INFORMATION SYSTEMS FOR THE MANAGEMENT OF URBAN MOBILITY
LUIS N. FILIPE
Engineer, MSc. Student and grantholder

CESUR, Instituto Superior Técnico, Lisbon Technical University

ROSÁRIO MACÁRIO

Assistant Professor

CESUR, Instituto Superior Técnico, Lisbon Technical University

Consultant

TIS.PT, Consultores em Transportes, Inovação e Sistemas, s.a.
Information Systems for the Management of Urban Mobility

LUIS N. FILIPE
ROSÁRIO MACÁRIO

Luis N Filipe 1

Rosário Macário 1, 2

rosariomacario@civil.ist.utl.pt

1 CESUR, Instituto Superior Técnico, Lisbon Technical University

2 TIS.PT, Consultores em Transportes, Inovação e Sistemas, s.a.

Abstract

The Urban Mobility System (UMS), defined as the system responsible for providing people in the cities their basic displacement needs, is a highly complex system. This is due not only to the great number of elements that compose this system (networks, vehicles, interfaces, stations, etc.), but also because of the high number and different nature of the interacting agents that play any kind of role in it (e.g. operators, regulators, planners, clients), and also because the different users have different requirements and evaluate the system through different perspectives. This complexity, which has grown over the last years due to the growth of the UMS themselves, requires great management efforts, in order for the system to be managed in an efficient yet accountable way. In line with this, we have been watching the creation of several entities across Europe, which primary goal is to manage the urban mobility in the regions (generally, metropolitan areas) for which they are responsible – the Transport Authorities (TAs). As an essential tool for any demanding management task, Information Systems (IS) must play a key role for such entities. These systems must be designed in order to serve all the different management tasks (strategic, tactical and operational) of the TA, and shall gather, process, store and deliver the relevant information for all the managers involved. The present work tries to identify the relations between the TAs and all the other stakeholders that are present in the UMS, and the management functions underlying each of these relations. This allows the gathering of information requirements for the performance of each function, and thus the basic requirements (e.g. inputs / information sources; technological (hardware and software) needs; outputs / indicators) for implementing an IS on a TA.
Note from the authors: 

This paper refers to a master thesis currently on its final stage; therefore, this paper doesn’t present the final conclusions, which will be available on the final version.
1 INTRODUCTION
Despite of being an intangible asset, with a high tendency to be neglected by managers when compared to other company assets, information has gained a growing role on the management activities, and is now considered to be an essential element in the management of any type of organization. Information flows are related to the communication and sharing of knowledge between the different departments inside the organization, thus acting as a primordial link between them. On the other hand, information gives the organization a vision of the external environment (e.g. of the market in which it operates and of the other agents on it), while at the same time transmits its own image to the outside. For all this, it can be said that companies nowadays “feed on information” (Burch and Grudnitski, 1989, pp.3).

From the organizational point of view, information can be defined as a set of facts (and/or of knowledge) concerning the organization or its relations with the external environment, which is used in a relevant way by its members (mainly its managers) in their decision-making process (strategic, tactical or operational decision).  These decisions have, as a final objective, the aim of increasing the individual performance and, consequently, the performance of the whole organization (Cashmore and Lyall, 1991, pp.  6).

The previous definition makes us conclude that the intrinsic value of information lies not on the information itself, but on the way it is used in the decision making process. Thus, it becomes necessary to bear in mind that, in order to use information relevantly, it must possess different characteristics, according to the decision making level in which it will be used:

· For making decisions at strategic level, the information needed is, most of the times, ill defined, required on non regular basis, and originated on external sources, with a high level of integration (Edwards et al., 1995, pp. 13). 

· Tactical decisions require information for comparing with patterns, standards, objectives, etc., which is usually internal, short term information, with historical characteristics, usually well defined, and required on a routine basis (Edwards et al., 1995, pp. 13). 

· As for the operational decisions, these are taken based on clearly and precisely predefined information, produced internally. At this management level, great loads of information are usually produced, resulting from the processing of transactions (or similar processes), e.g. accounting, invoicing and deliveries information (Edwards et al., 1995, pp. 13-14).

