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Abstract: 

This paper will discuss the effort to re-estimate the mode/destination demand model component of the U.K. National Transport Model (NTM). The first part of the paper will briefly describe various national travel models and outline some similarities and differences with the NTM.  The paper will then highlight the most interesting features of the NTM and end with a section on how lessons learned from this re-estimation effort can be used to inform the development of other national transport model systems. 

One key characteristic of the NTM is that it operates in two zonal systems – a detailed zone system for highway and public transport assignments and a more aggregate zone system, at which the mode/destination demand model operates. This two-level system is imposed to a certain extent by the characteristics of the National Travel Survey (NTS), which is the primary data source for the demand component of the NTM. While more disaggregate information is available from the NTS, confidentiality requirements lead to certain restrictions being imposed on the release of this data. The paper will discuss the modelling techniques used to overcome these particular data restrictions. Given that many countries have limited data collection at the national level, or this information is restricted in various ways, there are clearly lessons to be learned from the NTM about modelling in a data-restricted environment.

Another important feature is that NTM was re-estimated with one eye towards testing certain policy measures, such as road pricing. This paper will provide details on how the models were designed to incorporate such policy tests, including how decisions were taken on the trade-offs between different features, including allowing an appropriate sensitivity to policy changes, ensuring the implied values of time were within acceptable ranges and model run time. While the details of the NTM are specific to the U.K. context, developing any national transport model will inevitably require taking decisions on which policies should be tested and which aspects of the model are most critical if different features come into conflict. Thus, the lessons learned from re-estimating the U.K. National Transport Model can be used by other practitioners developing their own national models in other national contexts.

1 Introduction

This paper sets out to record recent developments in national modelling in the U.K., putting these into a historical context and drawing comparisons with the developmental processes of the Dutch forecasting model and the Norwegian national model system.  This background is provided illustrate the evolutionary nature of forecasting systems such as these and to describe the variety of approaches that have been taken (and their essential similarities).  The paper will then describe the current re-estimation effort of the demand model component of the U.K. National Transport Model, undertaken by RAND Europe and Hugh Gunn Associates (HGA).  The paper will present recent results from the re-estimation effort and will close with a short section on the lessons learned and suggestions for next steps for future enhancements of the NTM.

2 Background on National Models

Many Western European countries have developed national multimodal transport models, with efforts beginning as early as the late 1970s (Gunn, 2001; Russo, 2001).  Spatially detailed multi-modal national models were developed in The Netherlands, France, Germany, Norway, Sweden, Italy, and at the EU level.  In the UK, there was an initiative to develop a spatially-detailed mono-modal (road) model at the national level (Harrison et al, 1978). Some countries continued to develop these models on an on-going basis, though poor initial results led to the suspension of spatially-detailed national modelling efforts in the U.K. for nearly two decades.  Nonetheless, interest in national modelling has grown in Europe, particularly with recent advances in computing power allowing for the development of more detailed models. Interest in developing national models has spread to select non-European countries since the 1990s (Daly & Sillaparcharn, 2004).
  

It is worth recalling that national models may be designed to “solve” quite different transport issues in each country, which will inevitably lead to different model formulations.  National modelling is often viewed as critical to provide decision-makers the information necessary to set policy on transport financing (both taxation and subsidies).  Relatively simple models that provided forecasts of nation-wide transport demand by mode would suffice for this purpose.  However, politicians often call on national models to inform more complex questions, particularly on the provision of specific critical transport infrastructure, such as a high-speed rail link or building major bridges or tunnels (Daly, 2000).
  Providing this information requires a greater amount of network detail, as well as a more refined zoning system in order to make reasonable predictions at a sectoral level.  More recently, national models have been called upon to inform policies to tackle congestion or pollution by diverting motorists to public transport.  This requires fairly advanced multi-modal models with reliable cross-elasticities (Daly, 2001).  Policies seeking social equity in investment require models which can identify impacts on different social groups, which implies gathering – and utilising – detailed demographic information in national models (Forkenbrock & Sheeley, 2004; Litman, 2005).  As this information is often considered sensitive, it may be difficult to even collect this information, and, further, to receive permission to use it if it has been collected.

It is worth questioning whether it is desirable, or even possible, to have one ‘definitive’ model which has all (or most) of these properties.  Whilst there is common agreement that blind reliance on one model is dangerous, and all results should be cross-checked from other analyses, the historical development of national transport models in different countries has started from quite different views on this question.  Thirty years ago, the planning profession in the U.K. and in the Netherlands viewed the situation quite differently.

In 1977, the U.K. Department of Transport abandoned development of a spatially-detailed national model, and the Dutch equivalent, AVV, made the first steps in developing theirs.   In the U.K., the context was the aftermath of an expensive failure to develop a simple aggregate mono-modal (road-based) national model (Gunn, 2001).  In the Netherlands, it was the aftermath of several years of successful development of complex disaggregate multi-modal regional and urban models (Gunn, 1994). The experience gained, and techniques developed, in the course of this research was eventually the foundation for a leap to the national scale. 

The Dutch national model has continued to develop over the years, and it is probably fair to say that it has been the success of this effort which has forced a re-think on the practicality of devising a large-scale multi-modal travel demand system; the need for such a system has obviously simply grown over the years, as the problems of managing travel demand have increased and the range of policies available to tackle them has also grown.

International interest in national-level forecasting models came together at the turn of the century, with mini-conferences being organised to compare assumptions, approaches, and results.  In 1998, a seminar on national modelling was held in Sweden, resulting in a publication focussing on the most successful models at that time (Lundqvist & Mattson, 2001).  The focus was on the approaches taken in Sweden, Denmark, Norway, The Netherlands, Italy and the U.K. (which at that time used an aggregate trend-extrapolation method). For detail on these projects we would refer the reader to this text.

An interesting contrast was identified between the models, concerning the level of detail at which the travel demand market was treated.  For many purposes, the traditional need for models was to predict origin-destination demand matrices, for assignment to possible future networks and to determine minimum necessary infrastructure investment.  This need had not vanished, but was now joined by a need to understand and attempt to control demand itself, resulting in the growing dominance of disaggregate 'behavioural' models rather than aggregate trend-extrapolation methods.  Due to different theoretical concerns as well as the ever-present concern over data availability, the models operated at widely different levels of geographic detail.  At one extreme, the Swedish approach had been based on amalgamating compatible behavioural regional models, while on the other, the UK was still using national level trends.  Other countries fell somewhere in between in terms of detail, with the consequence that both regional models and a national model were needed for practical planning purposes.  
Some twenty years later, the U.K. did initiate an effort to develop a National Model System (NMS), which is called the National Transport Model (NTM) in its current form. This system is now in the process of growth and development.  It would generally be classified as a national model of intermediate scope.  The NTM is not intended to replace regional modelling but rather to produce demand forecasts at high level of geographic aggregation, but greatly extending the behavioural insights into factors affecting that demand. This paper will examine the progress that has been made towards a ‘second generation’ system and, in particular, towards the development of a new high level mode/destination forecasting component.  In subsection 2.1, we introduce the NTM system, placing it alongside the original Dutch forecasting model (the LMS), and the Norwegian national model system originally constructed in the early 1990’s (the NNMS).  The evolutionary paths followed by the LMA and the NNMS are sketched, offering some guide for possible growth paths for the NTM. 

2.1 A Comparison of the NTM, LMS and NNMS

In this section, we give a brief comparison of the three models systems, dealing in turn with their purpose, the data bases used, the structure of the models and the underlying methodology.  As the LMS and NNMS have longer histories than the NTM, it is likely that examining their development and growth will suggest possible paths along which the NTM may itself develop.

2.1.1 Purpose of Development

The original purpose of the Dutch LMS was to inform decisions of the reservation of corridors of movement for future developments of the motorway and rail networks.  Thus future travel demand in the form of assignable trip matrices was seen as the final product.  As the political importance of travel time lost in congestion and pollution grew, and given the growing acceptance of the model by policy makers, the LMS was developed to address issues such as road pricing, innovative public transport systems, car-pooling, tele-working and many more, and kilometres of travel and total travel time became key outputs.

The Norwegian model, the NNMS, developed in the reverse order; the original model was developed as a sub-component of a national model of the economy, itself aimed directly at predicting emissions of carbon gases.  With easy access to hydro-electric power, in Norway traffic and transportation play an unusually high part in determining national emissions.  A model was developed to predict car-ownership and kilometres of travel (and hence expenditure on vehicles and fares, and emissions) and fuel consumption (hence expenditure on fuel) to augment a model of general household and commercial/industrial expenditures under different tax policies.  The basic product was to be a model of all carbon emissions under different policies.  With the success of the transport demand component model, this component was eventually developed to have an explicit geographical focus, outputting trip matrices for assignment to explicit networks.

