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Preface 

RAND Europe, together with HGA and TRi, were commissioned by DfT in 2006 to 

undertake work in connection with updating the U.K. National Transport Model (NTM), 

a mathematical model of travel behaviour which is used to inform national policy on 

factors affecting travel demand. Specifically, the work involved the re-estimation of the 

PASS1 sub-models of the NTM model system, using an extended model specification and 

the most recent data bases available. The result, denoted PASS1+, is a set of sub-models 

which are travel-purpose-specific, that apportion home-based (outbound) and non-home-

based trips between travel modes, distance bands and destination area types.   

The major technical differences introduced to the estimation technique in this study are in 

the replacement of an aggregate process adopted for PASS1 with a disaggregate modelling 

approach based on formal statistical procedures for PASS1+.  The database has also been 

updated to use the National Travel Survey data of 2002 through 2004.  The model itself 

has been left largely unchanged in structure, by design, although a number of tests of 

alternative structures were made, but advantage has been taken of the new estimation 

approach, and the increased level of detail in the later datasets, to extend the geographic 

detail of the model and the number of travel modes identified in the model.  

The Report briefly reviews the original PASS1 estimation and sets out the new PASS1+ 

approach.  Details are supplied of the area type definitions and the mode and distance 

band categories which the model uses.  Model coefficients (where these are freely estimated 

rather than input as assumption) are reported, along with standard errors indicating their 

statistical accuracy. Overall elasticities are also reported, conditional on base-year car-

ownership, trip rates and network conditions, providing an indication of the response 

characteristics of the model for comparison with standard results.  On the basis of these, 

and extensive comparisons of the model with base-year data, the model’s performance has 

been judged satisfactory.  

Finally, recommendations are provided for the further development of the model.  The 

new estimation process offers the possibility of further extending the model, and in 

particular replacing aspects that are currently fixed by input assumptions by evidence from 

the estimation data base. 

RAND Europe is an independent not-for-profit policy research organisation that serves the 

public interest by improving policymaking and informing public debate.  Clients are 

European governments, institutions, and firms with a need for rigorous, impartial, multi-

disciplinary analysis of the hardest problems they face.  This report has been peer-reviewed 

in accordance with RAND’s quality assurance standards (see 
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http://www.rand.org/about/standards) and therefore may be represented as a RAND 

Europe product.  For more information about RAND Europe or this document, please 

contact Charlene Rohr. 

RAND Europe 

Westbrook Centre 

Milton Road 

Cambridge CB4 1YG 

England 

+44 (0)1223 353 329 

crohr@rand.org 

Although the report was commissioned by the Department, the findings and the 

recommendations are those of the authors, and do not necessarily represent the views of 

the Department for Transport. 

http://www.rand.org/about/standards
mailto:crohr@rand.org
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CHAPTER 1 Introduction 

RAND Europe, HGA and TRi were commissioned by the UK Department for Transport 

(DfT) in 2006 to undertake a project for the recalibration of PASS1, the strategic multi-

modal passenger travel demand model within the NTM. This document constitutes the 

final report of that project. 

1.1 The National Transport Model 

The National Transport Model (NTM) is a multi modal modelling system that predicts 

the demand for travel throughout the whole of Great Britain. It provides analytical tools 

for investigating the national implications of a wide range of alternative national transport 

policies against a variety of background economic scenarios which affect future demand for 

travel. 

Following a feasibility study in 1996, the NTM has been developed incrementally as a 

modular modelling system over a number of years. Due to the original requirements and 

data availability, the modelling system was initially designed to work from a top level 

strategic transport demand model to look at traveller responses of trip length, destination 

and mode choice through to the highway impacts, making use of the DfT’s existing road 

capacities and costs model, FORGE. This preliminary version of the NTM was used for 

work on the Ten Year Plan published in 2000.   

The NTM is subject to a continuous programme of improvement. Since 2000 

improvements have been made to the NTM to extend the functionality and detail of the 

modelling system and to make use of more recent and extensive data sets. The most 

significant enhancements have been the improvements to the spatially detailed modelling 

of highway and rail trips with the inclusion of a GB highway assignment model and links 

to the national rail model. 

The main modules comprising the current NTM are: 

• The National Trip End Model (NTEM) - A trip end model providing forecasts of 

trip productions and attractions in response to demographic and land use changes 

• PASS1 – a strategic travel demand model looking at traveller responses to 

changing modal characteristics 

• Rail Model – focusing on rail passenger travel 

• PASS3 / GB assignment model – focusing on highway travel 
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The latest set of improvements was to improve and recalibrate all four of these core 

modules forming the NTM.  This document reports on the recalibration work on the 

strategic passenger travel demand model (PASS1). 

1.2 Re-calibration of PASS1 

The primary objectives of the PASS1 recalibration, aimed at updating the travel demand 

models from 1998 to 2004, are set out below:  

1. to incorporate more recent data in the model estimation procedure (e.g. reflecting 

recent significant growth in rail travel);  

2. to introduce more parameters so as to better represent differences in behaviour 

between different areas of the country; 

3. to exploit newly-available data from the National Travel Survey, with weighted 

responses and giving area types of trip destinations;  

4. to report on the quality of the fit to base year data; 

5. to ensure the model was sensitive to the specific circumstances within London; 

6. to improve upon the geographical disaggregation, by increasing the number of 

area types (fifteen in the original PASS1 model) particularly allowing for 

differences between locations in the south-east of England and the rest of the 

country. 

With these objectives in mind, the PASS1+ model system (the updated and re-calibrated 

version of PASS1) was developed as a system of discrete choice models predicting travellers’ 

choices of mode and destination given the purpose of travel, the characteristics of the 

individual, the land-use configuration, and the level-of-service characteristics (travel costs, 

times etc.) of the transport networks. These models were calibrated using the 2002-2004 

National Travel Survey (NTS)1 data and network characteristics from the recently 

recalibrated highway and rail network models. 

1.3 Structure of the report 

The rest of this report is structured as follows. 

Chapter 2 provides a brief overview of the NTM modelling framework and positions the 

PASS1+ models within the overall model system; including some background information 

from the development of the PASS1 model. This chapter also presents the basics of the 

PASS1+ models such as the base year and the units of the explanatory variables included 

within the model. 

Chapter 3 gives more detailed insight into the PASS1+ models including a description of 

the model structure, the area type definitions, the segmentation of the population, the 

                                                      

1 The NTS is a continuous survey on personal travel collected through a seven-day travel diary from a sample 

of households across Great Britain. 
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modes and time periods specified by the models, and the use of distance bands within the 

model. 

Chapter 4 focuses specifically on the inputs to the PASS1+ models. Starting with the 

specification of the utility equation, this chapter presents the concept of a ‘Cost 

Management Interface’ and describes how the level-of-service (e.g. travel cost, time) was 

calculated for each of the modes. 

Chapter 5 describes the re-calibration of the PASS1+ models beginning with a description 

of the final model structure and the hierarchy within the travel choices. This is followed by 

a discussion of the results of the model estimation procedure and an interpretation of the 

model parameters. The chapter concludes with a section devoted to ‘realism testing’ of the 

re-calibrated PASS1+ models, which is achieved by comparing the predictions from the re-

calibrated models against the survey data and examining the elasticities suggested by the re-

calibrated models. 

Chapter 6 concludes this report with a summary and a discussion of the key assumptions 

made in the development of the PASS1+ models. Also included in this chapter are 

recommendations for further development of the PASS1+ models. 
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CHAPTER 2 Overview of NTM 

2.1 Overall Modelling Framework 

This section provides a short overview of the NTM modelling framework to provide the 

context for the PASS1 modelling recalibration tasks carried out and described later in the 

report. 

NTM takes its passenger travel demand directly from the National Trip End Model 

(NTEM) 2, which forms one of the model components in the NTM as illustrated in Figure 

1. Travel demand from NTEM is defined in terms of numbers of trip productions and 

attractions for a number of different journey purposes on an average day. The trip 

productions are further disaggregated into traveller types based on their gender, age, 

working status and household characteristics. 

The modules making up the proposed NTM model include: 

• traveller’s choices of mode, journey length and destination for a set of modal 

characteristics (PASS1 Demand Model) 

• the choice of rail route / service based on travel times and costs (Rail Crowding 

Model) 

• the highway congestion costs and times and resulting choices of route through the 

GB road network (PASS3 Distribution and Assignment models). 

The components implementing these stages and their linkages are shown in Figure 1. The 

red lines in the diagram show the flow of traveller demand information, while the blue 

lines show the feedback of journey characteristics (costs and times) between the modules. 

From the diagram it can be seen that there are many dependencies and the modelling 

system requires a certain amount of iterating to reach an equilibrium solution. 

                                                      

2 NTEM forms part of the DfT’s widely used TEMPRO system, and is described in greater detail in the 

following report: http://www.dft.gov.uk/webtag/webdocuments/3_Expert/15/3.15.2.htm. 

http://www.dft.gov.uk/webtag/webdocuments/3_Expert/15/3.15.2.htm
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Figure 1. Outline of Proposed Structure of NTM 

The PASS1 Demand model requires the daily trip productions from NTEM by traveller 

type to be further segmented by the household income of the traveller. This processing is 

carried out using household income profiles from the national car ownership model 

(NATCOP). The updated Demand model divides the country spatially into 39 different 

area types defined by land use and geographical location (region). For each trip purpose, 

PASS1 forecasts the traveller’s choice of mode, destination and journey length based on the 

characteristics of the traveller and a set of travel characteristics for each mode of travel. 

These forecasts then expanded to the NTEM totals represent the set of trips by traveller 

type, purpose, mode and distance band between the 39 Demand model zones. 

Changes in rail demand from the PASS1 Demand model are fed into a new rail model. 

The rail model includes a representation of all rail services operating in Great Britain. The 

model reflects travellers’ choice of service taking into consideration the impacts of 

overcrowding. The outputs from the rail model are rail network level-of-service 

characteristics (such as access, egress and wait times, in-vehicle travel time, crowding 

factors and fares), and via the Cost Management Interface (CMI) these are fed back to the 

PASS1 Demand model to influence travellers’ choices in the next iteration. 
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The estimated production-attraction trips by each of the modes defined are transferred 

from the PASS1 model to the PASS33 distribution and mode choice model which adds 

spatial detail while maintaining a match with the spatially detailed NTEM trip ends for all 

modes of travel. There are 9998 PASS3 zones defined from subdividing local authority 

districts into different area types. The resulting car matrices are divided into time periods 

and converted into O-D trips, before being assigned to the GB highway network. The 

network representation includes all major roads in Great Britain plus a large number of the 

minor roads in rural and urban areas providing good coverage across the country. The 

highway assignment model is iterated to equilibrium to give matrices of car journey costs 

and times for each time period modelled. These are fed back to both the Demand Model 

and the PASS3 distribution and choice models. 

The demand for other modes (walk, cycle, bus and metro) is output from the PASS1 

Demand model for analysis of policy impacts. The characteristics for these modes are not 

modelled explicitly as for car and rail, but derived from data sources such as the NTS. 

These assumed characteristics may be modified by the user to test alternative policies. 

2.2 PASS1+ Model System 

The recalibrated PASS1+ model system is designed to replace the PASS1 demand model. 

As described earlier, the PASS1+ model system is designed primarily to exploit newly-

available and recent data, and improve the geographic specificity of the PASS1 model. 

Further, the PASS1+ model system is also designed to better represent differences in 

behaviour between different areas of the country and improve sensitivity to specific 

geographic circumstances. 

PASS1+ is essentially a system of models, one for each travel purpose such as home-based 

work or home-based shopping. Each of the PASS1+ models is, in basic structure, a 

disaggregate discrete choice model (specifically, a nested logit model) that predicts the 

travel choices at the level of the individual traveller. These models take as inputs the 

attributes of the individual, the land-use configuration and level-of-service characteristics 

of the transport networks and produce as outputs the choice probabilities for each travel 

mode and destination, by travel purpose, from the home zone of the individual. The 

translation from individual choice probabilities predicted by the nested logit models to 

origin-destination (O-D) matrices by mode and time of day is achieved by simple 

aggregation over individuals. 

The PASS1+ models are, however, slightly different from the more typical mode-

destination choice models in that destinations are defined as a combination of area type 

and distance band rather than as zones. This is a structure that has been adopted from the 

original PASS1 model. Some background on the evolution of the NTM and the PASS1 

model to help explain this unusual structure is provided in the following section. The area 

type-distance band structure is retained in PASS1+ as it maximises the degree of 

                                                      

3 Note that the NTM structure presented here relates to the PASS3 version of NTM. The PASS3 module in 

the green dotted box in Figure 1 may be replaced by a different module, such as FORGE, but the description 

with respect to PASS1 remains unchanged.  
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geographical disaggregation achievable with the available choice data4. The model structure 

of the PASS1+ models is described in greater detail in Chapter 3. 

Effectively, the PASS1+ models play the role of the trip distribution and mode choice 

stages in a traditional 4-step planning process. 

2.3 Background of the PASS1 Model System 

When the National Road Traffic Forecasts (NRTF) were updated in 1997, the road 

passenger traffic forecasts represented a major methodological step forward from the 

approach that had been adopted previously.  The emphasis in 1997 for car traffic 

forecasting, moved away from a primary focus on time series and extrapolation, and shifted 

towards introducing more behavioural structure and segmentation into the forecasting 

process.   

The development of the NTM as a forecasting system comprising a number of modules 

sought to continue this path by including a fuller understanding of behavioural responses, 

representation of the competition between modes, and a greater level of spatial and 

categorical detail within the procedure.  The underlying passenger demand growth was to 

be based on an improved version of NTEM trip ends which are responsive to income, car 

ownership, demographic and land use inputs.  The procedures developed needed to cover 

the whole of Great Britain, respond realistically to a wide range of scenarios and policies, 

but yet be quick and easy to use.   

A conventional approach to traffic modelling would involve the development of detailed 

base matrices which could be scaled to future year trip ends and then assigned to a national 

highway network to give future year traffic forecasts.  In theory this approach could be 

extended to include a transport demand model to consider the mode and destination 

choice impacts on traffic forecasts.  However the model would need to operate at 

something close to ward level (10,000 zones) to ensure a smooth loading of traffic across 

the network and to include many dimensions of traveller (purpose, income, household 

structure, car availability) as well as modes.  Not only was there insufficient data available 

to construct such a model, the scale of the model would be unfeasibly large.  The approach 

was therefore to use the information available more efficiently. 

This involved the creation of two core components of the NTM: 

• A travel demand model (PASS1) 

• Mileage profiles to convert car trip end forecasts into traffic. 

One of the key procedures within the new forecasting framework was the demand 

modelling component which was not specifically accurate at the detailed spatial level, but 

avoided any significant source of bias in any of the identified dimensions of the study – 

namely to respond realistically across future years, space and road types to a range of 

                                                      

4 The PASS1+ models are estimated from NTS data, which contain destination information at the level of 

county or unitary authority, which is quite aggregate. 
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scenarios and policy issues.  The suggested approach was to develop a travel demand model 

(Pass1) that would: 

“provide forecasts of national travel demand by mode and distance band and journey 

purpose and traveller type that is consistent with tripend estimates for that year – but 
which do not necessarily require to be disaggregated to a fine level of spatial detail” 

To meet this requirement the original PASS1 demand model was designed: 

(a) to represent all passenger trips in the transport system as a continuum, so that it can 

realistically simulate the response of travel demand in the cases where the transport 

supply conditions improve on some mode (thus some short trips will lengthen and/or 

change mode), or where the travel costs or congestion increase (thus some long trips 

will shorten and/or change mode) 

(b) to simulate, albeit approximately, the average speeds, costs, and modal options for 

different groups of travellers for each journey purpose in different parts of the country 

and for different lengths of trips.  The representation is a balance between simplicity 

and the need to provide realistic representations of the existing markets and elasticities 

of response 

(c) to output the forecasts of the demand for passenger travel as a multi-dimensional table 

of trips by mode, distance band, market segment, production area type and attraction 

area type.   

The requirement for the demand model to produce matrices of trips by area type and 

distance band related both to the data available from the National Travel Survey (by area 

type and distance band) and the need to link the PASS1 demand model to a set of mileage 

profiles which converted the forecast trip ends into traffic. 

The mileage profiles were developed from a national highway network attached to zones 

with an area type classification.  The distance between the zone pairs was used to allocate 

them to distance bands and hence mileage profiles could be developed.  These mileage 

profiles gave the probable distance travelled on network of each road type in each area type 

and sub-region of the country for trips from one area type to another area type of a given 

length (ie the PASS1 output dimensions).  This process was also used to develop a set of 

weights which measured the relative importance of the different area type and distance 

band combinations which existed in the country.  For example there are few if any large 

urban areas within 25 miles of Central London, but there several in the 50 to 100 mile 

band. 

Having set the dimensions, the PASS1 demand model was designed to: 

• take trip productions as an input from NTEM by market segment and by area 

type (aggregation of NTEM zone) 

• allocate these trips between distance bands and modes (logit choice models) based 

on aggregate level of service characteristics – but also a measure of importance / 

existence of particular combinations of trip end area types for a given distance 

band 

• constrain to trip attractions from NTEM by purpose and area type 
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output forecast car matrices to be used with mileage profiles to give improved 

traffic forecasts. 

2.4 Modelling System Basics 

Disaggregate discrete choice models, such as the nested logit model structure used in the 

PASS1+ models, analyse travel choices at the level of the individual. The basic unit of 

analysis in the PASS1 models are outbound trips made by an individuals, where a trip is 

defined as travel between a pair of origin and destination zones for a specific purpose, by a 

specific mode and during a specific time of day. If the origin zone is the home zone of the 

individual then the trip is classified as a home-based trip, otherwise the trip is defined as a 

non-home based trip. 

As described in section 2.1, the PASS1+ system of models focus on passenger travel, where 

passenger travel is as defined in the National Travel Survey (NTS). 

The explanatory variables in the PASS1+ models include the socio-demographic 

characteristics of the individual such as age, gender, employment status etc; zonal 

attractiveness attributes such as population, total employment and dummy variables for 

specific geographic regions; and transport level-of-service characteristics such as travel costs 

and times by mode and time of day. 

The units of the various independent and dependent variables in the PASS1+ models are as 

follows. 

DemandDemandDemandDemand    For the purpose of model estimations, demand is represented in the 

PASS1+ model system as the home-based (HB)5 and non-home based 

(NHB) trips made by individuals in the NTS weighted using the NTEM 

trip ends. HB and NHB trips made by each individual in the NTS, 

during the years 2002-2004, are identified by purpose of travel, mode and 

time of day. The translation from individual trips to origin-destination 

(O-D) trip matrices can be achieved through a simple aggregation over 

individuals. In forecasting, PASS1+ can be used in conjunction with the 

NTEM trip ends. 

Travel costTravel costTravel costTravel cost    2004 pounds sterling (£) 

Travel timeTravel timeTravel timeTravel time    minutes (min)    

DistanceDistanceDistanceDistance    miles (miles) 

SpeedSpeedSpeedSpeed        miles per hour (mph) 

Although the demand data is based on the NTS for the years 2002-2004, the base year of 

the re-calibrated model system is assumed to be fixed at 2004. In other words, the 

parameters of the PASS1+ models are calibrated using cost related inputs and outputs in 

2004 prices.  

                                                      

5  Specifically, home-based outbound trips are modelled, and it is assumed that the return trips exactly 

balance these. 
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CHAPTER 3 PASS1+ Demand Model 

The PASS1+ model system was designed to improve upon the PASS1 model system 

described in the previous chapter. The key updates to the PASS1 model structure are as 

follows. 

• PASS1+ includes 8 main modes, viz.; walk, cycle, car driver, car passenger, bus, surface 

rail, metro, and taxi. The metro mode was split from the surface rail mode and taxis 

were treated as a distinct mode, both of which are small improvements over the original 

PASS1 model, which included the taxi mode with the car passenger mode.  

• The PASS1+ demand models are disaggregate discrete choice models, which take 

greater advantage of the disaggregate travel data available from the NTS 2002-2004 

data. The proposed model structure is a significant update to the older matrix-based 

models, and is supported by the DfT’s WebTAG guidance for the development of 

travel demand models. 

• The geographic specificity of the PASS1+ model system was also developed to exploit 

the level of detail available in the NTS 2002-2004 data. Given the disaggregate 

estimation approach in the PASS1+ model system, there were no technical limitations 

on the number of area types that could be modelled as origins or destinations, and 

accordingly the number of area types was increased from 15 area types in the original 

PASS1 model to 39 area types in the PASS1+ model. 

This chapter presents the details of the PASS1+ model structure.   

3.1 Overview of the Pass 1+ approach 

Once the appropriate data had been collated, there were five processes involved in 

upgrading the existing PASS1 model: 

- defining the origin and destination areas types and distance bands for all the trips 

reported in the NTS;  

- estimating the necessary set of disaggregate models based on travel behaviour as 

reported in NTS data, with the agreed constraint set; 

- (if necessary) adjusting the PASS1+ system to achieve required forecasting 

behaviour in the light of agreed target system behaviour (direct and cross-

elasticities, etc); it is noted that this adjustment process was eventually not needed 
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as the PASS1+ model system produced satisfactory results during the realism 

testing; 

- creating an ‘application’ system to take the estimated models together with 

updated explanatory variables and constraints to create forecasts; 

- inserting this between PASS1 input and output stages to form PASS1+. 

