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Abstract

There is renewed interest in Europe in the potential role of new automated technologies for urban transport.  These systems include cybercars, personal rapid transit, automated buses, advanced city cars and dual mode vehicles.  Assessing the contribution of such systems when applied extensively in an urban area is challenging.  The range of potential applications needs to be specified for a range of city types, demand responses to wholly novel travel forms need to be estimated, the unique supply characteristics need to be encapsulated, and the technologies need to be assessed when operating in conjunction with a range of other policy instruments.  A new European project, City Mobil, is addressing this challenge.  This paper describes the background to the study, the requirements for the predictive modelling process, the experience gained from a recent attempt at such predictions, the approach to be adopted and, in more detail, the strategic and micro-simulation approaches which are being developed.

1. 
Introduction

1.1
New technologies

There has been interest for several decades in the development of automated transport systems for urban areas (Langdon, 1977).  The benefits advocated include avoiding the need for, and cost of, drivers, providing a more flexible and personalised form of public transport, removing the driving task in sensitive or hazardous areas, and thus controlling the way in which private transport can be used.  However, while a few systems such as the Morgantown PRT system continue in operation, these technologies have not as yet reflected their promise.  

More recently, the increased severity of urban transport problems, the growing costs of conventional provision, and advances in technology have all led to a renewed interest in such systems.  The European Commission’s Fifth Framework funded a series of projects under its City of Tomorrow programme, coordinated by a review and dissemination project, Netmobil (www.netmobil.org).  The range of technologies considered, which focused on passenger transport, is shown in Table 1.

[Take in Table 1 around here]

Netmobil identified three principal drivers for the use of such technologies:

· the “transport problem” case where existing problems of congestion, accessibility, pollution or accidents require novel solutions;

· the “sustainable city” case where environmental and lifestyle goals advocate the use of new technology; and

· the “innovation policy” case where the goal is the creation of new opportunities through the technology itself.

On this basis, it identified a range of application types, which are summarised in Table 2.

[Take in Table 2 around here]

1.2
The City Mobil project

While the first of these drivers is problem-led, the other two are, to some extent, technology-led and, as others have pointed out in earlier decades (House of Lords, 1987), technology-led interventions have rarely proved effective.  To avoid a recurrence, the European Commission has funded a new Sixth Framework project, City Mobil (www.citymobil-project.eu), which has brought together the technology-led research of NetMobil and the policy-driven research in the Fifth Framework Land Use and Transport Research cluster coordinated by PLUME (www.lutr.net).  The objective of City Mobil is to achieve a more effective organisation of urban transport, resulting in a more rational use of motorised traffic with less congestion and pollution, safer driving, a higher quality of living and an enhanced integration with spatial development.  It envisages the integration of new technologies with existing transport systems.

The City Mobil Integrated Project involves five Sub Projects, which interact closely with one another:

· demonstrators: three full scale but site-specific demonstrators will be implemented over the five year period of the project, while readily transferable technologies such as cybercars will be demonstrated for short periods in a number of showcase sites;

· scenarios: a range of context and application scenarios will be specified, a business case model will be developed, and predictive studies will be conducted of city-wide applications to complement the work of the demonstrators;

· vehicles and technology: developments in cybercar design, human factors issues, obstacle detection and avoidance and cooperative vehicles and navigation will be pursued;
· operational issues: design will focus on systems architecture and information flow, matching service provision to customers’ needs, enabling traffic management and integration into transport systems;
· evaluation: a common evaluation framework will be developed, and applied ex post for the demonstrators and ex ante for the city-wide predictions.

As an early output of the project, Sub Project 2 has produced a State of the Art Report (Janse, 2006), which provides a context for all of these Sub Projects.  City Mobil is considering both passenger and freight applications, but we focus solely on passenger ones in this paper.

This paper considers the methodology being developed for the city-wide predictions in Sub Project 2.  In Section 2 it reviews the objectives of the predictive studies and the resulting requirements for predictive models.  Section 3 summarises the one substantive study conducted in NetMobil.  Section 4 uses this background to specify the approach to be adopted in the predictive studies, which will use models at the two ends of the modelling hierarchy: city-wide Land Use – Transport Interaction (LUTI) models and corridor-specific micro-simulation models.  Sections 5 and 6 describe the development of each of these in more detail, while Section 7 briefly outlines future plans.