Given the importance of information in the management process, it became necessary to develop efficient tools to manage it, taking into account the attributes it must possess and functions it must perform. This is the context that fundaments the need for developing and implementing Information Systems applied to the Urban Mobility System’s (UMS) management. 
2 THE INFORMATION SYSTEMS
The Information Systems (ISs) are the systems responsible for making the information flow from its source to the point where it will be used. In other words, ISs are the systems which collect, store, and manipulate or process the data, giving origin to, and delivering, relevant information about the organization and its internal and external environments. This information can be used not only in internal management functions, but also by the external elements which interact with it (fiscal administrations, clients, etc.). Organizational ISs are usually made up of smaller systems (“sub-systems” of information), each of them developed for accomplishing specific tasks or to be used in specific departments inside the organization – as an example, we may mention: accounting ISs, decision support ISs, operational support ISs, and marketing support ISs.

Despite their great functional, conceptual and organizational diversity, it is possible to identify six main blocks that make up all the ISs (Burch e Grudnitski, 1989, pp.40): inputs block,  models block, outputs block, technology block, database block and control & security block (as shown on figure 1). None of these blocks shall be neglected or over evaluated while planning and designing an IS, once they are all interdependent and have similar importance on the overall performance of the system. They should work in a systemic way, making the information flow inside the organization and from it to its surrounding environment, in order to assure that decisions are taken efficiently and effectively at the different managing levels.


Fig. 1 - Schematic representation of an Information System
The inputs block concerns the means for collecting all the data that enters the IS, including the means by which these inputs are made. The models block is related to the models (mainly mathematical models) and decisional structures which are used in manipulating and processing the data (either data coming directly from the inputs block or data already stored in the system). The outputs block corresponds, in a similar way to the inputs block, to the different means involved in delivering the information coming out of the system; these outputs must be adequate to the user needs they are supposed to meet, and because of this, this block is of a great importance in the IS, and it is usually in function of it that all the other blocks are defined. All the IS lies on the technology block, since this block refers to all the technological arrangements involved in the other blocks. It has three main components – hardware, software and communication networks. The database block represents the physical storage of all the data relevant to the user’s information needs, including the software and the hardware associated with it. In other words, this module may be treated from two different viewpoints: physical (hardware used and data storage media: CD’s, DVD’s, microfilms, etc.) and logical (software and database structuring methods applied). At last, we have the control and security block, which is related to the controls aimed at assuring the integrity and operational stability of the IS, and at protecting it or minimizing the impact of adverse factors, like virus and hacker attacks, fires and natural disasters, errors and faulty system use, technological failures, etc. 

3 URBAN MOBILITY MANAGEMENT AND TRANSPORT AUTHORITIES 


The Urban Mobility System (UMS) is the structured and organized system which intends to deliver fluidity in all urban displacements, and give accessibility to all relevant urban activities; it makes use of all the different mobility services and transport modes, and must try to attain the adequate balance between them, with the ultimate goal of contributing to the overall sustainability of the city. The UMS is made up of the transport infrastructure (including superstructure and interfaces), mobility networks (physical (road, rail, bicycle and pedestrian) networks, or logical (Public Transport) networks), service providers and all other agents involved in mobility (Macário, 2005, pp. 229).
Obviously, the UMS includes all the different transport modes that operate inside the urban area, each of them being possibly run by more than one operator, and several other agents. This high number of agents gives way to the appearance of several problems, namely the ones related to intermodality and integration (physical, logical and fare integration (Macário, 2004, pp. 14-15), to which we may add the organizational integration of the different system elements. 

Urban mobility is a wide and multidisciplinary sector; in one hand, it is influenced by a whole range of issues which are upstream in the urban planning activity (these issues include urban policies, economical activities, social and environmental aspects, etc.); on the other hand, it needs to correspond to all the different user’s needs, many of which are contradictory and constantly changing. These aspects explain the coexistence, in many cities, of a big network of entities and administrative departments intervening, from different perspectives, in the management (strategic, tactical and operational) of urban mobility; in turn, this raises issues of coherence and policy coordination, which are not always easily solved.

This framework gives rise to the need to create strong entities, with technical competence and political intervention capacity, that counterbalance the issues mentioned above, and also that are able to manage the growing competitiveness on the Public Transport markets. These entities should also have the same management skills common to every organization – planning, organizing, leading and controlling skills –, implemented through a hierarchical command chain.