The first task is essentially one of data assembly, while the second is a model estimation 

task the aim of which is to calibrate the model parameters. The next three tasks correspond 

to the implementation of the PASS1+ model system with the model parameters as 

calibrated during the estimation task. 

The following sections provide more information on the model structure, the zonal 

definitions (specifically, the combined area type-distance band description of ‘zones’), and 

the segmentation adopted in the PASS1+ models. 

3.2 PASS1+ modelling framework 

PASS1+ is essentially a system of discrete choice models, one for each travel purpose 

(defined by the activity at the destination), that take as inputs the trip frequencies for an 

individual, the characteristics of the individual, the land-use configuration and the level-of-

service characteristics of the transport networks, and produces as outputs probabilities of 

mode and destination6 for the individual. 

During application (or implementation), a simple aggregation procedure can form the 

post-processing step to convert the outputs of the purpose-specific discrete choice models 

in PASS1+ into origin-destination (O-D) matrices of trips by mode and time of day. 

Figure 2 illustrates the PASS1+ modelling framework. 

The disaggregate, individual-level, model structure in PASS1+ can also be simplified and 

applied with trip ends by socio-demographic segments (as in the NTM, where the NTEM 

produces trip ends by purpose and socio-demographic categories).  Moreover, it is possible 

to link the modelled disaggregate choices of mode and destination with disaggregate trip 

frequency data within the model structure.  The advantage of such an approach is that it 

allows explicit testing of whether there is a relationship between accessibility on trip 

frequency and if such effects are identified to incorporate frequency responses in policy 

testing, to identify induced (or suppressed) traffic.  

 

                                                      

6 Note that within the PASS1+ model system the choice of destination is defined by a combination of area type 

and distance band as described later in this chapter.  
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Figure 2. PASS1+ Modelling Framework 

 

As shown in Figure 2, there are eight distinct travel purposes in the updated PASS1+ 

model system. 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 also two non-home-based purposes: 

7. Non-Home-Based Employer’s Business, and 

8.  Non-Home-Based Other.  

Together the eight models corresponding to these purposes represent the trip distribution 

and mode choice stages of a traditional 4-step planning procedure.  

Each of the purpose-specific models is a discrete choice model of mode, area type and 

distance band. This unusual model structure is a variation on the more traditional 

simultaneous mode-destination choice models, and is driven by the objective of improving 

the geographical resolution of the PASS1+ model system within the constraints of the 

zonal definitions in the NTS. The details of this model structure are presented in the 

following sections. 
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3.3 Discrete Choice Model Structure 

The models that comprise the PASS1+ system are basically discrete choice nested logit 

models that operate at the level of the individual. The hierarchical (nested) logit structure 

has the strength of being consistent with Random Utility Theory (see Ortúzar and 

Willumsen, 2002; the first published use of the theory in a large-scale modelling context is 

probably Domencich and McFadden, 1975) with consequent claims for behavioural 

realism and thus credibility as a generator of forecasts. 

The basis in Random Utility is the result that the ‘attractiveness’ (‘utility’, denoted U) of 

an alternative c (out of a total of C options) to an individual i can be expressed as 

 Ui
c = Vi

c + εic (1) 

where, Ui
c  is the total utility associated with alternative c by individual i; 

Vi
c is the systematic portion of the total utility that can be explained by observed 

characteristics of the individual and attributes of the transport networks; 

and εi
c is the random portion of the total utility that can be attributed to 

unobserved and unmeasured sources of heterogeneity in individual behaviour (also 

referred to as the random error term). 

The systematic utility can, therefore, be expressed as 

Vi
c =  f (Xi

c, β) (2)  

where, f denotes some function (for e.g., a linear sum); the X’s are observable 

characteristics of the individual interacted, where appropriate, with the attributes of the 

alternative c; the βs are (initially unknown) model coefficients (or parameters). 

In the simplest case, systematic utility is a function of generalised cost as shown in the 

following equation. 

 Vi
c = λGi

c + ASCc, (3)  

where, 

Gi
c = ti

c + ci
c/VOT, is the generalised cost (in time units) associated by individual i with 

alternative c; ti
c and ci

c being the time (all times reduced to equivalent car in-vehicle time) 

and cost respectively and VOT being the value of time; 

ASCc is the alternative-specific constant associated with alternative c; and 

λ is the sensitivity to generalised time to be calibrated during model estimation, λ<0 

indicating that increased generalised time corresponds to increased disutility associated 

with the alternative. 

The assumption that the random error term in equation (1) is independently and 

identically distributed across the alternatives as a Gumbel distribution implies the logit 

equation (see Ortúzar and Willumsen, 2002, or Ben-Akiva and Lerman, 1985 for the 

derivations): 
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where, Pri
c is the probability that individual i chooses alternative c. 

This is the basic multinomial logit model structure that is illustrated in Figure 3. 

 

Figure 3. Multinomial logit model structure (a) Generic example, (b) Specific example of mode 
choice 

The multinomial logit model structure assumes that the unobserved sources of 

heterogeneity in individual choice behaviour act in the same way across all the alternatives 

available to the individual, i.e. the error term is identical and independently distributed 

across the alternatives. However, this assumption is fairly restrictive at the level of the 

individual and relaxation of this assumption can lead to various flexible discrete choice 

model structures. 

3.3.1 Nested Logit Model Structure 
One such structure that is commonly used to model mode and destination choice 

simultaneously is the nested (or hierarchical) logit model structure that allows for 

differences in the variance of the random errors between the mode and destination choice 

dimensions. This generalisation allows the possibility that the random error terms might be 

correlated; for example, the ε’s for destinations for a given mode might be correlated with 

each other but not with the ε’s for other modes.  For instance, there may unobserved 

factors that drive the choice of destination for a given mode, say train, that do not come 

into play for other modes such as private vehicle. This suggests that the destination 

alternatives should be nested under the mode alternatives. 

Continuing with the example of the mode-destination choice model, a nested logit model 

structure may look like the illustration in Figure 4, with destinations below mode. Note 

that this does not suggest a sequential order of decisions made, rather it only suggests that 

for a given mode there is a stronger correlation of random error terms across destinations. 
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Another way of understanding the correlation of error terms suggested by a nested logit 

model is to think about elasticities. The nested logit model in Figure 4 suggests that an 

individual is likelier, all else being equal, to switch between destinations than to change 

modes. In other words, the cross-elasticity across destinations is higher, all else being equal, 

than that across modes. 

 

Figure 4. Nested logit model structure with destinations under mode 

 

The θ terms in the above figure, also known as structural coefficients, are additional 

parameters that need to be calibrated alongside the β's in the utility equation (see equation 

2). The structural coefficient represents the degree of correlation within the sub-nests; e.g. 

if θ = 1, there is effectively no correlation and we return to the simple multinomial logit 

structure with enumerated alternatives combining modes and destinations. In terms of λ, 

defined in WebTAG as the scale parameter 7, θ = λm/ λd, where λd is the scale parameter of 

the lower nest and λm  is the scale parameter of the higher nest. 

In general, with a nested logit model structure, suppose the ε’s are correlated across 

destination d (d=1,2,…D) for a given mode m (m=1,2,…M), as in Figure 4 then the 

probability that individual i chooses destination d and mode m is given by 
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In other words, the probability that individual i chooses destination d and mode m is given 

by the probability that individual i chooses destination d given that he chooses mode m, 

multiplied by the probability that individual i chooses mode m. 

In equation 5, Vi
d/m is the utility associated with destination d given mode m; and Vi

m* is 

the composite utility associated with mode m which is essentially a logsum8 of the 

                                                      

7 Given the units in which the utility (Vi
c) is measured, the scale parameter λ is inversely related to the variance 

of random utility (or ‘error term’), i.e.: ( ) 2

2

6
var

λ
πε =c

i   

8 The logsum is a form of composite cost across all available choices that incorporates the probability that a 

given choice will be made. Effectively, “logsum gives a measure of the cost in the 'upper' model as a result of 

the choices which are to be made in the 'lower' model” (see WebTAG Unit 3.11.1 Sec 5.6.5). 
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destinations in the sub-nest under mode m. The composite utility thus captures the 

accessibility of the destinations for a given mode m, and is calculated by the following 

equation 

∑
=

×=
D

d

md

im

i

V
V

1

/
* ))exp(log(

θ
θ   (6) 

3.3.2 Structural Coefficients 
Note that nothing has yet been said about when a ‘hierarchical’ nested logit model should 

be preferred over a simple multinomial logit, nor indeed how the hierarchy should be 

determined.  In fact, Random Utility Theory demands that the θ coefficient should lie 

between 0 and 1, and statistical tests of the estimated θ coefficient may be used to 

determine the appropriate hierarchy.9 The use of statistical significance tests for the 

structural coefficient is illustrated in chapter 5, which presents and discusses the model 

estimation results. 

It is also worth pointing out that the θ coefficient (or coefficients, if more than two levels 

are defined in the hierarchy) should not be interpreted as ‘behavioural’, although 

behavioural factors may contribute to them. Omitted factors and poor measurements are 

major factors in determining the errors in the predictions.  These very often arise due to 

data limitations (questionnaire design), definition and size of zones, adequacy of networks 

and so on. Thus errors can be introduced into (for example) the sets of factors describing 

zonal attractiveness, or modal disutility, which are unique to a given study, independently 

of the travel behaviour actually being studied. Two studies of the same travel behaviour in 

the same area at the same time could require different ordering of modelling hierarchies, 

and different θ values, simply as a result of the choices made by those building the models 

in terms of data, model specification, etc. 

3.3.3 Estimation Process 
The systematic utility terms, V, contain the unknown coefficients β according to equation 

(2), and these, together with the structural coefficient θ, are calibrated in the model 

estimation procedure.   

The estimation process for the PASS1+ models has been essentially the classic maximum 

likelihood approach, taking the data from the NTS household surveys for 2002 to 2004 

and treating home-based outward trip, and each non-home-based trip, as an individual 

travel choice observation. The other key input for the model estimation procedure is the 

level of service data for each mode prepared through the cost management interface 

(CMI). Chapter 4 describes the CMI in detail and presents the utility equations and 

Chapter 5 describes the final model structure estimated for the PASS1+ models. 

Maximum likelihood estimation techniques have been used to estimate, explore and refine 

model specifications and determine ‘best’ values for the unknown coefficients in the 

                                                      

9 WebTAG Guidance on Variable Demand Modelling, TAG Unit 3.10.3 Sec 1.9 suggests that “where 

sufficient local data of suitable quality exist, and the skilled resources required are available, lambda values 

should be estimated (calibrated) from that data and the hierarchy selected so that the less sensitive of the two 

responses [destination and mode choice] is positioned above the more sensitive”. 
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PASS1+ model system. The ALOGIT software (www.alogit.com) was used throughout for 

the estimation of the PASS1+ models. 

Framing the parameter estimation as a classical statistical process (maximum likelihood) 

has a number of powerful advantages.  The statistical support for different parameters 

(including alternate specific constants) is known, so that unusual results arising from small 

sample sizes and random error can be identified and dealt with (e.g. by grouping 

alternatives).  Whilst descriptive statistics can be formed for aggregate models the 

availability and rigour of diagnostic statistics from the classical approach are clearly far 

superior. 

The results of the model estimations are reported in detail in Chapter 5.  

3.4 Modes 

There are 8 main modes included in the PASS1+ system of models. These form one of the 

levels in the nested logit model structure of the PASS1+ models. 

- Walk 

- Cycle 

- Car driver 

- Car passenger 

- Bus 

- Surface rail 

- Metro/London Underground/Light Rail, and  

- Taxi.   

The metro mode was split from the surface rail mode and taxis were treated as a distinct 

mode, both of which are small improvements over the original PASS1 model, which 

included the taxi mode with the car passenger mode.  While the NTS data does contain a 

small number of domestic air trips, these were suppressed in estimation and air trips will be 

factored in application as a fixed proportion of the final surface rail matrix.   

3.5 Time Periods 

The PASS1+ models assume the characteristics of travel for different time periods for the 

different travel purposes. Specifically, the home-based work, employer’s business and 

education trips are assumed to occur during the peak hours, while all the other trip 

purposes are assumed to occur during the inter-peak hours, as shown in the following 

table. 

http://www.alogit.com
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Table 1. Time Periods in PASS1+ 

AM peak characteristicsAM peak characteristicsAM peak characteristicsAM peak characteristics    Inter peak characteristicsInter peak characteristicsInter peak characteristicsInter peak characteristics    

HB Work 

HB Employers business 

HB Education 

HB Personal business / shopping 

HB visiting friends/relatives, day trips / holidays 

NHB Employer’s business 

NHB Other 

 

This is a somewhat restrictive assumption as it limits the sensitivity of the model to peak 

period pricing and other similar policies. 

3.6 Zone definitions 

The geographic specificity of the PASS1+ model system was developed to exploit the 

increased level of detail available in the NTS 2002-2004 data. Given the disaggregate 

estimation approach in the PASS1+ model system, there were no technical limitations on 

the number of area types that could be modelled as origins or destinations, and accordingly 

the number of area types was increased from 15 area types in the original PASS1 model to 

39 area types in the PASS1+ model, as outlined in Figure 5 and Figure 6 and plotted in 

Figure 7-Figure 11.  The destination ‘zones’ classified by these 39 area types form one of 

the levels in the nested logit model structure of the PASS1+ models. 

The increased discrimination of zone types was effected primarily along the following 

dimensions. 

• The NTS 2002-2004 data contains sufficient information to distinguish between 

lower density zone types, so that the rural area type is now split further into 

‘Urban Small’, ‘Urban Tiny’ and ‘Rural’ regions. 

• For trips reported on the 7th day of the survey period, additional geographic detail 

is now available that allows metropolitan regions to be divided into main cities and 

built -up areas. For trips on other days, home origin was generally available from 

the 7th day data, or induced from NTS data on land-use and distance band to 

allow this metropolitan allocation to take place. This distinction specifically allows 

more detailed representation of travel into London from surrounding 

communities, and identifies key travel corridors into Birmingham, Manchester, 

Leeds etc. 

• More refinements were added in the small urban areas, as well as splitting the 

South East/East Anglia area out of the South of England region across all density 

categories.  This meant that in the regions with population > 10K there were two 

subareas – South West/Wales and South East/East Anglia, though for the rural 

category the divisions were not as refined. 

• Given the importance of accurately capturing London-based travel, particularly 

given the expected population growth in the South East of England, the South 
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East/East Anglia sub-area is separated out from the South West and Midlands 

regions in the Urban Tiny and Rural categories 

By adding more detail along the urban density dimension, a richer origin-destination 

matrix was developed. While commuting movements into central city business districts 

were represented in the PASS1 model, more complex patterns within metropolitan regions 

(for instance, travel from lower density residential zones to medium density workplace 

locations) can now be distinguished. The greater level of geographic disaggregation that is 

achieved also allows the model estimation to go forward with fewer intra-zonal trips, which 

are typically more difficult to characterise. 

The only issue with the increased geographic specificity is that it is predominantly based on 

the extra information available from the 7th diary day in the NTS. This issue is dealt with 

in the following section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Original area types in NTM (PASS1) 
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Figure 6. Revised area types in PASS1+ model 

 

The maps in Figure 7 to Figure 11 illustrate the dispersion of the 39 area types that form 

part of the PASS1+ model system.  As seen in these maps, it is not uncommon for urban 

large and urban small or tiny zones to be in close proximity, particularly in the East of 

England.  The predominant land use category for England, Scotland and Wales is rural 

(area types 19, 38 and 39), though the proportion of trips to rural zones is approximately 

6.5%. 
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Figure 7. NTS area types: England, Scotland and Wales 
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Figure 8. NTS area types: Scotland 
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Figure 9. NTS area types: Northern England and North Wales 
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Figure 10. NTS area types: South West England and South Wales 
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Figure 11. NTS area types: London, South East England and East Anglia 

 

3.6.1 The ‘Compound Area Type’ 
Although the revised area type definition (in Figure 6) was developed using the 

geographical definitions in the NTS data, there still remained some records in the NTS 

where the identification of the 7 metropolitan areas (Birmingham, Manchester etc.) into 

their constituent main cities and built-up areas could not be unambiguously achieved. For 

instance, while area types z5 and z12, corresponding to the Birmingham metropolitan area, 

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, which was when the trip diary contained 

more detailed information.   
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In order to retain maximum information from the NTS data for model estimation, 

‘Compound Area Types’ z40 through z46 were created to represent the 7 ambiguous 

metropolitan areas. For example, area type z40 represents the combined z5+z12 area type 

(i.e. Birmingham main city + conurbations). If the area type for an observation cannot be 

distinctly identified as being either z5 or z12 then the area type is assigned to be z40. So 

that for a given observation only one of the compound area types z40-z46 or the area types 

z5-z18 are active. 

This introduces an additional level of nesting in the hierarchical logit model structure, in 

addition to the basic mode and area type nests, as described further in chapter 5. Although 

this adds a level of complexity in the computations, the flexibility of the discrete choice 

modelling framework ensures that these constraints can easily be relaxed with the 

availability of better data. 

3.7 Distance Bands 

The PASS1+ models retain the formulation of joint area type and distance band estimation 

that was adopted in the previous version of the PASS1 model. 

Demand models do not often directly estimate demand for distance bands (i.e. annuli 

around an origin), but rather let this emerge from the zone-specific destination choice 

estimation.  However, the nature of the NTS data meant that there was very little 

geographic specificity, despite increasing the geographic specificity of PASS1+ to 39 area 

types. For instance, London is covered by just three area types (central, inner and outer 

London).  The typical approach of deriving distance from zone-to-zone level of service files 

for use in model estimation would not be feasible given the highly aggregate nature of the 

zone system.  All travel within Greater London would be represented by 9 distinct values 

of travel distance and cost, hardly adequate for the complexity of the region.  

The situation would be even more extreme for the rural category, as a rural-to-rural trip 

can encompass very short and very long distances.  Thus, the level-of-service files were 

segmented by distance, so that a short rural-to-rural trip could be distinguished from a 

long one.  In practice, this means transport level-of-service measures must be uniquely 

identified by origin and destination area type and then by distance band; origin 1, 

destination 1, distance band 1 will have different values than origin 1, destination 1, 

distance band 2 and so on. The interaction of distance band with area types thus leads to a 

more disaggregate zonal representation than would be possible using only the area types. 

There are 13 distance bands in the PASS1/PASS1+ model, derived using the trip distances 

reported in the NTS data:  

1. <1 mile; 

2. 1-2 miles; 

3. 2-3 miles;  

4. 3-5 miles;  

5. 5-10 miles;  
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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;  

13. > 300 miles. 

Note that not all distance bands will be available for all origin and destination area type 

combinations. For example, only distance bands 1-7 are valid for London-London trips 

since intra-London trips cannot be more than 25 miles long. Accordingly a feasibility 

matrix is required to identify the realistic origin-destination-distance band combinations. 

3.8 Segmentation 

Segmentation within the choice models is important in order to ensure that the systematic 

variability in behaviour is adequately captured. There are 80 segmentation categories 

adopted within the PASS1+ modelling framework, as presented in Appendix A. 

The segmentation categories are derived from 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 PASS1 demand model with the important exception that the socioeconomic 

grouping was replaced with a segmentation based upon household income. 

Another change from the segmentation embedded in the PASS1 model is that 

segmentation is uniform across all purposes.  This was particularly notable in the 

segmentation for the non-work purposes, where income segmentation was carried through 

for all purposes.  This additional segmentation allows the PASS1+ model to utilise 

differences in household income in the utility equations for all purposes. 

The 21 NTS household income categories were grouped into 4 income groupings: 

- Low income: Up to £12,499;  

- Medium low: £12,500 - £29,999; 

- Medium income: £30,000 - £49,999; 

- 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: 
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- children aged 0-15 years;  

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

- other, aged 16-64 years (including part-time workers); 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. 

Interactions of these segmentation variables with the level-of-service characteristics, such as 

travel cost or time, in the utility equation quantifies the systematic variability in travel 

choice behaviour. Chapter 5 discusses this further as part of the presentation of the model 

estimation results. 