2
Requirements of predictive studies
2.1 Context and policy requirements
Any predictive study of the impact of new technologies in a given city will need to define one or more horizon years, and estimate the demographic, economic and social conditions which are likely to prevail then, and which will provide the context for the new technology.  Given the lead time for large scale implementation of such technologies, and the extended period over which they can be expected to have an impact, longer term predictions than those used in conventional transport studies are almost certainly justified.  City Mobil is adopting three horizon years of 2015, 2030 and 2050.
In a similar vein, the predictive study will need as input the base conditions of the transport and land use system in the horizon years.  Since the new technologies can be expected to compete with, and to some extent complement, existing transport modes, it will be important to represent the full range of existing transport modes as they would be expected to be developed in any currently approved long term strategy.  Similarly, demands for the new technologies will be influenced by future patterns of development and land use, and can in turn be expected to influence future development.  Since transport and land use strategies are rarely developed for more than ten or 20 years, such estimates for the further horizon years may be problematic.
A range of options will need to be developed and tested for each new technology.  The approach to doing this is described briefly in Section 4.  While the new technologies can be expected to have a significant impact on their own, their performance will be influenced and potentially enhanced by implementing them as part of a package of policy instruments (May et al, 2006).  The other instruments to be considered are listed in Section 2.3.

2.2
New technologies

The requirements for modelling new technologies will to an extent both influence, and be influenced by, the types of models selected to be used. The modelling process will be similar to that used when modelling traditional public transport modes, but will need to take into account the unique characteristics of the new modes. More specific information about the new technologies and their influence on the transport system are thus required as inputs to the model. The changes in the performance of the transport system that the introduction of the new modes will have on a city-wide basis can be divided into: 
· demand for travel; 
· supply of transport facilities (from the point of view of the users); and 
· supply of transport operation and provision (from the point of view of transport operators).
There is a degree of interaction between supply and demand, meaning that their quantification for inclusion within a model may be an iterative process.
Demand-side attributes
All trips are a result of a number of choices made by travellers, including choices between alternative modes, times of travel, and routes. Some of these choices may be more constrained than others, for example if the traveller has no car, or if a particular mode is not in operation at a particular time of day. Travellers also have individual preferences which influence their travel choices, for example preferring to pay a higher fare for a shorter journey time. 
When modelling the impacts of new technologies within cities, it is therefore important to understand the characteristics of the population, to gain an insight into the existing and future preferences and choices that may be made in relation to the new modes, and the subsequent impacts this may have on other transport modes, the transport system as a whole, and in the longer term, the city as a whole (for example possible changes in land use, the environment, the economy). These population characteristics include age structure, income, car ownership, journey purpose and employment characteristics. 
The principal challenge is to predict the attractiveness of a form of transport of which most travellers have no experience.  Stated preference techniques offer one approach, but depend on a realistic representation or, ideally, a pilot of the new technology to guide respondents.  An example of such an approach is given in Section 3.

Supply-side attributes: user perspective
These include fare levels and structures; payment method; factors associated with the service, such as access and waiting times, journey time and speed, route, headway and reliability, wait-time; factors associated with the vehicle, such as comfort, cleanliness and occupancy rate; quality of stops, stations and waiting areas; and other factors such as the provision of information and ease of interchange. 
Supply-side attributes: operator’s perspective
These include capital costs; factors associated with the initial system installation, such as land availability and suitability and infrastructure requirements; operational costs; capacity; service provision; and interaction with other modes, traffic and pedestrians. 
2.3
Complementary instruments

None of these technologies can be expected to operate in isolation.  Their performance will be affected by decisions taken on existing passenger transport services, frequencies and fares, on the management, regulation and pricing of private transport and on the development of new land uses.  Many of these policy instruments can be designed to reinforce the contribution of the new technologies.  These complementary policy instruments will need to be considered as part of an integrated approach to transport and land use policy.  Some of the most relevant instruments to consider include the following:

· Traffic restraint (road pricing, control of parking space, reduction of road space for private vehicles, regulatory restraints)
· Traffic management (one-way streets, signal control and urban traffic control, bus priority measures, intelligent transport systems)
· Environmental traffic management (accident remedial measures, controlling through traffic, traffic calming, HGV controls)
· Service management (bus and rail frequencies, service coverage and fares)
· Infrastructure provision (highway infrastructure and maintenance, public transport investment, guided bus)
· Modifying demand (promotion of walking and cycling, land-use planning)
2.4
Appraisal indicators