The NTM falls somewhere between the two previous systems in terms of focus; in its original form, it is not targeted at outputting trip matrices for assignment, but rather at the overall levels of demand for different modes of travel between broad area types.  However, since road congestion is a major issue, the NTM was equipped with a capability to estimate delays from congestion, involving an approximate O/D matrix derived from its output and an aggregate procedure to simulate capacity problems.

If the developments of the LMS and the NNMS are any indication, we could conjecture that the future development of the NTM, should it continue to be seen as successful, would be towards more geographic detail, more behavioural response to innovative policies and more focus on different traveller groups.

2.1.2 The Data Bases

The Dutch LMS used a National Travel Survey (OVG) as its main input, with trips linked into home-based tours, and non-home-based trips treated separately.  As the model developed, the non-home-based trips were eventually linked into the tours in a consistent process.  The trips in the original data base were not geo-coded, and so the information could only be used in terms of trip-length distributions.  As the use of the system intensified, a second generation of the model was estimated on an especially collected enlarged OVG, which was geo-coded especially for the purpose.

The original NNMS also used a National Travel Survey as its basis, with trips linked into home-based tours and non-home-based trips treated separately. Geographic destinations were not identified, only distance from the origin.  As with the Dutch LMS, the development of the system later called for re-estimation on an especially collected geo-coded survey.

The NTM has many similarities with the original NNMS, and is also based on a National Travel Survey.  Unlike either the LMS or the NNMS, it operates on trips (and only on the outward leg of home-based trips), not tours.  Future developments, if along the lines taken by the Dutch and Norwegians, would be towards a geo-coded survey, probably of larger scale than the existing NTS, and towards recognising the tour, rather than a single trip, as the determinant of modal choice and departure time.
2.1.3 Underlying Methodologies

It is perhaps in the comparison of modelling methodologies that the most interesting differences and avenues for development emerge. All three of the systems use cascading logit models to predict car-ownership, then trip (or tour) frequency, and then mode/destination choice.  Our focus here is on the mode/destination components.  All three use a basic multiplicative model to predict mode/destination choice; in the UK this is known as the ‘gravity model’, recognising its early rationalisation by physical analogy.  Links to entropy maximisation and to utility maximisation came later as justifications for the model form (see for example Ortuzar and Willumsen, (2001)). 

The original Dutch LMS imported disaggregate mode/destination models from a regional study (the OVD, Gunn and Pol 1986)), using the NTS data at a national level only to provide a calibration to national patterns at an aggregate level. The resulting calibrated models were used with a Prototypical Sample to generate synthetic O/D matrices. In the original design, a distinction had been made between ‘Long-distance’ travel and the rest, and separate models were planned.  An existing Long-distance model was tested, but proved unsuitable, and eventually a single set of models was used based on the imported disaggregate models.  These imported models had been fitted to a geo-coded survey, the OVD, in which trips had been linked into tours.  They were logit models, fitted after a search for variables to include in the utility function.  Time and cost were, of course, key.  A restricted search had been made of functional forms in which to include these variables, as a result of which time was included as a linear variable and cost in log(cost) form.  The log(cost) form later emerged as hugely dominant over a linear specification when the models were re-estimated on the especially collected geo-coded national survey, and was estimated separately for five different income groups... 

For short- and medium-distance trips, the Norwegian NNTS specified ‘destinations’ as annuli at different distance bands (with corresponding attracting power calculated by summing over a geographical zone system for those zones falling in the annuli). The data, collected into tours, was analysed at the disaggregate level, allowing exploration of a variety of personal and contextual variables in the utility functions... An auxiliary ‘long-distance’ model was estimated, for trips over 100 km, with air and sea modes defined in addition to the conventional land-based modes.  Various searches were performed on the best formulation for cost and time in the models.  A formulation with log(cost) divided by income best fitted travel patterns for most travel purposes (Fox et al, 2003).

The original NTM mode/destination models have in common with the short- and medium- distance NNTS models the definition of an annulus as a destination, not a zone.  They have in common with the original Dutch LMS the importation of a utility function from other studies, and its ‘correction’ on the basis of the NTS.  In the NTM, however, the imported utility function is extraordinarily simple; it consist of a so-called ‘generalised cost’, a linear sum of time and cost weighted by the inverse of an imported ‘value of time’ (averages are taken over zone pairs in the different annuli).  The original NTM model of mode/destination split is completed by introducing an overall modifying factor to reduce the scale of the utility function as distance increases; the utility function is raised to a distance-related power, which is itself estimated with regard to the NTS data. 

Unusually, the original NTM was adjusted to match another set of targets, being key elasticities with respect to fuel price and rail fare.  This adjustment comes by manipulation of the scaling coefficients of the utility function (aka generalised cost).

An observed problem with the original NTM, perhaps unsurprisingly, was that with so much of the model ‘imported’, or achieved through scaling at an overall level, the fit to the NTS data base was deemed unsatisfactory.  This prompted a next development, which is reported in this paper, to move closer towards the later Dutch LMS estimation, in which the importation of the core utilities had been replaced by a re-estimation on a national data set.

The major innovation is that the model has now been defined at the disaggregate level, where previous estimations have been carried out after forming expanded aggregate mode/destination matrices.  The practical advantages of this approach are substantial.  In addition to allowing routine statistical reports to inform the parameter searches, the elapsed turn-around time in the estimation of model variants has been dramatically reduced.  This has allowed the investigation of aspects of the model not previously questioned, including the structuring of the hierarchical order and functional forms other than the linear ‘generalised cost’ which has become traditional in UK models.

In terms of further developments, the Dutch and Norwegian experience suggest that a purpose-collected, extensive, geo-coded data set can be recommended, along with a switch from trips to tours as the basic unit of demand.  On such a basis, the estimation of models which could themselves determine the best-supported patterns of time/cost trading from the available resource of historic data would be possible.

3.1 Updating the U.K. National Transport Model

3.1.1 Commissioning the Upgrade of the NTM

In 2006, the U.K. Department for Transport (DfT) commissioned a thorough upgrading of the NTM.  This followed the successful use of the existing NTM for various DfT studies combined with the recognition that the current NTM model was not adequately responsive to allow for testing various road pricing scenarios.  The DfT was aware that the Eddington report would possibly call for a number of far-reaching transport policy-changes, particularly in the area of road pricing, and consequently road pricing has risen to the top of the Department’s agenda (see Eddington, 2006).  Not surprisingly, the Department felt that the NTM needed to support this general line of research, and that it would need enhancement to do so.  The Department has made an overall commitment to maintain and regularly update the NTM model.  The first update was a complicated process with three interlocking components: 1) updating of the highway network (and base year skims), 2) upgrading the rail network and assignment procedures (and subsequent skims) and 3) recalibrating the demand model.  While this paper focuses on subtask 3, recalibrating the demand model, we do note situations where the other subtasks affected the recalibration.

The DfT envisioned a gradual enhancement of the demand model, rebasing it to 2004, and expanding the geographic specificity of the model.  Adding additional area types was clearly important to the Department, as it was one of the most specific sections of the proposal.
The current model divides the country into fifteen area type/region combinations.  The Department wished to extend this disaggregation so as to distinguish South-East England from the rest of the country for a small number of area types.  The Department was advised that computing constraints might prevent introduction of more than two new area type/region combinations.  Contending suggestions were:

-
Distinguish the smallest urban areas (population 3000-10,000) from the Urban Small (population 10,000-25,000) and the truly rural (pop. <3000)

-
Distinguish SE England from Wales & SW England for the Urban Big and Urban Large categories

-
 Distinguish SE England from Wales & SW England for the Urban Medium and Rural categories

The Department also asked for the introduction of “more parameters so as to better represent differences in behaviour between different areas of the country.”  The new model needed to fit the NTS distributions very closely, while still returning reasonable elasticities.

3.1.2 RAND Europe/HGA proposal

Although the tender implied that an aggregate model would best meet the Department’s requirements, RAND Europe and HGA proposed further advances, namely that a disaggregate model could be estimated from the same data and would have considerable advantages.  Incidentally, putting the NTM on a disaggregate basis would move it much closer to the Dutch and Norwegian national models, though this was not one of the rationales behind the RAND Europe/HGA proposal.