3.9 Network characteristics 

One of the key inputs to the PASS1+ model system is the information supplied by the cost 

management interface (CMI) which characterises the transport network using level-of-

service attributes such as travel times, costs and distances for each mode, updating the 

assumptions as appropriate to the policy forecasting scenarios. The level-of-service data 

required for the PASS1+ model system is discussed in detail in Chapter 4. 
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CHAPTER 4 PASS1+ Model Inputs 

4.1 The Utility Equation 

The utility equations in the PASS1+ models take the following form. 

mimmmmdami egmentV ,4ma,3md,21,,, SAreaTypendDistanceBa ×+×+×+= αααα  

damim ,,,Gen_Cost×+ β  

)log( aa Size++ δ  (7)  

where, 

Vi,m,a,d is the utility that individual i associates with mode m, area type a and distance band 

d; 

αm1 are the mode-specific constants (‘Car Driver’ typically used as the base); 

αm2 are the mode-distance interaction parameters; 

DistanceBandd.m are distance band constants corresponding to the distance bands described 

in section 3.7; 

αm3 are the mode-area type interaction parameters; 

AreaTypea,m are area type dummies corresponding to the area types described in section 

3.6; 

αm4 are the mode-segmentation parameters; 

Segmenti,m are socio-demographic segmentation dummies corresponding to the 

segmentation categories described in section 3.8; 

βm are the mode-specific sensitivities to generalised travel time10; 

Gen_Costi,m,a,d is the generalised cost (measured in minutes) associated by individual i with 

mode m, area type a and distance band d (discussed further in this chapter); 

δa are the area type constants; and 

                                                      

10 The βm values are comparable with the negatives of the λ values given in WebTAG Unit 3.10.3, Sec. 

1.11.12.  
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Sizea,d is the size (populations, number of jobs etc.) associated with area type a and distance 

band d. 

The size variables represent the main influence on the (distribution) model of land-use 

changes, whereby zones with larger size terms will be more attractive than zones with 

smaller size terms. The final size terms from the National Trip End Model (NTEM) were 

developed as part of a separate project.  For the preliminary estimations, aggregate 

population and employment totals were used as the size terms for each area type.  

However, it turned out that population and employment were highly correlated and so the 

next round of model estimations used total employment by itself as a size term.  

Eventually, in the final model specifications, this was replaced with the NTEM 

production-attraction estimates available by area type, distance band and trip purpose. 

All the other parameters in the utility equation are discussed in detail in Chapter 5 along 

with the presentation of the model results. As seen in equation (7), in addition to the 

generalised time parameters, the utility equations contain a number of additional 

parameters and constants to ensure that the PASS1+ models provide a good fit with NTS 

data. This is particularly important to enable the model to match a London-specific mode 

split, as well as matching the aggregate mode shares and mode-specific trip length 

distributions from the NTS. Appendix B provides a full listing of the segmentation 

variables and constants used in the final PASS1+ models, and the segmentation variables 

included in the final models are interpreted in detail in chapter 5. 

In this chapter we discuss the mode-specific inputs required to estimate the sensitivities to 

generalised time (i.e. βm), and the availability conditions for each of the 8 modes in 

PASS1+. 

4.2 Cost Management Interface 

There is a large number of travel characteristic and parameter inputs to the PASS1+ model 

system. These are largely input into the model via the Cost Management Interface (CMI). 

The source of the travel characteristics vary by mode. Where available the travel 

characteristics are derived from network models, while the NTS forms the source of travel 

characteristics where such network models are not available. Specifically, the car and 

surface rail skims are derived from network models, whereas the bus, metro and taxi skims 

are computed based on models developed on the observed data in the NTS. 

The car and surface rail skims were developed in two separate projects to the one described 

in this report, and were provided to RAND Europe in the area-type-distance band format.  

RAND Europe and HGA developed the remaining mode-specific level of service files, 

namely for bus, metro and taxi.  The bus times are based on adjusted car time skims (see 

Appendix C for further details)), and bus fare models were developed from the NTS data 

(see Appendix D for further details).  The taxi skims adopt car travel time without any 

adjustment, but taxi costs come from a set of taxi fare models based on the NTS data (see 

Appendix E for further details).  The metro skims were adapted from the surface rail skims, 

as described below.   
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The CMI updates the skims for each iteration, and applies the necessary policy and 

forecasting assumptions such as time and fares for different modes.  

4.2.1 Values of Time & Other Factors 
The utility of each motorised mode is comprised of a generic generalised cost component, 

which reflects the cost of travel for the mode alternative converted to equivalent time using 

values of time, across 4 income bands.  All costs are expressed in pounds sterling for 2004.  

The values of time were constrained to officially recommended (WebTAG) values. The 

values of time used in the model estimation are presented in the table below. All motorised 

modes are assumed to have a common underlying value of time.  

Table 2. Value of time in PASS1+ (perceived cost, pence per minute, 2004) 

 Commute 

Employer’s  

Business Other 

Low income: Up to £12,499 4.72 27.61 5.98 

Medium low income: £12,500 - £29,999 6.75 34.45 7.06 

Medium high income: £30,000 - 

£49,999 9.97 43.77 8.64 

High income: £50,000 + 19.49 62.74 12.47 

All income 9.20 40.71 8.14 

 

The values of time are computed based on the guidance presented in WebTAG Unit 3.5.6 

‘Values of Time and Operating Costs’. The basic values of time (VOTs) for 2002 are 

drawn from Tables 1 and 2 of the WebTAG unit and the annual rate of growth is drawn 

from Table 3 of the WebTAG unit to inflate the basic VOTs to 2004, which is the base 

year for the recalibrated NTM. Also, as per the WebTAG guidance, the VOTs are 

assumed to increase with income with an elasticity of 0.8 to compute income-specific 

VOTs. Section 1.2 of the WebTAG Unit 3.5.6 is reproduced in Appendix H to serve as a 

look-up for the implementation of the Pass1+ model system. 

Other factors adopted in specifying the utility equations for the PASS1+ models were as 

follows. 

• Out-of-vehicle time components for PT modes (wait, access and egress time) were 

converted to in-vehicle times using a fixed value ratio of 2.5 of out-of-vehicle time 

to in-vehicle time.  

• An existing assumption of a ‘Guilt-factor’ applying to car-passengers’ disutility was 

retained.  However, in the PASS1+ formulation, 10% (rather than the 50% in the 

PASS1 model) of the cost-related disutility facing car drivers is applied to car-

passengers and affects their travel decisions. This does not reduce the costs for car 

drivers, so it is not a true cost sharing arrangement but instead captures the more 

intangible behavioural aspects of travel. One major advantage of this formulation 
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over a model where car passengers pay no car costs is that they are somewhat 

responsive to road pricing scenarios. 

4.2.2 Highway 
The highway network assignment model provides base year cost and travel time data to the 

PASS1+ demand model via the Cost Management Interface (CMI). For the estimation of 

the PASS1+ models, the highway level-of-service data was provided by WSP in the form of 

origin-destination (destination defined by area type and distance band) matrices containing 

the following variables.  

- car cost 

- car time 

- parking cost 

- parking search time 

The car cost and time were provided for the AM peak and inter-peak periods, separately 

for the EB trip purpose (i.e. CarCostAMEB, CarCostIPEB, CarTimeAMEB and 

CarTimeIPEB) and by high and low income categories for all other trip purposes (i.e. 

CarCostAMh, CarCostAMl, CarCOstIPh, CarCostIPl, CarTimeAMh, CarTimeAMl, 

CarTimeIPh, and CarTimeIPl). The parking costs were provided for the 8 travel purposes 

in PASS1+, whereas the parking search time varies only by origin-destination. 

The utility equations in the PASS1+ models use the following generalised cost 

specifications for the Car Driver and Car Passenger modes (subscripts suppressed for 

simplicity). 

 
inc

CarDriver
VOT

TotCostCar
TotTimeCarCostGen

_
__ +=  (8)  

 
inc

erCarPasseng
VOT

TotCostCar

TotTimeCarCostGen










+=
10

_

__  (9)  

where, VOTinc is the income-specific value of time (corresponding to the four income 

categories used in the NTM); 

Car_TotTime is the total travel time associated with the highway mode, including car time 

and parking search time; and   

Car_TotCost is the total cost associated with the highway mode, including the car cost and 

parking cost. 

i.e. 

TimeParkSearchimeCarTravelTTotTimeCar incgrppincgrpp += ,,_ , 

pincgrppincgrpp ParkCostCarCostTotCostCar += ,,_  

where, p is the trip purpose, and incgrp is the income category to which the individual 

belongs;  
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for home-based work and education we use the AM peak skims corresponding to the high 

and low income groups; 

for home-based EB we use the EB-specific AM peak skims; 

for non-home based EB we use the EB-specific inter-peak skims;  

and for all other trip purposes we use the inter-peak skims corresponding to the high and 

low income groups. 

4.2.3 Rail 
Generalised rail times and rail fares between origin and destination are derived from the 

Network Modelling Framework (NMF) through the Rail Cost Interface. These were 

provided, by Atkins, to the PASS1+ models in the form of matrices containing the 

following variables (see Atkins, 2007, for details): 

- Generalised cost (mins) 

- Total distance (miles) 

- Rail total time (mins) 

- Access time (mins) 

- Access cost (£) 

- Access parking cost (£) 

- Access Road User Charge (£) 

- Access distance (miles) 

- Rail route generalised journey time (mins) 

- Rail route fare (£) 

- Rail route crowding (mins) 

- Rail Route Reliability [Mins] 

- Rail route distance (miles) 

- Egress time (mins) 

- Egress cost (£) 

- Egress distance (miles) 

These variables are output from the Regional MOIRA models and the NMF by ticket type 

(full, reduced, and season). Factors were derived to convert from ticket types to journey 

purposes. National Travel Survey (NTS) data was analysed to calculate the proportion of 

travellers using each type of ticket. As a result, the rail skims were available for the 

following purposes: 

Business Car Available (CA) 

Commute (Car Available, Non Car Available) 
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Leisure (Low Income Car Available, High Income Car Available, Low Income 

Non Car Available, High Income Non Car Available) 

The utility equations in the PASS1+ models use the following generalised cost 

specifications for Rail  (subscripts suppressed for simplicity). 

)__(5.2)__(_ WtTfrRailAcEgRailCRDRailGJTRailCostGen Rail +×++=  

            
incVOT

FareRail _
+  (10)  

where, VOTinc is the income-specific value of time (corresponding to the four income 

categories used in the NTM); 

Rail_GJT is the rail generalised journey time; 

Rail_CRD is the rail crowding factor (mins); 

Rail_AcEg is the total rail access and egress time; 

Rail_WtTfr is the total rail wait and transfer/interchange time; and 

Rail_Fare is the rail fare. 

4.2.4 Bus 
The bus level-of-service (LOS) files were developed based on self-reported travel times and 

costs of those travel records where the NTS respondents chose bus. The self-reported travel 

times were compared to car times produced by the highway network to develop an average 

adjustment factor that could be applied in the modelling. 

One limitation of this approach is that unusual bus travel patterns may be possible but not 

observed in the data.  It is reasonable to assume that the least competitive bus routes will 

be underrepresented in the NTS, since people will generally choose car or rail alternatives.  

Similarly, respondents report the fare they actually paid rather than disclosing the full fare 

for the route with additional information about whether they paid a discounted rate.  This 

makes disentangling the bus fare a challenging process.  

Despite these limitations, the NTS represents the best widely available data that could be 

used to develop realistic bus time and cost functions.  The resulting bus times and fares 

models described in this report have been used to populate the level of service (LOS) input 

files with the necessary information to generate bus skims for the NTM recalibration 

project. The LOS files can be updated using car speed and cost information from the 

CMI.  

The utility equations in the PASS1+ models use the following generalised cost 

specifications for bus (subscripts suppressed for simplicity). 

inc

Bus
VOT

FareBus
WtTfrBusAcEgBusTimeBusCostGen

_
)__(5.2__ ++×+=  

(11) 

where, VOTinc is the income-specific value of time (corresponding to the four income 

categories used in the NTM); 
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Bus_Time is the bus travel time, computed as described below; 

Bus_AcEg is the total bus access and egress time; 

Bus_WtTfr is the total bus wait and transfer/interchange time; and 

Bus_Fare is the bus fare, computed as described below. 

Bus TimesBus TimesBus TimesBus Times    

Given data limitations, a very aggregate approach, based solely on distance band, provided 

a smoother and more reasonable set of ratios than other more complicated models that 

were tested.  The values are presented in Table 3 below.          

Table 3. Ratio of reported bus time to car time, by distance band 

Distance 

band 

Distance 

(miles) 

To and From 

Central/Inner 

London 

All other bus 

trips 

1 Under 1 2.000 2.375 

2 1 - 2 2.000 2.126 

3 2 - 3 2.000 2.095 

4 3 - 5 1.730 1.977 

5 5 - 10 1.677 1.829 

6 10 - 15 1.300 1.705 

7 15 - 25 1.224 1.653 

8 25 - 35 -- 1.519 

9 35 - 50 -- 1.368 

10 50 - 100 -- 1.368 

11 100 - 200 -- 1.368 

12 200 - 300 -- 1.250 

13 over 300 -- 1.200 

 

The most notable feature of both the models presented in Table 3 is that the bus times 

approach a level 20-25% higher than car times as distance increase, so short distance bus 

trips are factored up at a greater rate than longer trips.  There are essentially no valid 

London-London bus trips in distance bands 8-13 (25+ miles), though we would 

recommend a factor of 1.2 if these trips did occur. 

See Appendix C for more details on the Bus Times Model. 
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Bus FaresBus FaresBus FaresBus Fares    

Bus fares for all the O-D combinations were computed using bus fare models that were 

developed from the NTS data. These are essentially piecewise linear regression models for 

bus fares – one each of 17 aggregate area types. These models are further segmented by age, 

accounting for the fact that the bus fares of seniors and children are typically different from 

the ‘standard’ bus fare. 

Figure 12, Figure 13 and Figure 14 present the standard, senior and child bus fare models 

in a graphical plot. These bus fare models are valid for travel distances up to 50km. 

For bus travel over distances greater than 50 miles, a separate long distance bus fare model 

was developed. Figure 15 plots the long distance bus fare model. 
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Figure 12. Full bus fare models 
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Bus fare models - senior fares
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Figure 13. Senior bus fare models 

 

Bus fare models - student fare
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Figure 14. Student bus fare models 
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Bus Fare Model - Long Distance Travel
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Figure 15. Long-distance travel bus fare models 

 

See Appendix D for a detailed description of the Bus Fares models. 

Access/Egress and Wait TimesAccess/Egress and Wait TimesAccess/Egress and Wait TimesAccess/Egress and Wait Times    

Reported access, egress and bus wait times in the NTS data were examined and judged to 

be unreasonable and therefore the values used in the development of the previous model 

were retained. 

4.2.5 Metro 
Since the PASS1+ model system separates the surface rail mode from other rail modes 

collected in the NTS (essentially the London Underground and light rail systems in other 

UK cities), there is a need to develop separate metro level-of-service files in order to 

incorporate this mode as a separate alternative within the choice model.  

The level-of-service data for the metro mode are based on the rail skims developed by 

Atkins, following the simple assumption that the metro/Underground modes are quite 

similar to the surface rail modes. Surface rail and metro times and costs in the NTS data 

were compared to find meaningful relationships between the two.  NTS stage level data 

was used in this analysis rather than the journey data, thus enabling us to separate out bus, 

rail and metro stages. 

Two basic models were developed based on the analysis of the NTS data – one for London 

origins and one for all other parts of the UK.  The in-vehicle time (IVT) factor indicates 

how much the in-vehicle time by metro is greater than that for surface rail for the same 

combination of origin zone, destination zone, distance and time period (peak or 
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interpeak).  The ‘Fare factor’ indicates how much more costly the metro is compared to 

the equivalent surface rail cost.  See Table 4 for the resulting factors. 

 

Table 4. Metro in-vehicle time and fare factors 

 London origin 

(pass1 = 1 or 2) 

Non-London origin 

Dist band IVT factor Fare factor IVT factor Fare factor 

1 1 1 3 2 

2 1 1 3 2 

3 1 1 2.5 1 

4 1.25 1 1.65 1 

5 1.5 1.2 1.4 1 

6 1.75 1.2 1.4 1 

7 1.9 1.2 1.4 1 

8+ 2.2 1.2 1.4 1 

 

These factors are based on judgements by the RAND Europe team. 

For London-based trips, the metro travel times are the same as the rail skims up to distance 

band 4, increasing to 220% of the rail skim time when the distance band is 8 or greater 

(note, however, that there are not many valid records meeting this criterion so this factor is 

rarely applied).  

As seen in Table 4, for London cases, the metro adjustment factors increase as distances 

increase, whereas for non-London origins, the metro is highly uncompetitive at short 

distances but is competitive at longer distances. On average, for the majority of non-

London skims, the metro time will be 40% longer than the rail skim time.    

One question is whether this approach will return reasonable values, particularly for 

London Underground travel.  A potentially greater issue is whether the availability criteria 

for the rail mode should be applied to the metro mode.  This would certainly not be 

acceptable if all short rail journeys had been suppressed from the rail level-of-service files, 

as metro journeys are considerably shorter than rail journeys.  The short rail journeys are 

generally denoted as available, however.  

The opposite problem may also lead to metro modes being considered as available when 

there is no metro mode for a particular origin but there is rail service (urban small and 

urban tiny zones might well meet this criterion).  Future updates to the PASS1+ model 

may apply more sophisticated availability rules.  In the current model, the metro mode 

constants in the utilities have large negative values, which are countered by a positive 

coefficient when the destination is London.  These coefficients work together to suppress 

metro trips outside London, which is of course inappropriate in some areas. 

The other aspects of the metro level-of-service files (access time, wait time, crowding 

penalty) are simply taken from the surface rail skims without any factoring.  This could 

certainly be reconsidered, particularly investigating whether London trips should have a 
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higher factor on the crowding penalty variable.  However, that would involve a more 

detailed study. 

4.2.6 Taxi 
Taxi travel times and distances can generally be expected to mirror car travel patterns. This 

does overlook central city locations where taxis may be able to travel in special lanes or 

avoid car restrictions, though in the context of a national-level model, these deviations 

from car times appear to be quite minor. We therefore assume that taxi times and distances 

are identical to the corresponding car skims, and populate the cost management interface 

(CMI) which uses updated car skims to create the corresponding taxi skims.  The issue 

might be revisited in future updates of the PASS1+ model, particularly if geographical 

detail is further enhanced. 

Of course taxi costs are much higher than marginal car costs, but also the pattern of costs is 

significantly different from the pattern of car costs for two reasons.  First, we would not 

normally expect taxi passengers to pay for parking (or congestion charges), except 

indirectly through the taxi fare.  Second, the taxi fares themselves will not track travel 

distance quite as closely as operating costs do in the car skims.  Ideally, one would be able 

to apply actual taxi fare rules for each area type, but this was beyond the scope of this 

project.  We instead took the approach of estimating independent taxi fare models from 

the NTS data.  The resulting taxi fare models described in this report have been used to 

populate the CMI with the necessary information to generate taxi skims for the NTM 

recalibration project. 

The model structure adopted for the taxi fare models is a simple linear regression of taxi 

fare as a function of travel distance. The models therefore yield a fixed component and a 

per-mile component of taxi fares. As expected, both the base taxi fare and the per-mile fare 

are higher in London than in the other regions. The base fare in the other metropolitan 

areas is very close to that in the smaller urban and rural regions, though the per-mile fare is 

higher in the metropolitan areas than in the smaller urban and rural regions. This agrees 

with our expectations. 

Data analysis reveals that taxi fare patterns vary with trip purpose. Individuals are generally 

willing to pay higher fares for work and employers’ business travel than for other purposes, 

such as shopping or leisure. After further analysis, separate work and non-work taxi fare 

models were used for London and other large metropolitan areas11. For smaller urban and 

rural areas, however, separate work and non-work models do not seem to work as well and 

a combined taxi fare model for smaller urban and rural areas was therefore adopted. 

See Appendix E for a more complete discussion of the estimation process for the taxi fare 

models.  Table 5 presents the taxi fares as predicted by the models developed from the 

NTS data, by origin zone and distance band. 

                                                      

11 The separate models may reflect differential use of minicabs for different purposes. They may also reflect the 

fact that work and non-work trips occur at different times of day. 
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Table 5. Predicted taxi fares by area type (origin zone) and distance band 

Zones 1Zones 1Zones 1Zones 1----4444    

(London)(London)(London)(London)    

Zones 5Zones 5Zones 5Zones 5----11,11,11,11, 20 20 20 20----27272727    

(Met. counties)(Met. counties)(Met. counties)(Met. counties)    

Zones 12Zones 12Zones 12Zones 12----

19, 2819, 2819, 2819, 28----39393939    Dist Dist Dist Dist 

BandBandBandBand    
WorkWorkWorkWork    

Non Non Non Non 

WorkWorkWorkWork    
WorkWorkWorkWork    

Non Non Non Non 

WorkWorkWorkWork    

(other)(other)(other)(other)    

1 4.78 3.25 3.34 1.92 2.09 

2 5.84 3.70 3.77 2.33 2.39 

3 6.89 4.15 4.20 2.75 2.68 

4 8.48 4.83 4.84 3.38 3.13 

5 12.17 6.40 6.34 4.84 4.17 

6 17.45 8.65 8.48 6.92 5.65 

7 25.38 12.02 11.69 10.05 7.88 

8 35.94 16.52 15.98 14.23 10.85 

9 49.14 22.15 21.33 19.44 14.56 

10 83.46 36.77 35.25 33.00 24.20 

11 162.67 70.52 67.37 64.30 46.46 

12 268.28 115.52 110.20 106.03 76.13 

13 373.89 160.51 153.03 147.76 105.81 

 

4.2.7 Cycle and Walk 
The PASS1+ models use walk and cycle times in the utility equations for these modes.  

These are computed by applying average walk and cycle speeds to the mid-point of the 

distance band.   