The outputs of the transport and land use models will be used as appraisal indicators during the evaluation process to assess the costs and benefits of introducing the new technologies.  In City Mobil an evaluation framework has been developed which will be used consistently across all five sub-projects (Marsden et al, 2007).  For the predictive studies, it is intended to use both a multi-criteria appraisal and a cost-benefit analysis.  Nine evaluation criteria have been selected, of which five are to be generated by the predictive models:

1. transport patterns, including modal shares, system use and system performance;

2. social impacts, including accessibility and safety;

3. environmental impacts, including energy consumption, local emissions CO2 emissions and, indirectly, land take;

4. financial impacts; and

5. economic impacts, including impacts on the economy and transport efficiency.

The other four: user acceptance, quality of service, legal impacts and technological success will be the focus of other sub-projects.
3
The studies of PRT in Cardiff 

3.1
The case study

Cardiff is the largest urban centre in Wales with a population of 325,000. Key transport objectives of Cardiff City Council include the reduction of need to travel, especially by car, and improved integration in the transport system. Figure 1 shows the Cardiff trial site of the prototype ULTra PRT system, which includes a 1km stretch of track constructed in the dockland redevelopment area. The ULTra system uses demand responsive, four-seater electronic vehicles that are automatically controlled on a guideway (ATS, 2005).
[Take in Figure 1 about here]

Previous studies have been undertaken to assess the likely demand for, and public reaction to the system in Cardiff. The studies were conducted as part of, or prior to the EDICT project, one of the constituent projects within Netmobil (European Commission, 2002) with results of previous investigations being made available within the project. The aim of the EDICT project was to demonstrate and evaluate the potential of PRT to provide effective and sustainable transport for the City of Tomorrow. 
A study to forecast demand for the ULTra system within Cardiff was undertaken in 2002 (Ove Arup & Partners, 2002). This included factors such as modal share, patronage forecasts, generated trips, distribution of passengers on the ULTra network, station usage, revenue forecasts and fare sensitivities. The proposed route investigated linked Cardiff city centre, Central Station, Queen Street, Cardiff Bay, County Hall and the National Assembly. The demand model used to forecast the system’s usage and transfer from existing modes was a binomial logit mode choice model, depending on the relative generalised costs of travel by different modes. Models were created for each of the following market segments:
· Car versus rail/ ULTra (where ULTra is the egress leg from the rail station)
· Car versus bus/ ULTra (where ULTra is the egress leg from the bus station)
· Walk versus ULTra for egress from the station

· Bus versus ULTra for egress from the station

· Walk versus ULTra for lunchtime trips.
3.2
Estimating demand

The model parameters which relate to PRT were estimated from a Stated Preference (SP) survey conducted in March 2002 of 358 potential users, who were asked, based on estimates of travel times and costs, to make choices between alternative modes. To calculate the generalised cost, the times and costs were multiplied by the specific SP coefficients. Table 3 shows the average ULTra mode share for each market segment for those travelling alone and with one or two others.

[take in Table 3 about here]

The model was then applied to estimates of trips made within the Cardiff area, which was divided into 330 zones. Trip numbers were obtained from the matrices of a 1994 SATURN highway model and a 1997 TRIPS public transport model, which were updated following traffic counts and transport surveys conducted in 2002. Trip numbers were then extrapolated into the future on the basis of new development proposals and predicted demographic changes. In order to determine the sections of the ULTra network that would be most heavily used, a simple representation of the network was developed using the EMME/2 transportation planning software. A matrix of passengers transferring to ULTra was imported into the software and the matrices were assigned to the network giving a representation of passenger flows on the ULTra route.

