» functioning as a transshipment centre, thus operating a container terminal as well asroll-
on/roll-off facilities;

= open for commercial traffic and not reserved for certain users.

Sea

When the Commission issued the green paper on seaports and sea infrastructures
(COM(97)678) the role and in particular the selection criteria for seaports were outlined. The
ports were regarded as very important to the TEN-T because:

» they function as connecting points to peripheral areas, or they give access of these areasto
the central network structures;

» they play akey rolein the efforts to strengthen short sea shipping as an environmentally
friendly mode of transport, and as aviable aternativeto congested networks;

= they play acentral rolein the transport system of many of the PHARE and TACIS
countries,

» they function as coupling points between land based and sea based transport, and may
thus contribute significantly to enhance the efficiency of the overal network;

» they may stimulate growth and trade in neighbouring countries.

The selection criteria include volume criterion for either goods (more than 1 million tonnes of
goods per year) or passengers (more than 2 million international passengers per year). An
exception is made for ports on the islands in the Aegean and lonic seas.

The criteria correspond well with the overall political objectives behind the concept of Trans-
European transport networks.
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3.3 Review of existing networks and attributes

An inventory of a number of important European and national networks for the different
modes has been made. In the survey below the summation has been done for networks per
mode. Pipelines are excluded because of the private ownership and the specific commodity
flows.

In GISCO, only network items describing the segment or node are available. In the extension
of the GISCO network made by APUR more information is available such as average daily
traffic and accident rate. In national sources, even more information is available, linked to a
road segment or a road node. This information concerns for instance traffic flow data and
accident information. The goal of the RADEF-project is to connect those national sourcesin
order to exchange and combine them.

The network attributes of GISCO, GISCO-APUR and RADEF have been (globally) compared
with the possible attributes from INFOSTAT and other (European) projects. In the Annex the
results of this comparison are presented. In the table not all the possible attributes are
mentioned, only the most relevant attributes for ETIS have been selected. The other road
networks mentioned above are not taken into account either because they only contain very
few attributes (NIN, GEOSY STRANS) or they only are available on a very high level (United
Nations).

Infrastructure/ Networks described Remarks
mode
Road RADEF RADEF is a project from the Western European Road Directors
GISCO in order to facilitate the exchange of highway information
GISCO-APUR held in various national databases
GEOSY STRANS GISCO is the Geographical Information System of the European
NIN Commission
United Nations GISCO-APUR is an update of the GISCO network by the French
Commercial networks firm APUR.
(TeleAtlas, Mapinfo, |GEOSY STRANS isanetwork made in the Fourth Framework
NEA/IWW European Programme.

networks and AND-  |NIN isthe Nationa Infrastructure Network of the Dutch
mapping) Ministry of Transport, Public Works and Water
Management
Rail GISCO
GISCO-APUR
GEOSY STRANS
TERN
Inland waterways |PAWN PC-Navigo is a route planner for Western Europe’s inland
NEA waterways developed and owned by a private Dutch firm.
PC-Navigo The NEA network is a network used in a production and
assignment model on inland navigation predicting futurg
traffic.
PAWN is a network used for a model called ‘Policy Analyses
Waterway management for the Netherlands’
Sea VESON The VESON Worldwide Distance Tables is a privately owned
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database with static tables and routing along predefined
linking points.

Air GISCO

Intermodal GISCO

Inventory of terminals

Commercial: Ports
database

Also the rail network attributes of GISCO and GISCO-APUR have been compared with
possible attributes from INFOSTAT and other projects. The table, see Annex, does not list all
possible attributes, only the most relevant ones for ETIS have been selected. Because of the
large number of attributes in GISCO-APUR only areference to one or more of the extra three
subjects is mentioned. The GEOSYSTRANS and TERN-network are left out of this
comparison either because they contain few attribute data or they only contain data from a
small part of the ETIS-area.

For inland waterways the network attributes of PC Navigo, the Dutch Ministry of
Transport/NEA, and PAWN have been (globally) compared with the possible attributes from
INFOSTAT and other projects. A major difference between the two sources, PC-Navigo and
the Dutch Ministry of Transport/NEA, is that the networks from PC-Navigo contains
maximum permissible dimensions of ships to indicate the possibilities of a ship to pass a
waterway, whereas the other networks only contains a maximum loading capacity class of a
ship. The PAWN network contains the maximum draught of ships, which is an extension of
the mentioned networks from the Dutch Ministry of Transport and NEA. However, the
PAWN- network is less detailed than the networks from the Dutch Ministry of Transport and
NEA. Another difference between the mentioned networks concerns the knowledge of
maximum available length, width, height and depth in the PC-Navigo network, whereas in the
other networks thisinformation is not available.

For sea the VESON Worldwide Distance Tables provide a global network of ports with
distances and routings. The tables include a global network of 1650 ports grouped in three
major geographical areas. Atlantic, Indian/Pacific Ocean and Mediterranean. Distances are
stored in static tables and the system provides the routing through predefined linking points.
Within an area the system provides a single distance given the names of the ports.

The system is expanding by introducing new cluster points in China, Indonesia, India, Africa
and South America. Recently 100 cluster ports were added. The company is working on an
algorithm, which uses approximately 70 areas and 2000 waypoints to provide the ability to
calculate distances virtually from any point to any point.

In short, the information on airportsin GISCO is:

Codes and names for the airport according to different sources (e.g. ICAO and IATA).
Thetype of the airport (e.g. civil, civil and military, military).

Administrative and NUTS region in which the airport is situated.

Airports code TEN system.

Airports code TEN type (international connecting points, community connecting points,
regiona and accessibility points).

In short, the information on portsin GISCO is:
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Codes and names for the port according to different sources (e.g. ISO and UN).
Administrative and NUTS region in which the port is situated.

TEN classification of port: end of alink or not.

TEN classification of port: main inland port.

Ports database contains details of over 4700 ports and terminals and is linked to the distances
from the VESON network. Port plans, mooring diagrams, complete specification of port
facilities, address and contact details of port service providers. The coupling with the sea
network alows us to get an insight in the capacity of the port (draught, mooring capacity,
storage capacity).

NEA, INRETS and TFK undertook a study “Inventory of the Intermodal Terminals for Goods
and their Characteristics” in 1994. This inventory yielded much information on traffic in
terminals. This was a survey held amongst all known major European terminals at that time
(779 terminals) to which 367 responded. At present not sufficient and consistent information
is available on terminals and their operation.

3.4 Pilots

In this chapter we will deal with 3 pilots. These pilots have as goal to show the comparison
between data networks constructed on national level (i.e. NIN and RADEF that have a bottom
up methodology) and networks that have a top-down approach (i.e. GISCO and
GEOSYSTRANS). The comparison gives knowledge about the detail of the networks and
correctness of the network in terms of location as location is an important element for
coupling other information to a network.

The following pilots have been carried out:

» The Dutch road network NIN compared with GISCO and with GEOSYSTRANS
» The Dutch rail network
» The Norwegian road network compared with GISCO.

3.4.1 The Dutch road network

By the midst of 1997 the Dutch Ministry designed a completely new network, the National
Infrastructure Network (NIN) consisting of nothing else but arcs and nodes, carrying a
unique-link-id for internal referencing and for external referencing the least possible number
of attributes where added. The aim of the network is to facilitate integration, supporting the
further development of a data warehouse, using the clients’ question as leading. At its start the
NIN consisted of three infrastructure networks: road, rail and inland waterways all of them
using the same data model and existing within one software-environment (Arcinfo®,
ORACLE®, SDE®).

Using dedicated maintenance-software the NIN offers high accuracy (< 3 metres), actuality (1
month), interconnectivity between the first three composing networks and an open design
towards extensions like Pipelines, Airlines or High Tension lines.

First and foremost the aim of the NIN was to have its data model as “lean” as possible. Using
a unique id (the “vak-id”) meant to last during its life cycle, a stable situation has been
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created. As external keys, road numbering and hectometering for the highways and provincial

roads and street names and house numbering (~ranges) for the municipal roads are used. In

using these keys the data model can accommodate any “linkage” to either own databases —
though in such cases it is more obvious to use the unique vak-id - or databases from other
sources or authorities. Using a model such as the NIN outside the Netherlands some
difficulties may arise. Referring to the ease in which the Dutch NIN has been modelled using
a unique id and road numbers or street names, research has shown that in other Member
States the situation is different. It is necessary to have a common understanding and
commitment to introduce or adapt the systematic manner of identifying network elements
such as roads, streets, roundabouts etc.

The most important lesson to be learned from the Dutch experiences with the NIN is that it is
of the highest importance that the approach and systematics of the design and implementation
are agreed upon by as many participants as possible. The effort has resulted in:

» the creation of a widely accepted data model throughout the entire field of traffic and
transport — and related policy issues ,

» the answer to the need for a generic design which can be used to integrate data,

» the creation of information and presentation of outcome in a geometrically accurate way.

3.4.2 Comparing NIN network with GISCO and GEOSYSTRANS

In the following figures the GEOSYSTRANS and the GISCO networks have been compared
with the NIN networks because the accuracy and actuality of the NIN network is known. A
minor problem of that comparison is, however, that the NIN does not have a functional
diversification. It has a diversification of road ownership and in the Netherlands that is
globally comparable with a functional classification. The main roads are owned by the
national government, and municipalities own the minor roads.

On a countrywide view the roads (i.e. a view on NUTS 0 regions) of both GEOSYSTRANS
and GISCO are comparable with the NIN. The higher the level of the NUTS regions the less
accurate are both the GEOSYSTRANS and the GISCO. The figures 3-1 and 3-2 compare
results for an area in the western part of the Netherlands which is about the size of a province
(NUTS 2 in the Netherlands). Figures 3-3 and 3-4 show the comparison of a part of that
province around the city of the Hague which is comparable with NUTS 3 level in the
Netherlands. Comparable situations can be found in other parts of the country.

If the situation in the Netherlands is comparable with the rest of Europe this should lead to the

conclusion that all network representations can be used for analyses on NUTS 0, NUTS 1 and
maybe on NUTS 2. Using GEOSYSTRANS and GISCO on NUTS 3 level is not advisable.
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Figure 3-1: Comparison between GISCO and NIN for the province of Zuid Holland (NUTS 2)
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Figure 3-2: Comparison between GEOSYSTRANS and NIN for the province of Zuid-Holland (NUTS 2)
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Figure 3-3: Comparison between GISCO and NIN for The Hague (NUTS 3)
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Figure 3-4: Comparison between GEOSYSTRANS and NIN for The Hague (NUTS 3)
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3.4.3 The Dutch rail network

The NIN does not only apply for road networks, but for any other inland network as well
(road, rail and inland waterways).

Within the MESUDEMO project arail-network-data model has been designed based upon the

NIN basic scheme. This data model produces transport information — flows, points, areas,
quantities, qualities — linked to the network. For transport in particular the design also covers
transshipment.

The Dutch rail network covers approx. 5000 km. The information is provided by Dutch Rail
(Nederlandse Spoorwegen) and has been translated into the correct data model. The data is
matched with existing network information and other “layers” within the NIN. Thus railway
crossings are situated where they really are related to the road infrastructure and the “node” is
uniquely identified.

Figure 3-5 shows the Dutch NIN rail network and figure 3-6 the GISCO rail network. By
comparing both networks only minor differences can be found.

60



Final report

Figure 3-5: Dutch NIN - railroad network
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Figure 3-6: GISCO rail network of the Netherlands

3.44 The Norwegian road network

In this section the road network as maintained by the Norwegian public road administration is
treated. In the figures shown only those Norwegian roads are included that are operated and
maintained by the Norwegian public road administration.

The Norwegian road network is compared with the GISCO network. In the figures of the
GISCO network the European roads are represented by blue links, the other types of road by
red links and the black lines are the borders of NUTS 2 regions.

From the comparison of the European roads (E-roads) of the complete Norwegian road
network figure 3-7 shows the whole TERN network of Norway (a selection from the complete
network E-roads); figure 3-8 shows the GISCO network. It appears that both networks
coincide more or less.

Comparing TERN and GISCO for a selected area in Norway makes possible to study
networks in much more detail. It can be concluded that the E-road network is comparable in
the two models, but that the other road network is more detailed in the Norwegian network
than in the GISCO network.
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Figure 3-9 shows the main road network in the counties of Oestfold, Akershus and Oslo.
Figure 3-10 is the GISCO network. Figure 3-11 shows the main road network in the county
of Akershus; figure 3-12 shows the same area based on the GISCO network.

The coding used in figures 3-9 and 3-11.
1. green colour = European roads (E)

2. red colour = other highways (R)
3. black colour = county municipality roads (F).
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Figure 3-7: Selection of E-roads (TERN — network of Norway)
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Figure 3-9: TERN — Network county Municipality of Oestfold Akershus and Oslo
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Figure 3-10: GISCO Network county municipality of Oestfold, Akershus and Oslo
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Figure 3-11: TERN — network: main roads municipality of Akershus
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Figure 3-12: GISCO - network, roads in the municipality of Akershus

The pilot shows that road networks supplied by national road administrations are much more
detailed than the GISCO and the GEOSY STRANS networks.. By comparing the national
railway network of the Netherlands and the GISCO network of the same area only minor
differences were found.

3.5 Conclusions and recommendations
The summary covers two topics:

* The sdection of infrastructure networks
* Thearchitecture of infrastructure networks
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For the selection of infrastructure networks an extensive empirical research has been carried
out. A wide range of infrastructure networks has been studied. For European and national
networks an inventory has been made of the underlying sources and the relevant attributes for
ETIS. Most commercial networks have not been studied extensively, because the use of these
networks s restricted and therefore not suitable for usein ETIS.

The infrastructure networks have been evaluated based on the following criteria:

* bottom up principle: isinformation received from the countries;

» advanced techniques/architecture: have advanced techniques been used (such as dynamic
segmentation);

» advanced attribute handling;

» detail of attributes: isthe detail of attributes sufficient;

* restricted/private use: isit acommercial network or can it be obtained free of charge;

» coverage: which parts of the network are included.

One of the weaknesses of the European electronically available data models on infrastructure
networks is maintenance. None of the existing data models on European networks are
maintained on aregular base. Because of the changes in infrastructure networks the following
regular maintenance is recommended:

» road networks at least on a yearly base;
» rail/air networks at least every 5 years;
* networksfor other modes at |east every ten years.

Road networks
In general, the road network should be able to represent European traffic and transport on a
regional basis.

To be guaranteed an up-to-date accurate road network with many attributes one has to use
national sources. The national road networks are maintained in most countries on a
continuous base. When comparing national and European road networks one of the problems
has been that there is no selection process for the ETIS relevant roads. This was also an item
a the CONCERTO workshop meeting on (PAN) EUROPEAN INFRASTRUCTURE
NETWORKS held in Rotterdam on January 25, 2000. Several representatives of National
Road Administrations asked for more guidance from the European Commission in defining
relevant roads and attributes.

Generally it is recommended:

* Todefinethe ETIS relevant roads;

* To define the geographical centres of NUTS zones,

* To uniform definitions of attributes,

* To establish an organisation to receive the data from the national organisations on a
continuous base.

The RADEF project supplies a network model according to the specifications given above.
The RADEF data dictionary provides agreed terms, definitions, categorisations, and
relationships for various types of road data, such as traffic details, number of accidents, road
geometry and road condition statistics. Common location referencing is a particularly
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important component. The linking of the national networks into a European network is
therefore guaranteed. The data dictionary is the result of extensive co-operative research by
the public road administrations. Further guidance from the European Commission to create an
ETIS network is, however, necessary.

Networks for other modes
The changes in the infrastructure for non-road networks occur less frequently. The
recommendation is to continue the maintenance of existing networks on an ad hoc base using
existing European networks:

 rail/air: based on GISCO/GISCO-APUR

* inland navigation: based on the European network of NEA and the Netherlands Ministry
of Transport

* sea VESON.

It is recommended to establish an organisation guaranteing the quality of the network data.
Furthermore a standardisation of the definition of attributesis necessary.

NUTS regions

The classification of Europe into NUTS regions is a classification founded on the number of
inhabitants and on the already existing zonal and regional classification systems within each
country. Due to the fact that population density variesin Europe, the surface area of the zones
differs. A zone on the NUTS 2 level in a relatively highly populated country as the
Netherlands or Belgium is much smaller than a zone on the same NUTS level in the northern
part of Sweden or Norway. Thisis not a perfect situation for traffic and transportation studies.
It gives extra problems with the selection of the different network elements. Large areas must
be handled in a different way than smaller areas of the same NUTS level.

In an ideal zonal system for traffic and transportation studies the size of the different zones do
not differ as much asthe NUTS regions do but that implies the creation of a new zonal system
and the collection of the data needed for that system. This probably has to be considered too
much an effort compared with the possible benefits to be gained. The Commission should
take up the challenge of having to live with these differences. .

The architecture of infrastructure networks

The architecture of infrastructure networks must be based on common principles used in
several projects and networks. The National Infrastructure Network (NIN) of the Netherlands
is an example of such architecture. Also other similar ideas like NIN have been proposed,
notably in the 4" Framework Programmes Assembling and Bridges. In these projects the GTF
(General Transportation data Format developed by Mkmetric), works along the same
principles. The detailed structure and the contents of architecture of infrastructure networks
are developed in chapter 6.
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4 THE TRANSALPINE PILOT STUDY

4.1 Introduction

The main objective of the study was to demonstrate the need and to test the feasibility of
building up an ETIS to be applied to a chosen specific areathat raises sensitive political issues
and where one might expect that the necessary data could be compiled and brought together.
The choice fell on ETIS applied to the Alps. Therefore the database has been called the
Alpine Transport Policy Information System (ATIS).

In the pilot study the database should contain detailed information on land born vehicle and
goods movements for all relevant Alpine crossings, but the study should also implement a
transport chain concept and provide information on short sea shipping. No existing data
source alone can provide this information. By combining different sources areal added value
could be achieved.

The activitiesin WP 10 follow the structure of the path for constituting ETIS:

Define the relevant policy issues

Define the corresponding indicators

Build up a methodology for computing the policy-relevant indicators from the data
Build an actual test database using real data

Calibrate and apply the method to estimate the effect of chosen policies

Suggest architecture and methodology for generalisation of the ATIS case.

Alpine policy issues are an essential input for the identification of indicators and variables
necessary for ATIS. The availability of specific indicators for the region has been analysed
from two perspectives. observed and estimated data. The efficiency of ETIS applied to the
Alps has been assessed through the interaction of the top-down approach with the bottom-up
approach.

To understand the selection of the indicators and variables, the policy issues that have been
identified as being of particular relevance to the Alpine region, are listed below:

* Promoting combined transport

* Improving competitiveness of railway companies

= Optimal route selection in the Alpine region (avoiding detoured traffic, justified
sharing of burdens of Alpine countries)

= Assessing political measurements and specific regulations (Swiss agreement, Ecopoint
system)

* Impacts of toll systems and user fees on route choice in road transport

= Ecological and socia impacts of Alpine traffic considering the specific situation of the
mountai nous landscape

»  Assessing the impacts of infrastructure closures (tunnel closures, blockades)

= Assessing the impacts of new transport infrastructures

* Promoting aternatives to Transal pine transport (short sea shipping).