The urban sprawl which has occurred in the recent years in most European cities forced urban areas to grow beyond the administrative city boundaries, originating big Metropolitan Areas
. Logically, this urban expansion was accompanied by the expansion of the UMS itself. Also, a great part of the urban displacements, which was previously done in an urban context, started to encompass all the Metropolitan Area. This resulted in having, on a single territory (the Metropolitan Area), several local entities (i.e. municipalities, in the case of Portugal) responsible for managing the same mobility system, causing problems of coordinating policies and planning interventions in this system.

Once the entities mentioned above – the Transport Authorities (TA’s) - shall have the mission of managing the Urban Mobility System as a whole, “covering pertinent territories corresponding to the reality of the everyday trips of people” (EMTA, 2005, pp. 14), the reasoning presented above justifies the need for most of those entities to operate at the metropolitan level, and not at the urban one. 
Currently there are several such TA’s in Europe, which have different institutional configurations, and which are responsible for managing the mobility of over 85 million citizens, according to the European Metropolitan Transport Authorities (EMTA, 2005, pp. 6). The results of the survey carried out in this work lead us to conclude that all TAs differ considerably in their main characteristics: dimension, attributions, institutional configuration, financing sources, population under their influence, budget, etc.  Generally, it is possible to conclude that these differences are due to the national or regional context under which each TA operates.
The research carried also made it possible to define the “ideal” TA as being an entity whose mission is to manage the UMS as a whole, acting mainly at the tactical level – which means organizing and planning the system -, responsible for implementing the strategic guidelines for mobility defined at a higher (strategic) political level (by the entities that control the TA). This implementation shall be done by interacting (which might imply negotiation, contracting and performance monitoring) with the operational agents (i.e. transport operators, infra-structure managers and other service providers) and by controlling this implementation. For doing this, such an authority must act over all the mobility modes (including private car and pedestrian modes) and cover the whole territory served by the UMS it manages; this may rise the need for the TA to have a broader territorial scope than the local authorities, for which it has to be institutionally independent, its authority must be recognized by the local authorities, and it must have  the capacity to intervene politically near the hierarchically superior entities (e.g. ministries). To be effective in all these tasks, the TA must possess adequate technical competence and financial capacity.

Research shows that none of the entities identified have all the attributes described above, especially because none of them covers all the transport modes (for historical reasons, suburban rail services are almost always beyond the scope of intervention of TAs in Europe, with just a few exceptions, e.g. in some German cities). 

In the role they play as managers of the UMS, TAs must interact with several other agents, which are:

- The entities that control the TA, and which can be governmental departments (ministries), regional or local entities (associations of municipalities or municipalities, respectively, in the case of Portugal) or several other mixed entities; generally speaking, these are political entities and have the mission of defining the mobility policies and passing them to the authority;

- All the other entities whose actions indirectly constrain or influence the urban mobility, and hence the actions being taken by the TA or by the agents responsible for delivering the mobility services. In this category we may count the entities responsible for issues such as environmental regulations, economic policies, infra-structural development and other public works, amongst others;

- The transport operators and other mobility service providers, whose relation with the TA depends on the organizational model of the UMS, which will be discussed later;

- The clients of the mobility services, who interact directly just with the operators and with the service providers; 

- The urban community from the area served by the UMS managed by the TA (in which, of course, the clients of the system are included); this community is responsible for electing the political bodies controlling the TA, and also for evaluating the TA’s actions, since from the communities point of view, the authority is responsible for the UMS’ performance, in terms of costs and application of public resources, as well as for the definition of market access conditions, the overall quality of mobility services and the contribution of the UMS for the urban sustainability (Finn e Nelson, 2004, pp.).

The interactions between the TAs and these agents are depicted in Figure 2.


[image: image1]
Fig. 2 Interactions between TAs and the other agents in the UMS
The interactions listed above, between the TA and the remaining agents, depend highly on the background of institutional design in which they relate, and on the characteristics of the TA itself, which vary a lot. Concerning the specific case of the relations with the transport operators and service providers, these are intrinsically dependent on the contractual solution and on the organizational model of the transport market. This issue was the aim of a research carried on the scope of the EU’s MARETOPE project, which concluded that the organizational models may be considered as a continuous spectrum, in which one of the extremes means a totally free market, with total freedom for operators to enter, and on the other end there is a strict control by the TA, being even possible a monopoly situation, in which the transport services are delivered by a sole public operator (European Commission et al., 2000, pp. 17).