Table 6: Assumed walk and cycle speeds 

 Walk speed Cycle speed 

Urban origins  

(area types 1 – 11 and 20-

23) 

2.8 mph 8 mph 

Non-urban origins  3.5 mph 9 mph 

 

4.2.8 Mode Availability Conditions 
Each of the 8 modes in the PASS1+ model system is subject to certain availability 

conditions, as described below. 

The Car Driver mode is assumed to be available to an individual for travel from a specific 

origin to a specific destination if the highway travel time is positive, if the individual does 

not belong to a 0 car household (i.e. household type 1 or 3), and if the individual is not a 

child (i.e. is not person type 1). The models do not use licence availability conditions, and 

this should definitely be considered for future revisions. 

The availability condition for the Car Passenger and Taxi modes is much simpler. These 

modes are assumed to be available to an individual for travel from a specific origin to a 

specific destination if the highway travel time is positive. 
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The highway travel time is set to 0 both for O-D pairs that are not connected by highway 

(which is rarely the case), and also when a distance band is not a realistic option for a 

specific origin area type-destination area type combination. For instance, if both the origin 

and destination are in London, then the highway travel time is set to 0 for distance bands 8 

and above (25+ miles).  

Rail is assumed to be available to an individual for travel from a specific origin to a specific 

destination if the rail generalised journey time is positive. The rail generalised journey time 

is set to 0 both for O-D pairs that are not connected by rail, and also when a distance band 

is not a realistic option for a specific combination of origin and destination area types. 

The availability criteria for metro are assumed to mirror those for rail. Given the procedure 

adopted to compute metro LOS data (section 4.2.5), this would not be acceptable if all 

short rail journeys had been suppressed from the rail level-of-service files, as metro journeys 

are considerably shorter than rail journeys.  The short rail journeys are generally denoted as 

available, however.  

Bus, like rail and metro, is assumed to be available as long as the bus generalised journey 

time is positive. The bus generalised journey time is set to 0 both for O-D pairs that are 

not connected by bus, and also when a distance band is not a realistic option for a specific 

combination of origin and destination area types. 

For walk and cycle to be available, there must be a highway time between the origin and 

destination.  Walk is only available for if the walk distance falls in bands 1-6, i.e. under 15 

miles, and cycle is only available if the distance falls in bands 1-8, i.e. under 35 miles. 

 



 

45 

CHAPTER 5 Model Estimation 

5.1 PASS1+ Model Structure 

As described in Chapter 3, the PASS1+ models are nested logit models of choice of mode, 

area type and distance band. The area types and distance bands together combine to 

provide a more disaggregate zonal definition than that achievable with just the area types. 

The modes, area types and distance bands each form a level within the nested logit model 

structure and the hierarchy of these levels can be determined by estimating the structural 

parameters and running statistical tests on them. 

In addition to these three levels (mode, distance band and area type), the PASS1+ models 

have two additional levels of nesting. One level of nesting groups similar modes together 

such as rail, bus and metro under the ‘Public Transport’ nest suggesting that the cross-

elasticities between these modes are likely to be higher than the cross elasticities across 

mode groups. 

In the simplest case all the structural parameters can be constrained to 1, which 

corresponds to a multinomial logit (MNL) model structure mode-area type-distance band 

alternatives.  The implicit assumption in this model structure is that the random error 

terms for the modes, area types and distance bands are independently and identically 

distributed. 

The other level of nesting is introduced by the use of ‘Compound Area Types’ as described 

in section 3.6.1. Seven sub-nests are introduced corresponding to the 7 metropolitan areas, 

as illustrated in Figure 16. 
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Figure 16. Metropolitan nests 

The structural parameter for these groups is termed θ_MET_DEST, and captures the 

correlation in error terms across all the area types corresponding to each metropolitan area. 

As discussed earlier, only one of the compound area types (z40-z46) or the regular area 

types (z5-z11, z12-z18) are available for each observation (trip) in the NTS data. In other 

words, for a given NTS trip, if the destination can be clearly identified as one of the main 

cities of the seven metropolitan areas or the remainder of the conurbations then the area 

types z5-z18 will be available in the model structure. On the other hand, if the destination 

can only be identified as being within the metropolitan area then the compound area types 

z40-z46 become available. 

The final model structure therefore has five nesting levels –mode groups, modes, areas 

types, compound area types and distance bands. The structural parameters corresponding 

to these nests and the parameters in the utility equation are estimated using NTS 2002-

2004 and data from the cost management interface described in Chapter 4. The NTS data 

used for estimation is described further in the following section. 

5.2 The NTS Data Source 

The estimation file was built from the 2002-2004 National Travel Survey (NTS) data by 

treating each home-based outward trip, and each non-home-based trip, as an individual 

observation. The following variables were extracted or developed from the NTS data:  

- trip origin; 

- trip destination; 

- distance band; 

- trip purpose; 

- trip mode; 

- person type; 
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- household segmentation; 

- household income group; 

- number of cars in the household; 

- gender; 

- possession of a driver’s licence and/or PT pass; 

- age; 

- trip weight. 

The trip weights supplied with the NTS were used in estimation to expand each record to 

represent all travel in England, Scotland and Wales for the target years. 

5.3 Estimation Results 

The final model specifications containing all the estimated parameters are presented, by 

purpose, in Appendix F. In this section, we discuss the implications of the estimated model 

parameters and the chosen hierarchy in the final models. 

5.3.1 Chosen Hierarchy 
The first model structure tested was a multinomial logit (MNL) model structure with 

4784 mode-area type-distance band alternatives (8 modes x 46 area types12 x 13 distance 

bands).  The MNL model specification was used as the base for all the other model 

specifications tested. 

Many different hierarchical model structures were then tested with the modes, area types 

and distance bands positioned at different levels within the nested logit model structure. 

Statistical tests were conducted on the structural parameters, to confirm that they fall 

within the acceptable range of (0,1] with 95% confidence. Structural parameters that do 

not fall within this range indicate an unacceptable hierarchy, which could lead to 

forecasting elasticities with the wrong signs, and the corresponding model structure was 

therefore rejected.  

The results of the various model structures13 that were estimated suggest that: 

(a) the grouping of modes is not necessary, i.e. θ_MODE = 1; 

(b) modes should be at a higher level compared to destinations; and 

(c) distances should be at a higher level compared to destinations. 

Therefore, finally, the model structure termed MDD7 (mode above distance bands above 

area types) emerged as the preferred nesting structure for all purposes. Figure 17 presents a 

schematic representation of the model structure MDD7. The figure is considerably 

                                                      

12 The 46 area types combine the 39 area types and 7 compound area types. 

13 There are far too many model structures that were tested for each purpose and for the sake of brevity they are 

not presented here. Instead we only present the final model structure and the corresponding estimation results.  
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simplified for readability (each set of lower-level alternatives is repeated for each higher-

level alternative, but this is not shown in the diagrams).  

As seen in Figure 17, mode is at the top of the hierarchy grouped into modal groups14 – 

Car Driver, Car Passenger and Taxi modes under CAR, Bus, Metro and Rail under PT, 

and Walk and Bike under NON-MOTORISED modes. This is followed by distance 

band, then area type and metropolitan area nesting. The yellow nodes are dummy nodes 

introduced to balance the model structure for the non-metropolitan area types. 

The availability of the modes is as described in chapter 4. The availability of area types 

depends on the distance band, with unacceptable alternatives being made unavailable. 

Therefore, London area types would not be available for distance bands 8 and above if the 

origin of the trip is also in London (since London-London trips cannot realistically exceed 

25 miles). 

                                                      

14 The modal sub-groups indicate that there may be higher elasticities within the modes in a group than across 

modal groups. 
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Figure 17. Model structure MDD7 (Mode – Distance Band – Area Type) 
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The terms in red (θ_MODE, θ_M_DIST, θ_D_MET, θMET_DEST) are the structural 

parameters for each level of nesting. The values of these parameters for each purpose are 

presented in Table 7. As seen in the table, the structural parameters θ_MODE, 

θ_M_DIST, and θMET_DEST were not found to be significantly less than 1, i.e. they 

were either estimated to be greater than 1 or were not statistically significantly different 

from 1. The only structural parameter that was estimated to be significantly less than 1 is 

θ_D_MET. 

So the final structure, as estimated from the travel data in the NTS, turns out to be 

simplified with respect to Figure 17. This model structure is presented in Figure 18.The 

two levels in the final model structure contain modes and distance bands at the same level 

and area types at the lower level. This confirms the WebTAG guidance that modes should 

be placed above destinations in hierarchical models, the difference being the introduction 

of distance bands along with the modes. 

Table 7. Estimated Structural Parameters by Purpose 

 Purpose 

θ 

HB 

Work 

HB 

EB 

HB 

Educ 

HB Pers 

Bus/Shop 

HB 

Disc 

HB 

Vac 

NHB 

EB 

NHB 

Other 

θ_MODE 1 1 1 1 1 1 1 1 

θ_M_DIST 1 1 1 1 1 1 1 1 

θ_D_MET 0.510 0.421 0.339 0.375 0.390 0.230 0.447 0.362 

θMET_DEST 1 1 1 1 1 1 1 1 
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Figure 18. Final Model Structure 
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5.3.2 Model Parameters 
The rest of the model parameters are divided into 6 groups, as presented in Appendix F: 

- Level-of-service (LOS) parameters (βm in equation 7); 

- Mode Constants (αm1 in equation 7); 

- Mode Segmentation (αm4 in equation 7); 

- Mode – London Terms (αm3 in equation 7); 

- Mode – Distance Terms (αm2 in equation 7); 

- Destination Constants (δa in equation 7). 

Each of these categories of parameters is discussed below, in brief. 

LOS ParametersLOS ParametersLOS ParametersLOS Parameters    

The LOS parameters are the coefficients on the generalised cost terms in the utility 

equation. These capture the average sensitivities exhibited by the individuals in the NTS to 

changes in travel characteristics (such as time or cost). 

In the PASS1+ models, a generalised cost specification was used with the values of time 

varying by income as specified in section 4.2.1. We therefore have three generalised cost 

parameters estimated, corresponding to the walk, cycle and motorised modes. 

Table 8. Estimated Time Parameters, by Purpose (t-ratios in parenthesis) 

 Purpose 

Param. 

HB 

Work 

HB EB HB 

Educ 

HB 

Pers 

Bus 

HB 

Disc 

HB 

Vac 

NHB 

EB 

NHB 

Other 

Walk_Time -0.103 

(-60.5) 

-0.051 

(-2.2) 

-0.277 

(-49.4) 

-0.105 

(-33.5) 

-0.109 

(-32.9) 

-0.006 

(-3.3) 

-0.067 

(-6.0) 

-0.096 

(-22.3) 

Cycle_Time -0.101 

(-74.2) 

-0.148 

(-12.5) 

-0.256 

(-29.9) 

-0.220 

(-46.3) 

-0.114 

(-21.0) 

-0.086 

(-10.9) 

-0.145 

(-16.8) 

-0.108 

(-19.8) 

Mot_Time -0.022 

(-84.0) 

-0.023 

(-27.7) 

-0.015 

(-29.1) 

-0.030 

(-71.5) 

-0.017 

(-67.3) 

-0.017 

(-40.1) 

-0.025 

(-39.3) 

-0.023 

(-39.9) 

 

As seen in Table 8, the estimated time parameters are intuitive. The negative values of 

these parameters indicate that the higher the travel time by a mode the higher the disutility 

associated with that mode. The t-statistics (presented in parenthesis) also indicate that 

these parameters are highly statistically significant. The key observations that can be drawn 

from these parameters are as follows. 

• In general, individuals are much more sensitive to increased walk and cycle times than 

they are to increased generalised time by motorised modes. The exception is for home-

based vacation/holiday trips. While this could be because individuals record walking 

leisure trips as home-based holiday/vacation, it must be noted that this coefficient is not 

very statistically reliable and may be based on a very small number of observations. 
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• The motorised time parameters across purposes indicate that individuals are less sensitive 

to increased generalised time by motorised modes for home-based education, 

discretionary and vacation trips than for other purposes. 

Mode ConstantsMode ConstantsMode ConstantsMode Constants    

The mode constants in the utility equation capture an intrinsic preference for the modes, 

over and above the other factors represented in the utility equation. Car Driver is the base 

mode for all the travel purposes except home-based education, which has car passenger as 

the base mode since a good number of education trips are undertaken by children who do 

not drive. The other mode constants therefore indicate a preference (or dispreference if the 

parameter is negative) for the other modes relative to the base mode. 

The values of these constants depend entirely on how other variables are coded, in 

particular the level-of-service measures and the segmentation variables, and they are 

therefore of no behavioural significance although they ensure that the overall mode shares 

are reproduced. 

Mode SegmentationMode SegmentationMode SegmentationMode Segmentation    

The mode segmentation parameters capture systematic variabilities in the intrinsic 

differences in preference for the different modes due to the socio-demographic attributes of 

the individual. 

For instance, the model results in Appendix F indicate that the Walk constant is 

segmented by four variables: a high income term (WalkHi), a non-worker term (reflecting 

non-workers and part-time workers) (WalkNW), a 0 car term (WalkC0) and a child term 

(WalkChd). The corresponding parameters for each of these mode segmentation terms are 

presented in the following Table. 

Table 9. Segmentation Terms on the Walk Constant, by Travel Purpose 

 Purpose 

Param. 

HB 

Work 

HB EB HB 

Educ 

HB 

Pers 

Bus 

HB 

Disc 

HB Vac NHB 

EB 

NHB 

Other 

WalkHi -0.366 

(-7.8) 

-1.180 

(-1.18) 

  -4.85 

(-12.7) 

 0.306 

(2.9) 

 

WalkNW 1.840 

(50.8) 

 3.09 

(39.4) 

  0.532 

(5.5) 

 -0.756 

(-14.8) 

WalkC0 0.516 

(10.5) 

0.595 

(1.8) 

5.29 

(39.9) 

0.072 

(1.5) 

0.299 

(6.6) 

  0.811 

(7.5) 

WalkChd     0.929 

(18.2) 

   

 

The following key observations can be drawn from the parameters in Table 9: 
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• Individuals from high income households are less likely to choose to walk for journeys 

compared to individuals from medium and low income households. The only exception 

to this is for the NHB EB travel purpose. This could be because the NHB EB trips are 

made from the work place to nearby locations. 

• Non-workers are generally more likely to walk compared to workers, as evidenced by the 

positive parameters on the WalkNW term.  This is presumably indicative of the fewer 

pressures on the non-worker’s time. 

• Individuals living in a 0 car household are more likely to choose to walk for a given 

journey compared to other individuals. This conclusion is drawn from the fact that all 

the WalkC0 terms are positive and significant. The WalkC0 term is not significant only 

for the HB vacation and NHB EB trips, which is understandable. 

• Children (ages 0-15 years) are more likely to choose to walk to discretionary activities 

such as social or leisure activities as indicated by the positive WalkChd parameter in the 

HB Disc model. 

The other mode segmentation parameters presented in Appendix F can be similarly 

interpreted. Appendix B provides a full description of all the segmentation variables in the 

final models. 

Mode Mode Mode Mode ––––    Area TypeArea TypeArea TypeArea Type Terms Terms Terms Terms    

The mode-area type terms capture systematic variabilities in the intrinsic differences in 

preference for the different modes given specific destinations, such as London (central, 

inner or outer) or rural areas. These terms effectively suggest that the mode shares for trips 

made to London (or to rural areas) are different from the mode shares for trips made to 

other destinations. They can arise because of general preferences of the local population or 

systematic effects in the measurement of levels of service, for example parking difficulty or 

lower public transport provision. 

For instance, the positive parameter on the CarDD39 term indicates that the car driver 

mode is preferred more for trips made to rural areas than for trips to other destinations. 

Examination of the London specific terms in Appendix F indicates that: 

• The bus, rail and metro modes are generally preferred more than the other modes for 

trips made to all London destinations. 

• Car driver and passenger modes are preferred less than other modes for trips made to 

inner and central London destinations.  

• Taxi is generally preferred for most non-home based trips made to London destinations. 

Among the home-based trips, taxi is preferred is more than the car and cycle modes for 

personal business, discretionary and employer’s business trips to central London and for 

commute trips to destinations in inner and outer London. 

• Walking is generally preferred less than the public transport modes for HB education 

trips, and HB and NHB EB trips to London destinations. Walking is preferred more 

than the car and cycle modes (and in some cases almost as much as the PT modes) for 

HB personal business and discretionary trips to London destinations 
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ModeModeModeMode----Distance TermsDistance TermsDistance TermsDistance Terms    

The mode-distance terms capture systematic variabilities in the intrinsic preferences (or 

dispreferences) for the different modes by distance band. For instance, Table 10 presents 

the mode-distance terms in the commute model. Effectively, these parameters suggest that 

the non-motorised and highway-based (car and bus) modes become less preferable over 

longer distances, with the non-motorised modes falling off very quickly (within 3 miles) as 

expected. Rail, on the other hand, is preferred over longer distances, which is also as 

expected. 

Table 10. Mode-distance terms in the HB Work model 

parameter value t-ratio 

NMDist01 0 (*) 

NMDist02 0.49 11.8 

NMDist04 -1.37 -16 

CarDist01-2 0 (*) 

CarDist03 0.313 14.9 

CarDist04 0.274 12 

CarDist05 -0.142 -5.3 

CarDist06 -1.6 -65.9 

CarDist07 -2.55 -94.5 

CarDist08 -4.3 -115.9 

CarDist09 -5.39 -111.3 

CarDist10-13 -7.19 -111.1 

BusDist02 0 (*) 

BusDist03 1.22 19.5 

BusDist04 1.58 26.3 

BusDist05 0.619 10.1 

BusDist07 -2.31 -34.6 

BusDist08+ -7 -50.4 

RailDist03 0 (*) 

RailDist05 4.56 15.5 

RailDist07 5.47 18.6 

RailDist09 5.04 17 

RailDist10 5.18 16.9 

MetDist02 0 (*) 

MetDist04 2.02 9.8 

MetDist06 3.92 19.5 

MetDist07 0.252 1.2 

 

Following are some of the general conclusions that can be drawn from the mode-distance 

terms presented in the model results in Appendix F: 
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• In general, the walk and cycle modes are preferred more for the shorter distance bands 

(up to distance band 4) than for the longer distance bands, suggesting potential non-

linearities in the distance-based disutility for these modes. 

• The car modes are also preferred less as distances increase with the longest distance bands 

inducing a very large disutility on the car modes. 

• Bus is also preferred less as distances increase though the incremental disutility at longer 

distances appears to be less compared to the car modes. The only exception is for home-

based vacation trips, where bus is actually preferred more for distances up to 10 miles and 

over 100 miles than for the intermediate distances. 

• Rail, as expected, is preferred more as distances increase. This is clearly evident by the 

positive mode-distance terms that increase in value with distance bands. Metro, on the 

other hand is generally preferred for intermediate distances more than the short or the 

long distances (the longer distance bands are presumably mostly not available for the 

metro mode). 

Destination ConstantsDestination ConstantsDestination ConstantsDestination Constants    

The destination constants have been included in the PASS1+ models in order to account 

for the unobserved or unmeasured factors that cause variations in the geographic 

distribution of trips, over and above level-of-service effects and the effects captured by the 

size term. Accordingly, a constant is included for each of the area types, with the 

compound area type z40 (Birmingham) serving as the base. In the case of the non-home 

based trips, only the compound area types were included in the model structure and 

therefore the destination constants for area types z5-z18 are omitted. 

Since these constants could account for any number of unobserved and unmeasured factors 

it is generally not a good idea to attribute behavioural content to them. At best these can 

be looked upon as being indicative of the observed patterns. Mostly they act as balancing 

factors to ensure the trip distributions predicted by the models mirror closely the observed 

distributions. 

5.4 Realism Testing 

One of the key questions about the performance of the NTM was whether it could match 

the existing NTM model along the key dimensions, with a particular focus on distance 

band targets, and mode choice targets when the destination was Inner or Central London.  

The following charts and tables indicate that, across all purposes, the model closely 

matches the targets (drawn from the NTS for the years 2002 to 2004). 

Figure 19 compares the mode split predicted by the PASS1+ models (aggregated across all 

purposes) against the mode split observed in the NTS. As seen in this chart, the predicted 

and observed mode splits match perfectly. 
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Figure 19. Modelled mode split – all purposes 

Figure 20 presents the mode splits predicted by the PASS1+ models (aggregated across all 

purposes) specifically for trips made to Central and Inner London destinations. As seen in 

this chart, the PASS1+ models also predict region specific mode splits quite well. 
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Figure 20. Modelled mode split into London 

Figure 21 presents the predicted and observed distribution of trips across distance bands 

(aggregated across all purposes and modes). For the majority of modes (especially the 

motorised modes), the level of service data could not accurately be distinguished between 

distance bands 1 and 2, as the travel cost and times often overlap15.  It was therefore 

decided to combine distance bands 1 and 2 for the purposes of model testing. 