It has to be kept in mind that the variables and indicators proposed for ATIS are specifically
related to the more transport related policy questions, which is only one part of the Alpine
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transport policy dimension. Other parts such as the specific ecological and social situation in
the Alps, athough being very important, have not been treated in the context of
MESUDEMO.

The data architecture of ATIS includes the following modules:

= A supportive module for the data combination procedure

= A module for organisation and preservation of data and knowledge, including a data
warehouse and a knowledge base

= A highly organised data core, necessary for properly inter-relating data and feeding the
inference engines

= A module for the extraction of information from the data, in order to compute the
necessary indicators or perform simulations or predictions, in order to support
decision-making

= A set of transport-specific or policy-specific interfaces for the users of the system,
including the provision of proper guidance to them

= A set of portals to other systems (organised databases and not data sets), or mediation
modules, for proper interfacing to these systems.

The data architecture selected for the pilot study and its concepts are explained in chapter 6.
The chosen issues that the Transalpine Pilot Study can deal with, are the following ones:

A. The pattern of Alpine road traffic

Flow distribution over Brenner

Flow distribution over Mont Blanc

Flow distribution over Gotthard

Pattern of flows from The Netherlandsto Italy
Pattern of flows from Rotterdam to Milano.

B. The impact of events and policies on Alpine road traffic flows
Assessment of route changes when closing Brenner

Assessment of route changes when closing Mont Blanc

Impact of restrictive policies on road transport

Assessment of Swissroad toll on road - rail modal split

Assessment of Swissroad toll on the pattern of road traffic crossing the Alps.

Considering the whole range of policy questions identified for the Alpine area and the

possible estimates of the Transalpine Pilot Study, the following correlation can be made
between the policy questions and the possible estimates:

74



Final report

Alpine policy questions

Transalpine Pilot Study estimates

Promoting combined transport

Assessment of Swissroad toll (four levels) on road -
rail modal split — partial

Improving competitiveness of railway
companies

- not implemented, but it can be done

(avoiding detoured traffic, justified sharing
burdens of Alpine countries)

Optimal route selection in the Alpine region - not implemented, but it can be done

of

Assessing political measures and specific
regulations (Swiss agreement, Ecopoint
system)

- not implemented, but it can be done

choice in road transport

Impacts of toll systems and user fees on rg

ussessment of Swiss road toll on the pattern of ro
traffic crossing the Alpsfour toll levels

Ecological and social impacts of Alpine
traffic considering the specific situation on
the mountainous landscape

- additional instruments have to be implemented

Assessing the impacts of infrastructure
closures (tunnel closures, blockades)

Assessment of route changes when closing Brenn
Assessment of route changes when closing Mont
Blanc

er

Assessing the impacts of new transport
infrastructure

- not implemented, but it can be done

Promoting alternatives to Transalpine
transport (short sea shipping)

Flow distribution over Brenner

Flow distribution over Mont Blanc

Flow distribution over Gotthard

Pattern of flows from The Netherlands to Italy
Pattern of flows from Rotterdam to Milano

The actual Transalpine Pilot Study could answer to a large range of the policy questions.
Some estimates listed above were not computed due to time and resource constraints. Based
on the targets to be fulfilled by the Transalpine Pilot Study and on the available information
and tools, which were usable within the given constraints, the method of work was designed

as shown in figure 4-1 below.

The current approach is based on the following criteria:

changes on Alpine crossings.

Make use of existing data to the maximum extent
Make use of existing Pan-European transport models to the maximum extent
Apply alarge-scale information system to estimate the local impact of policies: traffic
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Figure 4-1: Transalpine Pilot Study in ETIS context
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ATIS includes three main parts:

Input data, which in the current application are classified in:

= Data on transport demand, which should be organised in such a way as found in the
latest state-of-the-art in European research and exemplified in the projects
INFOSTAT, MYSTIC and MESUDEMO. The NEAC transport chain database has
been made available by NEA for this project together with the CAFT (Cross Alpine
traffic database), TREX database from EUROSTAT, national and local (port)
databases

= Dataon transport supply, represented by the modal and/or intermodal networks. In the
present case the application has been limited to the road network, for which the
GISCO road network has been made available by EUROSTAT

= Cost information, which consists of a road cost function that is approximated using
information from the STEMM project.

Existing models, systems and theories as:
= modal split module of the NEAC transport policy information system
= multiple route assignment technique.

Software and interface tools, as:
» The DELPHI software tool, which includes a multiple route assignment module and
manages the interactive demonstrator
* MAPX, which isthe GIS visualisation tool.

An interactive demonstrator has been built in the Transalpine Pilot Study to demonstrate the

possibility of enabling the policy makers to visuaise the effects of the applications of
different policy options. This interactive demonstrator is able to:
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= Show the pattern and structure of existing flows

= Estimate the effect of infrastructure closures on the pattern of road traffic flows

» Estimate the impact of different road tollsin Switzerland on the pattern of road traffic
flows.

The interactive demonstrator could be extended in the future in such a way as to be able to
extend the range of interactive answers to other policy issues.

4.2 Development of the Alpine freight transport demand database

ATIS freight demand database has to use different sources. The evaluation of these sources
and recommendations of the INFOSTAT and the MESUDEMO project imply that the most
relevant indicator for goods transport demand is:

No. (Label Unit of [Observa- [Priority |Priority
measure- [tional unit |level for [level for
ment ETIS ATIS pilot

1. |Tota annual interzonal goodstransport [Tonnes |O/D pair |Funda

flow by commodity group, mode (or year mental
combination of modes) and type of
transport chain and by Alpine crossing

The new dimension that is considered in the Transalpine Pilot Study is the Alpine crossing,
which enables the disaggregation of interzonal goods flows by commodity group, mode and
type of transport chain over the Alpine crossings. The following sources were used to collect
the data to be combined in order to derive the ATIS database:

ATIS: supranational ATIS: national databases

CAFT 1994 - survey transport data  France 1995, transport/trade

NEAC 1995 - transport chain data Austrial995, transport

TRAINS 1995 - transport data TREX 1995 - trade data.

Switzerland 1995, transport Germany , road 1995, transport 1992-1995

ATIS: transshipment data
SLA Hamburg 1995 — trade / transport  Belgium 1996, trade

Bremen 1995 — trade / transport  The Netherlands 1995, trade
Belgium 1996 - trade UK  1991-1995 (MDS), trade
Netherlands 1995 - trade. Spain 1992-1995 ,trade

The data harmonisation procedure was designed to be simple, robust and understandable and
to give reliable results. In order to achieve this goal, the following steps were followed:

STEP 1: Collection and harmonisation of data for comparison

STEP 2: Implementing chain organisation and regionalisation of trade flows at
NUTS 2 level by the use of NEAC9S5 database

STEP 3: Adjustment towards Alpine transport chain organisation

STEP 4: Distribution of transport chain along Alpine crossings

Due to the very different approaches of obtaining the data at the TREX and the Transalpine
database, it would not be surprising if significant differences were observed. Bearing in mind
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the possible bias of enterprise based data collection and customs declaration on the one hand
and a sample of lorry driver interviews on the other hand, the rather homogeneous picture
shown in figure 4-2 seems almost surprising. The remaining differences can to a large degree
be assigned to methodology. Trade flows between Switzerland and Italy or between Austria
and Italy do not necessarily cross the Alps, which might explain that the CAFT database
shows alower figure in these cases than TREX.

Figure 4-2: Databases comparison - Italian imports by road & rail in Italy, all goods
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CAFT hasregistered in total 132 million tonnes. Italian international transport flows have the
highest share, representing 72.40 per cent of the total. Domestic transport in Austria and
Switzerland account for 14.80 per cent of the total and non-ltalian international transport
accounts for the remainder 12.80 per cent of the total transport volume.

The specific Alpine transport chain organisation and Alpine route related information for a
trade volume of 77 million tonnes isincluded in ATIS database from the total of 132 million
tonnes that are registered by the Transapine database. This is so because only Italian
importg/exports in relation with the most important partners have been considered.

ATIS freight transport demand database includes finally the freight flows at the regional level

dissagregated per origin, destination, transport mode, transshipment location, commodity
group and Alpine crossing.
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4.3 Alpine transport supply data for the demonstrator

The Alpine transport supply considered for the pilot study consists of the road network that
covers the whole Europe. The GISCO road network was made available by EUROSTAT.
GISCO is the Geographical Information System of the European Commission. Typica road
attributes are the length of each segment, the road number (national and European), and the
type of road segment.

Speed is a very important item not found among the attributes. Knowledge of speed is very
important for building the path for each O/D pair. Another important component which is not

found among the attributes either is ADT (Annual Average Dalily traffic) expressed in PCU’s
(Passenger Car Units) and/or distributed between cars and trucks.

As the value of average operating speed for freight transport is essential for the Transalpine
Pilot Study, speed was estimated using another variable found in the GISCO network, the
road segment.

Cost of road transport is expressed as a function of distance and time and is the basic element
in determining the optimum route between origin and destination. It is further used as input
for the route choice function.

As for assignment, the goods flows have been considered at an aggregated level. It was
necessary to find the cost function which makes the average over different types of goods and
truck loading. The source for approximation of the cost function is the STEMM project,
which makes a review of the VOT (value of time) and fixed costs (per tonne-km).

On the basis of the findings in the STEMM project the following cost function has been
approximated (costs in Euro/tonne):

ROAD COSTS =0.0458* DISTANCE +0.079* TIME

This cost function is further used in the calculation of the generalised transport cost for each
O/D pair and for each possible crossing over the Alps. The total volume of goods that is
transported by road between an origin and a destination region is distributed over the Alpine
crossings by a multiple route choice function, which is calibrated further.

This cost function is used as an average and only for road transport. Future developments of
multimodal route choice procedures will have to consider a possible diversity of the cost
functions reflecting the differences in transport chain structure (discontinuity of route, type of
good, diversity of modes, etc.).

4.4 Development and calibration of the multiple route choice function for
assignment

The actual pattern of Italian road traffic flows on Alpine crossings is revealed by the
distribution of Italian import and export flows over the crossings. Summarising the flows
included in the ATIS database, the distribution of selected Italian imports and exports by road
over the Alpine crossings is derived. The results are shown in table 4-1 below.
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Table 4-1:  Foreign trade of Italy, observed flows (million tonnes) for road transport

Type |Alpine crossing Total
of P23 P21 P22 P11 P12 P13 P 15 P31 P32 P33 P34 P35 P36 P37
flow
Import| 301 638 897 021 002 19 015 018 913 014 155 010 071 023 32,75

Export| 2,84 4,47 6,33 057 015 4,44 0,27 026/ 7,23 013 049 0,09 024 0,70 2820

Both 5,84 10,84 15,30 0,79] 0,17] 6,40 0,42 0,44 16,37 0,27| 2,04 0,19 0,95 0,93 60,95
dir.

The Alpine crossings are described as follows:

P_11 = Gr. St. Bernhard Switzerland P_31 = Reschen Austria
P_12 = Simplon " P_32 = Brenner "

P_13 = Gotthard " P_33 = Felbertauern "

P_15 = San Bernardino " P_34 = Tauern "

P_21 = Mt. Cenis France P_35 = Schoberpass "

P_22 = Mt. Blanc " P_36 = Semmering "

P_23 = Vintimille ! P_37 = Wechsel (Schaffern) "

The region-to-region road flows on the Alpine crossings at the level of commodities are
further used as observed data in the process of calibration of the multiple route choice
function. As the flow from one origin to one destination is distributed over more crossings,
the all-or-nothing technique can not be used as an assignment procedure in this exercise. The
solution was to calibrate a so-called multiple route choice function, which will enable the
simulation of the distribution of flows over Alpine crossings. The logit function was chosen to

be the algorithm and calibrated. The calibration consisted in estimating the parameters of the
multiple route choice function considering as constraints the (observed) flows over each
Alpine crossing, per direction.

4.5 Assessing the existing pattern of Alpine road traffic flows

The structure of selected ltalian road freight flows crossing the Brenner, Mont Blanc and
Gotthard is given in table 4-2 below.
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Table 4-2:  Italian import and export flows by road over Brenner, Mont Blanc and
Gotthard — ATIS database. Million tonnes

Country |France|BLEU |Nether- |Ger- |Den- |Port-|Spain |Norway [Switzer-|Austria [Total
(partner) lands |many|mark|ugal land

Road flows over Brenner

Imports 0.11 0.35 0.34) 7.41 022 0.000 0.00 0.00 0.00 0.70| 9.13
Exports 0.000 0.20 0.17| 6.43 0.14 0.000 0.00 0.10 0.01 0.19| 7.23
Total 0.11 055 0511384 036 0.00 0.00 0.10 0.01 0.88 16.37
Road flows over Mont Blanc

Imports 405 171 1.68 146 0.04f 0.000 0.00 0.00 0.03 0.00| 8.97
Exports 319 0.87 0.74f 1.37| 0.04 0.000 0.00 0.03 0.09 0.00| 6.33
Total 724 257 242 284 008 0.00 0.00 0.03 0.12 0.00 15.30
Road flows over Gotthard

Imports 0.06/ 0.13 0.12) 1.05 0.02 0.000 0.00 0.00 0.59 0.00] 1.97
Exports 0.18 0.16 0.13] 141 0.02 0.000 0.00 0.02 2.52 0.00| 4.44
Total 0.24 0.28 0.25 246 0.04 0.00 0.00 0.02 311 0.00 6.41

The structure of road flows crossing a corridor helps in identifying those flows which could
be affected by a change (arestriction) in road transport in that corridor, and by identifying the
relations for which an aternative route (i.e. including short sea or inland waterways) could be

further analysed.

The structure of selected Italian road freight flows crossing the Brenner is illustrated in figure

4-3 below.
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The pattern of Italian road freight flows from The Netherlands to Italy, and from
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Rotterdam to

Milano at NUTS 2 regions, is illustrated in the figures 4-4 and 4-5 below. From this picture

the distribution of flows over the Alpine crossings could be depicted.

Figure 4-4:  Pattern of road freight flows from The Netherlands to Italy, by r
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Figure 4-5:  Pattern of road freight flows from Rotterdam to Milano regions
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A first observation of the pattern of flows from The Netherlands to Italy is that the most used
route is the one over the Mont Blanc crossing, with more than 0.9 million tonnes per year.
Regarding the transport flows from Rotterdam to Milano (NUTS 2) the most used route is
also the Mont Blanc crossing.

4.6 The impacts of events and policies on Alpine road traffic flows

Infrastructure closures are considered as events and they are simulated within the Alpine
transport system by closing the specific links. The events that were considered were the two
main Alpine crossings: Brenner and Mont Blanc.

Once the infrastructure closure is implemented in the road network, new road flows are
produced assigning the O/D matrix to the network. Road flows that previously took place on
the crossing that has been closed, are redistributed over the other crossings.

The effect of closing the Brenner is quantified by the differences in the road traffic flows on
each link in the network, asillustrated in figure 4-6 below.

Figure 4-6: Change on road freight traffic flows when closing Brenner
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The changes in road traffic flows shown above consider both Italian imports and exports from
the selected EU countries. Next, the changes of the distribution of Italian import and export
road traffic flows on each Alpine crossing are estimated. The results are shown in table 4-3
below.
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Table 4-3:  Impact of closing Brenner on the distribution of Italian import and export
flows by road over the Alpine crossings (new flows/original flows)

Type of Alpine crossing Tota
flow P23P21P22P11 P12 P13 P15 P31 [P32 P33 [P 34 [P35 [P 36 |P 37
Import 1.02) 1.08 1.23 1.04| 1.06] 211 837 6.45 000 144 216 1.16 122 150 0.99
Export 1.00 1.07 125 1.03 1.00| 1.46 569 454 000 1.31 376 1.22 1.15 110 1.00
Both dir. | 1.01] 1.07/ .24 1.03 1.01] 1.66 6.87 537 000 143 251 1.18 115 119 0.99

The highest changes in road traffic flows are observed over the Swiss crossing San
Bernardino: flows increase 8.37 times for imports and 5.69 times for exports, with the
contribution of 13 per cent for import and 14 per cent for exports from initial Brenner flows.
Also over the Austrian crossing Reschen the road flows increase 6.45 times for imports and
4.54 times for exports, with the contribution of 9 per cent for imports and 10 per cent for
exports from initial Brenner flows.

The differences are relative, as they relate also to the initial flows on the crossings that are
affected by the closure of Brenner. As example, Gotthard takes over 22 per cent for imports
and 27 per cent for exports of initial Brenner flows, while Tauern takes over 23 per cent for
imports and 20 per cent for exports.

As an example of the impacts of restrictive policies on road transport, an assessment of Swiss
road toll on road/rail modal split has been carried out. To have a better image of the effect of
the level of road toll in Switzerland on the road/rail moda split, four road toll levels were
considered:

Leve 1: Road toll for crossing Switzerland is 2.00 EURO per tonne;
Level 2: Road toll for crossing Switzerland is 5.00 EURO per tonne;
Leve 3: Road toll for crossing Switzerland is 10.00 EURO per tonne;
Level 4: Road toll for crossing Switzerland is 15.00 EURO per tonne.

The NEAC modal split model is used to estimate the new modal split between road and rail.
The input to the NEAC model consists of the new difference between the road and rail
generaised cost. As toll is applied to the road transport, there are no cost changes for rail
transport. NEAC modal split model is applied four times, once for each road toll level. The
output of the modal split model is shown below.

EFFECT OF SWISS ROAD TOLL ON MODAL SPLIT

Road toll in Modal shift road Modal shift rail
EURO/tonne
2 0.976 1.099
5 0.940 1.240
10 0.886 1.460
15 0.832 1.680

As the rail flow volumes are lower than the road flow volumes the relative change is higher
for rail than for road transport. After the modal split has been applied, new road flows have
been estimated in the O/D matrix of direct road transport for each level of toll. Further, a new
assignment takes place and the difference between the new and previous (original) loaded
network has been calculated. The impact of Swiss road tolls of 2 and 15 EURO per tonne is
shown in figures 4-7 and 4-8 below.
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Figure 4-7: Swiss road toll of 2 EURO per tonne
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In the case of gradual road toll increase in Switzerland it is observed a tendency of gradual
increase of the traffic flows on the French and Austrian Alpine crossings, and also on
segments of road situated outside the Alpine area. The increase in road traffic flows over the
crossings does not consider the capacity restraints on those links.
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4.7 Recommendations for the path to ETIS

The main achievement of the harmonisation process is the successful completion of
combining trade and transport data from various sources for Alpine pilot exercise, going
through the following steps:

» Regionalisation (NUTS2) of the trade flows between countries per transport mode
and commodity group;

* Implementation of the main transport chain organisation structures in trade flows,

» Implementation of the specific Alpine transport chain organisation in trade flows over
the Alps,

= Distribution of trade flows along Alpine crossings over all transport chain organisation
structures,

= Assessing impacts related to Alpine transport policy issues using the ETIS approach.