Despite these differences in their characteristics and in the interactions they have with the other agents, it is possible to define a set of functions usually done by TAs. These functions, grouped by “functional areas”, can be found in Table 1.

Table 1. Functions played by TAs and the involvement of other agents of the UMS
	FUNCTION
	AGENTS INVOLVED*

	Functional Area 1: Planning and Policy Implementation

	· Developing, adapting and expressing the transport and mobility policies defined by the Controlling Entities, through the interpretation of their strategic objectives
	· Controlling Entities
· Mobility operators / Service providers

· Infrastructure managers

	· Consulting on the development of urban management instruments
	· Controlling Entities
· Other entities

	Functional Area 2: Planning the Configuration of Mobility Supply

	· Understanding the mobility needs for the area, and specifying the mobility supply accordingly (road, pedestrian and public transport network, timetables and/or service parameters for all the modes (under the scope of the TA))
	· Controlling Entities
· Mobility operators / Service providers

· Infrastructure managers

	· Planning and implementing intervention measures, to align the transport supply with the objectives of the Controlling Entities and user’s needs
	· Mobility operators / Service providers

· Infrastructure managers 

· UMS clients

	Functional Area 3: Contracting and Inspecting the Mobility Services

	· Developing and managing the procedures for contracting transport services, either planned or alternative, according with the pre-established objectives
	· Mobility operators / Service providers

· Infrastructure managers 



	· Evaluating the efficiency and quality of the services being delivered
	· Mobility operators / Service providers

· Infrastructure managers 

· UMS clients

	· Inspecting the fulfilment of applicable standards and regulations, as well as the contracts.
	· Mobility operators / Service providers

· Infrastructure managers

	Functional Área 4: Tariffs and Mobility Services Financing

	· Managing the UMS financing and finding new sources of funding, namely by identifying matters of value capture in the urban setting
	· Controlling Entities
· Mobility operators / Service providers

· Infrastructure managers

	· Establishing the framework for the fare system and price level for the transport supply (not only public transport services, but also infra-structure, interfaces e parking price levels)
	· Mobility operators / Service providers

· Infrastructure managers

	· Developing and implementing integrated ticketing systems, regulating the selling of transport tickets, and distributing the revenues
	· Mobility operators / Service providers

	Functional Area 5: Promoting Public Transport and Creating Innovative Mobility Supply

	· Promoting all modes of Public Transport in terms of policy, image, operation and information
	· Mobility operators / Service providers 

· Infrastructure managers

· UMS clients

· Community


* Agents that have some kind of interaction with the TA in the respective function
In order to guarantee the accomplishment of the functions they are in charge of, and according to what was previously said about ISs, TAs need to make sure there are quality information flows to support this accomplishment, and which also support the decision making implied in these functions. These information flows will, of course, happen between the TA and the agent(s) who have a role in the fulfilment of each function. As on all organizations in general, TAs in particular do possess some type of IS, which allows the management of this information. However, as a way of contributing to an urban mobility management increasingly effective and efficient, it is necessary to develop a structured IS, which supports the role of these authorities.

4 THE USE OF MANAGEMENT INFORMATION IN THE TRANSPORT SECTOR – SOME PRACTICAL INSIGHTS 

In the development of this work it was possible to contact with some entities in order to obtain some details relating the use of information on the mobility management in three different metropolitan areas: Lisbon (Portugal), Milan (Italy) and Curitiba (Brazil). What is now presented herewith, in a very succinct approach, are some of the most relevant facts and evidences regarding the use of information in these three realities. 
In the case of Lisbon, mobility management is not centralized in one unique entity, for what two different ISs where developed in parallel, with very distinct objectives, functionalities and frameworks: the SIIG system (Integrated Geographic Information System) and SIIT (Intermodal Transport Information System).