The proposal of the project team was to replace the previous calibration approach, which relied on identifying key parameters (the λ terms modifying choice utilities) from aggregate system elasticities with an explicit statistical modelling of mode choice behaviour in the main behavioural data source supporting the modelling, the NTS.  By doing so, the project aims to achieve the goals of full usage of the new items of information in that data base, as well as providing a sounder behavioural basis for the choice of parameters.  In addition, the usual toolbox of statistical tests would be available to tackle the ‘signal’ and ‘noise’ problem (distinguishing the underlying process from random effects).

A re-calibrated model can claim the advantage of being estimated from improved data sources.  In recent years, the National Travel Survey (NTS), which is an important part of the basis of the existing mode/destination model and will be an even more important part of the basis for the re-calibrated model, provides greater detail on the area type of trip origins and destinations (the latter for a subsample of trips in the database).  This allows greater flexibility in estimating models of mode and destination choice from the NTS data.  It is anticipated that the NTS will support even more geographic detail in the future, opening up the possibility for even more disaggregate modelling in the future.

The new estimation strategy thus has some powerful advantages; it also has a potential drawback in that the fact that system elasticities are an output from the process rather than an input leaves the possibility that they may conflict with historic evidence.  This issue relates strongly to a parallel project being undertaken by the team in investigating the evidence for the stability of the parameters over time. 
3.1.3 Recalibrated NTM model specifications

The existing mode/destination model began with generated trips (different purposes by different traveller types in different home area-types) and estimated the probabilities along three dimensions: mode of travel, attraction area type and distance band category.  Any replacement of this model must be able to return the same information at least as well as the existing model.  Following the original model, there area eight distinct purposes in the updated NTM. Six are home-based trip purposes: 1) Commute, 2) Employer’s Business, 3) Education, 4) Personal Business/Shopping, 5) Recreation/Discretionary, and 6) Vacation/Holiday.  There are two non-home-based purposes: 7) Non-Home-Based Employer’s Business and 8) Non-Home-Based Other.
All purposes are segmented by 4 income bands crossed by 5 car availability categories crossed by 4 person types. Given the requirement that the re-calibrated demand model fit within the complex NTM framework, essentially all segments were retained from the existing NTM demand mode/destination model with the important exception that the socioeconomic grouping was replaced with a segmentation based upon household income.  The 21 household income categories were grouped into 4 income groupings: 1) Low income: Up to £12,499; 2) Medium low: £12,500 - £29,999, 3) Medium income: £30,000 - £49,999 and 4) High income: £50,000 +. While no selected grouping can completely avoid the issue of income bracket creep in future year forecasts, this grouping has a relatively wide low-income bracket to prevent the low-income bracket from being completely emptied as incomes rise in future years.

There are four person type groups, which are formed by combining age with employment status. These are:

· children aged 0-15 years;

· full-time employed, aged 16-64 years;

· non-employed, aged 16-64 years; and

· over 65s.

There are five household types, which are related to car availability and household size.  They are formed by combining the number of adults and cars within a household as follows:

· 1 adult, 0 car

· 1 adult, 1+ cars

· 2+ adults, 0 car

· 2+ adults, 1 car

· 2+ adults, 2+ cars

There are 8 main modes:  1) Walk, 2) Cycle, 3) Car driver, 4) Car passenger, 5) Bus, 6) Surface rail, 7) Metro/London Underground/Light Rail, and 8) Taxi.  While the NTS data does contain a small number of Domestic Air trips, these will be suppressed in estimation and simply factored from the final surface rail matrix.  This was a small advance over the existing NTM as the metro mode was split from the surface rail mode and taxis were treated as a distinct mode as well.

While mode choice in the NTM seems fairly standard, the destination choice is quite distinctive.  Demand models often do not directly estimate demand for distance bands (i.e annuli around an origin), but let this emerge from the destination choice estimation.  However, the nature of the NTS meant that there was very little geographic specificity, even after increasing the geographic specificity of the NTM. For instance, the city of London is covered by two “area types” or zones, and Greater London is covered by a third area type.  Thus, deriving distance from skims between these mega-zones would not be possible. Skims must be uniquely identified by origin, destination and distance band; origin 1, destination 1, distance band 1 will have different values than origin 1, destination 1, distance band 2 and so on.

This led to the joint estimation of area type and distance band – a formulation which the RAND Europe/HGA team were compelled to retain (the same had been done with satisfactory results in the case of the early Norwegian National Model system).  There are 13 distance bands: 1) <1 mile, 2) 1-2 miles, 3) 2-3 miles, 4) 3-5 miles, 5) 5-10 miles, 6) 10-15 miles, 7) 15-25 miles, 8) 25-35 miles, 9) 35-50 miles, 10) 50-100 miles, 11) 100-200 miles, 12) 200-300 miles and 13) > 300 miles.  This unusual formulation will probably remain in place until more geographic detail from the NTS is released to the Department and its contractors.

Destination choice increased from 15 zones to 39 zones as outlined in Figures 1 and 2. There were no longer technical limitations on the number of area types that could be modelled as origins or destinations, though data availability continued to limit the geographic specificity of the model.  More refinements were added in the small urban areas, as well as splitting the South East area to identify the sub-area East Anglia across all density categories.  Finally, metropolitan counties were split into main city and “built up region.”  

Figure 1: Current area types in NTM
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Figure 2: Revised area types

[image: image9.emf]Region

Central London

Inner London

London

1 2

South East

East Anglia

South West

Wales

West Midlands

North West

East Midlands

Yorkshire & Humberside

North

Scotland

4 6 8

Outer London

Metropolitan

Outer  

Conurbation

Urban Big (pop.>250k)

Rural

16 17

12

Settlement type

3

10

5 7 9

14

Urban Large 

(pop.>100k)

Urban Medium 

(pop.>25k)

13

Region

Central London

Inner London

London

South East

East Anglia

South West

Wales

West Midlands

North West

East Midlands

Yorkshire & Humberside

North

Scotland

Sheffield, Leeds, 

Newcastle, Glasgow



Leicester, Nottingham, Hull, 

Middlesborough, Edinburgh

Outer London

Metropolitan

Outer  

Conurbation

Urban Big (pop.>250k)

Telford, Warrington, Blackburn, 

Preston

Rural



Derby, Northampton, 

Aberdeen, Dundee

Settlement type



Brighton, Portsmouth, 

Southampton, Bournemouth, 

Bristol, Plymouth, Cardiff

Birmingham, Manchester, 

Liverpool



Stoke, Blackpool

Reading, Milton Keynes, 

Oxford, Slough, Ipswich, 

Luton, Norwich, Peterborough, 

Southend, Basildon, 

Colchester, Cheltenham, 

Swindon, Gloucester, Torbay, 

Swansea, Newport

Urban Large 

(pop.>100k)

Urban Medium 

(pop.>25k)


RAND Europe/HGA ultimately required advanced modelling techniques to satisfy the metropolitan area refinement.  In many instances, the lack of sufficient geographical information in the NTS data renders ambiguous the identification of the 7 metropolitan areas (Birmingham, Manchester etc.) into their constituent main cities and built-up areas. For instance, while area types z5 and z12, corresponding to the Birmingham metropolitan area in Figure 2, can be distinctly identified in most cases, there are observations in the NTS where it is impossible to distinguish between z5 and z12. This generally occurs when no one in a household travelled on the “7th day” of the NTS when the trip diary contained more detailed information.  In order to retain maximum information from the NTS data for model estimations, area types z40 through z46 were created to represent the 7 ambiguous metropolitan areas. For example, area type z40 is an abstract representation of z5+z12, and so on. Figure 3 presents the 7 metropolitan nests that are included in all the nested model structures tested. The nest parameter for these groups is termed THETA_MET_DEST, and captures the correlation in error terms across all the area types corresponding to each metropolitan area.