Results indicate that when calculating daily trips transferred to ULTra by market segment, the greatest number of trips will come from existing car passengers switching to either bus or rail with ULTra on the egress leg (3664 daily trips or 8% of existing trips using this mode). Market segments expected to lose the greatest percentage of trips to ULTra include bus egress (61% or 1085 daily trips), followed by taxi egress (50% or 300 daily trips). It is possible that the introduction of the ULTra system may result in generated trips, i.e. journeys that would not have otherwise been made. A 22% increase in trips was forecast following the introduction of the system. The transfer from car and the two walk segments represent the most significant elements of potential ULTra demand. Passengers from car represent around 30% of the total market choosing ULTra. In 2015 this equates to 1,192,632 annual trips being transferred from car to public transport/ ULTra. Each walk segment represents an additional 29% of the total ULTra market, with a total of 1,074,476 annual walk egress trips in 2015 using ULTra, and 1,108,979 annual other walk trips, suggesting that the introduction of the system may have a negative impact on the number of people walking.
In a separate study to investigate passenger responses to ULTra, questionnaires were completed by 232 respondents about a static prototype, and two sets of passenger trials, in which 53 subjects took a trip on the system at the Cardiff test site, were undertaken (Cook et al, 2004). The questionnaire study results suggest that 71% and 22% of respondents respectively would pay more to use ULTra than they would to use a bus or train. 51% would pay between £1 and £2 per vehicle on a 2-3 mile trip, and 24% would pay £2-£3. If an ULTra system were available, 45% of respondents would use it a few times a week, and 24% would use it several times a month. Of the passengers undertaking a test journey, 83% found that the system was very easy to use, with 100% finding the whole ULTra experience either very pleasant or pleasant. There was a less positive response to the elevated track from passengers that had taken a trip on the system than those completing questionnaire who had no trip.

3.3
Evaluation

Revenue forecasts were prepared for ULTra. The transfer from car and the walk segments constitute the largest proportion of ULTra revenue. The annual revenue for ULTra is forecast to be £2.63million, assuming a fare of £1 per vehicle (i.e. £1 per passenger if travelling alone, or £0.50 for two passengers travelling together). Fare increases have the greatest proportional impact on the walk segments, where there is a reduction of 77% and 73% if the fare is increased from £1 to £2 for egress on foot and other walk journeys respectively. 
These results of the SP study fed into a financial and socio-economic assessment which reported that in 2006 (base year), 5.67 million passenger trips or 4.30 million vehicle trips per year will be made, increasing to 5.62 million vehicle trips in 2036, following the predicted expansion of the Cardiff Bay area (Bly & Teychenne, 2004).
The total capital cost of the system was forecast to be £34.3m, with annual operating costs in 2006 of £2.05m, increasing thereafter in line with demand. The expected revenue in 2006 was £4.3m, rising to £5.6m in 2036. Monetised benefits included within the assessment include savings in travel time and money to ULTra users when compared to their previous journeys (£3.96m in the first year), decreased congestion (£1.67m), a reduction in accidents (£0.52m) and energy savings (£0.92m).  The Net Present Value of the revenue less the costs between 2006 and 2036 was estimated to be £2.7m at a 3.5% discount rate, and £8.27m at a 6% discount rate. At the lower rate, the system covered its operating costs and most likely its capital costs, but did not provide the higher rates of return required for purely commercial operation. It was considered that public subsidy would be required for infrastructure construction.
4. 
Specification of the predictive studies

4.1
Purpose of the predictive studies

As noted in Section 2, the purpose of the predictive studies is to assess the likely contribution to urban transport objectives of the five new technologies outlined in Section 1, if applied at a significant scale in representative European cities.  These tests will thus complement the work of the three demonstrators, which will pursue live applications, but which will inevitably be limited in their spatial scale.  The Cardiff study reported in Section 3 provides a useful precursor to these tests, but is limited in that it has only considered one technology, one level of application, one set of complementary policies and one horizon year.

Resources in the project are sufficient to carry out such studies for four cities.  These have been selected based partly on a typology of city types (Sessa, 2007), partly on the availability of appropriate data and partly on the understanding that they have identified problems for which new technologies are potentially an important solution.  However, it has been stressed that they should not be too wedded to a particular type of solution, since this could constrain the range of tests in which they are interested.  The four are Almere in the Netherlands, a new city of around 250k population, expected to expand to around 400k; Gateshead in England, which forms part of the polycentric Tyne and Wear conurbation, with an overall population of around 1.0m; Trondheim in Norway, with a population of around 200k; and Vienna, the capital of Austria, with a population of around 1.6m.
4.2
Tests to be conducted



The specification for these tests is designed to achieve as much commonality as possible between the four cities to facilitate cross comparisons.  It will involve:

· context scenarios for each of the horizon years 2015, 2030, 2050 which have been developed elsewhere in the project (Sessa, 2007)

· application scenarios for each of the five types of technology, which have also been developed elsewhere in the project (Ruberti et al, 2007)

· with applications specific to the city in question, and agreed with the city planners

· but with at least one common application of each technology across all four cities

· application scenarios on their own and combined with an agreed set of complementary instruments which have been separately specified (Sessa, 2007)

· all tests being evaluated against a do nothing test for the same year and context scenario, using the evaluation framework developed for the project as described in Section 2.4 (Marsden et al, 2007).