In the Alpine case arather satisfactory situation was found concerning data on goods transport
demand. But before extrapolating this positive view to a future ETIS it has to be kept in mind
that the data situation in the Alpine region cannot be compared with the rest of Europe. Due to
the focus of public interest in transport through the Alps many joint efforts have been made in
monitoring these flows. One main effort has been the 1994 database built on specific surveys
on the Alpine crossings of transport flows, this effort being repeated in 1999. It is obvious
that, even if the data of the 1994 survey has become one main element of the ATIS database,
the recommendation for ETIS cannot be to enlarge the survey to total Europe. But there are
some areas and corridors, where comparable surveys, done in a harmonised way, would be
very essential for ETIS. Other possible corridors, where the transport flows are concentrating
on afew routes and the flows are strongly interregional, concern areas as the Pyrenees (which
has been surveyed by France in 1999 together with the Transalpine flows), the Channel, the
connections to the northern European countries and the boarder lines to the Centra and
Eastern European countries. Having in mind that in some of these areas national efforts of
data collection have been made, the proposal of harmonising and enlarging them on a
European level looks quite reasonable. Such regular harmonised surveys would be very
helpful also for checking the quality of the data collected by the regulation for the statistics on
freight transport on road.

A major problem faced in the Transalpine Pilot Study concerns data confidentiality. Many
transport operators, mainly railway companies but aso terminal operators are not willing to
hand out their data in a sufficient degree of detail. Here solutions on European level are
necessary. The regulation on the statistics of railway transport, which is under development
by EUROSTAT just now, pointsin the right direction.

The confidentiality problem was solved in the pilot study, because existing databases (CAFT,
NEAC, etc.) either have been made accessible for the purpose of the project, or were aready
available at the ingtitutes involved in the pilot study. This problem requires in-depth attention
in the architecture. Such a favourable context may not be reproduced for other corridors.

To draw a redlistic picture on the important market of intermodal transport and to realise a
transport chains approach within goods transport statistics, a specific effort of data collection
should be undertaken. Although the access to the part of the information carried out by EDI
systems relevant for statistical purposes may be a solution in the long-term, this effort has to
be concentrated in the near future on shippers’ surveys. As a complement, it would be worth
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getting some specific information from terminals and harbours. To enable the collection of
thisinformation on a European scale, additional provisions are necessary.

The readisation of ETIS reveaed to be a complex project. The pilot study in the Alpine area
was very useful to understand the process and to fix the steps of the architecture of a future
ETIS. Particularly the possibility to build up a European database has been highlighted and is
an important added value of the work. Of course this would not have been possible without
the use of an existing database and the experience of experts and research offices.
Implementing such a process from scratch is evaluated to more than 2 million EURO.

The final lesson is that the architecture proposed for ETIS has revealed to be feasible, and the
results of the experience in the Transalpine Pilot Study constitute a good basis for
demonstrating the various concepts and steps of the architecture. From the experience built up
in this pilot process, one would recommend to build up an architecture by default to begin
with as most of the options are fixed, and to extend it in order to introduce more flexibility in
the measurement and analysis of policy impacts.

Last but not least, what makes ATIS pilot/ETIS architecture so innovative and different from
other products, is the fact that the accent is not specifically on the results (although those are
guite promising) of testing policies, but on the path from transport related indicators to policy
assessment and impact appraisal by applying al the basic principles on a European level
which are recommended for an actual ETIS, with a correct level of detail and in-depth of the
indicators.
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5 COMPATIBILITY - IMPLICATIONS FOR MESUDEMO

When the objective of MESUDEMO was formulated, it was presumed that methodol ogies for
integrating supply and demand databases would be developed in MESUDEMO, leaving the

final stages “only” with the challenge of ensuring compatibility between the two sets of
databases. However, for MESUDEMO other compatibility issues surfaced, as difficult and as
important as the one between supply and demand.

The compatibility challenge should be viewed along two dimensions, one between already
existing data and systems, and the other between how we conceptualise mobility and the data
we rely upon to describe and explain it. The first challenge is improving transport statistics
and the way statistics are used for guiding decisions on the European level. Along this first
dimension, the task is to harmonise data on the European level. Along the second dimension,
ETIS must be constructed in a way that makes it possible to link transport effects to their
causes. These two challenges are visualised in figure 5-1. It demonstrates two compatibility-
dimensions, a vertical one between the abstract and the concrete, and the horizontal between
existing statistics.
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Figure 5-1: Approaches to compatibility
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This chapter is divided in three main parts, the first one explaining why we strive for
compatibility between supply and demand for transport in the first place (5.1), the second part
dealing with the horizontal dimension in figure 5-1, describing two models for ensuring
compatibility between existing data and systems (5.2), and finally a discussion on the
challenge of ensuring compatibility between concepts and data (5.3), the vertical dimension.

5.1 Compatibility between supply and demand

The main rationale behind the goal of securing compatibility between supply and demand
methodology, is that in order to avoid over- or under-investment in infrastructure, the actual
degree of infrastructure utilisation must be closely monitored. This means that information on
infrastructure availability and accessibility (supply) must be compatible with information on
transport activities (demand), so that both infrastructure utilisation and the forces behind it are
made apparent and integrated in one information system. However, supply and demand data
may not be compatible, as they are frequently collected independently of each other.
Normally only some performance data will be attached to the network data (supply) from the
national and mode-specific data providers. Such data will most probably be registered at the
location and therefore by nature linked to the network, whereas demand data on the other
hand, are commonly registered and modelled separately and are thus not compatible with
performance related to network data.

Performance data may typically be the number of vehicles (adt or pcu) and axle passing on
roads, movements and landings on airports, docking in seaports, the number of trains passing
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railway stations etc. Demand data are normally O-D-flows of goods and of passengers,
transport chains and socio-economic data. So, supply data give information on transport
capacity, services and performance, whereas data on demand give information on mobility
patterns. However, separately these quantities say little about the relationship between supply
and demand.

At the conceptua level, compatibility between supply and demand data would make it
possible not only to monitor to what degree the infrastructure capacity is utilised, but also
identify and monitor the forces behind the mobility patterns from the demand side. One
example is demand for transport, which probably will continue to increase in the future and
the challenge to reduce the negative effects of this growth. In order to change unwanted
development one needs to know the forces behind the present choices. Overall growth rates or
mode share figures are indicators for monitoring the demand development, but for decision
support demand figures should be much more specific and linked to the network. Making
supply and demand data compatible is a step towards understanding the reasons for the
present situation, and thus enables us to improve capacity utilisation of the European transport
networks.

Many transport models rest upon a representation of flows assigned to a network.
Compatibility is needed when performing scenario exercises in a model, for instance
estimating the modal split before and after single, or mixtures of, policy measures. Such
measures could either be induced changes on the demand side (e.g. taxes on fuel) or on the
supply-side (e.g. building infrastructure) of transport, and the output would be resulting
changes to capacity exploitation, emissions, congestion, noise etc. One example of such a
model isthe STEMM model. Due to flaws in existing data, it was necessary to perform a new
survey on freight transport flows between the U.K. and continental Europe, and surveys of
operators in the Trans-Alpine region, in the Nordic countries, Ireland and the U.K. An
assignment exercise was then called for, in order to create some kind of compatibility between
the flows and the selected corridors. Without compatibility between supply and demand data,
such calculations are of questionable use.

The optimal situation, of course, would be that available data were compatible and that high
quality assignment could be performed through a user-friendly access to harmonised data. The
model-based approach described above, is not sufficient to secure such compatibility in the
long run, since different models demand different data and create different results. The guide
towards the future database methodology should instead base itself on some more stable
characteristics of the relationship between society and transport, like the novel statistical
concepts that were established in the INFOSTAT project. The transport chain concept, for
instance, was considered fundamental in order to catch the complete sequence of transport
modes from origin to destination, explaining the forces behind the freight pattern much better
than the purely single-moda approach. The indicators from INFOSTAT are the departure
points for MESUDEMO. Thus, these long-term considerations are included in our
recommendations. This is the reason why WP2 describes the road towards transport chains
and why WP3 deals with methods for describing O-D flows of passenger transport. These
data will have a geographical anchorage, so that they are compatible with network and socio-
economic data.

So, there should be compatibility, but the detailed linking of data is resource demanding. It is

not realistic to aim at having ready-to-use transport chains on say NUTS3 level for all
Europe, truly attached to every link used on the way between origin and final destination. The
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challenge is to make an informed choice on what detailed statistical level to operate in the
general database, based on the experiencesin MESUDEMO.

5.2 Linking supply to demand

Narrowing the challenge of compatibility to the task of attaching already existing information
on flows to the networks, that is linking demand to supply technically, MESUDEMO has
analysed two possible solutions. The first one isto make use of the network as an integrator of
the data, and to let a GIS be the backbone of the database. This is the recommendation
developed through the Dutch pilots in MESUDEMO. The other solution exploits the fact that
information in ETIS is necessarily georeferenced. But, there are two main axes of
organisation: The regioning scheme (e.g. NUTS 2 or NUTS 3 or any regioning scheme of
variable granularity according to the problem at hand) and the network of the transport links.
A unified model has been developed for ETIS, for handling all these different kinds of data,
and as a genera rule, all data are recommended organised in a contemporary, advanced
DBMS (Database Management System), instead of a GIS. We will here only briefly present
the two approaches, along the horizontal dimension in figure 5-1.

5.2.1 Linking with the network as an integrator

The principles presented here for linking flows and infrastructure data are developed from the
Dutch case of the National Infrastructure Network of the Dutch Ministry of Transport. Similar
ideas have been proposed el sewhere, notably in Assembling and Bridges. In these projects the
GTF (General Transportation-data Format developed by Mkmetric) works along the same
principles.

The recommendation for technically linking transport demand and supply datais based upon a
logical reasoning: Infrastructure networks contain a spatial component due to the fact that
both traffic and transportation are closely related to geographic locations and the relations
between those locations. This matter of fact is exploited for the task of integrating data.

Within the network it is recommended that there are three basic inter-connected elements;

node, link and region (zone). The attribute data (short for information linked to the network)
should be linked to one of those three elements. In addition to the normal harmonisation and
unification process of the data themselves then, also a harmonisation and unification process

of the geographical definitions should be done. Only the attributes needed for identification

and connection of data will be within the “ETIS”- network. All the other attribute data are
stored in other databases.

There can be either/ard or asoft connection between attribute data and the network. With a
hard connection the data will be attached to the link, the point or the region with a database
pointer. This is the most preferable method, but it will not always be possible. A soft
connection is a connection with so-called ‘spatial keys’ that should be maintained both in the
network and in the other databases. The problem with these spatial keys is the maintenance, in
case there is a risk of inconsistency.

The GIS orientation of transport statistics does have significant impacts on the organisation of
the statistical information, in that data should be spatially related. The backbone of a GIS-
based system is the representation (or better maps) of the various infrastructures to which data
can be assigned. A crucial component in ETIS then, will be the maps of these infrastructure
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networks. There are substantial advantages in having only one common referential structure to
which data can be related. In this way many types of data sets can be related to each other
through the spatial linkages and thus enabling complex relational analyses.

5.2.2 Linking in the visible plane

Usualy, a GIS is used for the organisation of the infrastructure-related data. The transport
networks, specifically the nodes and the links, are used as the elements, to which all other
information is linked. Each mode is usually on a different plane, called layer: One for the
road, one for therail, one for the inland waterways, etc. In such a case, the inter-linking of the
different planes is indirect: through common nodes, which appear in more layers, or through
their geographical superposition. The attributes of the nodes and the links are used for storing
and handling network-related information. In most of the existing systems a single Level-of-
Detail (LoD) is used. Moreover, the connectivity of the network is fixed. Significant changes
of the LoD or a different connectivity of a network dictate the construction of a new layer in a
more or less manual way: by copying some of the information and modifying the rest. For
assigning partial attributes to the network links (i.e. assigning attributes to a part of alink), a
method called dynamic segmentation is used.

Apparent disadvantages of the conventional methodology are the following:

= |nability to handle any polymorphy of the data.

= Lack of flexibility in the cases of necessary, partial changes (as it will be explained in the
next section).

* Reduced ability to support intermodality through a multimodal network.

» Reduced ability to inter-link the data, since complex heuristic procedures are needed for
this purpose.

= Lack of the ability to dynamically change the connectivity of the network, so inability to
face new challenges (e.g., new units of freight transport, such as small containers, which
could be transported by air as well) without the construction of a new GIS-based system.

= Usually, incompatibility with other systems of this type (mainly with already existing
national or international systems, which, of course, cannot change at will).

The EUROSTAT GISCO database is organised in exactly this manner, with many layers for
different information. This organisation is clearly dictated by the available capabilities of the
available GIS. It has led to generalisation of this line of thought to the internal organisation of
most directly or indirectly geo-referenced transport data.

A new mentality of work is needed, along with a more efficient organisation of the
information system. So, instead of the “planar” organisation of the data sub-sets, the concepts
of thevisible plane and thevisibility level of the data are introduced. They are described in
detail in the next chapter.

5.3 Compatibility between concepts and data

The problems we faced in conceptually and technically harmonising existing data, partly
stems from the fact that the process of ensuring compatibility between concepts and data are
not made explicit, and are not adequately communicated. This results in incompatible systems
with differently structured data across Europe. The Commision then, is confined to ensure
compatibility betweenhe results of different national conceptualisations of the transport
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system, influenced, among other things, by the history, geography and development of the
countries that has lead to different priorities. Ideally, policy makers in Europe should instead
be presented with statistics that are produced in a European transport environment in which
conceptualisation and model- and theory-building are made explicit, and where al nations
participate in adial ogue about the way to understand the forces at work.

The empirical, horizontal, approach limits the challenge of ensuring compatibility to
harmonising and organising existing data into a system, providing European policy-makers
with relevant decision support information. The diverse structure of data and different
technical solutions leave us with many kinds of problems, of which this report documents
some from the pilot studies in the Alps and in the Netherlands. Also the MY STIC project
provides us with information on what are the most pressing harmonisation issues when trying
to construct “European” data from existing statistical sources.

When implementing the long-term policy information support system there is a need, along
the vertical dimension in the figure, to aim at understanding mobility and the forces at work,
and to recommend indicators that reflect reality in a more informed way than existing models
and present national statistical systems can provide. The shipper-surveys performed in the
MYSTIC project had this additional aim of trying to grasp the forces behind transport, rather
than only monitoring it. Ensuring compatibility in this perspective presents us with the
guestion of how we conceptualise and build theories for transport development, and how we
define relevant transport policy issues.

The method in MESUDEMO, then, has been to start from existing concepts, in the form they
manifest themselves through indicators in existing data sets (WP2+3, WP6+7). The indicators
have been scrutinised, re-conceptualised and defined in ways, which can give them as clear
and unambiguous empirical content as possible. The method is often calleehtheire

strategy between the abstract and the concrete’: Starting from an empirically observable
phenomenon (such as private car traffic increase), one tries to identify the causal powers at
work (such as new, flexible work routines, new lifestyle and consumption values), and to
conceptualise the phenomenon according to this instead of according to appearances (such as
correlation between number of private cars and private disposable income). This is a process
of abstraction, whereby objects (the actors in the social system) are defined according to
certain attributes that are essential to us (individual responses to the social shaping of values)
explaining the phenomenon in question (transport development). However, the objects do not
appear empirically in this abstract form. Therefore it is necessary to transform concepts into
indicators and variables that can be given content in the form of "data”.

2 Sayer: "Method in social science”, 1992
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Figure 5-2: Two-route strategy between the abstract and the concrete

As visualised in the figure above, when not stated explicitly, we may all possess different
opinions concerning the necessary relationships between the constituent elements of the
transport system (one may believe it to consist of “Abstract concepts 1” or “Abstract concepts
2" or any other set). This may, however, lead to totally different sets of new data variables.
Although all we want to do is to move from existing data variables to new, improved ones,
where we end up (in “New data variables 1” or “ New data variables 2” or any other), hinges
crucially on how we conceptualise the constitutive elements of the system.

Conceptualising European-scale transport development in a way that will both reveal its
driving forces as well as describe its effects, is a formidable task, and there are good reasons
to take first things first to get a grip on the extent of the phenomenon. In order to achieve
some idea of European transport performance, harmonised data sets based on the most central
concepts are badly needed, at least to get an overview of what we are dealing with. However,
the ambitions of our societies go well beyond this: we want to influence the development.
This, however, cannot be done solely on the basis of knowledge of appearances, but must, in
order to avoid "blaming the patient for his disease”, include knowledge about cause-effect
relationships.

5.4 Recommendation

MESUDEMO recommends that compatibility between supply and demand data should be
ensured in the general databases. There are two main roads towards such compatibility.

One is to design an information system in which already existing, differently structured data
can be organised so that there are links between supply and demand data. This chapter briefly
presents two possible models for this main road, one of them using GIS as the backbone of
the system, and the other one linking data either through the regioning scheme or through the
networks.

On the other main road our recommendation is to continue to encourage an explicit
conceptualising and theory-building process in the European intellectual environment, so that
not only do we understand mobility better, but we also understand it in a similar manner
across Europe. The projects in tfeRtamework Programme, of course, have all worked on
this European level, with partners from many countries trying to grasp European transport
development together. MESUDEMO has participated and contributed in this dialogue,
through two workshops, in-depth interviews, questionnaire survey, many meetings with
external participants and general dissemination of the work.

Conceptualisation should become explicit through the implementation and use of ETIS. The

proposed architecture of ETIS allows the system to function as a mediator in a dialogue, none
of the modules in the architecture are thought to be automatic and static, but should rather be
considered as arenas for the converging and learning process towards understanding mobility.
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6 OVERALL AND INTERNAL ARCHITECTURE FOR ETIS AND
THE DEMONSTRATORS

6.1 Objectives of the work

The main objectives of the work on the data architecture in MESUDEMO (WP 4 and WP8) is
the following (from the inception report):

Development of a set of data models and the corresponding data architecture for
the creation of European databases on transport flows and transport infrastructure.

Moreover, the proposed data and overall architecture should be suitable for a future
European Transport Information System for Policy Support (ETIS).

6.2 The challenge of building an ETIS — The results of the work on the
ETIS architecture

Relatively early in the work of the project, it became clear that there are considerable
difficulties when trying to propose an overal and inernal architecture for ETIS. Some of the
most important of them will be explained in this chapter, so that the reader fully understands
the differences of the ETIS case to the conventional transport databases or Decision Support
Systems (DSS).

Top-down design: Not possible alone
In creating and using a national system, a top-down approach can be used:

Policy issues 2 Formulation of the questions, to which the information system (1S)
has to provide answers = Decisions on what kind of data and algorithms have to be
included in the system = Collection of the necessary data and construction of the
system = Design and realisation of the information system, answering the policy
options

In an ETIS, however, the situation is different. In many cases, data are aready available
through agreements with the European countries. These data, however, are not necessarily
interoperable, or in the same form or format. In other cases, fundamental data are either
missing, or very difficult or not possible to merge. On the other hand, it also became clear in
the project that the national bodies are sensibly reluctant to co-finance ETIS initiatives for
acquiring new data and proceeding to further developments of this kind, because of the
subsidiarity principle.