                                                      

15 Distance Bands 1 and 2 correspond to distances of <1 mile and 1-2 miles, respectively. At these short 

distances, it is difficult to compute  distinctly different travel times and costs for the distance bands, especially 

for the motorised modes (the distinction between these distance bands is more apparent for walk and cycle). 

Therefore, in model testing, it was decided to combined distance bands 1 and 2. 
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Figure 21. Modelled distance bands – all purposes 

Table 11 and Table 12 present the distribution of predicted and observed trips across 

destinations for all home-based and non-home based trips, respectively. As seen in these 

tables, the PASS1+ models also perform very well in predicting the geographic distribution 

of trips. 
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Table 11. Modelled destinations – all home-
based purposes 

Destination 

zone Model NTS

1 1.4% 1.5%

2 4.5% 4.5%

3 7.3% 7.3%

4 2.3% 2.2%

5 0.5% 0.5%

6 0.5% 0.5%

7 0.2% 0.2%

8 0.4% 0.4%

9 0.2% 0.2%

10 0.2% 0.2%

11 0.2% 0.3%

12 1.9% 1.9%

13 1.1% 1.2%

14 1.5% 1.5%

15 2.6% 2.6%
16 1.1% 1.1%

17 0.9% 0.9%

18 1.0% 1.0%

19 0.4% 0.4%

20 4.1% 4.0%

21 3.0% 3.0%

22 2.2% 2.2%

23 4.4% 4.5%

24 6.7% 6.6%

25 2.0% 2.0%

26 1.4% 1.4%

27 3.4% 3.4%

28 7.4% 7.5%

29 4.0% 4.0%

30 4.8% 4.7%

31 5.4% 5.4%

32 3.4% 3.4%

33 3.3% 3.3%

34 1.6% 1.6%

35 3.3% 3.3%

36 1.2% 1.2%

37 4.0% 3.9%

38 1.7% 1.7%

39 4.3% 4.3%  

 

Table 12. Modelled destinations – non-home 
based purposes 

Destination 

zone Model NTS

1 3.1% 3.0%

2 4.2% 4.2%

3 5.7% 5.7%

4 2.2% 2.1%

5/12 2.9% 2.8%

6/13 2.1% 2.1%

7/14 1.9% 1.9%

8/15 2.9% 2.9%

9/16 1.2% 1.2%

10/17 1.3% 1.4%

11/18 1.0% 1.2%

19 0.4% 0.4%

20 4.1% 4.1%

21 3.0% 3.0%

22 2.2% 2.2%
23 4.4% 4.5%

24 6.4% 6.5%

25 1.8% 1.8%

26 1.4% 1.4%

27 2.9% 2.9%

28 6.8% 6.9%

29 4.1% 4.1%

30 4.3% 4.3%

31 4.4% 4.4%

32 3.0% 3.0%

33 3.7% 3.8%

34 1.6% 1.7%

35 2.8% 2.7%

36 1.4% 1.3%

37 4.0% 3.8%

38 2.1% 2.0%

39 7.0% 6.6%  
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Purpose-specific comparisons of the NTS observed and PASS1+ predicted trip 

distributions and mode shares are presented in Appendix G. 

The most significant departure from the NTS targets is found when examining vacation 

trips with London as the destination.  The number of cases is small, and after applying the 

NTS-supplied trip weights, the mode share patterns for Inner and Central London seem 

skewed. Specifically, the observed mode share for vacation trips to Central London is 

nearly 30% for rail and 20% for metro, including the London Underground.  However, 

the observed mode choice to Inner London is under 10% for rail and under 5% for metro.  

Walk as the primary mode for vacation trips was nearly 50% in the NTS. The vacation 

model could not accurately reproduce these shares for Central and Inner London but 

combining the two areas produces reasonably good fit as seen in Figure 44 in Appendix G. 

In part, these major mode shifts are generated by a definitional issue in the NTS with 

certain recreational walk trips being classified as vacation trips, when they might well be 

reclassified as leisure for the purposes of a national model.  A more technical problem is 

that, according to the NTS survey, no bicycle vacation trips are made to Central London, 

which created problems for model estimation.  Ultimately Inner and Central London 

zones were pooled for the purposes of estimating London-based mode specific alternatives, 

with the Inner London region carrying more weight in the final estimation.  This 

particular issue is one that might be revisited in further enhancements of the NTM. 

5.4.1 PASS1+ Model Elasticities 
In addition to matching the base year calibration targets as described above, a key realism 

test for the recalibrated PASS1+ model system is to return reasonable elasticities.  

The elasticities (summed across all purposes) computed from the PASS1+ model system 

are reported in the following tables16. The policy scenarios presented in these tables can be 

described as follows. 

P0 – Base case with 2004 level-of-service characteristics for all modes 

P1 – 10% increase in total car cost (car cost + parking cost) 

P3 – 10% increase in total car time (car time + parking search time) 

P5 – 10% increase in rail fare 

P6 – 10% increase in rail time 

P7 – 10% increase in bus fare 

P8 – 10% increase in bus time 

The numbers presented here are elasticities, calculated by running the model with 10% 

increases in key variables (times and costs) and comparing the results to the base case. The 

resulting values are first order approximations, and do not take account of any secondary 

network effects. 

                                                      

16 The elasticities are calculated as per the formula in WebTAG Unit 3.10.4, paragraph 1.6.5. 
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When testing car elasticities, changes were applied to both car driver and car passenger 

modes.  When testing car time elasticities, changes were applied to the taxi mode as well, 

but this was not the case for car cost elasticities as there was no direct connection between 

taxi fares and car operating costs. Rail changes were applied to both rail and metro modes, 

for both time and cost tests.  

Table 13(a) presents the predicted demand by mode for each scenario (units are trips per 

average day). The predicted demand levels are then used to compute mode shares, which 

are presented in Table 13(b). The results are quite intuitive, for example a 10% increase in 

car cost results in the car driver mode share decreasing from 41.69% to 41.47%. 

Table 13(a). Overall model response to policy scenarios – total demand by mode (trips per day) 

Total demand (in thousands of trips) all purposes

P0 P1 P3 P5 P6 P7 P8

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

Walk 23,046.8 23,141.8 23,214.1 23,059.9 23,101.1 23,080.9 23,094.3

Cycle 1,377.3 1,386.3 1,391.8 1,378.8 1,384.2 1,379.7 1,381.0

Car Driver 39,588.2 39,385.2 39,468.8 39,610.8 39,697.2 39,607.4 39,622.6

Car Passenger 21,227.4 21,285.8 21,097.9 21,237.5 21,269.2 21,245.3 21,254.1

Bus 6,853.9 6,877.5 6,899.5 6,860.5 6,884.9 6,776.1 6,733.3

Rail 1,155.1 1,163.4 1,170.8 1,112.8 997.0 1,156.7 1,158.4

Metro 631.7 635.1 638.8 619.4 543.7 632.7 634.4

Taxi 1,087.8 1,093.1 1,086.5 1,088.5 1,091.0 1,089.3 1,090.0

Total 94,968.2 94,968.2 94,968.2 94,968.2 94,968.2 94,968.2 94,968.2 

 

Table 13(b). Mode share based on demand levels 

Mode Distribution

P0 P1 P3 P5 P6 P7 P8

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

Walk 24.27% 24.37% 24.44% 24.28% 24.33% 24.30% 24.32%

Cycle 1.45% 1.46% 1.47% 1.45% 1.46% 1.45% 1.45%

Car Driver 41.69% 41.47% 41.56% 41.71% 41.80% 41.71% 41.72%

Car Passenger 22.35% 22.41% 22.22% 22.36% 22.40% 22.37% 22.38%

Bus 7.22% 7.24% 7.27% 7.22% 7.25% 7.14% 7.09%

Rail 1.22% 1.23% 1.23% 1.17% 1.05% 1.22% 1.22%

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

Taxi 1.15% 1.15% 1.14% 1.15% 1.15% 1.15% 1.15%

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

 

These results can be more succinctly summarized by computing the corresponding mode 

share elasticities, which are presented in Table 14. The numbers in this table indicate the 

percentage change in mode share as a result of a 1% increase in the policy variable (such as 

car cost). 

The elasticities are generally within an acceptable range17. For instance, the scenario of a 

10% increase in car costs corresponds to a drop in the car driver mode share with elasticity 

-0.051 and a corresponding increase in the demand for the other modes, including car 

passenger (elasticity 0.028). On the other hand a 10% increase in car travel time leads to a 

                                                      

17 As per WebTAG (Unit 3.10.4), elasticities of public transport trips with respect to public transport fares 

have been found to lie typically in the range -0.2 to -0.4 for changes taking place within 12 months, and up to 

-0.9 for changes over a longer period. The elasticities vary greatly across models, but experiences from the UK 

and Europe indicate that elasticities within the range of -1 to 1 are generally considered acceptable. 
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drop in the car driver, car passenger and taxi mode shares with elasticities -0.03, -0.061 

and -0.012 respectively.  

Table 14. Demand Elasticities as computed from the predicted mode shares    

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

Walk 0.041 0.073 0.006 0.024 0.015 0.021 

Cycle 0.065 0.105 0.011 0.050 0.017 0.027 

Car Driver ----0.0510.0510.0510.051    ----0.0300.0300.0300.030    0.006 0.028 0.005 0.009 

Car Pass. 0.028 ----0.0610.0610.0610.061    0.005 0.020 0.008 0.013 

Bus 0.034 0.066 0.010 0.045 ----0.1140.1140.1140.114    ----0.1760.1760.1760.176    

Rail 0.072 0.135 ----0.3670.3670.3670.367    ----1.3691.3691.3691.369    0.014 0.028 

Metro 0.054 0.113 ----0.1940.1940.1940.194    ----1.3921.3921.3921.392    0.017 0.044 

Taxi 0.049 ----0.0120.0120.0120.012    0.006 0.029 0.013 0.019 

Total 0.000 0.000 0.000 0.000 0.000 0.000 

    

Table 15(a) presents the predicted kilometrage by mode for each scenario. The predicted 

kilometrage is then used to compute distance-based mode shares, which are presented in 

Table 15(b).  

Table 15(a). Overall model response to policy scenarios –total kilometrage by mode    

Total km (in millions) all purposes

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

Walk 32.39 32.53 32.63 32.41 32.47 32.44 32.46

Cycle 5.83 5.87 5.90 5.84 5.86 5.84 5.85

Car Driver 597.10 578.66 578.65 597.47 599.16 597.35 597.61

Car Passenger 415.51 413.72 394.36 415.74 416.45 415.82 415.99

Bus 86.76 87.08 87.38 86.84 87.14 83.75 82.32

Rail 58.24 58.65 59.09 54.66 48.03 58.31 58.37

Metro 11.79 11.86 11.93 11.40 9.76 11.80 11.83

Taxi 11.07 11.13 10.91 11.07 11.11 11.08 11.09

Total 1218.68 1199.50 1180.84 1215.44 1209.97 1216.40 1215.52 

Table 15(b). Mode Share based on predicted kilometrage 

Mode Shares by Distance

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

Walk 2.66% 2.71% 2.76% 2.67% 2.68% 2.67% 2.67%

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

Car Driver 49.00% 48.24% 49.00% 49.16% 49.52% 49.11% 49.17%

Car Passenger 34.10% 34.49% 33.40% 34.20% 34.42% 34.18% 34.22%

Bus 7.12% 7.26% 7.40% 7.14% 7.20% 6.89% 6.77%

Rail 4.78% 4.89% 5.00% 4.50% 3.97% 4.79% 4.80%

Metro 0.97% 0.99% 1.01% 0.94% 0.81% 0.97% 0.97%

Taxi 0.91% 0.93% 0.92% 0.91% 0.92% 0.91% 0.91%

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

 

The kilometrage (or distance) elasticities thus computed for each scenario are presented in 

Table 16. The kilometrage elasticities exhibit similar patterns to the demand elasticities. In 

addition to a shift in kilometrage demand across modes, the policy scenarios also result in a 

drop in total kilometrage corresponding to a decrease in distances travelled. 
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Table 16. Kilometrage Elasticities as computed from the predicted mode kilometrages    

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

Walk 0.042 0.074 0.006 0.025 0.015 0.021 

Cycle 0.071 0.111 0.012 0.055 0.017 0.028 

Car Driver ----0.3090.3090.3090.309    ----0.3090.3090.3090.309    0.006 0.034 0.004 0.009 

Car Pass. ----0.0430.0430.0430.043    ----0.5090.5090.5090.509    0.005 0.023 0.008 0.012 

Bus 0.037 0.071 0.010 0.044 ----0.3470.3470.3470.347    ----0.5120.5120.5120.512    

Rail 0.072 0.147 ----0.6140.6140.6140.614    ----1.7521.7521.7521.752    0.012 0.024 

Metro 0.060 0.121 ----0.3280.3280.3280.328    ----1.7231.7231.7231.723    0.017 0.038 

Taxi 0.054 ----0.1420.1420.1420.142    0.007 0.035 0.012 0.018 

Total -0.157 -0.310 -0.027 -0.071 -0.019 -0.026 

 

The DfT’s Web-based guidance (WebTAG) provides a range of reasonable values for 

model elasticities under different conditions. 

A key measure of model realism is car cost kilometrage elasticities.  WebTAG Unit 3.10.4 

suggests an elasticity of car use with respect to fuel cost of about -0.3.  The car driver 

kilometrage elasticity to changes in total car cost predicted by the PASS1+ model is -0.31, 

which suggests that the elasticity to changes in fuel cost alone may be lower than that 

suggested by WebTAG guidance.  However, WebTAG also suggests that the kilometrage 

elasticities to car fuel costs can range from -0.07 and -0.28 in the short term (1 year) and 

between -0.19 and -0.48 in the long term (10 or more years)18.   

WebTAG unit 3.11.1 Sec. 9.2.3 suggests that the kilometrage elasticities to bus fares can 

range anywhere between -0.16 and -0.65 in the short term (1 year) and between -0.44 and 

-1.12 in the long term (10 or more years). The bus kilometrage elasticity to changes in bus 

fares is predicted by the PASS1+ models to be -0.35 which falls slightly below the long-

term range, but within the short-term range. 

Overall it is judged that the PASS1+ models return reasonable elasticities and can be 

reliably used to test various policy scenarios in forecasting travel demand. 

 

                                                      

18 See WebTAG unit 3.11.1 Sec. 9.2.3 Table 1. 
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CHAPTER 6 Summary and Conclusions 

This report summarises the development of the PASS1+ model system, the strategic 

demand model component within the National Transport Model. The recalibrated 

PASS1+ model has been developed to fulfil the following requirements: 

1. incorporating more recent data (e.g. reflecting recent significant growth in rail 

travel);  

2. introducing more parameters so as to better represent differences in behaviour 

between different areas of the country; 

3. drawing on newly-available data from the National Travel Survey, with weighted 

responses and giving area types of trip destinations;  

4. reporting the quality of the fit to base year data. 

Since different travel purposes are likely to be associated with different behavioural 

mechanisms, sub-models were produced for each of the following travel purposes (defined 

on the basis of the activities at the destination): 

- Home-based Work 

- Home-based Education 

- Home-based Employer’s Business 

- Home-based Personal Business/Shopping 

- Home-based Discretionary/Leisure 

- Home-based Vacation/Holiday 

- Non-home based Employer’s Business 

- Non-home based Other 

Each of the PASS1+ sub-models is a hierarchical (nested) logit model of mode, area type 

and distance band. The area type and distance band together represent the ‘destination 

zone’ and enable a higher level of geographic disaggregation than would otherwise have 

been possible with the NTS area types. In addition to these, problems of indeterminacy in 

the identification of the ‘destination zone’ have been tackled by creating compound area 

types, and introducing an additional level of hierarchy in the model. 

The PASS1+ models were estimated using the NTS 2002-2004 travel survey data, in 

conjunction with network level-of-service data such as travel times and costs for the various 
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modes. Maximum likelihood estimation techniques were used and the model estimations 

were undertaken using the ALOGIT software. 

Several model specifications with different hierarchies were tested during the model 

estimations, and the best model specification was identified. Appendix F presents the best 

model specifications by travel purpose. The resulting models are effectively statistically 

optimal explanations of the patterns of travel in the NTS, conditional on the input 

assumptions. 

The recalibrated PASS1+ models were tested and proved effective at reproducing the 

observed trip distributions and mode shares in the NTS. Moreover, the elasticities 

computed from these models are reasonable and in line with conventional expectation. 

The detailed PASS1+ model specifications presented in Appendix F can be used to develop 

forecasting applications. The inputs required for such an application include transport 

level-of-service characteristics for the forecast year and detailed segmentation characteristics 

of the population for the forecast year. Mode, area type and distance predictions can then 

be produced for each of the 80 segmentation categories that comprise the PASS1+ model 

system (segmentation categories as described in Appendix A). The PASS1+ model 

predictions can then be aggregated to produce origin-destination (O-D) matrices of trips 

by mode and time of day. 

A forecasting application module based on this procedure was developed in Visual Basic.  

A stand-alone user manual describing how to use the application module has also been 

produced. 

In the course of the re-calibration project, a number of assumptions were made either as a 

result of data limitations or in order to simplify the computations. A range of specifications 

were explored, including non-linear variants of the deterrence function (here linear 

Generalised Time), and a number of ideas have been generated about ways in which the 

modelling could be progressed. Section 6.2 summarises the key assumptions made in 

developing the PASS1+ model system, and section 6.3 presents recommendations for 

improving the models. 

6.1 Key assumptions 

The key assumptions made in the development of the PASS1+ model system, and their 

potential effects on the demand model, are as follows: 

• The PASS1+ models work with trips on a PA basis, rather than tours, and therefore do 

not account for the linkages between different trips. For example, when two trips are 

chained together they are usually, though not always, linked by a common mode and 

time of day of travel. Therefore, when the model is used to calculate the effects of 

transport policies it is important to keep this in mind and interpret the results 

accordingly. 

• Although the NTS data does contain a small number of domestic air trips, these were 

suppressed in estimation and air trips will be factored in application as a fixed 

proportion of the final surface rail matrix.  This has several implications, especially in 
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understanding mode share elasticities for long distance travel. On the other hand, the 

NTS data does not contain any information on the use of ferries and therefore the 

PASS1+ model system does not include this mode of travel. 

• The PASS1+ models use a combination of area types and distance bands to identify the 

origins and destinations of a trip. While this enables a higher level of geographical 

specificity than would otherwise have been possible, it is important to remember that 

such a ‘zonal’ definition makes it very difficult to clearly identify all the transport 

corridors of interest. 

• The PASS1+ models assume specific time of day characteristics for specific purposes, 

such as peak period for home-based work trips. This is a somewhat restrictive 

assumption as it limits the sensitivity of the model to peak period pricing and other 

similar policies. In combination with the fact that PASS1+ models trips (specifically 

outbound trips), it makes it difficult to distinguish outbound and return policy 

interventions. 

• The final PASS1+ model specifications use NTEM production-attraction estimates as 

size variables that represent the attractiveness of destinations. This could induce 

unwanted bias in the demand model, as the NTEM attractions are biased. 

• As there are very few observations on long-distance travel in the NTS, any results from 

PASS1+ that have to do with long distances of travel should be interpreted cautiously. 

• The values of time (income-specific) and PT access/egress and wait/transfer time 

equivalents are imposed in the PASS1+ models. Therefore, when the models are used 

for forecasting it is important to ensure that the appropriate VOTs are used. Moreover, 

all motorised modes are assumed to have a common underlying value of time in 

PASS1+. This constrains the travel time sensitivity (βm) to be the same across all the 

motorised modes, which is a significant assumption (and one ideally relaxed). 

• Metro, bus and taxi skims were computed based on assumptions and analyses of the 

NTS data and were not derived from network skims. Moreover, the other aspects of the 

metro and bus level-of-service (access time, wait time, crowding penalty etc.) are simply 

taken from the surface rail skims without any factoring. This could certainly be 

revisited, particularly investigating whether London trips should have a higher factor on 

the crowding penalty variable.  

• Since the metro skims are not derived from a metro network model, the availability 

criterion for metro is directly dependent on the availability criterion for surface rail. 

This could be an issue if all short rail journeys are suppressed from the rail level-of-

service files, as metro journeys are considerably shorter than rail journeys.  In PASS1+, 

however, that does not seem to be an issue. The opposite problem may also lead to 

metro modes being considered as available when there is no metro mode for a particular 

origin but there is rail service (urban small and urban tiny zones might well meet this 

criterion). Future updates to the PASS1+ model may apply more sophisticated 

availability rules. In the current model, the metro mode constants in the utilities have 

large negative values, which are countered by a positive coefficient when the destination 
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is London.  These coefficients work together to suppress metro trips outside of London, 

which is not ideal, of course. 

• According to the NTS, no bicycle vacation trips are made to Central London, which 

created problems for model estimation. Ultimately Inner and Central London zones 

were pooled for the purposes of estimating London-based mode specific alternatives, 

with the Inner London region carrying more weight in the final estimation. This 

particular issue is one that might be revisited in further enhancements of the NTM. 

• Car passenger availability and the effects of licence holding are not explicitly modelled 

in PASS1+. This can be improved by explicitly accounting for by household 

membership and licence holding. 