4.3
Levels of model


A review has been conducted of the models available to the study team (Wagner, 2006).  Broadly they fall into four categories: sketch planning land use and transport models; macroscopic transport models; mesoscopic network models; and microscopic network models.  The more detailed of this range of model types are unlikely to be suitable for the range of tests specified in Section 4.2, given the difficulty of modelling a whole city and the time taken per test.  However, they do have an important role in understanding the detailed way in which the technologies would interact with the current transport system in typical cities.  Conversely, the least detailed models are particularly well suited to carrying out a wide range of strategy tests in a limited time, but will only reflect the broad implications of the new technologies on users’ travel times and costs.  
One particular strength of the sketch planning model available to the study, MARS, is that it is a time-marching model, which will provide results for different horizon years in one test.  It can also be constructed fairly quickly for a new city; its developers estimate two person-months’ input for a city with available data.  Finally it is quick to operate; a given policy test can be completed in a few minutes.  Against this background, the mesoscopic and macroscopic models have less to offer.  The mesoscopic model only deals with road network effects, and at a much coarser level of detail than the microscopic models.  The macroscopic models take much longer than MARS to run, require different runs for each horizon year, and do not predict land use relocation effects.

4.4
The agreed approach


On this basis, it has been decided to use MARS for the common set of tests to be conducted in all four cities, as listed in Section 4.2.  The proposed approach is described in Section 5.  In addition, the microscopic models will be used to study in more detail the operational performance of the new technologies as they interact with the existing transport system, as described in Section 6.  These tests will be conducted for representative corridors, with appropriate parameters imported into the MARS model for each city.  It will not be necessary to cover the full range of tests specified in Section 4.2; instead the tests will focus on a given technology, and test as wide as possible a range of application scenarios and demand patterns.

While the two types of model will be answering questions at different levels, it is intended that each will inform the other.  The sketch planning model will provide information on levels of use of the new technologies in the selected corridors.  Conversely, the microscopic models will provide broad speed-flow and access time-flow relationships for the new technologies, and for the other modes as they are affected by the new technologies.  This implies that both types of model need to be developed in parallel, with information being transferred between them at appropriate stages.  However, those transfers will be managed off-line rather than trying to integrate the two somewhat disparate modelling approaches.

5
The proposed approach for city-wide studies
5.1
The MARS model

MARS is a dynamic Land Use and Transport Integrated (LUTI) model. The basic underlying hypothesis of MARS is that settlements and activities within them are self organising systems. Therefore MARS is based on the principles of systems dynamics (Sterman (2000)) and synergetics (Haken (1983)). The development of MARS started some 10 years ago partly funded by a series of EU-research projects. To date MARS has been applied to seven European cities (Edinburgh, Helsinki, Leeds, Madrid, Oslo, Stockholm, and Vienna) and three Asian cities (Chiang Mai and Ubon Ratchathani in Thailand and Hanoi in Vietnam) (Pfaffenbichler, 2003).

The present version of MARS is implemented in Vensim®, a System Dynamics programming environment. This environment was designed specifically for dynamic problems, and is therefore an ideal tool to model dynamic processes. 

MARS includes a transport model which simulates the travel behaviour of the population related to their housing and workplace location, a housing development model, a household location choice model, a workplace development model, a workplace location choice model, and a fuel consumption and emission model. All these models are interconnected with each other and the major interrelations are shown in Figure 2. The sub-models are run iteratively over a period of time of 30 years. They are linked on the one hand by accessibility as output of the transport model and input into the land use model and on the other hand by the population and workplace distribution as output of the land use model and input into the transport model. 
[take in Figure 2 about here]

5.2
Incorporating new public transport technologies

MARS models the mode choice between public transport, private car and slow modes via the concept of friction factors, which reflect the impedance to using a given mode of the costs of doing so.  For example, a trip by public transport consists of four different parts:-

· walking from the source to the public transport stop;

· waiting for the public transport service;
· travelling from the public transport stop to the destination; and 
· walking from the public transport stop to the destination.
Each of these parts is perceived and valued differently by the user.  MARS uses perceived values derived by Walther et al., (1997) who define separate friction factors for the public transport modes bus, tramway and rail, as well as for car.  MARS makes a distinction whether public transport is separated from individual road traffic or not. 