The aforementioned facts suggest the use of a different methodology of work for the creation
of ETIS: the top-down design approach has to be combined with a bottom-up one, in order to
take into account the existing data:

Top-down part of the design of ETIS:

96



Final report

Policy issues = Formulation of the questions, to which the IS has to provide answers
= Initial decisions on the kind of desired data and algorithms that have to be included
in the system

Bottom-up part of the design of ETIS:

Determination and harmonisation of the available data or the data that can be collected
=2 Given these data, determination of the possible algorithms and processing methods
that can be successfully used = Identification of the questions, to which the resulting
information system can answer =2 Design and realisation of the information system

Therefore, the actual procedure of designing and realising an ETIS, comprises two stages. a
problem-driven, top-down initial stage, which must be complemented by a data-driven,
bottom-up one, which will determine which parts of the top-down one can actually be
implemented. It must be stressed that it might be necessary that the aforementioned
procedure be repeated iteratively, even more than once, in order to reach a plausible data
arrangement for working on the corresponding problems.

Moreover, in many cases the validation, harmonisation and merging of data originating from
different national and international sources poses new and non-trivial problems. In such a
case, it may be necessary to use a pilot action for understanding and guiding any further
work. A very practical example of this has been the Transalpine Pilot Study, which is
presented in chapter 4 of this report.

The aforementioned peculiarities definitely influence any attempt to propose an overall and
internal architecture for ETIS.

The multiplicity of the transport databases

Asfar as the transport databases are concerned, there is a considerable multiplicity of them in
Europe; however, there has been no significant effort for a basic harmonisation of their
content or for their co-operation. The description of these databases is beyond the scope of
this document. The reader is encouraged to look at the Deliverables D1, D2, D3, D5, D6, D7
and D10 of MESUDEMO (see chapter on references) for descriptions of such databases. At
this point, some examples of such databases will be referenced, in order to indicate the
different kinds of them:

Types of existing transport databases.
* Local (regional) databases, such as the following:
0 Alpineregions
0 Adriatic corridor
0 Pyreneescrossing
and others.
* National databases, mainly created and maintained by:
o Statistical offices
0 Infrastructure administration offices
0 Ministries of transport
0 Loca administrations
0 Private companies
* International (supra-national) databases, created and maintained by:
0 EUROSTAT
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o0 International Organisations such asthe UIC, the International Road Federation,
ECMT, IATA, etc.

o International efforts and studies, such as the RADEF database, the CAFT
database, etc

As an example, the databases used for the Transalpine Pilot Study are referenced (please see
section 4.2 of this report).

As aready mentioned, the sheer number of these databases, and the fact that everyone of them
has its own definitions, internal data architecture etc., emphasises the difficulty in designing
an architecture for ETIS, which hasto co-operate and use data from them.

The situation when the work on the overall and internal ETIS architecture started

At the starting point of the MESUDEMO work, there was a considerable amount of work
going on for the development of systems and tools for processing transport information at the
national, or even the European level. However, the transport experts had the definite feeling
that ETIS had not been achieved yet. Ever worse, it seemed that there was a general lack of
understanding of the aim, coverage and form of ETIS, due to the difficulty to grasp the
organisational, institutional and technical concepts of such an extended and complex system.

So, important questions were still open, such as. Exactly which problems are ETIS going to

tackle? What is the true meaning of the word “European” in ETIS? Where is ETIS going to
reside? What kind of software and hardware platforms and tools are needed for the
Implementation of ETIS?

Some of the most characteristic organisational and technical issues, concerning ETIS and the
databases for networks, which were still open at the starting point of MESUDEMO, are
presented here:

» Whatkinds of information have to be included in an ETI@2what level of detail do they
have to be? How can different levels of detail co-exist in a single system?

*  Which GIS must the Commission use? (EUROSTAT uses ArcInfo in GISCO, a number of
organisations (e.g. UIC, the Italian MoT, etc.) and companies use Mapinfo, the
Commission has a proprietary GIS, GEOSYSTRANS has developed new solutions, etc.) —
How can GIS compatibility be achieved?

* What kind of connections of ETIS to national and international databases are needed?
How can they be implemented? How can the data acquisition paths be properly organised
and operated on a regular basis?

* How can we storénowledge (know-how) in the system and relate it to the other stored
information?

* How candata confidentiality be handled? What abattita privatisation?

* How can the data qualivertification be handled?

o Where is ETIS going to reside? 1S it going to bea single system, at a certain location in
Europe or not?

* What is theoverall architecture of an ETIS-type system?

* In which way have the ETIS data to be internally organised, so that the practical system is
open and scalable, both as far as the data and the processing methods are concerned?
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How can data re-usability be achieved (without, of course, building another system from
scratch, each time we need to modify only a part of the data, but, instead, extending the
same system and using it for both applications)?

Which are the software and hardware tools necessary for the ETIS development?

Who is going to pay for the development of ETIS? Who is going to pay for the
maintenance of ETIS and the data acquisition?

Isthere a practical, realisable path towards ETIS?

In fact, at the starting point of the MESUDEMO work, it was extremely difficult to answer
even the following fundamental questions:

Suppose that the funds were available for starting the implementation of ETIS. Which

are the first steps for creating ETIS? Is there any preparatory work that has to done
first?

At the same time, on the other hand, a number of crucial changes were happening during the
life-cycle of the project, in the following areas:

In the development of Transport Information Systems (TIS): In many cases, there had been
a definite turn towards privatisation, while the simultaneous development of similar and
antagonistic systems had already triggered a phase of competition (instead of the previous
monopolies). At the same time, a lot of new TIS were emerging or under construction in
the Member States (national or private), in international organisations, etc. It is apparent
that these changes at the data sources of ETIS do reflect in the architecture and design of
ETIS.

In the area of information Technology and Telecommunications: The commercialy
available Database Management Systems (DBMS) and the Geographical Information
Systems (GIS) were decisively evolving and considerably increasing the possibilities for
the users (e.g., by enriching their internal data architectures, providing the means for
creating open and scalable systems, allowing the creation of web-enabled and portable
systems, allow the federation of databases, €tc.). The proposition for an architecture for
ETIS must definitely take into account this very fast evolution.

In the very transport policy implementation of the EU: There had been a decisive turn
from the centralised approach to the assignment of regiona responsibilities, as well as a
lessening of the number of new directives and an evolution of the policy issues of interest
from administrative and transport-centric to citizen-centric. This actually means that even
the questions, to which an ETIS hasto provide answers, may change very rapidly.

All these changes had direct and decisive effects on the design of an ETIS. The MESUDEMO
had to provide architectures, which must be able to cope with this constantly changing and
evolving environment. The only way to do so, was

to look at the broader picture, and instead of defining and designing a static,
closed ETIS, examine the possibility of designing and producing ETIS as a set of
methodologies and open and adaptive computational tools for investigating the
impacts of policy and transport options or measures, able to cope with the
constant, decisive changes.

This concept has actually been a guideline for the whole work on the ETIS architecture.
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Further challenges faced in MESUDEMO

In the evolution of the work on the overall and internal architecture of ETIS in the
MESUDEMO project, it has been realised that a number of peculiarities or specific needs in
the ETIS case dictated specific design and implementation methods and/or the introduction of
Innovative solutions. Typical issues of thiskind include:

o theexpected polymorphy and diversity of the data in an ETIS

» the concept of the ETIS network (i.e. a network of interconnected, co-operating systems,
distributed over Europe, as opposed to asingle, huge system situated at a certain European
location),

» theneed for seamlessly including proprietary data in the data core of ETIS,

» the ability of ETIS to co-operate with any GIS a any time (GIS independence), and
others.

The MESUDEMO consortium had to face the challenge and provide feasible and practical
answers and novel solutions to all these questions and problems. The aforementioned
peculiarities and specific needs of ETIS, as well as the practical answers and novel solutions
provided by MESUDEMO, will be described later on in this chapter.

6.3 The results of the work on the ETIS architecture

In the following, the main results of the work on the ETIS overall and internal

architecture that have been achieved in MESUDEMO are outlined:

* A better understanding of the organisational and technical nature of ETIS has been
achieved (aim and form, technical needs and solutions, installation and maintenance,
possible problems still remaining, etc.)

* A concrete need for preparatory work at the European level has been identified, and
corresponding recommendations and suggestions have been made to the Commission.

* A general, overall architecture of an ETIS-type system has been developed, and the
main modules of it have been identified and further anal ysed.

* A novel, unified data architecture and the corresponding data model for the
infrastructure networks and the flows have been developed. This architecture:

0 Starts from the novel concept of issue-relevance (i.e. the relevance of the
associated information to the transport or policy issues at hand), in order to
cope with the polymorphy and diversity of the data.

o For the first time, takes into account critical parameters like the Level-of-
Detail, the possible locality of the problem at hand (e.g. the local problems of
specific corridors), etc.

0 Can support widely different needs.

o Canuseany GIS at any time (i.e. it is Gl S-independent).

0 Permits the seamless integration of external, third-party data sets and
processing methods (including models), without violating the ownership and
confidentiality of them.

0 Followsthe current State-of-Art for creating open and scalable systems.

0 Can anticipate future needs for different organisation of data sets of the
system.
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* A realisation methodology for ETIS, which reduces the installation and maintenance
costs and permits the open (but controlled) access to its data and processing methods, has
been devel oped.

* A step-wise, practical path to a future ETIS has been envisaged and described.

In the following, these results are presented in brief.

6.4 The organisation and technical nature of ETIS

In the beginning of the MESUDEMO project, ETIS was being thought as a large system,
residing at a certain place in Europe (such as EUROSTAT or DGTREN) in which the proper
information from all Europe would be imported and used for the needs of policy support. One

of the first ideas was that ETIS should be the “common denominator” behind the national
systems or other international systems.

However, during the evolution of MESUDEMO, it has been realised that this “centralised

system” was not really the best option for all Europe. Instead:

» Specific,localised ETIS sub-systems may be built for dealing with problems and political
issues of multi-national character, which, though, are particular for certain areas. Such an
example is the ATIS (Alpine Transport Information System for policy support), studied in
the Transalpine Pilot Study in MESUDEMO. This statement is justified by the fact that in
many important cases, both the transport problems and the policy issues of importance
may be different (or may be expressed in a different way) for different geographic areas.
Therefore, the subsidiarity principle dictates the creation of localised ETIS sub-systems.

» Actually, an ETIS system may even appear at the national level, if a national TIS or DSS
contains an adequate amount of multi-national data, in order to allow the study of
transport situations and problems in bordering multi-national areas (e.g. for study of the
Turin-Lyon corridor).

* Moreover, a different ETIS system would bee that would be used for transport
planning at the European level and is covering all Europe, or at least a large part of it; or
a system that is used for studying of European-wide situations or problems.

Therefore,a possible and, actually, probable form of ETIS would be that of a network of
interconnected, co-operating systems, situated in various places around Europe and forming
what has been called in MESUDEMfe ETIS network. It is not necessary to integrate these
systems; the interconnection of them can be as tight or as loose as necessary or meaningful.
These systems, however, have to be designed beforehand in such a way, as to co-operate in a
seamless manner, if and when such a need arises. Databases of this kind gfe/called
databases.

Moreover, it has also been realised thapaial architecture is necessary in order to cope
with the following demands:

* The existence ofery large volumes of data.

* The achievement atie maximum re-use of the data, without building new systems from
scratch each time a sub-set of the data has to be used.

* The achievement eiata interoperability to the maximum possible extent.

* Theeasy, efficient and less costly interconnection (federation) of the ETIS sub-systems.

* Theeasy and less costly maintenance of the system.
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The principles of such an architecture have been developed in MESUDEMO and are
described later on.
6.5 A general overall architecture for an ETIS

A general skeleton of a Transport Information System for policy support can be seen in figure
6-1, where the main modules and their basic functions are depicted.
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Figure 6-1: A general architecture of an ETIS-type system, showing the various sub-
systems at a conceptual level

The general conceptual modules of the system are depicted in figure 6-1 and explained in
detail in the following. One must clearly distinguish between the conceptual modules of the
system, as they are presented here, and the possible actual components (programmes or blocks
of them), which will be used for the implementation of these modules.

In order to better understand the architectural and technical issues, which are related to each
module, it is very important to first identify the functionality of the module, and then examine
the best technical ways to implement the related, actual system components. Then, and only
then, it will be possible to propose an internal architecture for the components used for the
implementation of the system.

The supportive module for the data acquisition, harmonisation and combination
procedure

The main discriminating difference of an ETIS from any similar national TIS or DSS is the
incorporation of data, which come from different (mainly) international sources. In order to
use these data, a procedure, which may probably involve harmonisation, validation,
aggregation, merging, etc., must be followed. In most cases, the intervention of experts, who
will make critical decisions or choices, or who will, if necessary, suitably modify this
procedure, is still mandatory. On top of this, in many important cases, the possible lack of
data will make the work of human experts even more necessary.

In cases where the data acquisition procedure will be used a number of times for regular

updates of the data core of the system, selected re-usable parts of the procedure can be
automated. In that sense, a module can be created for the support of this re-usable part of the
procedure having as a background the development of a “learning” system. This is the
supportive module for the data acquisition and combination procedure of the presented

skeleton of ETIS. Moreover, this module can actually contain a kind of workspace, in which
the experts and the professionals, who are performing the data combination procedure, can
perform necessary tests, transformations, merging etc. on the data, in order to reach a
consistent data set, usable in the data core of the system.

The module for preservation of knowledge and data: The concepts of the transport data
warehouse and the knowledge base

The original data sets, used to create the data core of the system, should be kept available, so
that corrections or adjustments can be made to the data core of the system at will, and new
sets of combined data may be added. The system should provide such a possibility, therefore
the introduction of a data warehouse in the system modules in the general ETIS skeleton. The
information does not necessarily have to be a part of the highly organised data core of the
ETIS-type system. It may be in several formats, loosely connected to other information, but
still it may prove quite valuable for the expert users. Therefore, an ETIS-type system should
include both alata warehouse, in which original data sets can be efficiently kept, and a way

to efficiently maintain unstructured information (texts, multimedia hypertexts, etc.) and
knowledge (know-how) through the use dfawledge base.
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An additional, but very important, reason for the inclusion of a knowledge base (and a data
warehouse, for that matter) in the overall ETIS architecture is the following: The process of
creating such a system is very complex and involves many necessary decisions, taken at
various stages of the feasibility study, the design and the implementation of the system. Many
of these decisions regard the selection, combination and use of the data themselves.

As far as the data warehouse is concerned, the critical issues concerning its operation are the

following:

* The ahility to store (and possibly handle) a large number of data sets in their native
formats.

* The provision of a kind of special links, called issue-relevant links and indices, (and
described in the Deliverables D4 & D8), which relate the stored data to the problems at
hand. These links guarantee that the data sets of the warehouse can be referenced from the
other modules of an ETIS at will.

» The ability to seamlessly access on demand data stored in remote databases; in that sense,
it is avirtual warehouse. This operation should be transparent to the user to the maximum
possible extent.

* The ability to provide the expert users with suitably designed data search and correlation
methods and utilities, so that they can efficiently look up for the existence of specific data.

As far as the knowledge base is concerned, the stored (or accessible) information could be in
the form of textua descriptions and explanations, methodologies, agorithms (e.g.
computational methods, models, etc.), examples, etc. Apparently, the information of the
knowledge base has to be thematically connected to the meta-information, which will
accompany any datasets, so that it can be directly accessible by the users of the data. Actually,
the information of the knowledge base can be considered, in a sense, as a more extended and
thorough meta-information.

The highly organised data core

Any decision support system, in order to compute the indicators and/or perform the
simulations or predictions and “what-if” tests, which are needed for policy support, must
contain a data core. This data core, constructed according to the aims of the system, includes
the information necessary to feed the set of inference engines (processing methods, models,
etc.) of the DSS. In ETIS, the data core usually includes infrastructure information (mainly
the transport networks), demand data (flows), as well as socio-economic, behavioural,
environmental and other region-related or network-related information. In contrast with the
transport data warehouse, where the data can be loosely inter-linked, there is a strong need for
highly organising and inter-relating the data of the data core. Moreover, it is possible that the
data core may contain organised information, which is not necessarily fed to any inference
engine pre-included in the system, but may directly enable experts form an opinion on the
evaluation of critical policy options.

In MESUDEMO, several architectural schemes have been examined, as well as the
international and European state-of-art. Moreover, many experts have provided their opinion.
Having this as input, the MESUDEMO team has developed a novel and advanced architecture
for the Data Core, with many advantages when compared to the existing systems.

The module for the extraction of information from the data
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This module is actually what differentiates a Transport Information System (TIS) from a
Decision Support System (DSS). It comprises a number of inference engines, which produce
the indicators or perform simulations or predictions, needed for the support of policy-making,
based on the data of the data core. These inference engines can range from simple data
extractors and viewers to very complex model chains. They usually include methods for
processing the data of the data core, including transport (or other) models; they also have to
supply utilities for scenarios formulation and hypotheses formulation and testing, as well as
additional workspaces for the temporary storage of the organised outcome of extended
projections or predictions.

It isimportant that this module also includes facilities for monitoring the area of coverage on
policy and transport issues, as well as any related directives, regulation, studies, constraints
(time, speed), etc. Adequate links to the knowledge base and the data warehouse must be
provided for this purpose.

The transport-oriented and policy-oriented user interface and the user guidance module

The quality of the user interface is important for the easy, efficient and correct use of the

system. Moreover, it is a given, strict requirement that the ETIS interfaces share at least a
common “look and feel”, if not a common way of handling similar situations, so that as
limited a training as possible is required for the users, when the latter use the various
interfaces or sub-systems. However;, all interface needs can be anticipated for every ETIS
sub-system, since they may considerably vary according to the problems, which the sub-
system may handle. Therefore, a commwaarface design methodology for ETIS has to be
developed. This methodology should end up in a set of design methods, as well as templates
and tools for building the user interfaces needed for any ETIS system. This methodology must
also cover to the maximum possible extent the necessary variability which is introduced by
the use of different components, such as models, GIS, etc. These components may be
different, but the interfacing methodology must be the safhe. development of this
methodology should be one of the first jobs towards ETIS, and should be driven by a set of

pilots. Using the resulting set of templates and tools, a first set of user interfaces for the most
common cases of each ETIS sub-system has to be developed.

The user interface modules may inclueta or result viewers (for tables, data forms, text or
hypertext, geo-data, graphical forms like graphs, pie charts, etc. and other visualisations),
interactive modules for communicating with the users and, most importantly, guiding them,

modules for producing reports, etc.

It is obvious that the development of the interface design methodology and the realisation of
the first set of user interface and guidance modules can only be done, if the specifications of
an ETIS has been first determined and the design of ETIS is under way.