• The utility functions are essentially linear functions, mitigated by constants, but 

sensitivity to travel times and costs is fixed for all trip lengths. Significant improvements 

may be made to the PASS1+ models through the exploration of cost damping 

mechanisms. 

• The rail time elasticities predicted by PASS1+ are quite high, 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. 

Basic forecasting tests with the final recalibrated demand model to demonstrate its ability 

to reproduce known changes in transport trends (as presented in Chapter 5) are useful as 

they provide a check on the model specification; however, a certain amount of caution is 

required in interpreting their results. For example, the final effect of a fuel-price change (a 

commonly used test of model performance) should include fuel-price-induced changes in 

vehicle ownership, type and use (amongst other things) in addition to first-order impacts 

on mode and destination choice which come from a PASS1-type model on its own. 

However, it is a common approach to derive elasticities for the mode/destination model, 

focussing on factors affecting level-of-service. These are also reported in Chapter 5, with 

the caveat that the first-order impacts, i.e. taking no account of speed changes as a result of 

congestion changes, are expected to be larger than those found from a correctly specified 

overall model system as described above. 

6.2 Recommendations 

Perhaps the principal limitation on the current model system is the geographic detail in the 

NTS data. The first main recommendation must be that this is rectified.  If it proves 

impossible to extend the level of geographical detail in the NTS, it would be advisable to 

collect a separate, large sample of households specifically for disaggregate model estimation. 

With detailed geo-coding of all activity locations visited in a home-based tour, PASS1+ 

estimation techniques would allow the development of more up-to-date models of travel 

demand which could largely remove the need for many later modules in the NTM, in 

addition to improving the policy sensitivity of the NTM as a whole. 
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The second main recommendation must be to continue and extend the move to direct 

estimation of the model parameters on the available databases, rather than imposing a-

priori assumptions.  This includes the deterrence function, now assumed to derive from a) 

a linear combination of time and cost, with pre-set weighting provided by external 

estimates of value of time, assumed uniform across motorised modes; and b) distance-

related constants. Both the functional form of the deterrence function, and the relative 

weighting of time and cost, can be directly estimated from the NTS data.  As a further 

step, the ideas of including evidence from the historic NTS (and other) datasets (put 

forward in the NTM Validation Project) could allow investigation of generation effects, 

changes due to historic background and economic conditions.  The use of weighted 

estimation using weights intended for expansion of NTS data should also be reviewed. 

Thirdly, a switch from modelling the ‘outbound’ trip from home, and non-home-based 

trips separately, to focussing on complete tours is recommended.  In terms of timing and 

mode choice, there are obvious strong linkages here, and the feasibility of picking these up 

in the modelling has been amply demonstrated in, for example, the Dutch National 

model. 

Fourthly, the testing of the model in ‘back-cast’ mode seems a logical next step, with the 

additional possibility of looking for systematic variations in key parameters (especially in 

the deterrence function). 

Another reasonable, and potentially valuable, extension to the PASS1+ model structure 

would be the incorporation of time of day choice. Such a model would have the advantage 

of capturing temporal changes in travel patterns as a response to policies such as peak 

period congestion pricing. 

Finally, the PASS1+ models are built on a very flexible, disaggregate, model structure that 

operates at the level of individual travel choices. However, the model is currently applied 

using trip ends by socio-demographic segments. Formulating the trip generation models to 

deal with individual trip frequencies would be a big step towards understanding and 

accounting for elasticity in trip generation and would be easily supported by the PASS1+ 

models. 

More detailed possibilities have come up during the course of the project. 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, which would enhance the capability of the model to deal with area 

licensing schemes and other modern policy measures.  Although, data limitations are likely 

to make activity-based modelling difficult at a national level. 

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 oversampling weekend travel if it truly became critical to model the two 
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travel periods differently, for instance, if a road pricing scheme was to be tested that was 

completely different on weekends compared to weekdays, as is currently the case in 

London. 

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 reliability, general comfort and availability of buffet cars 

could also be taken into consideration, with reliability being the most important omission.  

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 car 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 in the NTS data 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 other national 

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. 
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Terms/AbbreviationsTerms/AbbreviationsTerms/AbbreviationsTerms/Abbreviations    

    

Calibration:Calibration:Calibration:Calibration:    Informal, often ad-hoc, procedures used to tweak model parameters (or 

coefficients) to meet expected targets such as mode shares, trip lengths, elasticities 

etc. See also ‘Estimation’.    

Cost Cost Cost Cost ManagementManagementManagementManagement    InterfaceInterfaceInterfaceInterface (CMI) (CMI) (CMI) (CMI): : : : The database interface used to provide network 

characteristics to the PASS1+ model system. The CMI is designed to update the 

LOS data for each iteration of the NTM, as appropriate to the policy forecasting 

scenario. 

Discrete Choice ModelDiscrete Choice ModelDiscrete Choice ModelDiscrete Choice Model:::: A discrete choice model is an econometric model that predicts a 

decision made by an individual (choice of mode, choice of route, etc.) as a 

function of any number of variables, including factors that describe a bicycle or 

pedestrian facility improvement or policy change. The key feature of the model is 

that the choice alternatives are exclusive, i.e. exactly one must be chosen.  The 

model can be used to estimate the total number of people who change their 

behaviour in response to an action. As a result, the change in both non-motorized 

and motorized trips and distance of travel can be estimated. The model can also be 

used to derive elasticities, i.e., the percent change in bicycle or pedestrian travel in 

response to a given change in any particular variable. 

ElasticityElasticityElasticityElasticity: : : : The elasticity of y with respect to x is the percentage change in y caused by a 

one percent change in x. 

EstimationEstimationEstimationEstimation: : : : The process of estimating the parameters (or coefficients) in a model using 

known data and estimation techniques such as ordinary least squares or maximum 

likelihood. See also ‘Calibration’.    

Hierarchical Logit ModelHierarchical Logit ModelHierarchical Logit ModelHierarchical Logit Model:::: A discrete choice model with the alternatives grouped (or 

nested) at different levels. The implication is that the alternatives within a nest 

have a higher cross-elasticity between each other (other things being equal) than 

between the alternatives from different nests. Also known as Nested Logit Model. 

KilometrageKilometrageKilometrageKilometrage:::: Total distance travelled as predicted by a travel demand model. Typically 

measured in km.    

Level of ServiceLevel of ServiceLevel of ServiceLevel of Service (LOS):  (LOS):  (LOS):  (LOS): The attributes that characterise a transport network, for example, 

travel cost, time, rail crowding, etc. 

Maximum LikelihoodMaximum LikelihoodMaximum LikelihoodMaximum Likelihood    (ML(ML(ML(MLE)E)E)E): : : :  A  popular statistical method used for fitting a 

mathematical model to some data. For a fixed set of data and underlying 

probability model, maximum likelihood picks the values of the model parameters 

that make the data "more likely" than any other values of the parameters would 

make them. 

Model StructureModel StructureModel StructureModel Structure:::: The mathematical relationship between the elements in a model. 

Model SystemModel SystemModel SystemModel System: : : : A collection of models that are linked to each other in some manner to 

produce the desired outputs. 
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Nested Logit ModelNested Logit ModelNested Logit ModelNested Logit Model: : : : See Hierarchical Logit Model. 

NTMNTMNTMNTM: : : :  National Transport Model. A multi modal modelling system that predicts the 

demand for travel throughout the whole of Great Britain. 

NTS: NTS: NTS: NTS: National Travel Survey. A continuous survey on personal travel collected using a 7-

day travel diary from a sample of households across Great Britain. 

ParameterParameterParameterParameter: : : : A quantity that defines certain characteristics of systems or functions. Also 

referred to as a Coefficient. 

PASS1+PASS1+PASS1+PASS1+: : : : The strategic multimodal demand modelling system that is embedded within the 

NTM. 

SegmentationSegmentationSegmentationSegmentation: : : : Categorisation of the population using socio-demographic characteristics. 

In general, the practice of dividing a population into groups of individuals that are 

similar in specific ways relevant to understanding their behaviour, such as age, 

gender, employment status and so on. Used in econometric models to extract 

systematic variability in behaviour. 

UtilityUtilityUtilityUtility: : : : An economic term referring to the total satisfaction received from consuming a 

good or service, in this instance travel. 
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APPENDICES 

Appendix A. Full Model Segmentation in PASS1+ 

Appendix B. Segmentation Variables Used in the PASS1+ Models 

Appendix C. Bus Times Model 

Appendix D. Bus Fares Models 

Appendix E. Taxi LOS Models 

Appendix F. Model Estimation Results 

Appendix G. Realism Testing by Travel Purpose 

Appendix H. WebTAG Unit 3.5.6, Section 1.2 
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APPENDIX A: Full Model Segmentation in PASS1+ 

The following table presents the socio-economic segmentation scheme in the PASS1+ 

model system.  

Table 17. Full model segmentation in PASS1+ models 

Person type  HH Income  

 

 1 adult 1 adult 2+ adult 2+ adult 2+ adult 

   / 0 car /1+ car / 0 car / 1 car / 2+ car 

Child (0-15)  Low  Under £10K 1 2 3 4 5 

 Medium  £10-30K 6 7 8 9 10 

 Med High £30-50K 11 12 13 14 15 

 High Over £50K 16 17 18 19 20 

Full-time 

worker Low  Under £10K 21 22 23 24 25 

 Medium  £10-30K 26 27 28 29 30 

 Med High £30-50K 31 32 33 34 35 

 High Over £50K 36 37 38 39 40 

Other 16-64  Low  Under £10K 41 42 43 44 45 

 Medium  £10-30K 46 47 48 49 50 

 Med High £30-50K 51 52 53 54 55 

 High Over £50K 56 57 58 59 60 

65+ (Pensioner) Low  Under £10K 61 62 63 64 65 

 Medium  £10-30K 66 67 68 69 70 

 Med High £30-50K 71 72 73 74 75 

 High Over £50K 76 77 78 79 80 

 

The full segmentation scheme consists of 4 income categories, 5 household size/car 

ownership categories, and 4 person type categories resulting in a total of 80 segments. 
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For the purposes of coding, the full segmentation index was generated by multiplying the 

purpose code by 100 and adding the personal segmentation value. 

One change from the segmentation embedded in the PASS1 model is that segmentation is 

uniform across all purposes.  This was particularly notable in the segmentation for the 

non-work purposes, where income segmentation was carried through for all purposes.  

This additional segmentation allows the NTM model to utilise differences in household 

income in the utility equations for all purposes. 
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APPENDIX B: Segmentation Variables Utilised in 
PASS1+ Models 

The following table presents all the segmentation variables contained in the final PASS1+ 

model specifications, along with a definition for each and comments describing how the 

variables were computed. The table also indicates the travel purposes for which the model 

specifications include the segmentation variable.  
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Variable 

name Definition Comments Commute 

Employer's 

Business Education

Personal 

Business

Discre- 

tionary Vacation

Non HB 

Employer's 

Business

Non HB 

Other

Mode constants

Walk     x x x x x x x x

Cycle x x x x x x x x

CarD Car Driver mode

reference category for 

all purposes except 

education   x      

CarP

Car Passenger 

mode

reference category for 

education x x  x x x x x

Bus x x x x x x x x

Rail x x x x x x x x

Metro

Light rail and London 

underground x x x x x x x x

Taxi x x x x x x x x

Mode segmentation

WalkHi 

Member of high 

income household & 

walk mode chosen

Binary variable 

applied to walk mode 

constant x x   x  x  

WalkNW

Non-worker & walk 

mode chosen

Binary variable 

applied to walk mode 

constant x  x   x  x

WlkChd

Child & walk mode 

chosen

Binary variable 

applied to walk mode 

constant     x    

WalkC0

Member of 0 car 

household & walk 

mode chosen

Binary variable 

applied to walk mode 

constant x x x x x   x

CarPChd

Child & CarP mode 

chosen

Binary variable 

applied to CarP mode 

constant x x  x x x x x

CarPH2

Member of 2+ car 

household & CarP 

mode chosen

Binary variable 

applied to CarP mode 

constant x x  x x x x x

CarDWrk

Worker & CarD 

mode chosen

Binary variable 

applied to CarD mode 

constant (i.e. 0)    x    x

BusLo

Member of low 

income household & 

bus mode chosen

Binary variable 

applied to Bus mode 

constant      x   

BusNW

Non-worker & bus 

mode chosen

Binary variable 

applied to Bus mode 

constant  x x    x  

BusChd

Child & bus mode 

chosen

Binary variable 

applied to Bus mode 

constant   x      

BusC0

Member of 0 car 

household & bus 

mode chosen

Binary variable 

applied to Bus mode 

constant x x x x x x x x

RailC2     

Member of 2+ car 

household & rail 

mode chosen

Binary variable 

applied to Rail mode 

constant x x x x x x x x

RailC0

Member of 0 car 

household & rail 

mode chosen

Binary variable 

applied to Rail mode 

constant       x  

MetC0

Member of 0 car 

household & metro 

mode chosen

Binary variable 

applied to Metro mode 

constant x x x x x x  x

Mode - London terms

WalkDD1     

walk mode & 

destination Central 

London x x x x x x x x

WalkDD2

walk mode &- 

destination Inner 

London x x x x x x x x

WalkDD3

walk mode & 

destination Outer 

London x x  x x x x x

CarDD1     

CarD mode & 

destination Central 

London x x x x x x x x

CarDD2      

CarD mode &- 

destination Inner 

London x x x x x x x x

CarDD3

CarD mode & 

destination Outer 

London x x x x x x x  

CarDD39     

CarD mode & 

destination rural 

zones (39) x x   x    

CarPD1

CarP mode & 

destination Central 

London x x x x x x x x

CarPD2      

CarP mode &- 

destination Inner 

London x x x x x x x x

CarPD3      

CarP mode & 

destination Outer 

London x x x x x x x x

In model specification
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Variable 

name Definition Comments Commute 

Employer's 

Business Education

Personal 

Business

Discre- 

tionary Vacation

Non HB 

Employer's 

Business

Non HB 

Other

BusDD1

bus mode & 

destination Central 

London x x x x x x x x

BusDD2

bus mode &- 

destination Inner 

London x x x x x x x x

BusDD3

bus mode & 

destination Outer 

London x x  x x x x x

RlDD1

rail mode & 

destination Central 

London x x  x x x x x

RlDD2

rail mode &- 

destination Inner 

London x x  x x x x x

RlDD3

rail mode & 

destination Outer 

London x x  x x  x x

MtDD1

metro mode & 

destination Central 

London x x x x x x x x

MtDD2

metro mode &- 

destination Inner 

London x x x x x x x x

MtDD3

metro mode & 

destination Outer 

London x x x x x  x x

TxDD1

walk mode & 

destination Central 

London  x  x x  x x

TxDD2

walk mode &- 

destination Inner 

London x x   x  x x

TxDD3

walk mode & 

destination Outer 

London x x   x  x x

Distance terms

NMDist01

distband1 & walk 

mode  x x x x x x x

NMDist02

distband2 & walk 

mode x x  x x x x x

NMDist03

distband3 & walk 

mode x x  x x x x x

NMDist04

distband4 & walk 

mode

for all purposes except 

vacation, NMDist03 

and NMDist04 take 

same value x x  x x  x x

BkDist01

distband1 & bike 

mode      x   

BkDist02

distband2 & bike 

mode     x x  x

BkDist03-04

distband3, 4 or 5 & 

bike mode     x x   

CarDist01-02

distband1 or 2 & 

CarD/CarP mode Reference category         

CarDist03

distband3 & 

CarD/CarP mode x x x x x x x x

CarDist04

distband4 & 

CarD/CarP mode x x x x x x x x

CarDist05      

distband5 & 

CarD/CarP mode x x x x x x x x

CarDist06

distband6 & 

CarD/CarP mode x x x x x x x x

CarDist07

distband7 & 

CarD/CarP mode x x x x x x x x

CarDist08

distband8 & 

CarD/CarP mode x x x x x x x x

CarDist09

distband9 & 

CarD/CarP mode x x x x x x x x

CarDist10-13

distband10 through 

13 & CarD/CarP 

mode x x x x x x x x

BusDist02

distband1 or 2 & 

bus mode Reference category         

BusDist03

distband3 & bus 

mode x x x x x x x x

BusDist04

distband4 & bus 

mode x x x x x x x x

BusDist05

distband5 & bus 

mode x x x x x x x x

BusDist07

distband6 or 7 & 

bus mode x x x x x x x x

BusDist08

distband8 or 9 & 

bus mode     x x x x

BusDist08+

distband8 through 

13 & bus mode x x x x     

BusDist10

distband10 through 

13 & bus mode     x x x x

RailDist03

distband1, 2 or 3 & 

rail mode Reference category         

RailDist05

distband4 or 5 & rail 

mode x x x x x x x x

RailDist07

distband6 or 7 & rail 

mode x x x x x x x x

RailDist09

distband8 or 9 & rail 

mode x x x x x x x x

RailDist10

distband10 through 

13 & rail mode x x x x x x x x

MetDist02

distband1 or 2 & 

metro mode Reference category         

MetDist04

distband3 or 4 & 

metro mode x x x x x x x x

MetDist06

distband5 or 6  & 

metro mode x x x x x x x x

MetDist07

distband7 through 

13 & metro mode x x x x x x x x
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Variable 

name Definition Comments Commute 

Employer's 

Business Education

Personal 

Business

Discre- 

tionary Vacation

Non HB 

Employer's 

Business

Non HB 

Other

Destination terms

Dest01 x x x x x x x x

Dest02 x x x x x x x x

Dest03       x x x x x x x x

Dest04 x x x x x x x x

Dest05

Not available in NH 

Based models x x x x x x   

Dest06

Not available in NH 

Based models x x x x x x   

Dest07

Not available in NH 

Based models x x x x x x   

Dest08

Not available in NH 

Based models x x x x x x   

Dest09

Not available in NH 

Based models x x x x x x   

Dest10

Not available in NH 

Based models x x x x x x   

Dest11

Not available in NH 

Based models x x x x x x   

Dest12      

Not available in NH 

Based models x x x x x x   

Dest13

Not available in NH 

Based models x x x x x x   

Dest14

Not available in NH 

Based models x x x x x x   

Dest15    

Not available in NH 

Based models x x x x x x   

Dest16

Not available in NH 

Based models x x x x x x   

Dest17

Not available in NH 

Based models x x x x x x   

Dest18

Not available in NH 

Based models x x x x x x   

Dest19 x x x x x x x x

Dest20 x x x x x x x x

Dest21 x x x x x x x x

Dest22 x x x x x x x x

Dest23 x x x x x x x x

Dest24 x x x x x x x x

Dest25 x x x x x x x x

Dest26 x x x x x x x x

Dest27 x x x x x x x x

Dest28 x x x x x x x x

Dest29 x x x x x x x x

Dest30 x x x x x x x x

Dest31 x x x x x x x x

Dest32 x x x x x x x x

Dest33 x x x x x x x x

Dest34 x x x x x x x x

Dest35 x x x x x x x x

Dest36 x x x x x x x x

Dest37 x x x x x x x x

Dest38 x x x x x x x x

Dest39 reference category         

Dest40 x x x x x x x x

Dest41 x x x x x x x x

Dest42 x x x x x x x x

Dest43 x x x x x x x x

Dest44 x x x x x x x x

Dest45 x x x x x x x x

Dest46 x x x x x x x x  
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APPENDIX C: Bus Times Model 

The bus times in the NTM were to be updated in order to exploit the new version of the 

NTS data. In addition, the increased geographic specificity of the PASS1+ zoning system 

meant that more detailed bus fare and time models could be estimated from the NTS.  

One option that was advanced was to link the bus times to car times, based on 

relationships observed in the NTS.  The most significant advantage of a model that relates 

bus times to car times is that future increases in congestion will automatically be applied to 

the bus times as well. Clearly, there are disadvantages as well, particularly if the policy 

being tested explicitly favours bus travel over car travel (extending bus lanes, for example). 

Given the aggregate nature of the NTM, it is expected that the advantages will outweigh 

the disadvantages especially since, across the U.K., buses more frequently travel in shared 

traffic lanes.  Nonetheless, this aspect of the bus time models can be revisited in future 

updates. 

As the estimation process outlined above was only feasible for origin, destination and 

distance combinations where there were sufficient observed car and bus trip records in the 

NTS, segmentation of the model was quite limited from the outset.  In the end, two bus 

time models were estimated from the NTS data - one for Inner and Central London (when 

both origin and destination are within Inner/Central London) and all other cases.  London 

bus travel was so distinct from the rest of the cases, that splitting the sample into London 

and non-London bus travel was reasonable.  

The basic data used in this estimation effort comes from the NTS variable for travelling 

time (JTTXSC).  Bus trip records were compared to car trip records (car driver and car 

passenger trips), keeping trip origin, trip destination and distance band constant.  The 

nature of the NTS records does not allow car and bus time to be compared for the a given 

trip, since only one mode was actually chosen by the respondent and only the time of the 

chosen mode would thus be recorded.  The tiny number of records where the same person 

made the same basic trip using a car on one day and a bus on another day are unsuitable 

for detailed analysis.  Therefore, travel times can only be compared in a general sense, 

looking at the average travel time across records sharing the same origin, destination and 

distance band.  The ratio of average bus time to average car time was calculated taking this 

approach.  As one would expect, bus time was longer than car time in all cases.  Given data 

limitations, a very aggregate approach, based solely on distance band, provided a smoother 
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and more reasonable set of ratios than other more complicated models that were tested.  