Figure 3: Metropolitan nests
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Certain other aspects of the re-estimated model were dictated by the need for continuity with standard UK practice. If the freely estimated values of time were not acceptable, then officially recommended values would be used.  Furthermore, for policy reasons, motorised modes were to have a common underlying value of time, even if the value of time varied by person type. The ratio of transit out-of-vehicle time (access/egress time, wait-time, transferring) to transit in-vehicle time had to be within a reasonable range.  If it could not be freely estimated, then the existing ratio of 2.5 would be applied.  Finally, an existing assumption of a ‘Guilt-factor’ applying to car-passengers’ disutility would be retained, where 10% of the cost-related disutility facing car drivers would also be applied to car-passengers and affect their travel decisions. 
3.1.4 Data Sources

The estimation file was built from the reweighed 2002-2004 National Travel Survey (NTS) data.  The following variables are extracted or developed from NTS data: 

Trip origin 

Trip destination

Distance band 

Trip purpose

Trip mode

Person type

HH segmentation

HH income group

Cars in the household

Gender

Possession of a driver’s licence and/or PT pass

Age 

Trip weight

The updated car and surface rail skims were developed as part of another 2 sub-projects.  The final skims were only available towards the end of the estimation process, and preliminary skims were used in the interim period.  RAND Europe developed bus level-of-service files by basing the bus times on the car time skims and developing bus fare models from the NTS data.  The metro skims were adapted from the surface rail skims.  The taxi skims use the car skims for travel time, but use a set of simple taxi fare models based on the NTS data.  The development of the bus, taxi and metro skims is described in a series of RAND Europe memos.

The final size terms from the NTEM model were being developed as part of sub-project 2.  For the preliminary estimation, RAND Europe originally used aggregate population and employment totals for each aggregate zone.  In these interim models, population and employment ended up too correlated, so total employment was used by itself as a size term.  Eventually this was replaced with the NTEM production and attraction estimates, available by geographic location in small zones, trip purpose, person type and mode.

3.1.5 Model Estimation and Results

The first model structure tested was the multinomial logit (MNL) model structure with 4784 mode-destination-distance band alternatives (8 modes x 46 destinations x 13 distance bands).  Many different structures were tested, but ultimately the structure termed MDD7 was chosen (see Figure 4)

The first nested model structure that was fully tested is presented in Figure 3 below (MDD4), though the figure is considerably simplified for readability.  (Each set of lower-level alternatives is repeated for each higher-level alternative, but this is not shown in the diagrams.)  Mode is at the top of the hierarchy, grouped into modal groups – Car Driver, Car Passenger and Taxi modes under CAR, Bus, Metro and Rail under PT, and Walk and Bike under SLOW modes,. This is followed by distance band, then destination and metropolitan nesting.  In early estimations, this model performed considerably better than other structures, but as the model became more constrained, it was necessary to set many of the nesting parameters to 1 and the model structures mattered less, though MDD7 is still an improvement over a pure MNL model.
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Figure 4: Model Structure MDD7 (Mode- Distance Band- Destination)

After preliminary results were delivered, additional parameters were added to provide a better match with NTS.  This was particularly important to enable the model to match a London-specific mode split, as well as matching the aggregate mode shares from the NTS. There were an average of 100 bias terms and segmentation constants for each purpose.  Furthermore, the VOT was constrained to officially recommended (denoted WebTAG) values as a policy decision. The final model coefficients are reported in Appendix A.  Given the large number of bias terms, it is not too surprising that the base year results returns a very close approximation of the NTS across the dimensions of mode, distance band and destination.  We will not report on model fit for each purpose in this paper, but these statistics will be provided by the authors upon request.

The other major test that the recalibrated NTS had to pass was to return reasonable elasticities, despite the constrained nature of the model.  The elasticities (summing across all purposes) are reported below. When testing car elasticities, changes were applied to both car driver and car passenger modes, but not to taxi passengers.  Rail changes were applied to both rail and metro modes, for both time and cost tests.  The elasticities were generally deemed to be within an acceptable range (see Hanly et. al., 2002), and the recalibration was deemed a success.  The rail time elasticities are quite high, however, and this appears to be the combination of a very low mode share in the base case and the fact that, in the rail skims themselves, rail times do not vary greatly over distance bands 3 through 6.  This does suggest using some caution when applying the model to forecasting scenarios where rail times across the UK are improved by 10% or more, not least in questioning whether these scenarios can be considered realistic.
Overall model elasticities

[image: image4.emf]Mode Distribution

P0 P1 P3 P5 P6 P7 P8

Base Car Cost Car Time Rail Fare Rail Time Bus Fare Bus Time

Walk 24.50% 24.60% 24.68% 24.52% 24.56% 24.54% 24.55%

Cycle 1.47% 1.47% 1.48% 1.47% 1.47% 1.47% 1.47%

Car Driver 41.86% 41.66% 41.73% 41.88% 41.97% 41.88% 41.89%

Car Passenger 22.49% 22.55% 22.35% 22.50% 22.53% 22.50% 22.51%

Bus 6.69% 6.71% 6.73% 6.69% 6.72% 6.61% 6.57%

Rail 1.18% 1.19% 1.20% 1.14% 1.02% 1.19% 1.19%

Metro 0.66% 0.66% 0.67% 0.65% 0.57% 0.66% 0.66%

Taxi 1.15% 1.16% 1.17% 1.16% 1.16% 1.16% 1.16%

Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%


[image: image5.emf]Demand elasticities

Car Cost Car Time Rail Fare Rail Time Bus Fare Bus Time

Walk 0.039 0.072 0.006 0.023 0.014 0.019

Cycle 0.062 0.103 0.011 0.050 0.016 0.025

Car Driver

-0.048 -0.031

0.005 0.027 0.004 0.008

Car Passenger

0.026 -0.062

0.005 0.019 0.008 0.012

Bus 0.031 0.065 0.010 0.047

-0.113 -0.178

Rail 0.069 0.134

-0.363 -1.384

0.013 0.028

Metro 0.050 0.111

-0.193 -1.395

0.016 0.044

Taxi 0.046 0.089 0.006 0.028 0.012 0.018

Total 0.000 0.000 0.000 0.000 0.000 0.000


[image: image6.emf]Mode Shares by Distance

Base Car Cost Car Time Rail Fare Rail Time Bus Fare Bus Time

Walk 2.69% 2.75% 2.80% 2.70% 2.72% 2.70% 2.70%

Cycle 0.48% 0.50% 0.51% 0.49% 0.49% 0.49% 0.49%

Car Driver 49.33% 48.59% 49.34% 49.48% 49.84% 49.43% 49.49%

Car Passenger 34.37% 34.76% 33.67% 34.47% 34.68% 34.45% 34.49%

Bus 6.62% 6.75% 6.88% 6.64% 6.70% 6.40% 6.29%

Rail 4.63% 4.74% 4.85% 4.36% 3.84% 4.64% 4.65%

Metro 0.96% 0.98% 1.00% 0.93% 0.80% 0.96% 0.97%

Taxi 0.92% 0.94% 0.96% 0.92% 0.93% 0.92% 0.92%

Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%


[image: image7.emf]Km elasticities

Car Cost Car Time Rail Fare Rail Time Bus Fare Bus Time

Walk 0.040 0.073 0.006 0.025 0.014 0.020

Cycle 0.067 0.109 0.012 0.056 0.016 0.026

Car Driver

-0.306 -0.309

0.006 0.034 0.004 0.008

Car Passenger

-0.044 -0.507

0.005 0.022 0.007 0.011

Bus 0.034 0.070 0.010 0.046

-0.349 -0.522

Rail 0.069 0.145

-0.609 -1.769

0.012 0.024

Metro 0.056 0.119

-0.328 -1.730

0.016 0.038

Taxi 0.052 0.108 0.007 0.035 0.011 0.017

Total -0.158 -0.311 -0.026 -0.070 -0.018 -0.025


4. Future Improvements to the NTM

There are two linked tracks to explore to further enhance the NTM.  First, there are general modelling issues which should be investigated.  Where does the NTM appear to depart the most from other advanced national models?  Are there specific lessons to be learned from the Dutch and Norwegian models, other than to continue moving the models towards a fully disaggregate model?  The model is certainly highly constrained, but perhaps this is appropriate or reasonable given the task of matching the base year data along multiple dimensions.  However, if some of the constraints are to be removed, would it be preferable to remove bias terms or rethink the policy decisions to use fixed values of time, which are constant across all motorised modes?  Another promising approach is to revisit the cost formulation; experimental results in The Netherlands and Norway (and indeed in most other contexts where this has been investigated) show a log(cost) formulation to be much superior in matching the observed data.