Extra care must be taken, so that open and widely accepted tools and methods are used, in
order to allow the easy expansion of the systénis suggested that a three-tier logical
architecture, which implements separately the database tier (usually called data servers), the
application tier (i.e. the way that the data are retrieved and processed, according to the needs
of the individual problem at hand) and the user interface tier (i.e. which handles the way that
the information is presented to the user and the interaction of the user and the system)

for ETIS. In this way,openness and scalability is maintained and the re-usability of ETIS is
facilitated.
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The set of mediation modules (portals to and from other systems)

Whenever there is a need for repeatable, systematic communication of ETIS to other
organised systems (i.e. databases, like the EUROSTAT databases, databases kept by the
Member States or international organisations), special modules of the system will handle the
datatransfer. These modules will act as a portal to (and from) other systems and automate to a
maximum possible degree these operations, in order to avoid duplication of effort, each time
such adatatransfer happens. The modules will make certain that a properly structured transfer
will occur, i.e., concerning the transfer of data from external systemsto ETIS:

a) That the right data are extracted from the externa system, that they are transferred to
ETIS and properly validated.

b) If necessary, that the transferred data are properly transformed (to quantities usable by
ETIS).

c) That the transferred data are accompanied by the proper meta-information and
documentation.

d) That these data will be fed to the right ETIS modules (e.g. the supportive module for
the data combination procedure, the data core, etc.), or stored in the right place (data
warehouse, highly organised data core, etc.)

On the other hand, concerning the transfer of data from ETIS to external systems, functions
similar to those of (a) to (c) of the above operations will be carried out.

It must be highlighted that the mediation between systems, when data have to be transformed,
computed or merged, so that they can be properly used by other systems, is a way to achieve
data interoperability. Therefore, mediation can be thought as a, temporary at least, alternative
to standardisation.

Two additional functions of this module are important and necessary: an efficient co-
operation with a meta-information server of ETIS for handling virtual data (i.e. data stored in
other systems but functionally integrated in ETIS), aswell as an efficient handling of any data
confidentiality or ownership issues, again in co-operation with the proper ETIS logical
modules.

The issue-relevance determination module

One of the major problems in the systems of the ETIS-type is the multiplicity of the possible
forms (polymorphy, please see the glossary) and formats and the diversity of the involved
information. It will be a common phenomenon that different internal representations of the
same entities (such as the transport network links and nodes, etc.) may be needed in order to
tackle different problems (examples for this are presented in the deliverables D4 and D8).
Drastically restricting the possible internal representations of the data, in order to reduce the
effects of this problem, is clearly unacceptable; it might result in an inflexible, or even
inadequate, data core. Moreover, it will severely limit the re-usability of the data sets
contained in the data core. In MESUDEMO, a novel methodology for tackling this problem
through a conceptual sorting of these polymorph and diverse data has been developed. This
methodology allows such data to co-exist in the same system without any confusion. It relies
on the use of an issue-relevance determination module, which bases its operation of the
relevance of a sub-set of data to the problem at hand (i.e. the transport or policy issue), in
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order to organise internally the data and select the proper sub-sets needed for tackling each
problem.

Moreover, this module properly relates the data to selected meta-information and to the
knowledge, which is stored in the knowledge base of ETIS. Although this functional module
of ETIS isnot at the same level as the modules presented in the conceptual skeleton of ETIS,
its significance is crucial for the proper organisation of ETIS, and it is underlying the whole
proposed ETIS internal architecture.

6.6 A novel, unified, internal data architecture and the corresponding data
model for the infrastructure networks and the flows

Due to the highly technical nature and the extent of the content of this section, the results will
necessarily be presented at an abstracted level.

The different kinds of data in ETIS — ways to organise them

The ETIS data can be split in two main categories:

*  (Structured) transport data, with the usual meaning that the transport experts assign to
this term, and

*  Unstructured data, usually textual or multimedia data, including documentation, EU or
national directives, knowledge representation, etc.

The structured transport data can then be further split in:

e Static (or semi-static) data, i.e. datathat regularly do not change or change very slowly, as
far as the system is concerned. Usually, most of the infrastructure-related data as well as
socio-economic data fall in this category, since they change (i.e. they are updated) very
slowly.

*  Dynamic data, i.e. datathat change very fast and need special methods for handling. E.g.,
such data are the traffic data on a road network, for which updates may be necessary very
often.

* Time series, in which the information lies in the evolution of certain indicators or
guantities over time.

The static or semi-static data are further split in two main categories, according to the way

they are organised:

» Infrastructure-related (mainly network-related) data. All data that are usually associated
with the infrastructure networks (e.g. transport links and nodes, their attributes, partial
attributes and their geometry, services, routes, etc.) fal in this category. Even counts of
flows on the links fall in this category. The kind of information associated to the networks
may change significantly with the Level-of-Detail of each individual network.

*  Region-related data. These are mainly demand, socio-economic or behavioural data,
associated to regions. Again, the kind of information associated to the regions may change
significantly with the Level-of-Detail of each individual regioning scheme. For the
regions, as well known, there is already a European standard, the NUTS zoning.

Usualy, a Geographical Information System (GIS) is used for the organisation of the
infrastructure-related data. The transport networks, specifically the nodes and the links, are
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used as the elements, to which all other information is linked. Each mode is usually on a
different plane, called layer: One for the road, one for the rail, one for the inland waterways,
etc. The work in MESUDEMO, however, has shown that such a conventional organisation
can prove both inefficient and restricting for ETIS.

Asfar asthe flow data are concerned, more than one organisational scheme are usually used,

depending on the form of the information, which usually isin the form of:

» Trip data, at various levels of aggregation. Relational databases are used for this purpose,
usually not geo-referenced. Geo-referencing is implicit, through the origin and the
destination of thetrip.

* Origin-Destination (O-D) matrices, in various forms and levels of detail. The
corresponding databases can have different forms, athough they remain basically
relational databases with indirect geo-referencing.

* Counts on the links of a network: actually, although these data concern flows, they are
observed data on the links of the networks. They are usually organised in the network part
of the systems.

Of course, if one interprets the “databases for flows” in a little broader serngerabases,

which describe the transport demand”, then other kinds of data, such sagio-economical,
behavioural, etc., have to be considered as a fundamental part of such databases as well.
These data are usually organised again as region-related, relational databases, and can take a
multiplicity of forms.

In MESUDEMO, a unified model has been developed for ETIS, for handling all these
different kinds of data, as well as the necessawy-information. As a general rulejll data

have to be organised in a contemporary, advanced DBMS (Database Management System).

The need for geographical visualisations and spatial analyses are covered through the use of a
spatial data interchange module, which takes care of the communication of the database to a
GIS (such modules have already become commercially availdlé)-scale information

may or must be present in an ETIS; a specialLevel-of-Detail (LoD) stamping of the data is

needed, in order to be able to mix information withiable granularity, i.e. of different LoD.

This mixing must happen on a kind eofible plane, which is the actual working space
containing the information needed for a specific study, as the following figure shows:
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Figure 6-2: The relationship of the visible plane to the conventional layers of a GIS

Moreover, except from the LoD stamping, the data has to be properly prepared, so that the
visible plane can be effectively used. This is a preparatory work for ETIS, on which the
Commission should take an initiative.

The concept and methodology of the “ issue-relevant organisation”

As aready mentioned in the ETIS overall architecture, the very reasonable and desirable
effort to re-use in any possible way the data of an ETIS, therefore the effort to use the same
system(s) for the study of more than one problem, results in an increased diversity and
polymorphy of the data of the corresponding data core(s). The term polymorphy is used to
signify the phenomenon, where different internal representations of the data may be (and
usually are) needed, according to problem or issue at hand. In that sense, the form and the
internal representation of the data of an ETIS (actually of any IS) are issue-relevant, i.e. they
absolutely depend on the issue (policy, transport, socio-economic issue or option, or any
problem), on which an answer hasto be provided.

In order to cope with this polymorphy and diversity of the data core of ETIS, a novel interna
organisation is proposed for the first time:

Not only the data themselves, but the very issues or problems, for the tackling of which
the data can be used, should be stored in the IS and used for a kind of “conceptual
sorting” of the data.

Thisis done through the use of a special module called issue-relevance determination module.
The existence of this module and the use of it for conceptually sorting the data of the data
core permits the co-existence of very complex, diverse and polymorph data in the core; the
user may obtain from such an organised core custom views of the datasets, highly tuned to the
issues or the problems he studies.

Therefore, with such an organisation in an ETIS sub-system or in the ETIS network, more
than one specific or general networks (e.g. at different Levels-Of-Detail, or with variable
granularity) and regioning schemes may co-exist and may be used as the heart of the
organisation of the data of the data core(s), without sacrificing the efficiency of the system
and the easiness of handling the corresponding data. The following figure shows the basic
principle of this organisation:

Figure 6-3: Dependence of the network and regioning scheme information (co-existing
networks and regioning schemes) on the issue-relevance module

The data model for the networks, the regions and any associated information

The internal representation of both the networks and the regions (or sub-network or sub-
region) should start from an abstract, not geo-referenced, internal representation, called in the
figure “an elemental representation”, which usasiigue, unambiguous coding scheme for
the elements of the infrastructure or the regions. Although such a scheme exists for the
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regions (the NUTS nomenclature), there is no equivalent for the networks. It is imperative

that:

* A harmonised data dictionary should be created at the Furopean level, in co-operation
with the Member States, for the most significant network and region elements, for all the
Levels-of-Detail of interest.

* Moreover, a hierarchical coding scheme for clearly and unambiguously identifying each
network link and node, from the EU level down to the national level, must be created.

Again, this is a concrete part of preparatory work for ETIS, for which the initiative belongs to
the Commission.

The elemental representations must not be based on geo-referencing, since practice has
repeatedly shown that, if geo-referencing is used for identifying elements of the infrastructure,
small errors in defining the position of the elements may create huge discrepancies in the
representations.

Creating pan-European networks is not a trivia task; the information must come from those
who produce and maintain it, namely (and mainly) the Member States. DG TREN has to use
a the European level a multi-scale network. I.e., information in more scales than one (three
are considered adequate) must be kept in the European networks databases and ETIS, and,
each time, a specific scale must be sel ected according to the question at hand. All scales of the
networks should be acquired in each update. Again, the aggregation from one LoD to the
others should be left to those, who collect and maintain this information, namely the Member
States. However, defining the needs at each selected scale is a concrete job for the
Commission. |.e., in order to be able to provide the network information, the Member States
have to have a clear knowledge of the kind of desired networks in the corresponding areas and
the specific problems, for the solution of which the information is asked for.

Moreover, regarding any scale of the networks, or any specific sub-network: the Commission
must move towards the creation of a unique network, which includes all modes and handles
them as uniformly as possible. Specia methods for creating and handling this unified
networks, so that flexibility is maintained and future needs may be anticipated. Additionally,
specia networks for transport modelling (modelling networks) should be obtained and stored
In ETIS as separate subnetworks.

As far as the regions and the associated information (transport demand) are concerned, the
problems for creating pan-European databases are mainly conceptual and methodological
rather than technical; the reader may consult the results of the Transalpine Pilot Study and
MY STIC project for further information.

In the following figure, the basic principles of the internal organisation of the ETIS Data Core
are shown:

Figure 6-4: Basic principles of the internal organisation of the ETIS data core

The whole organisation is clearly issue-relevant. Special links are used for conceptually

sorting of the information. The main information is organised around the “elemental
representations” of one or more networks and one or more regioning schemes. Further
information is linked to them, either through their coding scheme-{inked information:

also calledartributes), either through another kind of “linking pins”, calléeys (key-linked
information). The keys may be:
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*  Geography-dependent, i.e. information linked through geo-referencing of certain
geographical attributes, e.g. facilities of a port residing at a certain location), or

*  Geography-independent, in which no geographical information or geo-referencing of the
element of the infrastructure, to which the key links other information, is present in the
key. Usualy these keys have a form, which is constituted from the code of the element
plus akind of an identifier; this identifier indicates the exact location on the infrastructure
element, where the information has to be linked.

Key-linked information can be:

» Either partia attributes, i.e. attributes valid for a part of the link, such as a varying number
of lanes of a highway; e.g. the number of lanes of a highway can vary as fol-lows: from
the start of the link to keyl, 2 lanes per side; from keyl to key2 3 lanes per side; from
key2 to the end 2 lanes again.

e Or, genera information; e.g. accident information. E.g.: An accident has happened at the
location marked by the key [<link code>, <distance in km form the beginning of the
link>].

Apparently, any information associated to a network or a region through the keys is aso is-

sue-dependent. E.g., accidents could be accurately linked to a road network at a certain Level-

of-Detail, but probably not to a much more aggregated network; aggregated accident
information should be used for this more abstract network.

In the proposed scheme, it is possible for the first time to actually include in the data core (and
the corresponding data model) critical parameters of the data, such as the Level-of-Detail of
the data, the possible locality of the data, the availability of the data, €tc., through the use of
the issue-relevance determination module and the corresponding methodology for the
organisation of the data.

As aready indicated, aDBMS and not a GIS has to be used for the organisation of the data. In
the previous figure, the way a GIS should be used is shown: the spatial engines and viewers
are included for this purpose. In the next figure, the way to connect a GIS to the ETIS data
core is shown:

Figure 6-5: The way to connect a GIS to the data core

The reason, for which the use of such a module makes the architecture independent of specific
GISs, is apparent: If a different GIS has to be used, smply a different SDIM (Spatial Data
Interchange Module), tuned to the new GIS must be used. In this way, the ETIS data core and
architecture do not change, when the GIS changes. Through the introduction of the SDIM,
any commercial GIS (e.g. Archinfo, which is used by EUROSTAT and others, Maplinfo,
which is used by UIC, consultancies and others, etc.) or proprietary GIS (the BRIDGES GIS,
the GEOSY STRANS GIS, etc.) or any other GIS can be seamlessly integrated to ETIS at any
moment. Routes and services can be represented in a way shown in the next figure:

Figure 6-6: Handling routes and services

In fact, the routes or services should be internally represented in a double manner:
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o First, the routes and services should be present as attributes at the links and the nodes of
the networks. In this way, there is an immediate reference at the services available at any
point on the network. Moreover, the operations of splitting or unifying links or regions
can be checked for validity against the corresponding services and handled accordingly.
Any services on parts only of the links of the network can be associated to the network as
partial attributes, without introducing any unnecessary “intermediate nodes”.
0 Second, a separate table of the routes, the services and their attributes should be kept, for
immediate reference to the services and proper organisation of any information associated
to them.

Another important issue for the data core is thenping of data. Stamps are special
characterisations of individual data items or clusters of data. Sometimes they can be treated as
attributes of the data; however, they are mainly used to differentiate the data or the behaviour
of the system accordingly. Stamping the data of the ETIS Data Core is absolutely necessary.

The need for the following stamps has been identified so far:

* A time stamp. This stamp permits the creation of differentiated data views, according to
the time of observation of the networks or regions. Combined witkray file, in which
the permanent alterations of the networks or the regions (or critical information associated
to them) are stored, it permits advancing forth and back in time, in order to get specific
future or past views of the information. Such “roll forward” or “roll backward” operations
are needed, e.g., when “what if” experiments are performed and comparative studies of
forecasted and present or past situations are made.

* A Level-of-Detail stamp. This stamp is necessary, in order to facilitate the co-existence on
a visibility plane (and on a GIS) of information from different LoDs

* A confidentiality stamp. This stamp is necessary for enabling ETIS handle in a proper
manner and resolve any confidentiality issues. The way to do so will be explained in the
next section.

* A data quality and -certification stamp. This stamp is needed for collectively
characterising the quality of the data and assigning to them a possible quality certificate.

Of course, one could think of other kinds of useful stamps. Againtamps are actually is-
sue-relevant. The way of determining the exact number and form of them is by studying the
issues or problems, for which the corresponding data are needed.

Finally, in D4 and D8 the kindsf meta-information needed for accurately describing the data
are identified, and ways to use them are hinted.

6.7 A methodology for the technical construction of ETIS

The identification and proposition of the maegten, overall and internal, architecture for

ETIS, which, at the same time, would guaranieecasy to maintain, update and expand
configuration, has been one of the main concerns of the consortium of MESUDEMO. In this
sense, a special effort has been devoted in better understanding proper realisation methods for
ETIS, i.e. methods for building the actual information system. The propositions are the
following:
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* An open and portable development (programming) environment has to be used for the
realisation of ETIS; such a suitable environment would be, e.g. the Java environment, due
to its open character, its portability across hardware and software platforms and its low
cost. However, there are also other commercial aternatives.

* Instead of a closed, proprietary system, an open configuration has to be created, which
can serve both as a model for other systems of this kind, and as a “platform” for
attracting the creation of third-party “add-on” programmes and the integration of third-
party data sets and processing methods (including models).

The only restriction to the openness of the system is the need for honouring any existing
confidentiality requirements. For any major user access to the data, ETIS actions should be
along the following lines:

User request of data for a specific purpose (=2 Issue-relevance determination: selection

of data sets and determination of the selective and significant links) = Confidentiality

Check = Check for the satisfaction of the confidentiality requirements by the users =

Logical extraction of the data and granting access to them (=2 Creating a physical copy

of the desired dataset or database for the users)
Technical methods for implementing this procedure are proposed in D4 and D8. On the other
hand, a methodology for achieving the integration in ETIS of specific data sets (or databases)
and/or processing methods (including models), which have been developed by third parties, is
the following: The builders of ETIS (actually of any sub-system of the ETIS network) should
provide a proper programming template for doing so. This template would contain the
programming code for the skeleton of a component (see glossary), which, if filled-in with
proper programmes by the third party, would co-operate with ETIS and integrate in ETIS data
sets and/or processing methods that have been created by this party. The resulting software
component should include any mediation needed for the proper trandation of the data
between ETIS and the external systems, as well as any confidentiality resolution procedures
for the access of the third party proprietary information or software.

The advantages of such a scheme are apparent: The additional cost for this procedure is split
between the ETIS authorities and the third party, the third party software will necessarily be

“well behaved” and the third party would be certain that the agreed requirements and
procedures for accessing its data and processing methods will be fully honoured.

As far as the selection of the actual software and hardware platforms for the realisation of an
ETIS system (i.e., a member of the ETIS network) is concerned, the only restriction is the use
of platforms, which would guarantee an open and scalable result. Additionally, the ETIS
builders should avoid the dependence on a single provider, or on products that cannot be
interoperable with the most widely accepted software of taday; dependence would limit

the openness of the system and the easiness of creation of third-party software for ETIS.
Furthermore, it is advisable to choose products, for which the probability of evolution and
compliance to the future State-of-Art and technological trends is high. If proprietary software
parts have to be used, then they should be handled in one of the ways, which guarantee the
openness and scalability of the system.

6.8 Identified preparatory work at the European level — A realistic path
for the construction of an ETIS
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The success of the ambitious effort of creating, or, more accurately, deploying ETIS (and the
ETIS network) for Europe, absolutely depends on a correct understanding both of the way that
such a deployment has to be done, and of the fact that a series of preparatory actions on behalf
of the Commission are absolutely necessary.

These actions fall in the following categories:
*  Awareness of the social and transport problems, for which ETIS is definitely needed.

— There must be a very careful, comparative evaluation of current transport problems or
policy issues in areas around Europe, for which a localised TIS or a DSS is a need
with a high priority. The creation of alocalised system for these areas has a meaning,
only isit can be used in a sustained manner (and therefore, it is regularly updated).

— Moreover, there must be a comparative evaluation of the needs for installing a Pan-
European system for making possible the study of European-wide problems and
support the decision making process, either directly through the use of a DSS, or
indirectly, by providing information, which can help in better understanding the
problems and the implications of the corresponding policy and transport options.