The values are presented in Table 18 below.          

 

Table 18. Ratio of bus time to car time, by distance band 

Distance 

band 

Distance 

(miles) 

To and From 

Central/Inner 

London 

All other bus 

trips 

1 Under 1 2.000 2.375 

2 1 - 2 2.000 2.126 

3 2 - 3 2.000 2.095 

4 3 - 5 1.730 1.977 

5 5 - 10 1.677 1.829 

6 10 - 15 1.300 1.705 

7 15 - 25 1.224 1.653 

8 25 - 35 -- 1.519 

9 35 - 50 -- 1.368 

10 50 - 100 -- 1.368 

11 100 - 200 -- 1.368 

12 200 - 300 -- 1.250 

13 over 300 -- 1.200 

 

The most notable feature of both models is that the bus times approach a level 20-25% 

higher than car times as distance increase, so short distance bus trips are factored up at a 

greater rate than longer trips.  In both models, trips less than 3 miles are over twice the 

equivalent car time, while this factor drops to 1.2 for the longest trips (distance band 13).  

This is mostly due to the fact that stop-making makes up a greater proportion of the 

overall time for short bus trips compared to longer trips where the bus is in motion 

proportionately more of the time.  It was clear that, despite congestion, London bus trips 

are more competitive to car travel relative to the rest of the UK.  This could well be due to 

a comprehensive network of bus lanes and enforcement of these lanes.  There are 

essentially no valid London-London bus trips in distance bands 8-13 (25+ miles), though 

we would recommend a factor of 1.2 if these trips did occur. 
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APPENDIX D: Bus Fares Models 

The NTS 2002-2004 consists of a total of 903826 trips reported by 53562 persons. The 

bus fares models include only trips whose main mode is one of the following:  

 

- Private (hire) bus; 

- London stage bus; 

- Other stage bus; 

- Express bus; or 

- Excursion/tour bus. 

 

These comprise 70,437 bus trip records, of which 22% are either to or from the Greater 

London area. Due to problems identifying destinations in the metropolitan counties, we 

based the bus fare analysis on the origin of the bus trips only, since we could more 

precisely identify the origin with these trips in Greater London and restricted the data to 

home-based bus trips outside of London.  Since 90% of the bus trips are home-based, we 

do not expect this to bias the fare model.  We did make an exception for Greater London 

and used both the home-based and non-home based trips on the basis that London itself 

had a unified fare structure and that the precise origin was not necessary to calculate a bus 

fare model.  The final sample used for the analyses consists of 65,037 bus trips, of which 

97% are home-based trips and 3% are non home-based Greater London trips. 

The parameters involved in the development of the LOS data for bus travel are broadly: (a) 

zonal definitions, (b) distance bands of travel, (c) reported total costs and (d) 

individual/household socio-demographics. 

Given that the estimation was going to be based on trip origin, we could have developed a 

unique bus fare model for each of the 29 Government Office Regions (GORs are slightly 

more aggregated than the 39 NTM area types).  However, we felt that additional 

aggregation was appropriate given the sparseness of bus records in certain parts of the 

country.  Thus, instead of 29 bus fare models there are 17 and an additional model that 

covers all long distance (50+ miles) bus travel.  While nearly all bus fare models are origin-

based for the reasons listed above, there is a special bus fare model for trips originating 

outside of London, but with Central or Inner London as the destination.  



The Recalibration of the National Transport Model RAND Europe 
 HGA 
 TRi 
 

 

90 

The total cost of bus travel for each trip, which forms the dependent variable in our model 

estimations, is a continuous variable representing bus fares in 2004 pounds sterling.  

Essentially, we were estimating cost as a function of distance, with different costs per mile, 

depending on the origin zones and socio-demographic information. 

The distance travelled by bus is available in two forms. One is a continuous distance 

variable, and the other is a categorical variable of the 13 distance bands.  While it was 

technically possible for the cost per mile (the estimated slope) to vary at every change of 

distance band, we found that the models were more tractable when several distance bands 

were grouped together and there were fewer spline breakpoints.  

Several individual and household level socio-demographic attributes are available from the 

NTS. Of particular use to us are the variables that can actually be used in the 

implementation of the final bus fares models estimated. We tested the effects of age, 

employment status, car ownership and household income on the bus fares. Employment 

status, car ownership and household income variables did not consistently improve the fare 

models and typically made interpretation of the resulting model difficult, so they were not 

retained throughout the analysis.  The final models retained only age-related parameters – 

children and seniors, when they could be identified from the data.  In short, a model of 

full fares was estimated, along with senior and student fares models.  For some regions, the 

student or senior model was identical to the full fare model. 

Figure 22 provides an illustration of one of the bus fares models.  The blue line is the full 

fare model, the red line is the senior fare model and the green line is the student fare 

model.  In the Birmingham metro model (M4), the full fare model ranges from £0 to £3.  

Student fares appear to be just slightly more than 50% of the full fare, while senior fares 

are very low (£0.10) and essentially do not vary by distance after 10 miles. 
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Bus fare model - Model M4
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Figure 22. Bus fare model (Birmingham metro region) 

 

In contrast, the bus fare model for the Leeds/Sheffield metro region (Figure 23) is over a 

much narrower range - £0 to £1.  The fares rise in the first 10 miles but are relatively flat 

after that milestone.  Unlike the Birmingham model, here seniors have an initial discount 

but then share essentially the same slope as the full fare model.  The student model 

increases at the same rate as the full fare model for the first 10 miles but then levels off at 

£0.60 and has an even flatter slope than the other two bus fare models. 
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Bus fare model - M6
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Figure 23. Bus fare model M6 (Leeds and Sheffield metro regions) 

 

Both of these figures show only fares up to 50 miles.  At 50 miles, a long-distance bus 

model overrides the individual models (see Figure 27) at a starting point of approximately 

£3.60.  This fare change will not appear dramatic to a full fare passenger in Birmingham 

Model, though it represents a large increase for students and an enormous increase for 

seniors.  In Leeds/Sheffield model, everybody pays quite a bit more when switching to the 

long distance model: full fare passengers will pay an additional £2.65 at this breakpoint, 

seniors £2.90 and students £3.   

Figure 24 graphs all 17 full fare models, Figure 25 graphs the equivalent senior fare models 

and Figure 26 graphs the equivalent student models.  Full details of the bus fare models, 

including coefficients and statistical significance follow. 
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Bus fare models - full fare
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Figure 24. Full bus fare models 

 

Bus fare models - senior fares
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Figure 25. Senior bus fare models 
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Bus fare models - student fare
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Figure 26. Student bus fare models 
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Figure 27. Long-distance travel bus fare models 
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Bus Fares Model SpecificationsBus Fares Model SpecificationsBus Fares Model SpecificationsBus Fares Model Specifications    

This section contains the detailed bus fare models estimated from the NTS, as well as 

information on additional data items required to complete the bus fares estimation. 

The trip ends in the National Travel Survey are identifiable at the level of Government 

Office Regions (GORs). As per the NTS 2002-2004 data, this divides the UK into 11 

GORs, a rather aggregate picture of bus travel. The NTS data assigns the home zones to 

one of 11 GORs as well as to one of 15 Area Types (which range from inner London to 

conurbation built-up areas to tiny urban areas of population 3000-10,000 to rural areas). A 

combination of the 11 GORS and the 15 NTS area types can be used to categorise the 

home zones into one of 29 zones, which is a slightly more aggregate version of the revised 

area types (39 in all) proposed for PASS1+. The more parsimonious approach was driven 

by data considerations, specifically the limited number of valid bus trip records with a full 

range of fares appearing in the NTS data for all 39 area types, particularly for the new 

Urban Small and Urban Tiny categories.  Table 19 presents the zonal definitions 

developed as a combination of the GORs and the NTS Area Types. The ‘New Area Types’ 

column refers to the revised area types (39 in all), while zonal code is the 29-zone system 

adopted for this bus fares analysis.  Please note that the destination-based model ‘M3’ and 

the long distance model ‘MLD’ do not appear in this table. M3 is a special bus fare model 

for trips originating outside of London, but with Central or Inner London as the 

destination.  MLD is a bus fare model for long distance trips, which are defined as trips of 

length greater than 25 miles. This is estimated commonly for all area types due to the lack 

of sufficient data to estimate long distance models that are specific to area type. 

 

 



The Recalibration of the National Transport Model RAND Europe 
 HGA 
 TRi 
 

 

96 

Table 19. Zonal definitions for bus fare models 

 

GOR(s) - 
p2g

19
 

NTS Area 
Type(s) - 

h154 
New Area 
Type(s) 

Zonal 
code Model 

6 0 z1, z2 101 M1 

6 1, 10-14 z3 102 M2 

5,7 1 z4 103 M2 

4 2 z5+z12 part 104 M4 

1 3 z6+z13 part 105 M5 

2 4 
z7+z14 part 

+z11+z18 part 106 M6 

10 5 z8+z15 part 107 M7 

1 6 z9+z16 part 108 M8 

0 7 z10+z17 part 109 M9 

5,7 8 z20 110 M10 

8,9 8 z21 111 M11 

1,4 8 z22 112 M12 

0,2,3,10 8 z23 113 M12 

5,7 9 z24 114 M10 

8,9 9 z25 115 M11 

1,4 9 z26 116 M13 

0,2,3,10 9 z27 117 M13 

5,7 10,11 z28 118 M14 

8,9 10,11 z29 119 M14 

1,4 10,11 z30 120 M15 

0,2,3,10 10,11 z31 121 M15 

5,7 12 z32 122 M14 

8,9 12 z33 123 M14 

1,4 12 z34 124 M15 

0,2,3,10 12 z35 125 M15 

5,7 13 z36 126 M16 

0-4, 8-10 13 z37 127 M16 

5,7 14 z38 128 M17 

0-4, 8-10 14 z19+z39 129 M17 

 

The estimated model specifications follow.  Distance is the primary variable of interest, 

though there are age impacts, when children/students and seniors pay a differential rate 

from the adult fare. The models are essentially regression models with segmentation for 

children and seniors included where possible, and with spline effects by distance. In these 

models: 

‘Constant’ refers to the intercept of the regression model; 

‘Age515’ refers to the correction on the intercept for children (age 5-15 years); 

                                                      

19 The variables p2g and h154 are drawn from the NTS 2002-04 data 
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‘senchild’ refers to the correction on the intercept for seniors (age 65+ years) and 

children (age 5-15 years); 

‘dist’ refers to the coefficient on the distance term i.e. the slope of the regression 

model; 

M#_d# (for example m1_d1) are the terms that modify the slope of the regression 

model at the spline points. M# refer to the model numbers (i.e. m1, m2, etc.) and 

d# refer to the spline points, where the # corresponds to the upper boundary of 

the distance bands described in section 4.1. So d1 indicates a spline point at 

distance 1 mile, d2 indicates a spline point at distance 2 miles, d4 indicates a 

spline point at distance 5 miles and so on. So for example, if we look at model m2, 

0.31 (dist) is the slope of the regression line up to a distance of 1 mile. From 

distances of 1 mile upward until the next spline point, the slope of the regression 

line changes to 0.04 (dist-m2_d1 = 0.31-0.27 = 0.04); 

‘A515_0’ and ‘a65_0’ are the terms that modify the slope of the regression model 

for children and seniors for distances up to 1 mile; 

A515_MN and a65_MN (example a515_23 where m=2 and n=3, or a65_155 

where m=15 and n=5) are the terms that modify the slope of the regression model 

for children and seniors respectively, in addition to slope modifications from the 

m#_d# terms. The spline points are identified by ‘N’ and The value of n 

corresponds to the upper boundary of the distance bands described in section 4.1. 

 

Model M1: Central & Inner London   

  Coeffs t-ratio  

(Constant) 0.08 1.34  

dist 0.39 6.01  

m1_d1 -0.33 -4.96  

Dependent Variable: cost   

R Square Adjusted R Square   

0.114 0.113   
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Model M2: Outer London + Conurbations 

  Coeffs t-ratio  

(Constant) 0.39 7.22  

senchild -0.35 -21.16  

dist 0.31 5.50  

m2_d1 -0.27 -4.66  

m2_d4 -0.01 -1.51  

m2_d5 0.03 2.72  

a65_0 -0.34 -16.00  

a65_21 0.31 13.16  

a515_23 -0.02 -3.19  

Dependent Variable: cost   

R Square Adjusted R Square   

0.459 0.458   

    

Model M3: 
Trips originating outside London with Central/Inner London as destination 

  Coeffs t-ratio  

dist 0.22 4.09  

m3_d4 -0.14 -2.18  

m3_d9 0.02 1.49  

a65_0 -0.07 -10.80  

a515_0 -0.05 -4.55  

Dependent Variable: cost   

Linear Regression through the Origin  

R Square Adjusted R Square   

0.801 0.798   
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Model M4: Birmingham 

  Coeffs t-ratio  

(Constant) 0.27 7.98  

age515 -0.06 -1.42  

dist 0.12 8.27  

m4_d3 -0.05 -1.99  

m4_d4 -0.02 -1.32  

a515_0 -0.04 -4.27  

Dependent Variable: cost   

R Square Adjusted R Square   

0.137 0.136   

    

Model M5: Manchester 
  Coeffs t-ratio  

(Constant) 0.60 15.17  

senchild -0.34 -13.43  

dist 0.07 4.58  

m5_d3 -0.10 -3.48  

m5_d4 0.12 5.18  

m5_d5 -0.08 -3.68  

a65_54 -0.05 -2.63  

a65_55 0.05 1.25  

a515_0 -0.03 -4.66  

Dependent Variable: cost   

R Square Adjusted R Square   

0.216 0.214   
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Model M6: Leeds & Sheffield 

  Coeffs t-ratio  

(Constant) 0.60 14.05  

senchild -0.38 -10.53  

dist 0.07 5.02  

m6_d4 -0.06 -3.10  

Dependent Variable: cost   

R Square Adjusted R Square   

0.076 0.074   

    

Model M7: Glasgow 
  Coeffs t-ratio  

(Constant) 0.83 55.03  

senchild -0.62 -25.86  

m7_d4 0.12 15.76  

a65_74 -0.07 -6.00  

Dependent Variable: cost   

R Square Adjusted R Square   

0.537 0.536   

    

Model M8: Liverpool 

  Coeffs t-ratio  

(Constant) 0.49 35.45  

senchild -0.43 -43.72  

dist 0.06 9.79  

m8_d3 -0.03 -2.28  

m8_d4 0.02 2.68  

m8_d5 -0.04 -12.89  

a515_0 0.03 3.99  

a515_82 -0.04 -6.25  

Dependent Variable: cost   

R Square Adjusted R Square   

0.153 0.153   

    

Model M9: Newcastle    

  Coeffs t-ratio  

(Constant) 0.58 14.26  

senchild -0.33 -10.96  

dist 0.05 1.94  

m9_d2 0.06 2.11  

m9_d4 -0.10 -5.35  
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m9_d5 0.07 3.80  

a65_0 -0.02 -2.53  

a515_0 -0.02 -1.84  

Dependent Variable: cost   

R Square Adjusted R Square   

0.429 0.426   

    

Model M10: Urban areas SE and E of England (pop>100K) 

  Coeffs t-ratio  

(Constant) 0.53 12.48  

senchild -0.38 -17.15  

dist 0.19 7.44  

m10_d2 -0.18 -5.59  

m10_d4 0.16 9.16  

m10_d5 -0.09 -5.78  

a65_101 -0.10 -2.55  

a65_102 0.14 2.49  

a65_104 -0.11 -3.87  

a515_104 -0.08 -6.52  

Dependent Variable: cost   

R Square Adjusted R Square   

0.363 0.362   

    

Model M11: Urban areas SW and Wales (pop>100K) 

  Coeffs t-ratio  

(Constant) 0.84 44.85  

senchild -0.73 -27.07  

m11_d2 0.08 7.38  

m11_d4 -0.06 -3.04  

m11_d5 0.11 5.45  

a515_0 0.43 10.74  

a515_111 -0.44 -9.85  

Dependent Variable: cost   

R Square Adjusted R Square   

0.408 0.406   

    
Model M12: 
Large urban areas in the NW, NE, E and W Midlands, Yorkshire and the Humber, and 
Scotland (pop>250K) 

  Coeffs t-ratio  

(Constant) 0.66 31.47  

senchild -0.40 -16.35  

m12_d1 0.11 4.16  
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m12_d2 -0.13 -3.14  

m12_d3 0.14 4.74  

m12_d4 -0.06 -4.02  

a65_0 -0.04 -5.87  

a515_0 -0.03 -4.09  

Dependent Variable: cost   

R Square Adjusted R Square   

0.264 0.263   

    
Model M13: 
Big urban areas in the NW, NE, E and W Midlands, Yorkshire and the Humber, and 
Scotland (pop>100K, < 250K) 

  Coeffs t-ratio  

(Constant) 0.60 15.76  

senchild -0.62 -33.04  

dist 0.14 5.96  

m13_d2 -0.19 -4.91  

m13_d3 0.15 6.10  

m13_d5 -0.03 -1.84  

a515_0 0.17 5.57  

a515_131 -0.18 -4.76  

Dependent Variable: cost   

R Square Adjusted R Square   

0.434 0.433   

    
Model M14: 
Medium & small urban areas in the SW, SE, East of England and Wales (pop>10K, 
<100K) 

  Coeffs t-ratio  

(Constant) 0.79 35.47  

senchild -0.56 -19.81  

m14_d1 0.10 11.06  

m14_d4 -0.05 -2.95  

m14_d5 -0.03 -2.17  

a65_0 -0.02 -3.47  

a515_0 -0.01 -2.72  

Dependent Variable: cost   

R Square Adjusted R Square   

0.383 0.382   
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Model M15: 
Medium and small urban areas in NW, NE, E and W Midlands, Yorkshire and the 
Humber, and Scotland (pop>10K, <100K) 

  Coeffs t-ratio  

(Constant) 0.41 27.94  

senchild -0.23 -14.97  

dist 0.09 13.92  

m15_d3 -0.04 -3.44  

m15_d4 0.01 1.16  

m15_d5 -0.04 -11.84  

a65_0 -0.07 -12.50  

a65_154 0.10 8.98  

a65_155 -0.04 -4.81  

a515_0 -0.05 -15.01  

a515_155 0.03 9.54  

Dependent Variable: cost   

R Square Adjusted R Square   

0.156 0.156   

    

Model M16: Tiny urban areas (pop >3K, <10K) 
  Coeffs t-ratio  

(Constant) 0.60 18.27  

senchild -0.46 -13.16  

m16_d1 0.19 10.55  

m16_d3 -0.13 -6.58  

a65_0 -0.05 -6.85  

a65_165 0.07 3.52  

a515_0 -0.05 -9.79  

Dependent Variable: cost   

R Square Adjusted R Square   

0.462 0.461   

    

Model M17: Rural areas 
  Coeffs t-ratio  

(Constant) 1.02 52.99  

senchild -0.92 -46.62  

m17_d3 0.07 16.07  

m17_d5 -0.04 -5.60  

Dependent Variable: cost   

R Square Adjusted R Square   

0.494 0.494   
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Model MLD: Long Distance Bus Fares Model 

  Coeffs t-ratio  

dist 0.09 22.71  

m18_d2 -0.06 -7.10  

a65_0 -0.02 -5.26  

Dependent Variable: cost   

Linear Regression through the Origin  

R Square(a) Adjusted R Square   

0.611 0.609   
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APPENDIX E: Taxi level of service 

This Appendix describes in greater detail the estimation process for the taxi fare models. 

The model structure adopted for the taxi fare models is a simple linear regression of taxi 

fare as a function of travel distance. The models therefore yield a fixed component and a 

per mile component of taxi fares. Table 20 presents the estimated taxi fare model 

coefficients and the adjusted R-square for these models (the dependent variable is Total 

Ticket Cost in pence). 

Table 20. Taxi fare models 

Estimated Coefficients 

Models 
Variables 

Coefficient Std. Error 
t ratio Adj. R-Sq. 