The second track is closely linked to the first, and that is the Department should investigate how much additional information can be appended to future National Travel Survey forms, with an eye towards providing data that was not available in this round of model recalibrations.  Certainly the most pressing need is to for the Department to work with the NTS team to ensure that the desired geocoding of origins and destinations can take place for all journeys in the NTS.  The more detailed the information at the origin and destinations, the more future versions of the NTM can move towards a true zone-based model.  A related extension, which was not pursued due to data limitations and time constraints, would be to split the aggregate zones into subzones with good transit access and poor transit access.  This would probably prove more important for rail access than bus access, though both might be relevant.  While this would require more elaboration of the access and egress skims, it would also provide much more accurate information on mode split in regions with good and poor transit access. 
Modelling weekday and weekend travel separately would presumably improve model performance, particularly for non-work purposes, where the characteristics of weekend and weekday travel are quite different.  While the NTS would potentially support such modelling, in the sense that weekend and weekday travel is captured, the data might be quite “thin” for the purposes of modelling weekend travel.  One possible suggestion would be to consider an oversample of weekend travel if it truly became critical to model the two travel periods differently, if for example road pricing was completely different on weekends versus weekdays.

For rail travel, the model is currently weak in identifying quality aspects of the journey, other than travel time and cost.  ‘Crowding’ (ability to find a seat) is incorporated as an explicit travel characteristic and added in to the in-vehicle time as an additional penalty, though it is worth investigating whether the assumptions that generate this variable are reasonable. Other factors such as general comfort and availability of buffet cars could also be taken into consideration.  Should these prove to be correlated with journey speed (i.e. express services made additionally attractive as a marketing device), then the model elasticities with rail travel time would be too high.  The general modelling system set out above is quite capable of being extended to look at questions such as these.  Another priority would be a reconsideration of the auto ownership model to incorporate additional household choices, specifically annual/monthly public transport passes as a partial substitute for vehicle ownership.  In many metropolitan regions, these passes are quite expensive and essentially substitute for one or more cars at the household level.  One potential drawback is the lack of connection between household and individual level usage of a PT pass.  

Perhaps the most intriguing questions about future improvements are regarding the modelling of joint travel, particularly for non-commute journeys.  Travel groups face different costs than individual travellers.  Some rail operators provide significant discounts to families travelling together, provided one adult is a pass holder.  These discounts may be even more significant for weekend travel.  It is worth noting in passing that the Dutch and Norwegian models do not currently consider joint travel, and adding such a feature to a future version of the NTM would put it on a very advanced level for a national model.

If the model does moves in the direction of distinguishing weekend travel from weekday travel in the NTM, then leisure travel by family groups should be investigated as well.  However, the current structure of the NTM does not lend itself to linking trips across household members, nor does it link across trips made by the same individual.  Non-commuting mode choice is often contingent upon commuting mode, particularly in terms of the long-term decision to either purchase a car or an annual public transport travel pass.  While this linkage would probably be covered reasonably well through an enhanced household vehicle/pass ownership model, another approach would be to move into the activity-based arena.  RAND Europe’s view is that the NTS is not likely to support activity-based modelling at the national level, but possibly smaller studies of London or metropolitan regions might be used to inform a future version of the NTM.  

The views expressed in this paper are those of the authors, and do not necessarily represent those of the UK Department for Transport, who commissioned the study.  Thanks are however due to the officers and advisers of the DfT who participated in the direction of the study.
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Appendix A:

Estimation results

The model coefficients are reported below in two separate sets.  The first group contains purposes 1-4 and the second group purposes 5-8.

File                com_8718.F12       eb_123.F12      edu_130.f12       pb_120.F12   

Final log (L)          -817311.1         -52896.5        -363495.2       -1160132.2   

D.O.F.                       107              109               97              105   

Rho²(0)                    0.437            0.361            0.569            0.510   

Rho²(c)                    0.186            0.107            0.221            0.229   

Time

WalkTm            -0.103 (-60.5)  -0.0509  (-2.2)   -0.277 (-49.4)   -0.105 (-33.5)   

BikeTm            -0.101 (-74.2)   -0.148 (-12.5)   -0.256 (-29.9)   -0.220 (-46.3)   

Gen_Mot_Time      -0.0215 (-84.0)  -0.0232 (-27.7)  -0.0149 (-29.1) -0.0299 (-71.5)  

Mode constants

Walk              0.0257   (0.8)    -10.9  (-2.9)     7.73  (45.1)    -6.11 (-11.1)   

Cycle              -3.72 (-74.5)    -4.96 (-15.3)    -5.86 (-33.8)    -7.93 (-72.3)   

CarD                                                  4.77  (47.4)                    

CarP               -6.10 (-92.3)    -7.48 (-21.2)                     -6.40 (-85.7)   

Bus                -3.76 (-57.1)    -7.96 (-15.4)    -6.70 (-28.5)    -4.15 (-56.1)   

Rail               -10.9 (-36.4)    -11.0 (-10.4)    -16.5 (-19.8)    -15.3 (-37.1)   

Metro              -11.2 (-47.0)    -20.8  (-8.0)    -22.1 (-21.3)    -12.2 (-37.9)   

Taxi               -8.49 (-95.3)    -11.2 (-25.0)    -10.1 (-43.4)    -9.77 (-90.2)   

Mode segmentation

WalkHi            -0.366  (-7.8)    -1.18  (-3.8)                                     

WalkNW              1.84  (50.8)                                                      

WlkNW                                                 3.09  (39.4)                    

WalkC0             0.516  (10.5)    0.595   (1.8)     5.29  (39.9)   0.0724   (1.5)    

CarPChd             4.60  (44.4)     4.61   (8.9)                      2.78  (68.1)   

CarPH2              2.08  (40.2)     1.56   (5.7)                      4.13  (68.7)   

CarDWrk                                                                1.95  (63.8)   

BusNW                                2.63   (8.7)     5.08  (25.7)                    

BusChd                                                2.06  (11.9)                    

BusC0               1.58  (31.4)     2.59   (7.2)     4.96  (35.7)     2.78  (44.4)   

RailC2            -0.627 (-12.6)   -0.815  (-3.2)    -1.19  (-6.6)   -0.212  (-1.5)   

RailC0                 0     (*)        0     (*)        0     (*)        0     (*)   

MetC0               1.57  (21.5)     3.33   (7.6)     6.86  (24.2)     1.35   (8.4)   

Mode - London terms

WalkDD1           -0.468  (-3.4)    -2.06  (-1.7)    -3.62 (-18.8)    0.614   (2.1)    

WalkDD2            0.451   (4.2)    -1.73  (-2.9)   -0.203  (-1.7)     1.54  (13.2)    

WalkDD3            0.896   (8.2)    0.115   (0.2)        0     (*)     1.26  (12.4)    

CarDD1            -0.712  (-6.5)    -1.08  (-1.5)    -3.21 (-14.3)    -1.31  (-4.4)   

CarDD2            -0.590  (-6.4)    -2.73  (-6.2)    -1.16  (-8.9)    -1.63 (-14.0)    

CarDD3             0.207   (2.2)    -1.12  (-2.4)   -0.218  (-3.8)   -0.902  (-9.1)    

CarDD39           0.0632   (2.1)    0.182   (1.5)                         0     (*)    

CarPD1             -1.68 (-11.7)    -1.42  (-1.8)    -2.99 (-15.6)    -1.27  (-4.3)   

CarPD2            -0.764  (-7.2)    -2.10  (-4.4)   -0.908  (-7.3)    -1.47 (-12.6)   

CarPD3            -0.189  (-1.9)   -0.851  (-1.8)   -0.142  (-2.7)   -0.857  (-8.6)   

BusDD1              1.05   (9.9)     1.53   (2.0)    -1.06  (-7.4)    0.667   (2.3)   

BusDD2              1.13  (11.7)    0.249   (0.5)    0.444   (3.8)    0.439   (3.7)   

BusDD3              1.14  (11.4)    0.550   (1.1)        0     (*)    0.716   (6.9)   

RlDD1               4.20  (39.6)     3.32   (4.6)                      3.16  (10.3)   

RlDD2               3.49  (34.3)    0.634   (1.4)                      1.22   (7.5)   

RlDD3               2.13  (18.9)    0.687   (1.3)                     0.962   (6.7)   

MtDD1               6.87  (46.0)     9.70   (7.7)     8.18  (21.1)     6.38  (19.4)   

MtDD2               6.96  (47.6)     8.20   (7.3)     8.72  (22.9)     4.68  (23.8)   

MtDD3               5.09  (32.4)     8.08   (7.0)     7.10  (19.1)     3.26  (16.7)   

TxDD1                  0     (*)     1.39   (1.6)                      1.10   (3.5)   