The reason for this essentia action is to clearly set the priorities for taking the first steps
towards the deployment of ETIS. It may be necessary to create a steering committee for
deciding on these first steps.

* Preparation for the creation of European-wide databases for transport. A better
understanding of the data needs, the methods for the initial data acquisition and the
regular data updates, as Well as the form that an ETIS would take is absolutely essential,
in order to take the correct steps for the deployment of ETIS. The results of the
Transapine Pilot Study should be carefully investigated in al their dimensions and the
resulting implications on the methodology that has to be followed, in order to go on,
should be deeply understood.

* Moreover, the Commission should initiate certain preparatory actions at the EU level
concerning organisational and technical matters. These actions include:

— Promotion of an action for the creation of a data dictionary a the European level for a
basic common_data set of transport information. This data dictionary should be
complete with an internal description of the corresponding data, not merely a glossary,
so that it could be directly used for the organisation of the data core of ETIS. This data
dictionary can only be issue-relevant, i.e., that the kind and form of its data directly
and absolutely depend on the transport and policy problems that have to be faced.
Therefore, the creation of this data dictionary should be considered as a dynamic
procedure: the start should be done for atypical set of transport and policy issues, and
updated and expanded in the future in a controlled and technically sound way. This
update and expansion should be guided by a careful examination of the corresponding
State-of-Art and the evolution of the data needs, which is perceived as the deployment
and exploitation of ETIS continues.

— Provision of a proper nomenclature and coding schemes for essential transport
information. E.g., an action for the creation of a unique identification scheme for the
infrastructure elements, which does not depend on geo-referencing, as
aforementioned. This action should be carried out in co-operation with the Member
States.

It is also understandable that in the evaluation of the overall situation, as well as in carrying
out the first steps towards ETIS, other important preparatory steps may come up.
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It is the opinion of the MESUDEMO consortium that the overall responsibility for getting the
whole effort towards the ETIS deployment started, as well as the decision on the first steps
towards this aim, should probably be taken by the primary users of the system, namely DG
TREN. However, since these matters are of a highly political nature, it would be advisable to
refer to the authority of the European Parliament for validating, or even directing these
actions.

One of the concrete results of the architectural work in MESUDEMO has been the
identification of a realistic path for the construction of an ETIS sub-system (i.e. a member of
the ETIS network). The inclusion of the Transalpine Pilot Study in MESUDEMO, as well as
the many contacts with national administrations and their representatives and experts, have
considerably helped the MESUDEMO consortium to understand many of the details and
intricacies of such a procedure.

6.9 Recommendations for the overall and internal ETIS architecture and
the technical matters concerning the construction of an ETIS

In description the results from the work on the ETIS overall and internal architecture, both in
this report and in the deliverables D4 and D8, a lot of suggestions and recommendations are
included. Not all of them can be repeated in detail here, due to space limitations. Therefore,
the basic lines of them will be abstracted and presented here, with proper references to the
sections of this report or the deliverables D4 and D8, where they are better described. The
recommendations are organised in thematic groups.

On the organisation and technical nature of ETIS

* Theterm ETIS must be associated not only with an information system, but also with a
whole set of methodologies and procedures for gathering proper data, creating and
regularly maintaining a corresponding information system suitable for supporting
decision making in transport policy matters.

* In the case of ETIS, the usual top-down design method, used for the nationa systems
cannot work. Instead, a combination of this approach with a bottom-up one has to be used:

Top-down part of the design of ETIS:

Policy issues - Formulation of the questions, to which the IS has to provide
answers~> Initia decisions on the kind of desired data and algorithms that have

to be included in the system

Bottom-up part of the design of ETIS:

Determination and harmonisation of the available data or the data that can be collected
- Given these data, determination of the possible algorithms and processing methods
that can be successfully used - Identification of the questions, to which the resulting
information system can answer - Building of the system

* It may be necessary to build specific, localised ETIS sub-systems for dealing with
problems and political issues of multi-national character, which are particular for certain
areas. These systems can be though as a more complete and extended form of the already
introduced transport observatories. An example of such a system is the Alpine Transport
Information System (ATIS), studied in the Transal pine Pilot Study in MESUDEMO.
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Similarly, there may be ETIS sub-systems that will be used for transport planning at the
European level and are covering all Europe, or at least a large part of it, or sub-systems
that will be used for studying of European-wide situations or problems,

Therefore, a possible and, actually, probable form that an ETIS can take is that of a
network of interconnected, co-operating (i.e. federated) systems. the ETIS network. The
transport experts must rather think of an ETIS network, or its member systems (localised
or European-wide), than of a single system with all the information init.

One must carefully consider not only the initial creation of ETIS, but also the
maintenance and update of it as mgor challenge. In fact, building a complete information
system of thistypeisonly justified, if this system is highly re-usable and updateable.

On the overall architecture of an ETIS
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The following statement refers to any ETIS sub-system (i.e., any member of the ETIS
network). In order to:

o Cope with the very increased complexity of the procedure for the creation of such a
system,

o alow the proper maintenance and updating of this system, and

o dlow this system to co-operate to the other ETIS sub-systems and be properly
federated into the ETIS network,

it is strongly recommended to consider an overall architecture like that, which is briefly
described in this report.

As far as the technical design of a member of the ETIS network is concerned: Instead of
simply adding a user interface and a GIS as complements to the data core and the models
of ETIS, it strongly recommended to follow an up-to-date design method and wuse a
modern, 3-tier architecture for ETIS, which technically guarantees openness and
scalability of the system and facilitates the re-usability of the data core of ETIS.
Additionally, it is recommended to also employ Web-enabled interfaces, which will
considerably enhance the accessto ETIS over the Internet.

Regarding the data core of an ETIS (or the data, which may be distributed over the ETIS
network, in the data cores of the federated members of it): Data interoperability is one of
the most crucial pointsin the effort of achieving an ETIS. Standardisation may provide an
answer to the data interoperability needs. However, at this moment, it seems highly
improbable to achieve a single data description and specification, covering the necessary
data for working on all the problems that an ETIS (or the ETIS network) may have to deal
with. Therefore,

0 Any standardisation effort must always refer to the specific problems, for which the
data are needed, since this is the way to choose in a proper way standard forms and
methodologies for creating primary data sets (standardisation is actualy issue-
relevant).

0 Since standardisation does not always provide a total solution to the data
heterogeneity problem, mediation must be considered as an alternative to
standardisation (mediation refers to the creation of a module for trandating data
between two systems with different data descriptions and internal representations).

In the cases, in which data cannot be made compatible or interoperable, therefore

mediation is impossible, the only solution is to revert to the actual sources of the data

and encourage and promote full compatibility at the data collection level.
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On the internal data architecture of the data core of an ETIS (the data models for the
networks, the flows and any associated information)

* InanyETIS:

0]

0]

Consider all the categories of data that may be present in the system, as they are
described in this report (Sub-section “The different kinds of data in ETIS — Ways to
organise them” of the section 6.6).

Moreover,always consider the meta-data, which must accompany the data sets.

Organise these data in a modern DBMS (Database Management System), and not a

GIS. Avoid the usual “planar” organisation of the data, which is customary for the
GIS-centric organisations. Instead, adopt an organisation method, which at any given
moment canlynamically produce a “plane of visible information” (th&isible Plane)

for viewing purposes or for further computation®;, combining and mixing
information at the same or different Levels-of-Detail. (Please see the paragraph “The
different kinds of data in ETIS — Ways to organise them” of section 6.6 in this report).
This way, avariable granularity of the information can be achieved; such a variable
granularity will be needed in a lot of “localised” (regional) studies (such as the
Transalpine Pilot Study).

The form and the internal representation of the data of an ETIS (actually of any IS)
absolutely depend on the issues (policy, transport, socio-economic issues or options, or
any problem), on which an answer has to be provided. Moreover, in the effort to re-use
the data of ETIS, by using the same system (or network) for answering to or studying
more problems, a considerable diversity and polymorphy of data may result.
Therefore:

Use a special internal architecture for the data core of any ETIS, in order to
anticipate the diversity and polymorphy of the data; clearly, the mere inclusion of

meta data is not enough. A novel way to handle this problem is the proposed in
MESUDEMO: the issue-relevant organisation of the data, in which,not only the data
themselves, but the very issues or problems, for the tackling of which the data will be

used, must be stored in the IS and used for a kind of “conceptual sorting” of the data.

By following this methodology, highly diverse and polymorph data sets can be easily
accommodated in the same system (or network), while customised views of these data
sets, highly tuned to the issues or problems at hand, can be provided to (i.e. easily and
transparently selected for) the ETIS users.

Organise the main ETIS data with thgrastructure networks and theregions as
reference information.

» As far as theretwork information is concerned:
0 A unique, multi-modal, multi-scale, multi-purpose network must be used for the

European network database. The different scales are needed for tackling problems,
which require network-related information at different Levels-of-Detail (LoD). Three
scales for LoD are considered enough.

0 A permanent solution for the creation, maintenance and possible future expansion of

the European network database must be adopted. This solution must be based on the
acquisition of the corresponding data from these sources, which create and maintain
the corresponding primary information; namely, the Member States. Therefore:

Each Member State should provide to the Commission network information for its

area, according to a methodology, which has to be agreed upon beforehand. Then the
Commission can put the partial information together, and resolve, if necessary, any

arising problems in unifying the information in co-operation with the Member States.
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It is quite probable that several networks (reference networks at various scales, special
networks produced for specific studies, several modelling networks) may co-exist in
ETIS. The internal architecture should be able to cope with this demand.

The internal architecture of the networks should be flexible enough to satisfy emerging
or even future needs. Specia sub-networks for tackling emerging problems (e.g. the
movement of special new freight carrying units, combined and intermodal transport,
the use of new transport models that require specific modelling networks, €tc.) should
be created relatively easy, with a considerable degree of automation and with
significantly reduced cost.

As far as the internal data architecture of the networks, the flows and any information
associated to them is concerned:

0]

An internal architecture, employing the principle of an issue-relevant organisation
and allowing multiple sub-networks and sub-regioning schemes and information at
various Levels-of-Detail must be used in the heart of the data core of ETIS.

The basic lines of such an internal architecture are briefly presented in this report
(section “A novel, unified, internal data architecture and the corresponding data model
for the infrastructure networks and the flows”).

In the internal data architecture, @amental representation, i.e. a very simplegode-

based representationwithout any geo-referencing or any geometry, of both the
networks and the regions should be employed in the database. Any other information,
including geo-referencing or geometry, must be linked to this elemental representation
asattributes or key-linked, associated information.

In order to achieve this angeate pan-European infrastructure network databases, a
proper nomenclature, i.e. a hierarchical coding scheme for clearly and
unambiguously identifying each infrastructure network link and node, from the EU

level down to the national level, must be created. A corresponding nomenclature for

the regions already exists: The NUTS zoning scheme.

As already mentionedihe infrastructure networks and the regions must be the
reference information for any regional or European-wide associated information. In
that sense, the infrastructure networks and the regions agiregsators of the
information.

Regarding the infrastructure networks: common referential system for the geo-
referencing should be employed. Moreover,the Commission and the Member States

must agree on a unique key-system for all Europe for linking information to the
networks.

Routes and services should also be represented in ETIS, as described in this report
(“The data model for the networks, the regions and any associated information”).

As already mentionedy! data should be organised in a modern DBMS, in which any
geo-referencing should be included. A Spatial Data Interchange Module should be
employed for linking this database to a GIS for visualisation purposes and spatial
analyses (section “The data model for the networks, the regions and any associated
information” of this report).

Stamping the data with special stamps, such asiae stamp, a Level-of-Detail stamp,

a confidentiality stamp, a data quality and certification stamp, etc., will greatly
enhance the operation of the data core (again, section “The data model for the
networks, the regions and any associated information” of this report).
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On the technical construction of ETIS - Methodology and procedures for integrating (or
working with) external data sets, models and sources

* Instead of creating a closed, proprietary system, create an open configuration, which can
serve both as a model for other systems of this kind, and as a “platform” for attracting the
creation of third-party “add-on” programmes and the integration of third-party data sets
and processing methods (including models).

This mentality is actually in line with the current international trend of sharing expensive
geo-information, and a the same time, helps in implicitly achieving a broader data and
processing methods interoperability.

* An open and portable development (programming) environment has to be used for the
realisation of ETIS (e.g. a Java-based one, due to its open character, its portability across
hardware and software platforms and its low cost; other commercia aternatives are
possible, aswell).

* A methodology for the seamless and technically sound integration of third-party data sets
and processing methods (including models) in ETIS, which guarantees honouring of any
existing confidentiality requirements, must be employed in ETIS.

General technical recommendations for ETIS

* Ingenerd: Carefully avoid building restrictions in any ETIS system. If the system has to
be restricted, due to budgetary considerations, restrict the data set and not the
architectural design, so that the possibility of expanding the data set later is kept open.

* Moreover, follow a standard software development methodology, as developed in the field
of software engineering, e.g. the standard ISO 9000-3 for guaranteeing the quality of the
software production procedures, or the more general Ticklt for certifying the quality of
the software products.

6.10 The MESUDEMO demonstration and dissemination tools

In order to achieve an effective dissemination of the results of the work on the ETIS overall
and interna architecture, the MESUDEMO consortium has constructed a tool for the
presentation of the new concepts, ideas and methodologies for the creation of an ETIS and the
demonstration of the advantages of the novel points of the proposed architecture.

Thistool is a Web-enabled environment, with a 3-tier, client-server architecture and advanced
capabilities for handling geo-information through the Web. Web-based hypertext (html
documents) will be used for the presentations, so that the users (i.e. the target audience for the
dissemination and demonstration) will be able to concentrate on the points of their interest.
Special clickable buttons in the Web documents will initiate demonstration programs.
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The same environment can be used for the dissemination of the results of the Transalpine
Pilot and the rest of the MESUDEMO Work Packages.

A PC with MS Windows and an Internet connection will be enough for accessing the
demonstration and dissemination tools. Any user will be able to download through the Web
and install on his PC the client part of the environment (i.e. these programs and data, which
will re-side on the PCs of the users). This part will communicate with a Web-based Server in
NTUA (Athens), in order to provide the presentation and the demonstration.

The demonstration and dissemination environment will be accessible through the

MESUDEMO Web Server, the address of which is;
http://www.telecom.ntua.gr/MESUDEM O
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7 OVERALL CONCLUSIONS AND RECOMMENDATIONS

Project setting

The implementation of the Single Market in the European Union (EU) from 1993 and the
abolishment of customs barriers in the EU has led to both a decline of transport data
availability and a deterioration of the quality of existing data on border crossing transport. At
the same time as demand for more and better statistical information on international transport
is growing, supply is deteriorating.

Suitable tools and methods are lacking on the international level to process existing data into
information that satisfies the needs expressed in the Common Transport Policy (CTP) of the
EU. In particular methods for the quantification of traffic and transport demand on say NUTS
levels 2 or 3 are not generally available at these levels. Although methods for traffic and
transport analysis are becoming ever more refined on the national level, these tools are hard to
exploit on the European level because of the poor availability of necessary empirical data.
Efforts are currently being made through the 4™ and the 5" Framework Programmes of the
EU to change and reverse this deplorable trend.

The MESUDEMO consortium was given the task to develop methodology for compiling,
storing, maintaining and disseminating information on transport networks and on flows of
goods and passengers. An integral part of the task was to develop data architecture and data
models adapted to these flows and networks. The European Transport Policy Information
System known as ETIS and developed in the INFOSTAT project has been the foundation of
the work in MESUDEMO.

The quest for statistical information to guide transport policy decision making can be viewed
as a top-down identification process of necessary data. On the other hand various kinds of
transport statistics have existed for years. So the question might be formulated as what kind of
transport policy issues can be viewed in the light of existing data. This is the bottom-up
process of identifying the political relevance of existing data. During the project work the
consortium has al the time consciously striven to find some workable compromise between
the two approaches which in the end will determine the degree of successful implementation
of ETIS.

The challenge of promoting knowledge about the efficiency of transport infrastructure
utilisation resulted in an organisation of MESUDEMO along two lines. One line treats data on
infrastructure provision and the other deals with data on transport flows constituting demand
for trangport infrastructure. Both lines are joined together through the use of state-of-art
information technology adapted to the needs of MESUDEMO. This has been a major
achievement of the project.

MESUDEMO was originally designed as parallel strings of work packages. However, in the
course of work it was experienced that later work packages had impacts on previous ones,
spurring further work there. This in turn laid the foundation for more work in the following
work packages. Thus experience necessitated a dynamic way of working and resulted in most
of the Deliverables being completed at the end of the project.

The MESUDEMO project has employed a broad set of research methods, varying from
literature studies, questionnaire surveys, in-depth interviews, pilot studies and workshops.
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Transport flows

The current situation as to data availability is rather bleak. Data on European goods transport
flows are mostly restricted to a unimodal registration at an annual basis of tonnes and/or
tonnekilometres broken down by commaodity groups and only specifying country of origin (O)
and country of destination (D) (NUTS 0). Current data on transport chains (intermodal
transport) do not as a rule exist. For passenger transport even much less data are available. As
an overall conclusion it can be maintained that there are very few O/D related data available
for border crossing passenger transport.

It is recommended that ETIS should be based on a transport policy oriented, comprehensive
database with harmonised data elements. MESUDEMO recommends that a European
transport policy oriented database should be based on the INFOSTAT list of indicators/
variables and focus on O/D flows. The ambition might be O/D flows at NUTS 3 level for both
goods and passenger flows, since thisis alevel at which Pan-European transport policy may
be reasonably well monitored and corridor studies evaluated. From NUTS 3 the data can be
aggregated to higher levels and thus be used to supply answers to Pan-European policy
guestions at more aggregate levels. However, considering the current situation on data
availability, the NUTS 2 level might be the most ambitious to aspire to.

The NUTS zoning is based on population figures. A zone on the NUTS 2 level in a densely
populated country such as the Netherlands or Belgium is much smaller in area than a zone on

the same NUTS level in the northern part of Sweden or Norway. This is not the best situation

for traffic and transportation studies. Particular problems are incurred in the selection of the
different network elements. Still at the European level, data at a NUTS 2 level may be
considered satisfactory. In the case of localised observatories or policy support systems, it

may be necessary to use a variable granularity of information, e.g. NUTS 3 for the region of
interest, NUTS 2 in the vicinity of it and even less than this — such as NUTS 1 or 0 in distant
areas.

Creating reasonable transport databases for the European policy level will be a demading task.
In the ideal case the following aspects gfoads transport database should be kept in mind
when aggregating the necessary linked transport information:

= A harmonised classification system should be used to be able to keep hold of the most
detailed information possible, such as information on the load (consignment)

= Individual items should be considered as new variables, such as number of trips, number
of consignments, etc

= Some additional variables should be calculated, e.g. weight x consignment distance for
tonne-km, capacity x (loaded and/or empty) trip distance, etc

= Consistency with classification used in trade databases for building transport chains
should be provided

= Consistency with classification used in other parts of ETIS (socio-economic data,
passenger flows, infrastructure links and nodes, impacts) should also be secured.