The first system was conceived by the entity responsible for the terrestrial transport modes (DGTT – General Land Transport Directorate). The information addressed by this system is meant to be used on the planning and management of the transport system of the Metropolitan Area of Lisbon, and refers to “land use, mobility and transport system” (DGTT/DTL, 2003). This system is made up of sub-systems, and is highly focused on geographic information (land use and transport networks) and on information related to road passenger transport operations; in other words, this system contemplates mainly information related with the public transport offer. According to what has been observed, this system’s development was left incomplete in a very initial stage, and therefore it is not possible to evaluate its performance.
The second system, SIIT, was created in the framework of the OTLIS consortium (Transport Operators of the Lisbon Area), and was integrated in a broader project - the creation of an intermodal ticketing system, the “Lisboa Viva” card. This system is composed of different modules, totally interconnected, which collect, process and store all the data related to the ticketing system (including the transactions of transport tickets). The system aggregates data from all operators, and gives all of them access to this information. However, each operator only has access to the information concerning its own operations, including exclusive revenues or those coming from combined transport tickets. The sharing of confidential information concerning revenues between the operators was hindering the further development of this system at the time this information was obtained. However, further developments are being done on other aspects of the system, which might indicate it can be a very good basis for the development of a fully structured IS to serve a TA in the order of Lisbon, when such an entity starts operating.
The IS conceived and being used in Milan (MISTRAL) follows a similar approach to the one developed in the SIIG project, except for the fact that it also includes demand related information. Thus, this system gathers data from supply and demand, and allows different types of analyses over them, as well as computing some predefined indicators. This system has a very consistent structural design, and seems to fit the purposes for which it was created.
Finally, in the city of Curitiba, in Brazil, the information for the management of the mobility system is used in a very incipient way. The demand data collection is done in a non automatized way (except for the case of the “tube-stations”
, in which the counting of passengers entering the system is done by the entrance tourniquets), or randomly done (through countings) when more data accuracy is needed. Some supply data is also collected, by reading the operators’ tacographs. The data gathered are then processed, in a spreadsheet specially developed for the each different purpose, like performance analysis and periodical reports, and also contract monitoring.

This brief presentation shows the different levels at which information is used on mobility management, from the very incipient use done in Curitiba to a well structured IS being implemented in Milan. However even the latter has some problems, especially concerning the demand related information, since it seems to be stand alone system, without links with the operators’ IS. In the Lisbon case, on the other hand, although the SIIT system collects a great amount of demand information, through the automatic ticketing system, it lacks the integration of the information originated on the different operators (for confidentiality reasons which have still not been overcome).
These simple examples also show what seems to be a tendency to develop two kinds of systems: those based on the ticketing system, like it the cases of Lisbon’s SIIT and Curitiba, and those much more based on territorial (network) information (hence using GIS technology). In the case of Lisbon, both systems coexist. However, as far as it is known, the SIIG systems has not been used for UMS management purposes.  

Finally, it is also possible to conclude from these observations that the functions in which accomplishment information is used are some of the functions identified above as pertaining to Functional Areas 2, 3 and 4.
5 CONSIDERATIONS ABOUT THE INFORMATION SYSTEM TO SUPPORT A TRANSPORT AUTHORITY
Since the work from which this paper originates is currently being finished, it is not possible, at the time being, to present definitive conclusions concerning the adequate configuration of an IS to support the management of the UMS. However, the work developed so far allows the pointing out of some guidelines in the development of such a system, following the work developed in Macário, 2005, pp.222-225.

From the work done so far, it is possible to conclude that the best structure for the IS to support a TA is a modular structure
. The different modules are addressed to different management levels and to the different functions within each of those. In some cases, different modules simply represent different outputs using the same type of information, with different degrees of aggregation and different types of presentation. This is specially so when it comes to modules at different management levels.

Specific modules for the operational level are not considered in this system, since these are developed for the operators own management, and are therefore their responsibility. The tactical modules however, as will be shown, have operational information which might originate from those third party ISs (operators’ ISs).

This modular structure has the advantage of allowing independent use and development of the different levels, which makes the IS more flexible and easily adaptable for future needs. This may also represent economic benefits.

For the tactical level, the proposed IS structure must be composed of eight different modules, which are schematically represented in Figure 3.
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Fig. 3 Modules that make up the IS that supports the UMS management 
(adapted from Macário, 2005, pp. 224)

Four of these modules may be designated as “interaction modules”, or “primary information modules”, since the information related to them is typically operational information and originates directly in (or refers to) the different agents that interact with the TA in the management of the UMS, and which have already been referred in Table 1. On the scheme represented in Figure 3, these modules are depicted by the rectangles which correspond to the different agents, and which contain a brief description of the type of information they deal with. 