TxDD2              0.950   (5.2)    -3.05  (-3.2)                         0     (*)  

TxDD3              0.486   (2.5)    -1.02  (-1.5)                         0     (*)   

Distance terms

NMDist01               0     (*)     10.5   (2.9)    -1.29 (-18.0)     8.51  (16.0)   

NMDist02           0.490  (11.8)     8.23   (2.5)        0     (*)     6.69  (13.6)   

NMDist04           -1.37 (-16.0)     4.62   (1.6)        0     (*)     2.61   (6.0)   

CarDist01              0     (*)        0     (*)        0     (*)        0     (*)   

CarDist02              0     (*)        0     (*)        0     (*)        0     (*)   

CarDist03          0.313  (14.9)    0.379   (3.2)    -1.21 (-32.7)   -0.196 (-10.8)  

CarDist04          0.274  (12.0)    0.709   (5.6)    -2.76 (-63.0)   -0.471 (-24.1)   

CarDist05         -0.142  (-5.3)    0.502   (3.5)    -4.73 (-85.3)    -1.76 (-85.3)   

CarDist06          -1.60 (-65.9)   -0.926  (-7.2)    -8.50 (-66.8)   -4.36 (-142.5)   

CarDist07          -2.55 (-94.5)    -1.38 (-10.1)    -11.5 (-63.5)   -5.87 (-149.7)   

CarDist08          -4.30 (-115.9    -2.91 (-21.4)    -15.9 (-50.0)   -8.61 (-120.1)   

CarDist09          -5.39 (-111.3    -3.08 (-21.5)    -17.4 (-47.0)   -10.2 (-108.9)   

CarDist10-13       -7.19 (-111.1    -2.93 (-16.9)    -19.7 (-52.2)   -12.2 (-108.2)   

BusDist02              0     (*)        0     (*)        0     (*)        0     (*)   

BusDist03           1.22  (19.5)     1.47   (2.9)     1.70  (17.5)    0.434   (9.0)   

BusDist04           1.58  (26.3)     1.65   (3.4)     2.34  (21.2)    0.305   (6.4)   

BusDist05          0.619  (10.1)     1.75   (3.8)    0.771   (7.1)    -1.83 (-35.5)   

BusDist07          -2.31 (-34.6)    -2.92  (-5.2)    -3.80 (-38.1)    -6.47 (-77.7)   

BusDist08          -7.00 (-50.4)    -5.57  (-8.5)    -13.3 (-41.2)    -12.1 (-56.7)   

RailDist03             0     (*)        0     (*)        0     (*)        0     (*)   

RailDist05          4.56  (15.5)     1.96   (1.8)     6.60   (8.3)     4.16  (10.4)   

RailDist07          5.47  (18.6)     3.31   (3.2)     5.97   (7.5)     4.21  (10.6)   

RailDist09          5.04  (17.0)     3.12   (3.0)     3.04   (3.8)     3.24   (7.8)   

RailDist10          5.18  (16.9)     6.05   (5.7)    0.543   (0.6)     5.14  (11.2)   

MetDist02              0     (*)        0     (*)        0     (*)        0     (*)   

MetDist04           2.02   (9.8)     7.36   (3.1)     5.76   (6.3)     1.21   (4.3)   

MetDist06           3.92  (19.5)     6.73   (2.9)     6.46   (7.1)    0.747   (2.7)   

MetDist07          0.252   (1.2)     3.03   (1.3)    -2.98  (-2.9)    -5.77 (-13.5)   

Destination terms

Dest01             0.229   (2.2)     1.65   (2.3)    0.271   (1.9)  -0.0590  (-0.2)  

Dest02             0.250   (2.6)     2.99   (6.6)   -0.705  (-5.2)    0.583   (5.0)   

Dest03            -0.481  (-4.8)     1.04   (2.2)    -1.18 (-13.2)    0.161   (1.6)   

Dest04             0.884  (20.7)    0.902   (6.1)   -0.188  (-2.2)    0.833  (21.6)   

Dest05             -1.88 (-36.9)    -1.77  (-8.3)    -2.09 (-34.2)    -1.73 (-48.6)   

Dest06             -1.60 (-32.0)    -1.17  (-6.3)    -1.69 (-23.8)    -1.39 (-35.8)   

Dest07             -1.85 (-26.0)    -2.60  (-6.5)    -2.61 (-22.2)    -1.81 (-32.1)   

Dest08             -2.26 (-35.2)    -2.38  (-7.5)    -2.98 (-29.3)    -1.90 (-40.4)   

Dest09             -2.10 (-26.5)    -2.25  (-5.1)    -2.23 (-25.0)    -1.57 (-30.9)   

Dest10             -1.56 (-22.6)    -1.63  (-5.9)    -2.25 (-21.0)    -1.52 (-29.4)   

Dest11             -2.71 (-31.7)    -2.67  (-7.8)    -3.24 (-32.0)    -2.00 (-40.5)   

Dest12            -0.936 (-26.0)   -0.476  (-3.3)    -1.55 (-29.7)   -0.833 (-30.8)   

Dest13             -2.18 (-49.2)    -2.19 (-11.9)    -1.91 (-31.8)    -1.51 (-49.1)   

Dest14             -1.13 (-25.8)    -1.39  (-8.0)    -1.36 (-15.3)   -1.000 (-26.8)   

Dest15            0.0191   (0.4)    0.119   (0.7)    -1.23 (-14.7)   -0.289  (-7.8)   

Dest16            -0.644 (-14.8)   -0.608  (-3.4)    -1.37 (-19.4)   -0.430 (-12.7)   

Dest17             -1.06 (-22.6)    -1.55  (-7.8)    -1.33 (-16.4)   -0.791 (-21.9)   

Dest18            -0.423  (-9.1)   -0.155  (-0.9)   -0.869 (-10.4)   -0.352  (-9.2)   

Dest19            -0.728 (-13.8)    -1.17  (-4.7)    -1.10 (-13.6)   -0.414 (-10.9)   

Dest20             0.783  (18.6)    0.775   (5.4)   -0.628  (-6.9)    0.846  (21.3)   

Dest21             0.260   (7.6)    0.317   (2.3)   -0.846 (-14.5)    0.597  (24.0)   

Dest22             0.401  (10.6)   -0.383  (-2.6)   -0.165  (-2.5)    0.350  (11.5)   

Dest23             0.178   (5.6)    0.238   (1.8)    -1.10 (-21.4)   0.0912   (4.1)   

Dest24             0.391  (10.1)    0.233   (1.8)   -0.454  (-5.5)    0.203   (5.7)   

Dest25             0.570  (16.1)    0.436   (3.0)   -0.694 (-11.2)    0.505  (18.5)  

Dest26           -0.0709  (-1.9)   -0.489  (-3.1)    -1.26 (-19.0)  -0.0530  (-1.8)   

Dest27             0.806  (24.4)    0.188   (1.4)   -0.203  (-3.4)    0.780  (32.3)   

Dest28             0.188   (4.9)  -0.0917  (-0.7)   -0.301  (-3.7)   0.0355   (1.0)   

Dest29             0.630  (19.6)    0.681   (5.2)   -0.126  (-3.0)     1.00  (51.3)   

Dest30             0.251   (8.2)    0.136   (1.1)   -0.281  (-7.4)    0.572  (30.8)   

Dest31             0.166   (5.5)   -0.244  (-1.9)   -0.545 (-15.1)    0.256  (14.2)   

Dest32             0.608  (15.3)    0.210   (1.5)   -0.326  (-3.9)    0.508  (14.0)   

Dest33             0.736  (22.5)    0.765   (5.7)    0.339   (8.6)    0.793  (36.7)   

Dest34             0.427  (12.0)    0.226   (1.5)  -0.0574  (-1.2)    0.445  (17.3)   

Dest35             0.571  (18.2)    0.567   (4.3)   0.0184   (0.5)    0.523  (26.0)   

Dest36             0.177   (4.0)  -0.0179  (-0.1)    0.427   (5.1)   0.0857   (2.2)  

Dest37             0.231   (7.7)    0.143   (1.1)   0.0628   (2.0)    0.447  (26.2)  

Dest38           -0.0568  (-1.4)  -0.0606  (-0.4)    0.224   (2.7)   -0.263  (-6.9)   

Dest39                 0     (*)        0     (*)        0     (*)        0     (*)   

Dest40            -0.640 (-19.1)   -0.432  (-3.2)    -2.01 (-38.8)    -1.10 (-41.8)   