One main achievement of the Transalpine Pilot Study has been to demonstrate that trade and
transport databases can be successfully harmonised, througbnsteuction of a prototype
demonstrator tool for studying policy options in the Alpine Area. The pilot study has
demonstrated that it is possible to aggregate and merge information from different,
international and national sources, in order to build a new, harmonised database for policy
support.
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In the pilot study called TRANSITIE an inventory of statistical problems was made and a
methodology was successfully tested and proposed to overcome the problems related to the
establishment of a transport chain database. Dutch databases were used in this pilot study.
However, considering the difficulties experienced in the Netherlands, and as it cannot be ruled
out that similar data problems also exist in other European countries, the creation of a Pan-
European consistent transport chain database will be rather challenging and complicated.

Concerning passenger transport, international comparison and harmonisation is generaly
difficult due to various zoning systems, sample figures, modelling procedures, definitions on
transport modes etc. A great effort is consequently needed to get the different countries to
enrich and adapt their present system of data collection.

The opportunity should be taken to harmonise the definition of concepts and nomenclature of
variables within each country and among European countries, in order to reach a consistent
set of surveys at the European level. Communication and co-operation with the national
institutions will in this respect be of central importance in order to succeed in building ETIS
as atransparent and multi-layered information system.

By combining a top-down and bottom-up approach, and gradually building and
supplementing the system with additionally collected data, a passenger component of ETIS
can be developed over time, leading to a more reliable modelling of O/D matrices based on a
better coverage through observed data. A group of national public road administrations have
laid the foundation for an information system for the European road network (the RADEF
project). The system includes geo-referenced data on traffic accidents, traffic counts, etc. The
next recommended step would be to attach also O/D datato the network.

Transport infrastructure networks

The MESUDEMO consortium has made a comprehensive survey of available information on
transport infrastructure networks and attributes linked to them. The consortium has devel oped
two possible solutions for the data architecture of the networks. Thefirst one is to make use of
the network as an integrator of data, and to let a Geographical Information System (GIS)be
the backbone of the database. The other approach is to take advantage of the fact that
information in ETIS is necessarily georeferenced and can be organised according to region or
the network of the transport links and modes. A unified model has been developed for ETIS,
for handling all these different kinds of data.As a general rule, it is recommended that all data
should be organised in a contemporary, advanced Database Management System (DMBYS),
instead of aGIS.

Road networks

The only way to guarantee an up to date accurate road network with many attributes is by the

utilisation of national sources. The national road networks are maintained in most countries

on a continuous basis. Generally, it is recommended to:

» definethe ETIS-relevant roads,

= establish uniform definitions of attributes;

= establish an international organisation to receive the data from the national organisations
on a continuous base.

A first step to the above-mentioned topics is established by the RADEF project. The RADEF
data dictionary provides agreed terms, definitions, categorisations, and relationships for
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various types of road data, such as traffic details, number of accidents, road geometry and
road condition statistics. Common location referencing is a particularly important component,
linking the national networks to a European network. The data dictionary is the result of
extensive co-operative research by the public road administrations. The RADEF project may
be adjusted and further developed through co-operation for the purpose of creating the first
ETIS network for roads. It will be a task for the Commission to encourage further co-
operation with the national road administrations.

Networks for other modes

Changes in the infrastructure for other modes than roads normally occur less frequently. The
recommendation is to continue the maintenance of existing networks on an ad-hoc base. It is
also recommended to establish an organisation to guarantee the quality of the network data.
Furthermore, a standardisation of the definition of attributes is necessary.

For assignment of transport chains, an intermodal network is essential. Apart from the ETIS-
relevant attributes a unique transshipmentipment location must be added also to relate
information on to the separate networks.

Compatibility issues

The recommendation is to harmonise and to make existing data and systems interoperable,
and to continue to encourage an explicit conceptualising and theory-building process. In this
manner we will not only understand mobility better, but we will also understand it in a similar
manner around Europe. The research projects in the Framework Programmes, of course, have
all been related to this European level, with partners from the various countries trying to grasp
European transport development. MESUDEMO participated and contributed in this dialogue
through two workshops, in-depth interviews, questionnaire survey, many meetings with
external participants and general dissemination of the work.

Implementation and use of ETIS will make conceptuaisation explicit. The recommended
architecture of ETIS alows the system to function as a mediator in a dialogue, none of the
modules in the architecture are thought to be automatic and static, but should rather be
considered as arenas for the converging and learning process towards understanding mobility.

Data architecture and data models

The main conclusions from the work on data architecture and data models can be summarised
asfollows:

= A better understanding of the organisational and technical nature of ETIS has been
achieved and the corresponding basic concepts have been described.

= A general architecture of ETIS has been developed, and its main modules have been
analysed further.

= A novel internal data architecture and the corresponding data model for the infrastructure
networks and the flows have been developed; this internal architecture has enhanced
capabilities of handling transport data.

= A realisation methodology for ETIS, which reduces the installation and maintenance costs
and permits the open (but controlled) access to its data and processing methods, has been
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developed. This methodology, moreover, permits the easy construction of third-party
additional software for ETIS.

= A concrete need for preparatory work on behalf of the Commission at the European level,
in order to achieve the ETIS deployment, has been identified.

» The Transalpine Pilot Study has brought forward a demonstrator showing the novelties of
the proposed architecture

= Moreover, astep-wise, practical path to afuture ETIS has been envisaged and described.

The following figure outlines the general architecture of ETIS, showing the various sub-
systems at a conceptual level.

A general architecture of ETIS, showing the various sub-systems at a conceptual level

ETIS will comprise data of two categories; structural and unstructural data. The first category
can be further divided:

e Static data, i.e. data that regularly do not change or change very slowly. Usually most of
the infrastructure-related data as well as socio-economic data fal in this category.

*  Dynamic data, i.e. data that change very fast and need special methods for handling, e.g.,
traffic data on aroad network that may need updating very often.

» Time series comprising the time pattern of indicators.

Unstructured data are usualy textual or multimedia data, including documentation, EU or
national directives, knowledge representation, etc.

Usualy, a Geographical Information System (GIS) is used for the organisation of the
infrastructure-related data. The transport networks, specifically the nodes and the links, are
used as the elements, to which all other information is linked. Each mode is usually on a
different plane, caled layer. The work in MESUDEMO, however, has shown that such a
conventional organisation can prove both inefficient and restricting for ETIS.

In MESUDEMO, a unified model has been developed for ETIS, for handling all different
kinds of data, as well as the necessary meta-information. As a genera rule, al data are
recommended to be organised in a contemporary, advanced DBMS (Database Management
System). The need for geographical visualisations and spatial analyses are covered through
the use of a spatial data interchange module, which takes care of the communication of the
database to a GIS. Such modules have aready become commercialy available.

ETIS must be associated not only with an information system, but also with a whole set of
methodologies and procedures for gathering proper data, creating and regularly maintaining a
corresponding information system suitable for supporting decision making in transport policy
matters.

In the case of ETIS, the usual top-down design method, used for national systems cannot
stand alone. Instead, a combination of this approach with a bottom-up one has to be used. It
may be necessary to build specific, localised ETIS sub-systems for dealing with problems and
political issues of multi-national character particular for certain areas. These systems can be
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thought as a more complete and extended form of transport observatories. A possible and
probable form that an ETIS can take is that of a network of interconnected, co-operating (i.e.
federated) systems. the ETIS network.

One must carefully consider not only the initial creation of ETIS, but also the maintenance
and update of it as major challenge. In fact, building a complete information system of this
typeisonly justified, if this system is highly re-usable and updateable.

In the process of creating an ETIS, it is very important to carefully avoid building restrictions
into the system. If the system has to be restricted, e.g. due to budgetary considerations,
restrictions have to be put on the data set and not on to the architectural design, thus keeping
open the possibility of expanding the data set |ater on.

A pathway for the creation of ETIS

On the preparation of ETIS the consortium has recommended not only to concentrate on
guestions of methodology and content but also to consider institutionalisation of ETIS. Some
relevant issues to look into are:

=  Which institution will be responsible for building and maintaining ETIS and what
resources will be available?

= What will be the role of the European countries within ETIS? Will it be possible to
convince them of the benefits of such a system?

=  What regulations will have to be adapted to meet the demands of ETIS?

= How does one solve the confidentiality problem?

A stepwise, iterative, procedure has been sketched for the systematic analysis of the data, the
processing methods, the architecture and the interfaces of an ETIS.

Stepl: List the most pressing transport or policy problems, for which solutions should be
provided by ETIS. Include typica questions, for which an answer preferably would be
provided by ETIS.

Step 2: Convert these problems or questions into transport or policy options (or measures),
which have to be examined as possible ways of solving the problems or answering the
guestions.

Step 3: List the set of the indicators, which are necessary for evaluating these options or the
implications of these measures.

Step 4: Determine the methodologies, which are needed for the computation of these
indicators. Determine, therefore, exactly which data and computation methods (including
models) are needed. Determine also the desired Level-of-Detail and geographical
coverage of the data.

Step 5. Complement the lists with data and computing methodologies (including the models)
that are not indicated by the procedure so far, but may be proven useful in the future, as
far as the understanding of the transport problems in the area are concerned.

Step 6: Then, go shopping for data, by contacting all those data providers, who may have the
data needed. Prefer, if possible, those providers, who are responsible for the production
and update of the primary sets. Determine the availability of the data needed and the way
to establish the paths for acquiring and regular updating of the data. If there are any
confidentiality issues regarding these data, look for an arrangement for sorting out this
matter.
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Step 7: If the data exist, determine what kind of possible harmonisation, validation and/or
merging is needed, and go to step 8. If however, there are significant gaps in the data, or
the data would not be disclosed, look for aternative sources; examine if these sources can
provide data at the desired quality and regularity. If proper sources are found, then go to
step 8. In the case there are still severe data gaps, examine if aternative ways of getting
the needed data may be found, such as possible reliable estimation of the missing
information, or possible collection of primary data, etc. If such alternatives arise, and
applicable ways can be found, continue to step 8. Otherwise, examine if desirable results
can be produced with the (not complete) data set that may be acquired, and if it is still
worthwhile to create this ETIS at this moment. If "yes', adjust (i.e. reduce) the set of
transport problems or policy issues that can be answered, execute steps 2, 3, 4 and 5 again
and then go to step 8. If not, drop the job for the time being. There is aways a chance that
the missing data will be available in the future through collection of primary data or
otherwise.

Step 8: Having determined the questions, to which the system can provide answers, given the
data availability, technically design the system at the conceptual level, following a top-
down approach. The process described in the previous steps would have already formed
the Issue-relevance Table to be used in organising the data of the system.

Step 9: Decide on the software platform, the development environment and the software tools,
which have to be used. Use a platform, a development environment and software tools,
which guarantee an open and scalable architecture, and encourage the construction of
third-party software.

Step 10: Based on the decisions for the software platform, the development environment and
the software tools, as well as on adequate samples of the data, conclude the design
(logical and physical) and the construction, first of the basic data-centric modules and
then of the rest of the modules of the overall architecture. Conclude the design (logical
and physical) and the construction of the basic data-centric modules first, based on the
decisions for the software platform, the devel opment environment and the software tools,
as well as on adequate samples of the data. And only afterwards conclude the design of
the rest of the modules in the overall architecture.

Step 11: Based on the decisions taken in steps 6 and 7, acquire the data. Some of them should
adready be available from a permanent, centralised acquisition activity; e.g. the
infrastructure networks, which have to be taken from participating countries and updated
regularly.

Step 12: Perform any validation, harmonisation and merging of the data, as necessary. Then,
organise the data in the data-centric modules of the system. Carefully determineif thereis
a need for accessing remote data on demand. If so, create the necessary procedures.
Moreover, determine the confidentiality resolution procedures, and program the
corresponding components into the system. At the same time, organise the procedures for
updating the data (since this operation may actually influence the overal data
organisation). If necessary, make any required adjustment to the structure of the system
components, which are used for the realisation of the modules of ETIS.

Step 13: Systematically acquire or create the meta-information, which will be necessary for
the proper operation of the system. Moreover, determine and acquire the knowledge,
which has to be put into the system in order to support the operation of the system and the
decision making process. Organise the meta-information and the necessary knowledge in
the system and link it to the data and the processing methods.

Step 14. Complete the construction of the system components, integrate the system and
perform tests for assuring its proper operation and evaluating its performance. Make any
corrections that may be necessary.
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Step 15: If necessary, proceed to the actions needed for connecting (integrating or federating)
the system to the ETIS network. The kind of connection would highly depend on the
exact aim of the individual system under construction and the general ETIS needs for
accessing data and processing methods.

Step 16: Carefully document any decisions and steps taken for the design and construction of
the whole system, starting from the decisions on the issues and problems that the system
should deal with and the data it would contain. This is a vital step for the proper,
continual operation of the system, aswell as for any update or expansion of it.

MESUDEMO has been a large project, in resources deployed, in time-span, and in thematic
scope. The project underpins the need for continuity in transport research compatible with the
continuing and ever-changing character of society itself. An enhanced understanding of
transport dynamics is needed to guide policy design, especialy in the long-term perspective.
In the short run, existing tools (as transport models and cost/benefit analyses) can give
relevant answers to pressing problems, as long as adequate data are provided. Suggestions on
how to extract, process, manage, and disseminate such information at the European level
through the use of state-of-the-art information technology, are major achievements of the
project. In the long run, however, actual transport devel opments will set the agenda for raising
new policy issues. Such long-term transport development is not easily calculated on the basis
of current appearances, but can at least be better understood by disclosing the driving forces
of the system. By enabling this, we may increase our ability to design policy measures in due
time, and enable us to balance different measures against each other.
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LIST OF ABBREVIATIONS

AAD Aan-, af- en doorvoer (Import, Export, Transhipment)

ADT Annual (Average) Daily Traffic

AF Agder Research Foundation

AGC European Agreement on Main International Railway Lines
(UN-ECE)

AlC Arclnfo Coverage

ANWB Dutch Automobile Association

APAS Actions de Préparation d’Accompagnement et du Suivi

APUR Atelier Parisien d’'Urbanisme

AQUABEL Incident report (GIS) system of the Dutch Ministry of
Transport

Arcinfo GIS software by ESRI

ASECAP European Association of Toll Motorway Concessionaires
and Agencies

ASSEMBLING 4th Framework Project: Assembling a European network of
monitoring centers for transport infrastructure

ATIS Alpine Transport hformation_§stem for decision support:
a localised ETIS (see corresponding entry).

ATS American Travel Survey

AVV Adviesdienst Verkeer en Vervoer (see TRC)

BRTN Beleidsvisie Recreatie-toervaart Nederland policy)

CBS Dutch National Bureau of Statistics

CBS Copenhagen Business School

CEEC Central and Eastern European Countries

CEMT See ECMT

CETMO Public foundation of Spanish transport

CIS Commonwealth of Independent States

Conceptual level of the design The design of the whole Information System at a

of an Information System

CONCERTO

COROP
COST

CTP
CTSE
CWR

Data Model vs. transport

Model

DATELINE

130

functional level, independently from the software and
hardware, which will be used
A Framework Project: Concerted action for European
transport information systems

Dutch nomenclature comparable to NUTS level 3

Coopération Européenne dans le domaine de la recherche
Scientifique et Technique

Common Transport Policy

Commodity Classification for Transport Statistics in Europe
Continuous Welded Rail (rail construction system)

“Data model” is an information technology term and
signifies the internal data structure of an information
system. The term “Data model” is completely irrelevant to
the well-known to the transport experts term “transport
model”.

5" Framework Project



DBMS
DG TREN

DHTML

DLL
DRIVE-

DSS

Dynamic segmentation

EC
ECDIS
ECE
ECMT
ECU
EDI
EEA
EIB
EIMP
ERTMS
ESRI

ETIS
ETIS network

EU
EURET

EUROSTAT
FYROM
GDF

GEOSY STRANS

GIS
GISCO
GMS

GN
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Database M anagement System

Directorate-General for Energy and Transport of the
European Union

Dynamic Hyper Text Markup Language. DHTML
combinesHTML, style sheets, and scripts to make Web
pages more interactive and permits an elementary
computational ability

Dynamic Link Library

Dedicated Road Infrastructure for Vehicle safety in Europe
European Community

Decision Support System

Technique to store, query and analyse the attributes of parts
of alinear feature without having to modify the whole
network feature.

European Commission

Electronic Chart Data and Information System
See UN-ECE

European Conference of Ministers of Transport
European Currency Unit

Electronic Data Interchange

European Economic Area

European Investment Bank

European Infrastructure Master Plan

European Rail Traffic Management System
Producer of Arcinfo

European Transport Policy Information System

A network of ETIS-type systems, comprising any localised
sub-systems (or observatories) working at aregional, but
multi-national level, aswell any European-level (supra-
national) sub-systems. These systems should be compatible
in the way they are handling their data and processing
methods (including models) and federated, in order to
provide uniform access to them.

European Union

European Research Programme for Transport (from 2nd
Framework Programme

Statistical Office of the European Communities

Former Republic Of Macedonia

Geographic Data File

4th Framework project: Geometic database on European
transport

Geographical Information System

GIS system of EUROSTAT

Geintegreerd Meldkamer Systeem (Dutch joint
incidentroom system)

Measurement unit per individual goods type of the
harmonised system
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GNC
GTF
HST
HTML

Hypertext

IATA

ICAO

ID-

IMEG
INDRIS
INFOSTAT

INRETS

INTRASTAT
1Q
IRPUD

IS
ISO

Issue-relevance

ISTAT
IT-
ITEP
IWG-

LAN-
Layer (in a GIS)

Localised ETIS

Logical level of the design of
an Information system
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Global Navigation and planning Charts
General Transportation data Format
High Speed Train
Hypertext Mark-up Language: It isthe hypertext (see
relative entry) “language” for the Web (which includes
marks for the formatting of the text).
A text format, in which links to other pieces of text of the
same or other documents can be included; use of these
links brings up directly the linked text. An example of this
is the “HTML” format that the Web uses.
International Air Transport Association

Intarnational Civil Aviation Organization
Identification tag

The Eurostat Intermodal Expert Group
Localisation and tracing system for the Dutch NIN

4th Framework project: Information Systems and Statistics
Strategic Transport

The French National Institute for Transport and Safety
Research

Intra EU Trade Value Statistics

A transport RTD Programme for intermodal transport
Institut fir Raumplanung, Universitat Dortmund

Information System
International Organization for Standardization

The way of organising diverse and polymorph information
according to its relevance to the main issues, to which an
Information System is called to provide answers (in the
case of ETIS, transport or Policy issues). This term is
introduced in this document for the first time.

National Statistical Office of Italy

Information Technology
Institut des Transports et de Planification

Intersecretariat Working Group. Forum for multilateral co-
operation in transport statistics. Members are UN/ECE,
Eurostat and ECMT

Local Area Network

A “plane” of a conventional GIS for showing thematically
similar data, which usually are at the same Level-of-Detail.
E.g., A plane with the roads, another with the rail, another
with the regions, etc.

An ETIS used féscal planning, i.e. for working on
problems specific to multi-national, but restricted (i.e.
not pan-European) area (see ch.2.2.2)

The design of the whole Information system with a given
data modelling technique, independently from the actual
software packages and hardware, which will be used.