To include a new technology such as high technology buses, cyber cars as feeders to major public transport routes, or PRT systems, we will first of all have to characterise the supply factors such as average speeds, access/egress times, headways, fares and changing times.  Of these the most difficult to envisage will be the access/egress times as we will be developing city wide schemes or at minimum corridor based schemes with differing spatial coverage.  This is where a link from the more detailed micro-simulation studies will aid the definition of supply characteristics at the corridor or network level.

The next step will be to decide whether or not the new technology will be perceived as a completely new mode or as similar to an existing mode (as might be the case for high technology buses).  This will determine which of the subjective valuation factors should be applied in the first instance.  New stated preference studies are being commissioned to supplement the results available from the Cardiff study.  In addition we will be able to carry out sensitivity analyses varying the parameters determining the mode shift within reasonable limits.  For example we will be able to model what happens over the range from cyber car networks being perceived as similar to the private car to their being perceived as similar to existing buses.

As an example of how we might model cyber cars used as feeders to other mainline public transport routes, Figure 3 shows how the friction factors for a typical 20km trip are made up.  First we have car which has little access/egress time and no waiting time; the friction factor consists mainly of money costs and in-vehicle time.  Next we have the existing public transport perceived costs which are dominated by access and egress costs plus waiting time.  Finally we have two cases where we assume cyber cars are used to reduce both access and egress times or just access times.  Here we have assumed that average distance to the public transport stops are 500m in the before case and only 50m to a cyber car stop.  Note that the wait time and costs are assumed to be the same for the mainline public transport.  With this simple example we can show that the PT share would increase from 10% to 14% and 23% for the one cases of cyber car feeders at origin only and both origin and destination respectively. Of course these figures have not been verified empirically as we have no data on the use of cyber cars feeding mainline public transport.  Again we will be able to perform sensitivity tests on the key supply and response parameters.
[take in Figure 3 about here]
5.3
Typical Outputs

The outputs from our scenario analysis will consist of forecasts of impacts on selected indicators over the planning period.  As noted, MARS has been constructed to operate over a 30 year period.  While it is perfectly feasible to modify the model to cover the 45 year period to 2050 considered in the long term scenario (Sessa, 2007), we are still considering whether to use the model in this way, given the uncertainties over long term prediction, or whether to limit the modelling to the 2030 horizon year, and use judgment to suggest longer term projections.
After the simulation (which takes about 20 seconds on a standard PC), the user can immediately switch between different output variables and formats. Within the existing MARS FS, the following variables can be shown in graphs simulataneously for a “do-nothing” scenario and the user defined “do-something” scenario:

· Mode share in peak and off peak

· Population, workplaces

· Total vehicle km motorised

· Average commuting distance motorised and non motorised

· Total CO2 emissions for car and motorcycle

· Average commuting speed per mode.
This list of outputs will be expanded as appropriate to match the requirements of the evaluation methodology (Marsden et al, 2007).
Analysing and comparing graphs is a good way to get the overall picture, since it shows immediately if CO2 for example, increases or decreases. For those interested in absolute numbers, there is also the option to present for every graph an equivalent table (Figure 4).  Links to GIS facilities also exist but are not shown here.
[take in Figure 4 about here]

6
The proposed approach for corridor studies
6.1
Microsimulation models
The corridor studies will use microscopic traffic flow models in order to give a more detailed assessment of the merits of automated techniques. The development of microscopic simulation models has had a tremendous boost in recent years. While originally invented for scientific reasons and to test new signal control strategies for single intersections, they are currently used to simulate large regions and several modes (the following list is, of course, far from exhaustive (Balmer et al (2005); Bonert et al (2006); Chrobok et al (2004); Jha et al (2004); Krauss et al (1997)). While there are still methodological problems related to the correct calibration and validation of such models, which describe the dynamics of a transport system in great detail, considerable progress has been made in coupling them to real data. 
However, for the CityMobil project it was decided to use microsimulation models only for the detailed study of corridors, where they can play to their advantages over conventional planning tools.  Microscopic modelling is the most effective means of estimating improvements in capacity, fuel effectiveness, and access and travel times resulting from the introduction of such technologies. These microscopic models can then be used to provide a map that allows a strategic model such as MARS to extrapolate the microscopic results to the scale of a whole city, and this is exactly the approach to be used in CityMobil. In physics, such an approach is well known; for example the simulations to be run for a weather forecast are exactly built in this way: the large scale is simulated precisely, while on the small scale simple approximations are used. These approximations are rooted either in a simple theory, or in other simulations that in particular approach the spatial scale which cannot be achieved by the weather simulation which computes the whole of Europe.