Dest41            -0.782 (-22.1)   -0.837  (-5.9)    -1.62 (-27.8)   -0.808 (-29.1)   

Dest42            -0.552 (-13.7)   -0.489  (-3.3)    -1.92 (-21.5)   -0.895 (-24.7)   

Dest43             -1.15 (-25.4)    -1.30  (-6.9)    -3.02 (-33.7)    -1.65 (-41.8)   

Dest44            -0.717 (-17.4)   -0.679  (-3.9)    -1.68 (-24.3)   -0.923 (-26.9)   

Dest45            -0.683 (-16.3)    -1.15  (-6.6)    -2.45 (-28.3)    -1.01 (-28.6)   

Dest46            -0.954 (-21.3)    -1.12  (-6.3)    -2.25 (-27.2)    -1.33 (-35.2)   

Nest parameters

TRMET_DEST          1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)   

TR_D_MET           0.510 (128.5)    0.421  (30.5)    0.339  (51.0)    0.375 (106.5)   

TR_M_DIST           1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)   

TR_MODE             1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)   

File                disc_117.F12     vac_151.f12    nhbeb_23.f12      nhbo_24.F12

Final log (L)         -1080053.6       -197275.8       -115873.1        -333819.9

D.O.F.                       111             100              93               94

Rho²(0)                    0.470           0.388           0.384            0.509

Rho²(c)                    0.201           0.133           0.133            0.216

Time

WalkTm            -0.109 (-32.9)  -0.0064  (-3.3)  -0.0669  (-6.0)  -0.0963 (-22.3)

BikeTm            -0.114 (-21.0)  -0.0857 (-10.9)   -0.145 (-16.8)   -0.108 (-19.8)

Gen_Mot_Time      -0.0167 (-67.3) -0.0168 (-40.1)  -0.0253 (-39.3)  -0.0225 (-39.9)

Mode constants

Walk               -2.68  (-5.3)    -4.46 (-15.8)    -7.23  (-3.9)    0.162   (0.3)

Cycle              -9.42 (-15.3)    -7.39  (-8.1)    -5.87 (-24.5)    -9.56 (-40.1)

CarP               -5.21 (-79.6)    -6.33 (-30.4)    -7.19 (-34.1)    -5.15 (-43.4)

Bus                -7.24 (-71.4)    -14.0 (-25.1)    -6.13 (-22.2)    -5.88 (-37.6)

Rail               -14.6 (-38.3)    -20.7 (-11.4)    -9.86 (-16.0)    -13.5 (-24.7)

Metro              -15.9 (-42.9)    -24.5  (-8.0)    -12.6 (-16.9)    -11.8 (-29.2)

Taxi               -8.16 (-87.0)    -16.7 (-32.6)    -9.72 (-40.4)    -11.0 (-52.5)

Mode segmentation

WalkHi            -0.485 (-12.7)        0     (*)    0.306   (2.9)        0     (*)             

WalkNW                0     (*)     0.532   (5.5)       0     (*)    -0.756 (-14.8)

WlkChd             0.929  (18.2)        0     (*)       0     (*)         

WalkC0             0.299   (6.6)        0     (*)                     0.811   (7.5)

CarPChd             3.38  (56.8)     5.06  (28.3)     6.94  (13.2)     3.78  (45.9)

CarPH2              2.57  (54.4)     3.33  (20.2)     1.69  (10.4)     2.31  (24.4)

CarDWrk               0     (*)        0     (*)                       1.40  (27.2)

BusLo                                2.20   (7.7)                         

BusNW                                                 2.11  (10.9)                 

BusC0               3.54  (49.3)     5.91  (18.5)     1.77   (8.9)     3.33  (23.2)

RailC2             -1.66 (-14.3)    -4.79 (-12.3)   -0.923  (-4.8)    -1.16  (-5.5)

RailC0                 0     (*)                    -0.700  (-2.5)        

MetC0               2.69  (18.8)     6.71  (10.3)                      2.30  (10.5)

Mode - London terms

WalkDD1            0.748   (2.0)    -2.23  (-6.4)   -0.328  (-0.9)     1.50   (4.2)

WalkDD2            0.505   (3.1)    -2.23  (-6.4)    -1.31  (-4.3)     1.03   (3.4)

WalkDD3            0.766   (5.2)    -1.84 (-12.5)   -0.788  (-2.4)    0.970  (12.2)

BikeDD1
              0     (*)    -0.774  (-2.0)       0     (*)        0     (*)

BikeDD2

       0     (*)    -0.774  (-2.0)       0     (*)        0     (*)

CarDD1           -0.0630  (-0.2)    -2.75  (-7.8)    -3.26  (-9.2)    -3.36  (-9.0)

CarDD2             -1.35  (-8.4)    -2.75  (-7.8)    -3.98 (-13.9)    -2.29  (-7.7)

CarDD3            -0.369  (-2.5)    -2.03 (-15.5)    -2.57  (-8.7)        0     (*)

CarDD39           0.0732   (3.5)        0     (*)        0     (*)        0     (*)

CarPD1            -0.351  (-0.9)    -2.21  (-6.5)    -3.32  (-7.6)    -3.08  (-8.1)

CarPD2             -1.31  (-8.2)    -2.21  (-6.5)    -3.46 (-10.8)    -2.17  (-7.2)

CarPD3            -0.308  (-2.1)    -1.81 (-14.1)    -2.51  (-7.9)   -0.187  (-3.0)

BusDD1              2.68   (7.2)     1.32   (3.7)   -0.863  (-2.1)    0.333   (0.9)

BusDD2              1.16   (7.0)     1.32   (3.7)    -1.16  (-3.6)    0.356   (1.2)

BusDD3              1.42   (9.4)    0.439   (2.4)    -1.17  (-3.5)     1.48  (15.7)

RlDD1               5.12  (13.7)     2.38   (7.0)     2.17   (5.9)     3.48   (8.8)

RlDD2               2.30  (12.8)     2.38   (7.0)    0.415   (1.3)     2.79   (8.2)

RlDD3               1.71  (10.1)        0     (*)   -0.254  (-0.8)     2.77  (16.2)

MtDD1               9.68  (23.2)     2.88   (6.8)     7.89  (12.1)     8.65  (18.6)

MtDD2               7.27  (28.5)     2.88   (6.8)     6.72  (10.8)     7.91  (18.7)

MtDD3               6.04  (24.0)        0     (*)     5.31   (8.2)     6.48  (20.2)

TxDD1               1.98   (5.1)        0     (*)     1.00   (2.4)     2.07   (4.6)

TxDD2            -0.0110  (-0.1)        0     (*)   -0.564  (-1.5)     1.28   (3.3)

TxDD3              0.110   (0.6)        0     (*)    -1.07  (-2.7)     1.62   (6.4)

Distance terms

NMDist01            5.76  (12.0)     10.7  (32.1)     8.68   (4.9)     4.98   (8.5)

NMDist02            3.28   (7.6)     10.7  (32.1)     5.71   (3.5)     1.22   (2.4)

NMDist03           0.444   (1.2)     10.7  (32.1)     3.02   (2.2)   -0.807  (-2.0)

NMDist04           0.444   (1.2)        0     (*)     3.02   (2.2)   -0.807  (-2.0)

BkDist01                            0.797   (0.9)        0     (*)        0     (*)

BkDist02            2.07   (3.6)     4.13   (4.9)                      1.10   (4.5)

BkDist03-04        0.504   (1.0)     3.04   (4.4))                        0     (*)

CarDist01              0     (*)        0     (*)        0     (*)        0     (*)

CarDist02              0     (*)        0     (*)        0     (*)        0     (*)

CarDist03        -0.0215  (-1.0)    0.871   (6.7)    0.334   (4.7)   0.0120   (0.3)

CarDist04         -0.160  (-6.8)     1.37  (10.1)    0.464   (6.3)   -0.279  (-7.0)

CarDist05          -1.19 (-47.2)     1.19   (7.9)    0.125   (1.5)    -1.22 (-28.5)

CarDist06          -3.78 (-148.0    -2.18 (-16.4)    -1.34 (-17.9)    -3.73 (-74.3)

CarDist07          -5.18 (-171.1    -1.67 (-12.3)    -1.82 (-23.1)    -5.04 (-86.2)

CarDist08          -7.59 (-138.8    -4.19 (-28.9)    -3.34 (-39.7)    -7.86 (-73.9)