The four remaining modules (the shaded rectangles, on the scheme in Figure 3) may be designated as “evaluation modules” or “secondary information modules”, because they refer to information generated inside the IS itself, through the manipulation of the data/information coming from the primary information modules, by means of models. Typically (but not exclusively), the information on these modules will appear in an aggregated form, as indicators. The specification of these indicators, as well as the respective calculation methods and measuring units are currently being object of analysis. It can already be said, however, that this specification will consider the following main characteristics each indicator must possess (Magalhães, 2004, pp. 24):

· Being relevant at the scale of analysis (spatial e temporary scales);

· Being adequate to the user needs;

· Being pertinent to the objectives it is intended to pursue;

· Being clear and easily understandable, not prone to ambiguous interpretations;

· Being easy to calculate, whether in terms of data availability or relatively to the acquisition costs of the data needed;

· Being representative of the reality which is being analysed.

While conceiving the modules of primary information, it must be considered, as much as possible, some form of directly linking these to the ISs of the corresponding external agents, because this optimizes the process of data collection and thus the “information supply” of the AT’s IS. In some cases (e.g., in those cases in which the operators already collect demand information in an automated way, based on their ticketing systems) it will be possible to establish an “information channel”, automatically bringing information from its source directly to the TA. This linking between channels, however, must be hindered by issues of information rights and information sharing, and must be paid special attention to, when developing the system.
As for the information outputs, these shall be designed to be adequate to their objectives. In this matter, one of the first issues to take into account is that, given the strong geographical character of transport information, the IS output must privilege the use of a GIS platform, in such cases in which this proves to be possible and to bring an advantage in the apprehension of the information.

While the above module configuration is destined at the tactical management level, which is the predominant actuation field of the TA, there is also the need to have a tool specifically designed for the strategic management of the UMS. This shall be used mainly in the interactions between the TA and its Controlling Entities. For this, a Balanced Score Card adapted to the specificities of managing an UMS will be proposed. This instrument, conceived by Robert Kaplan and David Norton in 1991 (Kaplan and Norton, 1992) and highly used by company managers, has the advantage of delivering, through a reduced number of indicators, a global perspective on the organization’s position from four different perspectives: financial perspective, internal perspective, client perspective and innovation and knowledge perspective (Kaplan e Norton, 1992, pp. 72). In the case of the TA, the Balanced Score Card being developed shall give this global perspective towards the UMS; the previously mentioned perspectives however must be redefined, in order to find perspectives more suited to evaluating this type of entity; this has already been proposed by other authors (Phillips, 2004). The information used to feed the Balanced Score Card will result from the information on the other “evaluation modules” (Figure 3).

One last aspect to be considered regarding the IS outputs is the production of information destined at the exterior environment of the TA. In this case, different ways to deliver information will be devised; this information will be destined:

- To the urban community in general, to promote the use of the UMS (with the emphasis being given to the promotion of the more sustainable transport modes or mobility solutions) and to allow the evaluation of the system’s (and hence of the TA’s) performance; 

- To the entities that control the TA and to other entities, to allow these to evaluate and correct the mobility and other politics they have defined.

6 CONCLUSION
The work which has been developed so far shows that information is becoming more valuable in the scope of organizational management, regardless of being an intangible asset. This may be an obvious statement when seen from a manager’s point of view, but might be an important issue to bear in mind when it comes to the use of information on the specific task of managing transportation systems.
This importance arises from the fact that, despite the huge complexity of managing the UMS which was discussed above, the observations done on the use of information on such type of management show that this use is rather scarce, done mostly in a non-systematic way. This means the observed entities do not have a proper IS, but different systems developed for different purposes. Even in the case of the most developed IS found (Milan), the existing IS does not cover the whole UMS.
Another aspect which is worth pointing out is the huge development observed in the implementation of ISs in all types of enterprises which is, in turn, due to the fast developments in the Information Technologies which support them, which is responsible for creating better technological solutions at affordable prices. This comes as an opportunity for the introduction and full development of integrated IS on the transportation field. This introduction is believed to be already starting with the use of smart contactless cards on the ticketing systems all over the world.
The implementation of an IS should preferably be done on the beginning of the activity of the organization which it is going to support, because this way it is possible to plan both the organization’s structure and the IS in an integrated way. In the specific case of Portugal, this comes also as an opportunity, since the start of TAs is foreseen for the very near future.