6.2
Applications within CityMobil
As described above, five major new technologies will be considered in CityMobil. To describe how the methodology works, consider the somewhat oversimplified example of a single signalised intersection. What needs to be known is the so called resistance function or cost function which basically describes the delay induced by the signal as a function of traffic demand. In this simple example, there exists a semi-analytical formula, namely Webster’s formula (Webster, 1958), which describes the delay d as a function of demand q, given the parameters of the signal (green time G and cycle time C) and the maximum capacity of the traffic stream Q. It reads:
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These parameters are well known for current traffic, albeit they depend somewhat on the particular details of the intersection in question. There are two ways in which such an intersection could be optimised.  Firstly the vehicles could drive more efficiently, and this basically affects Q (which should increase). A microscopic simulation can now precisely tell us, which automated techniques yield which improvements, and how it depends for instance on the penetration rate η of vehicles with such a new technique.  Secondly, the very organisation of the intersection itself may be changed, and that is what is usually done by traffic control or by traffic management. Figure 5 shows an example of the first approach. The traffic stream consists of vehicles which are either equipped with current technology (normal manual driving), or which can drive partially in automated mode (ADAS). The ratio of equipped cars, η, changes from zero to one. With it, the delay curve d(q) changes, as can be seen in Figure 5. The delay curves can be parameterised by fitting Webster’s formula to the simulated curve, yielding an increase of the average maximum flow of the traffic stream from 0.36 veh/s for η = 0.0 to 0.59 veh/s for η = 0.9. 

This result has been obtained by using a normal microscopic traffic simulation model. The model is a stochastic variant of Gipps’ model (Gipps, 1981).  The modelling of the automated vehicles had been kept simple: while normal drivers are modelled with a certain stochastic driving error leading to sub-optimal driving, the advanced vehicles are based on exactly the same model, but with a different set of parameters where the driving error made by the driver is set to zero. Of course, this approach demonstrates the best that can be reached by changing the traffic parameters; in reality the gains will be smaller.
Microscopic simulation models can also be used to model future PRT systems, provided their specification is given precisely enough to allow for such realistic modelling. The information required includes vehicle performance (acceleration, deceleration capabilities, type of control for interaction with other vehicles), loading and unloading processes and headway and routing characteristics.  These characteristics can be included in a supply-side simulation model to represent such vehicles on dedicated tracks or in interaction with other vehicles.  It is also possible to represent the decisions of individual users in a demand-side simulation. 
The intention is to use two microsimulation models to represent each of the five technologies.  Each will be represented in terms of maximum speed, acceleration and deceleration, minimum headway, vehicle length and, where appropriate, service rate and driver imperfection.  PRT and cybercars will be modelled as feeders to public transport; PRT and high technology buses will be modelled for corridors or networks, and dual mode vehicles and advanced city cars will be modelled operating in general traffic.  Output parameters which will be imported into MARS will include access, waiting, in-vehicle and egress times; changes in travel times and delays for other modes; operating costs and energy consumption.
[take in Figure 5 about here]
6.3
Transferability
Methods like the one described above can be applied for all junctions in a given corridor. It is then necessary to assume that the results obtained in that corridor, or in a set of different corridors, can be generalised to the whole city and to other cities as well. For the improvements generated by vehicle technology this should be a reasonable assumption, since they are likely to be common to all junctions. It will be more difficult to extrapolate the effects of improved traffic control and traffic management. Intersections in a certain sense are coupled to each other, therefore changing one intersection causes changes to other intersections in the neighbourhood as well. Nevertheless, the results obtained from this approach can still be regarded as a kind of approximation. By running small subnets with the microscopic simulation, it might even be possible to understand whether the extrapolation is biased or not, and in which direction it is biased. This will not provide a scientifically rigorous answer, but it is questionable, whether this kind of precision is really needed in projects like this one. 