CarDist09          -8.52 (-135.3    -4.70 (-31.3)    -3.68 (-40.8)    -8.76 (-71.0)

CarDist10-13       -9.57 (-150.0    -4.25 (-31.6)    -3.92 (-35.6)    -11.2 (-71.9)

BusDist02              0     (*)        0     (*)        0     (*)        0     (*)

BusDist03          0.679   (8.9)     1.86   (3.3)    0.652   (2.2)    0.772   (5.3)

BusDist04          0.856  (11.7)     3.05   (5.9)    0.714   (2.6)    0.598   (4.3)

BusDist05         -0.932 (-12.4)     1.95   (3.8)  -0.0060  (-0.0)   -0.873  (-6.0)

BusDist07          -5.25 (-54.9)    -2.15  (-4.1)    -3.03  (-9.8)    -4.15 (-25.3)

BusDist08          -8.83 (-63.2)    -2.51  (-4.7)    -5.49 (-15.4)    -5.11 (-28.4)

BusDist10          -8.83 (-63.2)     2.56   (5.3)    -5.49 (-15.4)    -5.11 (-28.4)

RailDist03             0     (*)        0     (*)        0     (*)        0     (*)

RailDist05          2.74   (7.4)     5.68   (3.1)     2.40   (3.9)     2.72   (5.1)

RailDist07          3.22   (8.8)     8.68   (4.8)     3.26   (5.4)     2.85   (5.4)

RailDist09          2.22   (5.9)     9.61   (5.3)     3.02   (5.0)     1.62   (2.9)

RailDist10          4.87  (12.7)     15.0   (8.3)     5.82   (9.4)     3.58   (6.0)

MetDist02              0     (*)        0     (*)        0     (*)        0     (*)

MetDist04           1.31   (4.4)     6.16   (2.0)     3.47   (7.2)    0.337   (1.2)

MetDist06           1.71   (6.0)     9.15   (3.0)     2.47   (5.1)   -0.235  (-0.8)

MetDist07          -4.44 (-12.5)     2.82   (0.9)    -2.84  (-4.9)    -7.85 (-15.7)

Destination terms

Dest01             -1.80  (-4.9)    -1.60  (-4.9)     1.97   (5.6)    -1.54  (-4.3)

Dest02            -0.348  (-2.2)   -0.783  (-2.4)     3.15  (10.9)   -0.521  (-1.7)

Dest03            -0.665  (-4.5)    0.474   (4.3)     1.97   (6.6)    -1.85 (-31.2)

Dest04             0.236   (7.4)   -0.113  (-1.8)    0.810  (11.4)   -0.207  (-3.7)

Dest05             -2.41 (-58.8)    -3.83 (-27.2)       0     (*)        0     (*)

Dest06             -1.63 (-41.3)    -3.50 (-21.8)       0     (*)        0     (*)

Dest07             -2.30 (-38.0)    -4.11 (-15.5)       0     (*)        0     (*)

Dest08             -2.20 (-46.6)    -3.55 (-17.4)       0     (*)        0     (*)

Dest09             -2.08 (-37.6)    -2.50 (-13.2)       0     (*)        0     (*)

Dest10             -1.73 (-32.1)    -3.58 (-15.3)       0     (*)        0     (*)

Dest11             -2.16 (-44.9)    -4.38 (-22.0)       0     (*)        0     (*)

Dest12             -1.35 (-48.7)    -2.01 (-29.3)       0     (*)        0     (*)

Dest13             -1.96 (-63.0)    -2.42 (-32.3)       0     (*)        0     (*)

Dest14             -1.18 (-34.4)    -2.31 (-28.9)       0     (*)        0     (*)

Dest15            -0.537 (-15.0)   -0.184  (-2.6)       0     (*)        0     (*)

Dest16            -0.943 (-27.2)   -0.135  (-2.0)       0     (*)        0     (*)

Dest17             -1.17 (-31.9)    -1.63 (-16.0)       0     (*)        0     (*)

Dest18            -0.659 (-17.9)    -2.07 (-18.7)       0     (*)        0     (*)

Dest19            -0.216  (-6.5)   -0.783 (-10.2)    -1.33 (-10.4)   -0.812 (-12.3)

Dest20             0.413  (12.8)    0.577  (10.5)    0.422   (6.3)   -0.162  (-2.9)

Dest21            -0.184  (-6.8)   -0.314  (-6.2)  -0.0154  (-0.3)   -0.736 (-18.0)

Dest22            -0.196  (-6.5)   -0.918 (-16.3)   -0.384  (-5.8)   -0.510 (-10.9)

Dest23            -0.266 (-11.5)   -0.965 (-18.3)  -0.0674  (-1.3)   -0.833 (-23.5)

Dest24            -0.209  (-7.4)   -0.543 (-11.7)  -0.0383  (-0.7)   -0.824 (-16.7)

Dest25           -0.0541  (-1.8)   -0.941 (-11.9)   0.0301   (0.5)   -0.704 (-15.4)

Dest26            -0.549 (-17.4)    -1.72 (-19.6)   -0.642  (-8.7)   -0.843 (-17.3)

Dest27             0.218   (8.7)   -0.930 (-17.1)  -0.0786  (-1.4)   -0.509 (-12.3)

Dest28            -0.281 (-10.3)   -0.512 (-12.7)   -0.307  (-5.7)   -0.962 (-20.0)

Dest29             0.249  (11.0)    0.275   (7.0)    0.303   (6.0)  -0.0889  (-3.0)

Dest30            0.0271   (1.3)   -0.990 (-23.5)  -0.0605  (-1.4)   -0.491 (-16.7)

Dest31            -0.178  (-8.9)   -0.612 (-17.4)   -0.415  (-8.9)   -0.667 (-23.8)

Dest32            0.0846   (2.9)   0.0701   (1.6)    0.136   (2.2)   -0.493  (-9.7)

Dest33             0.340  (14.8)    0.438  (12.0)    0.556  (11.1)   0.0504   (1.7)

Dest34             0.155   (6.0)  -0.0234  (-0.5)  -0.0541  (-0.8)   -0.310  (-8.0)

Dest35             0.171   (8.0)   0.0215   (0.6)    0.158   (3.1)   -0.298  (-9.4)

Dest36           -0.0929  (-2.9)  -0.0456  (-0.9)   -0.186  (-2.5)   -0.636 (-11.4)

Dest37           -0.0095  (-0.5)   0.0193   (0.7)   -0.188  (-4.3)   -0.366 (-14.8)

Dest38            -0.129  (-4.4)  -0.0734  (-1.8)   -0.340  (-5.2)   -0.619 (-12.2)

Dest39                 0     (*)        0     (*)        0     (*)        0     (*)

Dest40             -1.44 (-54.9)    -2.01 (-33.9)   -0.101  (-1.9)    -1.59 (-35.0)

Dest41             -1.18 (-42.8)    -1.55 (-25.9)   -0.984 (-15.7)    -1.78 (-32.8)

Dest42             -1.18 (-35.4)    -1.88 (-26.4)   -0.629  (-8.8)    -1.47 (-22.2)

Dest43             -1.92 (-50.0)    -1.86 (-22.0)   -0.201  (-2.4)   -0.812 (-13.5)

Dest44             -1.30 (-37.9)    -1.10 (-14.1)   -0.759  (-9.0)    -1.12 (-18.0)

Dest45             -1.40 (-38.9)    -1.58 (-18.1)    -1.20 (-14.1)    -1.44 (-22.6)

Dest46             -1.64 (-45.0)    -2.76 (-29.7)    -1.79 (-22.8)    -1.60 (-23.7)

Nest parameters

TRMET_DEST          1.00     (*)     1.00     (*)                                  

TR_D_MET           0.390  (97.4)    0.230  (38.6)    0.447  (47.9)    0.362  (65.5)

TR_M_DIST           1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)

TR_MODE             1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)
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� The United States is conspicuous in not having a unified national transport model, due to a combination of factors including the very large scale of the problem and the decentralised nature of transport policy-making in the US.  Over half of US states, particularly larger states with multiple metropolitan areas, either have or are developing state-wide models that are comparable to European national models in scale and/or complexity (Horowitz, 2006).


� Flyvbjerg et. al., 2003 provides many examples where modelling did not provide very accurate information to policy-makers, although he notes in many of these cases the decision-makers wanted the models to validate decisions that had already been taken, so there was considerable pressure to return the “correct” answer that would justify infrastructure investment.  (See also Altschuler & Luberoff, 2003.)