For all that has been said, it seems the development of an IS for the management of the UMS might play an important role on increasing the system’s efficiency, thus accounting for a better urban mobility. It is expected that the present work gives an important contribution for such an implementation.

7 BIBLIOGRAPHIC REFERENCES
Burch, J.G. and Grudnitski, G. (1989) Information Systems – Theory and Practice, 5th ed., John Wiley & Sons.

Cashmore, C. and Lyall, R. (1991) Business information: systems and strategies, Prentice Hall.

DGTT/DTL (2003) Apresentação do Projecto SIIG, Lisboa (available for download at http://www.dgtt.pt/siig/index.html).

Edwards, C., Ward, J. and Bytheway, A. (1995) The Essence of Information Systems, 2nd ed., Prentice Hall.

European Commission (ec), TIS.PT et al. (2000) Reference Framework and Harmonisation of Concepts – Deliverable D1, MARETOPE – Managing and Assessing Regulatory Evolution in Local Public Transport Operations in Europe, Fifth Framework Programme, Urban Transport, DG TREN.

European Metropolitan Transport Authorities (EMTA) (2005) Directory of Public Transport in the European Metropolitan Areas 2005-2006.

Finn, B. and Nelson, J. (2004) A functional model for an Urban Passenger Transport Authority, in Competition and Ownership in Land Passenger Transport – Selected papers from the 8th International Conference on Competition and Ownership in Land Passenger Transport (Thredbo 8), Elsevier. 

Foresti, E., Laniado, E. and Stagni, G. (1999) MISTRAL: An Information System for Local Public Transport Services in Lombardy, paper presented at the 6th International Conference on Competition and Ownership in Land Passenger Transport (Thredbo 6), Cape Town.

Kaplan, R.S. and Norton, D.P. (1992) The Balanced Scorecard – Measures that drive performance, in Harvard Business Review, 70 (1), January-February 1992.

Link Consulting (2003) Link na OTLIS: interoperabilidade cada vez mais próxima, in Cadernos Link, n. 5.

Macário, R. (2004) Integration in Urban Mobility Systems: Quality upgrading or Competition blockade, Proceedings of the WCTR Conference, Istanbul, 5-9 July, 2004.

Macário, R. (2005) Quality management in urban mobility systems: an integrated approach, PhD Thesis, IST-UTL.

Magalhães, M.T.Q. (2004) Metodologia para Desenvolvimento de Sistemas de Indicadores: Uma Aplicação no Planejamento e Gestão da Política Nacional de Transportes, MSc. Thesis, Departamento de Engenharia Civil e Ambiental, Universidade de Brasília, Brazil.

Phillips, J.K. (2004) An Application of the Balanced Scorecard to Public Transit System Performance Assessment, in Transportation Journal, Winter 2004; 43, 1.

Democratic


mecanisms


m











COM








CEs








OEs








TRANSPORT


AUTHORITY








Urban Moblity


Market








OP/SP and IM





UMS-C





Definition of policies �and strategies





Promotion





Contracting,


monitoring, etc.





Delivery of �mobility services





Use of the �UMS





Definition of


colateral 


policies


(social, economic, environmental,etc )





Legenda:


CEs – Controling entities of the TA; OEs – Other entities responsible for actions indirectly acting on the UMS; 


OP/SP - Operators and service providers of mobility services; IM – Infra-structure managers


SMU – Urban mobility services; UMS-C – UMS Clients; COM – Comunity served by the UMS where the AT operates
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� In the given context, we define Metropolitan Areas as being population centres of great dimension, made up of a nucleus city and its neighbouring areas, not necessarily urban, but which have with the former a high degree of interdependence, by means of employment and/or commerce.


� The “tube-stations” are bus stops made up of totally isolated platforms; passengers enter this platform after paying the fare to a clerk or validating the pre-bought ticket, having then access to buses; this system is typical from Curitiba and minimizes the waiting times caused by the entrances and exits of the buses.


� In this framework, the modules refer to different “sub-systems” of information which are connected and make up the global IS inside the TA.