7
Conclusions

This paper describes work in progress on the challenging task of assessing the potential impacts of a range of new passenger transport technologies when applied at differing scales and with different complementary policies in four representative European cities.  By the time of the conference, the methodology will have been finalised, and model construction for the four cities will be well underway.  This paper and the presentation are designed to stimulate discussion on the approaches adopted.  The paper submitted for publication will be updated to reflect that discussion and to present the final version of the models.
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	Innovative transport concepts 
	Examples 

	Cybercars are fully automatic, clean, driverless vehicles that run on guide ways, and will evolve to operate on street in mixed traffic, starting with traffic at low speed (pedestrians, bicycles) and traffic with professional drivers (taxis, buses). 
	[image: image2.emf]

	Personal Rapid Transit (PRT) is a system of fully automatic clean, driverless vehicles that run on guide ways to segregate them from other traffic and pedestrians; 
	[image: image3.emf]
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	High-tech Buses run automatically on guide ways and can dock precisely, but need a driver on city streets. 
	[image: image5.emf]

	Advanced City Cars provide cleaner, safer and more efficient vehicles, but ultimate control remains with a driver; they are equipped with advanced driver assistance systems. 
	[image: image6.emf]
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	Dual Mode Vehicles combine the advantages of a fully automated mode -like cybercars have- wherever possible, with a manually driven mode wherever necessary. 
	[image: image8.emf]


Table 1: Different approaches of innovations in passenger transport (Janse, 2006)
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Figure 1: The ULTra system at the Cardiff trial site

	Problem/driver
	Application type
	Technological concept

	
	
	Cybercars
	PRT
	High-tech buses
	Advanced city cars
	Dual mode vehicles



	Transport modelling
	Interconnect modal interchanges
	X
	X
	
	
	

	
	Feeder to retail/business/leisure developments
	X
	X
	X
	
	

	
	Flexible links between major services (e.g. hospitals, universities) and transport
	X
	X
	X
	X
	

	
	Connect car parks with transport system
	X
	X
	
	
	X

	
	Short distance, on-demand, door-to-door travel
	X
	X
	
	X
	X

	
	Low density transport demand
	X
	
	
	X
	X

	Sustainable city
	Clean, safe road vehicles
	X
	
	X
	X
	X

	
	Clean, safe vehicles on segregated track
	
	X
	X
	
	X

	
	Using cars in a better more efficient way
	
	
	
	X
	X

	Innovation policy
	Short links to develop (part of) the city’s image as a leading city of technology and innovation
	X
	X
	X
	X
	X

	
	Innovative way of introducing new mobility management
	
	
	
	
	X


Table 2: Promising applications in summary (Janse, 2006)
[image: image10.emf]Demographic transition 

and growth

Car ownership

External scenarios

Transport policy

instruments

Transport policy

instruments

Transport policy

instruments

Policy instruments

Land use policy

instruments

Land use policy

instruments

Land use policy

instruments

Time of day model

Transport model

Transport sub-model

Time of day model Time of day model

Transport model Transport model

Transport sub-model

Assessment

• User benefits

• Operator costs

• Investment costs

• Emissions

• Accidents

• etc.

Housing 

development model

Household 

location model

Land use sub-model

Employment 

location model

Housing 

development model

Household 

location model

Land use sub-model

Employment 

location model

Household and workplace location

Accessibility


Figure 2: Basic structure of the MARS sub-models

	Market segment
	ULTra mode share

	ULTra mode
	Alternative
	Travelling alone
	Travelling with one person
	Travelling with two persons

	Rail or bus + ULTra
	Car
	8%
	9%
	10%

	Rail + ULTra
	Rail + walk
	7%
	22%
	30%

	Bus + ULTra
	Bus + walk
	65%
	79%
	82%

	ULTra
	Walk
	27%
	47%
	54%


Table 3: Average ULTra mode share for each market segment (Source: Ove Arup & Partners, 2002)
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Figure 3: Comparison subjective time (min) for a car and a PT trip with cyber car feeder
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Figure 4  MARS FS – Output Mode Share


Figure 5: The influence of an automated technology on the capacity of a traffic signal. 

The curves shown are the travel time versus inflow curves for different penetration rates η of cars equipped with an advanced driver assistance system. Parameters are cycle time C = 75 s, green time G = 45 s, max speed and acceleration of the vehicles are 15 m/s and 2 m/s/s, respectively.
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