Logical vs. Physical sub-set of
data

LOS
MDS
ME&P
MEST

MET
Meta-Information

Meta-Information Server

MGE
Mkmetric
Module-External Meta-data

Module-Internal Meta-data

Multi-scale networks

MVA
MYSTIC

NEA

NEAC Model
NEN

NIN

NST

NSTR

NTUA
NUTS

OD
OD-ESTIM

ONC
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A physical sub-set of datais meant as a separate dataset on
astorage medium; alogical sub-set isonethat actualy lies
inalarger, organised set of data and is distinguished from
the rest of the data either by using specific pointers, which
are pointing to these data, or by providing a proper
selection method. The logical sub-set can easily be
extracted and stored on amedium, or organised in a
separate database; in such a case, it becomes physical.
Level Of Service

MDS Transmodal Ltd.

Marcia Echenique & Partners Ltd.

4™ Framework Project; Methods for European Surveys of
Travel Behaviour.

Ministére Wallon de 'Equipement et des Transports

Information about some other information (usually the data
of a system). Meta-information usually describes the
meaning and structure of this other information.

The server (programme or computer), which provides
meta-information
Producer of software
Transport consultant

The meta-data, which refer to the data of a module, but are
storedoutside this module (e.g. in a knowledge base)

The meta-data, which refer to the data of a module, and are
storedinside this module (e.g. in an internal sub-module
for handling of this information)

Networks containing information in several Levels-of-
Detail (LoDs). Special architecture are necessary for
organising, storing and inter-relating the information in
such networks.

Transport consultant

4th Framework project: The Methodology and Evaluation
Framework for Modelling Passengers and Goods on
Transport Infrastructure Scenarios using the ETIS

NEA Transport Research and Training

Transport model developed by NEA

Dutch standardization institute

Dutch National Infrastructure Network
Nomenclature Uniforme des Marchandises pour les
Statistiques de Transport

Nomenclature Uniforme des Marchandises pour les
Statistiques de Transport Revisée

National Technical University of Athens
Nomenclature of Territorial Units for Statistics
Origin Destination

4th Framework Project: Cost-efficient Origin/Destination
Estimator

Operational Navigation Charts
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O-0 Object-oriented (technology, programming, etc.)
ORACLE Database software
Partial attributes (mainly Attributes which can be assigned to a part only of alink of

related to thelinksand nodes  anetwork
of the transport networks)

PAWN Policy Analysis Waterway management for the Netherlands
PC-Navigo Inland navigation software

PCU Passenger Car Unit

PHARE EU’s programme for financial and technical co-operation

with CEEC counttries:Albania, Bosnia and Herzegovina,
Bulgaria, Czech Republic, Estonia, Former Yugoslavian
Republic of Macedonia, Hungary, Latvia, Lithuania,
Poland, Romania, Slovakia, Slovenia

Physical level of the design of The complete design of the Information system, down to

an Information system the individual variables and programming sub-modules
POF-name Part Of Fairway name
Polymorph data Data, for which more than one form and format, are

allowed in a system. In order to use these data, the user
must explicitly or implicitly (through thé&sue-relevance,
see the corresponding entry in the glossary) select a proper
form and format for them.

Polymorphy The existence pblymorph data in a system (see the
corresponding entry in the glossary). Special techniques
are usually needed for handling polymorphy.

POP-name/-number Part Of Port name/number

PPP Public private partnership

PRA Public Road Administration

PTT Dutch Mall

RADEF Road Administration Data Exchange Format

RDBMS Relational Database Management System

Realisation of an Information The actual construction of the Information system.

system

RIV UIC’s regulation scheme of freight cars

RIZA Dutch instutute for fresh and wasted water management

RTD Research and Technical Development

SAD Single Administrative Document

SAGITTA Dutch Computer System for Customs Declarations

SBA Statistisch Bundesamt, German National Bureau of
Statistics

SCENES 4th Framework project: European Transport Scenarios

SITC Standard International Trade Classification

SITRAM Systeme d’Information sur les Transports de Marchandises

SLIM Supply Chain Logistics and Information Management

SOFRES Taylor Nelson Sofres Consulting

Specific views of (sub)sets of  When a database contains information in many forms and
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data

STEMM Model

STREAMS Model

Structured Data (or
Information)
System-oriented Meta-data

TACIS
TEM

TEN

TEN-T

TER

TERN

TEU

TGV

TINA Ten-Ten Project

TIS
TRAINS

TRAINS Database
TRANSITIE

TRC
TREX

uiC
UN-ECE

Unstructured Data (or
Information)

Final report

formats (polymorph data), it is the user needs that defines
which of these forms and formats have to be used by the
user. Therefore, amechanism is needed for properly
selecting the forms and formats that the user needs,

creating thus a specific, logical or physical (see “logical
level ...” and “physical level ..."entries in the glossary)
“view” of the data or a sub-set of them. These data can
then be exported to a new dataset or database, if needed.
Model developed in the Strategic European Multi-Modal
Modelling project by MDS

Model developed in the SCENES project by ME&P

Data have a fixed form and format

Structured information, which describes the data in a data
set or a database; it includes a definition of each datum, as
well as a description of its form and format. This
information is essential in creating easily maintained,
multi-level systems and in permitting different systems to
co-operateThe internal meta-data are provided for the use
of the system, since this way certain of its operations can
be further automated. (This term is introduced in this
document for the first time.)

Similar to PHARE

“Transport-Economisch Model” (Transport Economic
Model)

Trans European Networks

Trans-European Networks- Transport

Trans European Railway

Trans European Road Network

Twenty Foot Equivalent Unit (used for containers)
Train & Grande Vitesse

Traffic Forecast on the Ten Pan-European Transport
Corridors of Helsinki by order of Phare

Transport Information System.
The Eurostat Transport Statistical Information System

The EUROSTAT Transport Statistical Information System
Future Registration Import, Transport and Transit the
Netherlands & Statistics International Transport in Europe
Dutch transport Research Centre (see AVV)
Trade by Mode (EUROSTAT)
International Union of Railways
Economic Commission of Europe of the United Nations
Organisation
The data, whose structure does not have to be necessarily
known beforehand, and thus, allow the user a considerable
flexibility in choosing the type and format of this
information. Usually this term is contrasted to information
organised in a fixed way in tables, records, or other
structures used in databases.
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UoD

User-Oriented Meta-
Information

uUTsS
VAT
VESON
VHF
ViN

Virtual database

VAARGIS
WAN
Web browser

Web-enabled user interfaces

WP

136

Final report

Universe of Discourse (smallest functional unitin ETIS)
Unstructured additional information or knowledge, related
to certain data. This may include any additional
documentation, regulation, comment or relative
knowledge. The external Meta-data are provided for the
use of the expert user of the system, in order to help him
better understand what he can do with the data, the quality
of them, how he can further use them, etc. (Thistermis
introduced in this document for the first time.)
Producer of software
Value Added Tax
Producer of software
Very High Frequency
Vaarwegkenmerken in Nederland (Dutch inland waterways
database)
A database, in which the dataset is actually distributed over
more than one, possibly remote, computers. However, its
users access the virtual database asif all the data were
“local”.
Digital fairway network (of the Dutch TRC)
Wide Area Network

Web browser is the interface to the World Wide Web. It
can follow hypertext links and let the user visit Internet
sites and navigate from one Internet machine to another.

User Interfaces that permit transactions to the systems over

the World Wide Web
Work Package
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ANNEX

Road network attributes
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List of attributes (most relevant)

Classification codes

MOBILE NETWORK ELEMENTS
TRANSPORTING UNITS (Passenger cars,
truck and coach)

TRANSPORT LOADING UNITS (sests,

containers, swap body and trailer/semi +

trailer)

FIXED NETWORK ELEMENTS
NODES

Border point
Buss station
Toll booth

Ferry point

Intersection

Junction

Transshipment terminals: (from and to
various modes)

LINKS
Roads:

E-roads

Other motorways
Toll roads

Dual carriage highways

Highways
Local road link to a terminal from anothe
network node
Other roads
Bridge
Tunnel

HIERARCHIES

NODES

Hierarchy of individual transshipment
terminals: (regional, inter — regional and
European)

GISCO

ROAD NODE TYPES

BN: Border Node
FP: Ferry Port
ME: Motorway Exit

MI: Motorway

Interchange

RN: Road Node

ROAD SEGMENT
TYPE
D: Dual carriageway
road
DE: Dual carriageway
road, European

F: Car Ferry

M: Motorway

ME: Motorway,
European

O: Other road

©OE: Other road,
European

GISCO (APUR extension)

ditto GISCO

ditto GISCO
ditto GISCO
ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO
ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

RADEF

ATTRIBUTES OF
ROAD NETWORK
DOMAIN

e.g. border connection

ATTRIBUTES OF

ROAD NETWORK
DOMAIN

+

ATTRIBUTES OF
STRUCTURE DOMAIN
e.g. road type
(motorway/national road) al
structure function type
(bridge/tunnel)
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List of attributes (most relevant)
LINKS

Regional

Inter-regional

European

VARIABLES AND INDICATORS

SPATIAL KEYS
GEO-POSITIONS

Geo-references of nodes and terminals
latitude in decimal degrees

Name of all types of nodes

Road number

Network section ID

Link markers

CONSTRUCTION DATA
NODES (year of construction, method of
financing, altitude)

LINKS
Costs of construction

GISCO

ROAD SEGMENT
LEVEL.

Road segment TEN
Road segment TEN
Alignment

Road segment TEN
priority project number
Road segment TEN
priority project name

road segment code

road node code

road segment country
code

road segment number
European 1 (first
European road number)
road segment number
European 2 (second
European road number,
if existing)

road segment number
National 1 (first national
road number)

road segment number
National 2 (second
national road number)
road node country code 1
(ISO code of country to
which the node belongs)
road node country code
2(ISO code of second
country to which the
node belongs, in case of
border nodes)

GISCO (APUR extension)

ditto GISCO
ditto GISCO

ditto GISCO
ditto GISCO

ditto GISCO

+
for planned TEN codes and
section codes:

costs, investmentsin
1996/1997

total length/section length
project status/type,

current raod type/

future road type
completion year, etc.

ditto GISCO
ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

ditto GISCO

RADEF

ATTRIBUTES OF
ROAD GEOMETRY
DOMAIN

e.g. arc point
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List of attributes (most relevant)

Y ear of construction (or year of last full
renovation)

Length of section built

Co-ordinates of section from/to
Altitude

Gradient

Surface material
Method of financing
EU contribution if any

FLOW SUPPORT FACILITIES
NODES (Handling capacities of different
types of transportation bodies)

CAPACITY
NODES (both cargo and passengers as well
as containers)

LINKS

Road link capacity

Design road link volume

Design speed

RESTRICTIONS ON USE
NODES (opening hours, passenger and/or
freight

LINKS

Max allowed axle load

Max length of vehicle

Max. allowed speed, cars
Max. allowed speed, trucks
Max. Allowed speed, coaches
Night ban on trucks

FLOW VOLUMES

NODES (loaded and unloaded passengers,
goods and passengersin transit splitted into
several transportation modes)

LINK
Link load of trucks

Link load of cars

General link load

Peak hour traffic of certain road sections
(identified bottlenecks)
07.00 - 09.00

12.00 - 13.30

15.30-17.30

GISCO

GISCO (APUR extension)

total link length

number of lanes per direction

Light weight(<3.5t) ADT
1995

Light weight holiday month
ADT 1995

reference months for
lightweight traffic

Heavy weight(>3.5t) ADT
1995

Heavy weight holiday month

RADEF

ATTRIBUTES OF
ROAD GEOMETRY
DOMAIN

e.g. grid type

ATTRIBUTES OF
ROAD NETWORK
DOMAIN

e.g. road/section road type
(number of lanes)

ATTRIBUTES OF
RESTRICTION DOMAIN
e.g. restriction type
(maximum axle weight,
height, length, weight,
width)

ATTRIBUTES OF
TRAFFIC DOMAIN

e.g. traffic flow type (annual
daily traffic,

average flow during peak
period, maximum flow)
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List of attributes (most relevant) GISCO

Share of inter-regional traffic

Share of trucks

ENVIRONMENTAL PRESSURE
LINKS/ NODE
Severeinjuries

ADT 1995

reference months for
lightweight traffic

Accident rate

GISCO (APUR extension)

RADEF

ATTRIBUTES OF

ACCIDENT DOMAIN
e.g. injury type (fatal, minor,

Fatal accidents (accidents/million vehiclekm) .
none, serious,
. e number of years of reference
Noise emission . unknown)
for accident rate
Space consumption
Rail network attributes
List of attributes (most relevant) GISCO GISCO (APUR extension)
Classification Codes
MOBILE NETWORK ELEMENTS
TRANSPORTING UNITS
Passenger trainsin different classes:
Goodstrainsin different classes
ON BOARD TRANSPORTING UNITS OF
OTHER MODES
Truck
Passenger car
TRANSPORT LOADING UNITS\
Splitted into different types and different modes
FIXED NETWORK ELEMENTS
NODES Railway node type. Ditto GISCO
Railway station BN: Border node Ditto GISCO
Border point BS: Border railway station |Ditto GISCO
Ferry point RS: Railway station Ditto GISCO
Transshipment terminals:
Splitted into different modes and commodities
Full name of rail
LINKS 8 raway Ditto GISCO
segment type:
BD: Branch line, double .
Bridge Ditto GISCO
track
BDE: Branch line, double .
Tunnel . Ditto GISCO
track, electrified
BS: Branch li ingl
1 track line S: Branchline single 1. Gisco
track
BSE: Branch li ingl
2 track line SE: Branchline single 1. Gisco
track, electrified
moretrack line MD: Main line, double track|Ditto GISCO
Local rail link to a termina from another network|MDE: Main line, double Ditto GISCO
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List of attributes (most relevant) GISCO GISCO (APUR extension)

node track, electrified

Bridge MS: Main line, singletrack |Ditto GISCO
MSE: Main line, single .

Tunnel Ditto GISCO

. track, electrified !

NG: Narrow Gauge Ditto GISCO
TF: Train Ferry Ditto GISCO

HIERARCHIES

NODES

Hierarchy of individual transshipment terminals:

(regional/ inter regiona and European)

Hierarchy of clustered transshipment terminals:

(european/ inter regional)

LINKS Railway segment level Ditto GISCO

Regional Railway segment TEN Ditto GISCO
Railw: ment TEN

Inter-regional . .ay seg Ditto GISCO
Priority Project number

European

VARIABLES AND INDICATORS

GEO-POSITIONS

Geo-references of nodes and terminals Railway segment code Ditto GISCO

Name of al types of nodes Railway node code Ditto GISCO
Rail ment countr

Line number way g uriry Ditto GISCO
code

Network section ID

Link markers

CONSTRUCTION DATA

LINKS/NODES

Costs of construction

Y ear of construction (or year of last full renovation)

Length of section built length

Co-ordinates of section from/to
Altitude

Gradient

Method of financing

EU contribution if any

FLOW SUPPORT FACILITIES
NODES (handling of different transportation
bodies)

LINKS

Automatic Train Control (Specifications needed?)
(type of) electrical Power system :

(type of) Signalling system:

CAPACITY

Attributes of line
technical description
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List of attributes (most relevant)

GISCO

GISCO (APUR extension)

NODES

Cargo handling capacity
Terminal capacity
Container handling capacity

LINKS

Rail link capacity

Track gauge

Loading gauge

Design rail link volume

Design speed

Viable for dangerous goods transport

RESTRICTIONS ON USE

NODES

Opening hours of terminals

Type of Terminal (passengers and/or freight)

LINKS

Max allowed axle load
Max. alowed speed
Only passengers

Only freight
Passengers and freight

FLOW VOLUMES

NODES

Volumes of goods and passengers, splitted into
different types of transportation)

LINK

Route schedules. O/D pairs

Link load: passenger trains

Link load: freight trains

Link load, tota

Share of inter-regional traffic (Of total link traffic)

ENVIRONMENTAL PRESSURE

LINKS/NODES

Severeinjuries/ Fatal accidents/ shpwrecks

Space consumption of rail link/ noise emission/
derailments

Use of railway segment:
PG: Persons and goods
P: Persons only

G: Goods only

Attributes of line
technical description

Attributes of line
technical description +
Ditto GISCO

Ditto GISCO

Ditto GISCO

Ditto GISCO

Attributes of traffic
link + attributes of
linetraffic UIC

Inland waterways attributes
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List of attributes (most relevant)

PC Navigo

Dutch ministry of
transport and NEA

PAWN

Classification Codes

MOBILE NETWORK ELEMENTS
TRANSPORTING UNITS

Vessel categories (based on CEMT 1992
standards), max values:

TRANSPORT LOADING UNITS

Containers

FIXED NETWORK ELEMENTS
NODES

Lock

Inland Port

Level termination point

Junction

Intersection

Transshipment terminals including possible mode
shifts

LINKS
Class of inl.waterways (CEMT standards):
Type of waterway:

HIERARCHIES
NODES
Hierarchy of transshipment terminals:

LINKS

classification

Variables and indicators

GEO-POSITIONS
Geo-references of nodes and terminals

Name of al types of nodes

Network section ID
Link markers

CONSTRUCTION DATA
LINKS/NODES

Costs of construction

Year of construction (or year of
renovation)

Year of last CEMT classification

last full

Length of section built (in metres for locks)

Co-ordinates of section from/to
Method of financing

class of waterway

coordinate of the
eastern longitude and
of

the north latitude

link type (bridge or
lock)

link type (waterway)

category or the
waterway

distancein
decametres

distancein
decametres
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Dutch ministry of

List of attributes (most relevant) PC Navigo PAWN
transport and NEA
EU contribution if any
FLOW SUPPORT FACILITIES
NODES
Handling of different transportation units
CAPACITY
NODES
. . passing time passing time
C handl t
&rgo handling capacity functions functions
for locks and
Container handli it for locks and brid .
ontainer handling capacity or locks and bridges briciges
Lock capacity
Length of chambers
Depth of chambers
Quay area, extension of
Delay time (lock)
LINKS
Speed strenght and speed of the water speed of the water
direction (for rivers) (for rivers)
eed of a standard eed of a standard
Time of the current Sp. oF astandar sp. orasendar
ship ship
Design inl. Waterway link volume
acity of the
Vessel width capacity cpadty
waterway

Draught capacity

Viable for dangerous goods transport

Varying draught capacity due to changing water
levels

RESTRICTIONS ON USE
NODES

Opening hours

limits to sizes and draught of vessels

LINKS

Max height for container stacking

Speed restrictions

Opening hours

FLOW VOLUMES

NODES

Goods loaded and/or unloaded splitted into
different transportation modes (both weight as
vaue)

LINK

Traffic load

permissible and
maximum

passage dimensions
of

ships

operating hours of

constructions

minimum/maximum
loading

capacity class of
ships

maximum allowed
speed of

loaded and empty
ships

maximum loading

capacity class of
ships

maximum allowed
speed of

loaded and empty
ships

maximum draught

145



Final report

List of attributes (most relevant)

PC Navigo

Dutch ministry of
transport and NEA

PAWN

ENVIRONMENTAL PRESSURE
Severeinjuries/Fatal accidents/Shipwrecks
Emissions/ noise
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