Intercept 333.44 18.18 18.3 
M1 

Distance (miles) 57.91 2.47 23.4 
0.243 

Intercept 190.76 5.55 34.4 
M2 

Distance (miles) 42.27 0.97 43.5 
0.332 

Intercept 194.28 4.39 44.3 
M3 

Distance (miles) 29.68 0.52 56.8 
0.348 

Intercept 425.32 56.58 7.5 

M1 - Work Distance (miles) 105.61 7.64 13.8 
0.342 

Intercept 302.53 15.42 19.6 

M1 - NonWork Distance (miles) 45.00 2.10 21.4 
0.254 

Intercept 312.79 14.72 21.2 

M2 - Work Distance (miles) 42.83 2.44 17.5 
0.350 

Intercept 170.71 5.85 29.2 

M2 - NonWork Distance (miles) 41.73 1.04 40.3 
0.334 

Intercept 91.26 11.77 7.8 

M3 - Work Distance (miles) 88.44 1.88 47.1 
0.770 

Intercept 193.26 4.38 44.2 

M3 - NonWork Distance (miles) 26.51 0.51 52.2 
0.336 

 

Models M1, M2 and M3 correspond to Geographies 1, 2 and 3 respectively. Geography 1 

consists of the PASS1+ zones 1 through 4, which essentially comprise the Greater London 

metropolitan area. Geography 2 consists of PASS1+ zones 5 through 11 and 20 through 

27, which comprise all the other large metropolitan areas in the UK (specifically 

Birmingham, Manchester, Leeds, Glasgow, Liverpool, Newcastle and Sheffield) as well as 

other big and large urban regions of population greater than 100,000.  Geography 3 

comprises all the medium, small and tiny urban areas, as well as the rural areas (PASS1+ 
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zones 12-19 and 28-39).  The taxi fare patterns are expected to be fairly uniform within 

each of these aggregate geographical regions. 

As expected, both the base taxi fare and the per-mile fare are higher in London than in the 

other regions. The base fare in the other metropolitan areas is very close to that in the 

smaller urban and rural regions, though the per-mile fare is higher in the metropolitan 

areas than in the smaller urban and rural regions. This also agrees with our expectations. 

Data analysis further reveals that taxi fare patterns vary with trip purpose. Individuals are 

generally willing to pay higher fares for work and employers’ business travel than for other 

purposes, such as shopping or leisure. We, therefore, decided to estimate independent 

work and non-work models of taxi fare for each of the three geographical regions. These 

models are also presented in Table 20. 

As is evident from the results in Table 20, the taxi fare models for work and non-work are 

significantly different from each other, and result in a better fit for the data than the 

combined models. The models for Geographies 1 and 2 are intuitive, as they predict a 

higher fare (fixed and variable) for work than for non-work. The models for smaller urban 

and rural areas (M3-Work and M3-Nonwork) are not as intuitive. They predict the base 

fare for non-work trips to be more than double that for work trips. The per-mile fare is 

higher for work trips, as expected, though the value is very unusually high. 

It is clear from the model results that separate work and non-work taxi fare models must be 

used for geographies 1 and 2. However, the best course of action for Geography 3 is not 

very clear. We, therefore, implemented all the models presented in Table 20 to assess the 

acceptability of the predicted skims. For each of the 13 desired distance bands, the taxi fare 

models were applied at the midpoint and the results of this implementation are presented 

in Table 21. 

The results in Table 21 indicate that independent work and non-work models provide 

reasonably plausible taxi fares for London and other large metropolitan areas (geographical 

regions 1 and 2). For smaller urban and rural areas, however, separate work and non-work 

models do not seem to work as well. For instance, in the lowest distance band they predict 

a very low taxi fare (£1.35) for work trips, whereas the taxi fare for work trips seem 

unusually high in the highest distance bands especially when viewed relative to the 

predicted fares for non-work trips. We therefore decided to apply the combined taxi fare 

model (M3) for smaller urban and rural areas. Consequently, the taxi fares that we propose 

to use for the Taxi level of service are presented in the shaded columns in Table 21. 
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Table 21. Predicted taxi fares by distance band  

Zones 1-4 
Zones 5-11, 20-

27 
Zones 12-19, 

28-39 
Dist 

Band 
Mid 

point 

Zones 
1-4 

(M1) 

Zones 
5-11, 
20-27 
(M2) 

Zones 
12-19, 
28-39 
(M3) 

M1 
Work 

M1 
non 
work 

M2-
Work 

M2 
non 
work 

M3 
Work 

M3 
non
work 

1 0.5 3.62 2.12 2.09 4.78 3.25 3.34 1.92 1.35 2.07 

2 1.5 4.20 2.54 2.39 5.84 3.70 3.77 2.33 2.24 2.33 

3 2.5 4.78 2.96 2.68 6.89 4.15 4.20 2.75 3.12 2.60 

4 4.0 5.65 3.60 3.13 8.48 4.83 4.84 3.38 4.45 2.99 

5 7.5 7.68 5.08 4.17 12.17 6.40 6.34 4.84 7.55 3.92 

6 12.5 10.57 7.19 5.65 17.45 8.65 8.48 6.92 11.97 5.25 

7 20.0 14.92 10.36 7.88 25.38 12.02 11.69 10.05 18.60 7.23 

8 30.0 20.71 14.59 10.85 35.94 16.52 15.98 14.23 27.44 9.88 

9 42.5 27.95 19.87 14.56 49.14 22.15 21.33 19.44 38.50 13.20 

10 75.0 46.77 33.61 24.20 83.46 36.77 35.25 33.00 67.24 21.81 

11 150.0 90.20 65.32 46.46 162.67 70.52 67.37 64.30 133.57 41.69 

12 250.0 148.1 107.59 76.13 268.28 115.52 110.20 106.03 222.00 68.20 

13 350.0 206.0 149.86 105.81 373.89 160.51 153.03 147.76 310.44 94.70 
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APPENDIX F: Model Estimation Results 

The final model specifications developed for the PASS1+ models are presented in this 

Appendix. These parameters have been estimated using maximum likelihood techniques, 

with the weighted NTS data and the LOS from the cost management interface as inputs. 
Parameter t-ratios are also presented in brackets: because of the weighting procedure they 

are only approximations of the true t-statistics, even though they have been adjusted to 

account for the weights.  
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Table 22 presents the best model specifications for the home-based work, employer’s 

business, education and personal business/shopping purposes. Table 23 presents the best 

model specifications for the home-based discretionary/leisure and vacation/holiday trips, as 

well as the non-home based employer’s business and other trips. 

The model specifications are presented with the parameters divided into 7 categories: time 

(or LOS) parameters, mode constants, mode segmentation terms, mode-destination terms, 

mode-distance terms, destination constants, and structural parameters. 

As a guide to interpreting these parameters, note that the following abbreviations have 

been used (see Appendix B for a full listing of variable names and descriptions). 

CarD : Car Driver 

CarP : Car Passenger 

Rl : Rail 

Mt : Metro 

Tx : Taxi 

NM : Non-motorised modes (i.e. walk and cycle) 

Tm : time (e.g. WalkTm) 

Hi : High income (e.g. WalkHi) 

Lo : Low income (e.g. WalkLo) 

NW : Non-worker (e.g. WalkNW) 

C0 : Household with 0 cars (e.g. WalkC0) 

C2 : Household with 2 or more cars (e.g. RailC2; note that in some cases H2 was 

used instead of C2, such as in CarPH2) 

Chd : Household with children (e.g. CarPChd) 

Wrk : Worker (e.g. CarDWrk) 

DD1 : Central London (e.g. WalkDD1; for the CarD and CarP modes we only 

used D1 e.g. CarPD1 or CarDD1) 

DD2 : Inner London (e.g. WalkDD2; for the CarD and CarP modes we only 

used D2 e.g. CarPD2 or CarDD2) 

DD3 : Outer London (e.g. WalkDD3; for the CarD and CarP modes we only 

used D3 e.g. CarPD3 or CarDD3) 

DD39 : Rural zones (e.g. WalkDD39; for the CarD and CarP modes we only 

used D39 e.g. CarPD39 or CarDD39) 

Dist01 – Dist13 : Distance band 1 through Distance band 13 (e.g. NMDist01 

through NMDist13) 

 Dist01-2 : Distance bands 1 and 2 (e.g. CarDist01-2) 

 Dist10-13 : Distance bands 10, 11, 12 and 13 (e.g. CarDist10-13) 
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 Dist08+ : Distance bands 8, 9, 10, 11, 12 and 13 (e.g. BusDist08+) 

 Dest01 – Dest46 :  Destinations of area type 1 through 46 

 

Also presented in the following tables are the Log-likelihoods and rho-squared measures for 

these models, and the t-ratios corresponding to each parameter (in parenthesis). At the end 

of the Appendix, Table 24 discusses how to interpret these results. 

These model specifications, the parameter values in particular, are discussed and 

interpreted in Chapter 5. In this appendix, we merely present the models in their entirety 

as they should be used for forecasting and policy analysis applications. 
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Table 22. PASS1+ estimation results: commute, employer’s business, education and personal 
business 

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    

 

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)                      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 – Area Type 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     (*)    

 

Mode - 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)    

CarDist01-2            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)    
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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)    
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Structural parameters 

θMET_DEST          1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)    

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

θ_M_DIST           1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)    

θ_MODE             1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*)    
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Table 23. PASS1+ estimation results: discretionary/recreation, vacation, non-home-based 
employer’s business and non-home-based other 

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 

 

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 – Area Type 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) 

BikeDD12               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     (*) 

CarDist01-2            0     (*)        0     (*)        0     (*)        0     (*) 
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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) 
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Dest46             -1.64 (-45.0)    -2.76 (-29.7)    -1.79 (-22.8)    -1.60 (-23.7) 

 

Structural parameters 

θMET_DEST          1.00     (*)     1.00     (*)                                   

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

θ_M_DIST           1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*) 

θ_MODE             1.00     (*)     1.00     (*)     1.00     (*)     1.00     (*) 

 

Table 24: Understanding Model Fit Statistics 

Statistic Statistic Statistic Statistic     DefinitionDefinitionDefinitionDefinition    

Final log (L) This indicates the value of the log-likelihood at convergence.  The log-likelihood is 

defined as the sum of the log of the probabilities of the chosen alternatives, and is the 

function that is maximised in model estimation.  The value of log-likelihood for a 

single model has no obvious meaning; however, comparing the log-likelihood of two 

models estimated on the same data allows the statistical significance of one or more 

new model coefficients to be assessed properly through the Likelihood Ratio test. 

D.O.F. Degrees of freedom, i.e. the number of coefficients estimated in this model.  Note 

that if a coefficient is fixed to zero then it is not a degree of freedom. 

Rho2(0) The rho-squared measure compares the log-likelihood (LL(final)) to the log-

likelihood of a model with all coefficients restricted to zero (LL(0)): 

Rho2(0)  =  1 – LL(final)/LL(0) 

A higher value indicates a better fitting model. 

t-ratio  The value shown after each coefficient estimate is the t-ratio.  This defines the 

(statistical) significance of the coefficient estimate; regardless of the sign, the larger the 

t-ratio, the more significant the estimate.  A coefficient with a t-ratio greater than +/-

1.960 is estimated to be significantly different from zero at the 95% confidence level.  

A t-ratio of +/-1.645 is significantly different from zero at the 90% confidence 

interval. 
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APPENDIX G: Validation Results by Purpose 

This appendix compares observed and predicted mode choice and distance band targets for 

each modelled purpose.  Both graphics and tabular results are presented, comparing model 

results to the targets (drawn from the NTS for the years 2002 to 2004). 

HomeHomeHomeHome----based Work (Commute)based Work (Commute)based Work (Commute)based Work (Commute)    

Commute mode split
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Figure 28. Commute mode split 
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Commute mode split - London
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Figure 29. Commute mode split into London 
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Figure 30. Commute distance bands 
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Table 25. Commute mode split 

 mode Modeled NTS

walk 9.7% 9.7%

cycle 3.3% 3.3%

car driver 61.2% 61.2%

car pass 11.2% 11.2%

bus 7.7% 7.7%

rail 3.8% 3.8%

metro 2.5% 2.5%

taxi 0.7% 0.7%  

Table 26. Commute mode split: into London 

Mode

Central - 

modeled

Central 

NTS

Inner - 

modeled

Inner - 

NTS

walk 2.1% 2.4% 9.3% 9.2%

cycle 2.9% 2.7% 3.1% 2.9%

car driver 7.5% 6.4% 30.2% 28.2%

car pass 1.5% 1.4% 5.6% 5.1%

bus 11.9% 11.7% 15.5% 16.3%

rail 41.8% 42.8% 15.3% 16.5%

metro 32.0% 32.1% 20.2% 21.0%

taxi 0.3% 0.5% 0.8% 0.9%

Central London Inner London

 
 

Table 27.Commute distance bands 

distband Modeled NTS

1/2 22.5% 22.5%

3 11.7% 11.7%

4 17.3% 17.2%

5 22.7% 22.9%

6 10.7% 10.8%

7 8.6% 8.6%

8 3.2% 3.1%

9 1.9% 1.8%

10 1.1% 1.2%

11 0.4% 0.2%

12 0.0% 0.0%

13 0.0% 0.0%  

 

Table 28. Commute destinations 

Destination 

zone Modeled NTS

1 3.7% 3.7%

2 4.7% 4.6%

3 5.6% 5.6%

4 1.8% 1.8%

5 0.3% 0.3%

6 0.4% 0.4%

7 0.1% 0.2%

8 0.2% 0.2%

9 0.1% 0.1%

10 0.2% 0.2%

11 0.1% 0.1%

12 1.5% 1.5%

13 0.6% 0.6%

14 1.1% 1.0%

15 2.2% 2.2%

16 0.8% 0.8%

17 0.6% 0.6%

18 0.8% 0.8%

19 0.3% 0.3%

20 3.6% 3.5%

21 2.9% 2.8%

22 2.0% 2.0%

23 4.3% 4.2%

24 6.1% 6.0%

25 2.0% 2.0%

26 1.4% 1.4%

27 3.6% 3.5%

28 6.1% 6.3%

29 3.1% 3.0%

30 4.0% 4.0%

31 4.6% 4.6%

32 2.7% 2.7%

33 2.5% 2.6%

34 1.2% 1.3%

35 2.7% 2.8%

36 0.8% 0.9%

37 2.8% 2.8%

38 1.3% 1.3%

39 3.6% 3.7%  
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HomeHomeHomeHome----based Employer’s Business (HB EB)based Employer’s Business (HB EB)based Employer’s Business (HB EB)based Employer’s Business (HB EB)    

EB mode split
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Figure 31. Employer’s business mode split 

 

EB mode split - London
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Figure 32. Employer’s business into London  
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EB distbands
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Figure 33. Employer’s business distance bands 

 

 

 

 

Table 29. Employer’s business mode split 

 mode Modeled NTS

walk 4.7% 4.7%

cycle 1.7% 1.7%

car driver 75.5% 75.4%

car pass 8.6% 8.6%

bus 3.0% 3.0%

rail 3.9% 3.9%

metro 1.9% 1.9%

taxi 0.8% 0.8%  

 

Table 30. Employer’s business mode split 
into London 

Mode

Central - 

Model

Central - 

NTS

Inner - 

Model

Inner - 

NTS

walk 0.4% 0.3% 5.0% 5.2%

cycle 0.9% 0.8% 4.9% 5.0%

car driver 26.3% 23.0% 40.3% 37.9%

car pass 2.2% 1.8% 8.1% 6.8%

bus 5.3% 5.8% 10.3% 11.1%

rail 40.8% 42.4% 14.3% 15.9%

metro 21.4% 21.7% 16.9% 17.7%

taxi 2.6% 4.2% 0.2% 0.4%

Central London Inner London
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Table 31. Employer’s business distance 
bands 

distband Modeled NTS

1/2 14.4% 14.6%

3 8.0% 7.8%

4 13.1% 13.1%

5 18.8% 19.1%

6 10.5% 10.3%

7 11.2% 11.3%

8 5.7% 5.6%

9 5.4% 5.4%

10 7.6% 7.6%

11 4.1% 4.3%

12 0.9% 0.7%

13 0.2% 0.2%  

 

Table 32. Employer’s business destinations 

Destination 

zone Modeled NTS

1 3.3% 3.4%

2 4.8% 4.8%

3 7.3% 7.0%

4 2.0% 2.0%

5 0.3% 0.3%

6 0.5% 0.6%

7 0.1% 0.1%

8 0.1% 0.1%

9 0.1% 0.1%

10 0.2% 0.2%

11 0.1% 0.1%

12 1.6% 1.6%

13 0.5% 0.5%

14 0.7% 0.7%

15 1.9% 1.9%

16 0.7% 0.7%

17 0.5% 0.5%

18 0.9% 0.8%

19 0.2% 0.2%

20 3.6% 3.4%

21 2.9% 3.0%

22 1.6% 1.5%

23 3.8% 3.8%

24 6.0% 5.9%

25 1.9% 1.8%

26 1.1% 1.1%

27 2.7% 2.7%

28 6.2% 6.2%

29 3.3% 3.3%

30 4.1% 4.2%

31 3.5% 3.4%

32 2.5% 2.7%

33 2.6% 2.7%

34 1.3% 1.3%

35 2.7% 2.7%

36 1.1% 1.1%

37 3.4% 3.5%

38 2.1% 2.1%

39 6.2% 6.3%  
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HomeHomeHomeHome----based Educationbased Educationbased Educationbased Education    

Education mode split
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Figure 34. Education mode split 

 

Education mode split - London
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Figure 35. Education mode split into London 
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Education distbands
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Figure 36. Education distance bands 

 

 

 

 

Table 33:Education mode split 

 mode Modeled NTS

walk 41.3% 41.3%

cycle 1.2% 1.2%

car driver 19.8% 19.8%

car pass 22.6% 22.6%

bus 12.9% 12.9%

rail 0.9% 0.9%

metro 0.6% 0.6%

taxi 0.6% 0.6%  

 

Table 34. Education mode split into London 

Mode

Central - 

alo

Central - 

nts Inner - alo Inner - nts

walk 10.8% 13.4% 40.4% 39.6%

cycle 4.2% 1.8% 1.0% 0.8%

car driver 4.9% 5.1% 12.6% 11.0%

car pass 10.3% 7.7% 15.4% 13.5%

bus 30.2% 29.9% 23.3% 27.0%

rail 8.7% 14.9% 1.0% 1.5%

metro 28.2% 27.1% 5.9% 6.2%

taxi 2.5% 0.0% 0.5% 0.5%

Central London Inner London
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Table 35. Education distance bands 

distband Modeled NTS

1/2 61.7% 62.4%

3 13.0% 12.1%

4 11.3% 11.3%

5 9.0% 9.1%

6 2.6% 2.9%

7 1.8% 1.5%

8 0.3% 0.3%

9 0.2% 0.2%

10 0.1% 0.1%

11 0.1% 0.1%

12 0.0% 0.0%

13 0.0% 0.0%  

Table 36. Education destinations 

Destination 

zone Modeled NTS

1 0.5% 0.6%

2 4.7% 4.7%

3 7.8% 7.8%

4 2.1% 2.1%

5 0.9% 0.9%

6 0.6% 0.6%

7 0.2% 0.2%

8 0.4% 0.4%

9 0.2% 0.3%

10 0.3% 0.3%

11 0.2% 0.2%

12 2.2% 2.2%

13 1.5% 1.5%

14 1.7% 1.7%

15 2.3% 2.3%

16 0.9% 0.9%

17 1.2% 1.2%

18 1.0% 1.0%

19 0.3% 0.3%

20 3.5% 3.5%

21 2.5% 2.5%

22 1.6% 1.6%

23 3.5% 3.6%

24 6.0% 6.2%

25 1.9% 2.0%

26 1.1% 1.1%

27 2.4% 2.4%

28 7.0% 6.9%

29 3.4% 3.4%

30 3.9% 3.8%

31 5.2% 5.3%

32 2.5% 2.4%

33 3.0% 2.9%

34 1.5% 1.4%

35 3.0% 3.0%

36 1.2% 1.2%

37 3.3% 3.1%

38 1.6% 1.5%

39 3.1% 3.1%  
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HomeHomeHomeHome----based Personal Business/Shoppingbased Personal Business/Shoppingbased Personal Business/Shoppingbased Personal Business/Shopping    

PB/shopping mode split
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Figure 37. Personal business mode split 
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Figure 38. Personal business mode split into London 
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PB/shopping distbands
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Figure 39. Personal business distance bands 

 

 

 

 

Table 37. Personal business mode split 

 mode Modeled NTS

walk 23.7% 23.7%

cycle 0.9% 0.9%

car driver 39.9% 39.9%

car pass 25.1% 25.1%

bus 8.3% 8.3%

rail 0.5% 0.5%

metro 0.4% 0.4%

taxi 1.1% 1.1%  

 

Table 38. Personal business mode split into 
London 

Central - 

Model

Central - 

NTS

Inner - 

Model

Inner - 

NTS

walk 14.8% 17.1% 42.5% 43.4%

cycle 1.1% 0.9% 1.1% 1.1%

car driver 11.2% 10.2% 18.0% 16.6%

car pass 13.5% 12.0% 14.8% 13.8%

bus 21.2% 20.4% 18.4% 19.7%

rail 13.0% 13.1% 1.1% 1.2%

metro 22.1% 23.2% 3.0% 3.0%

taxi 3.2% 3.2% 1.1% 1.2%

Mode

Central London Inner London
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Table 39. Personal business distance bands 

distband Modeled NTS

1/2 45.1% 45.1%

3 13.7% 13.8%

4 16.4% 16.3%

5 14.1% 14.2%

6 5.0% 5.0%

7 3.5% 3.5%

8 1.1% 1.1%

9 0.6% 0.6%

10 0.3% 0.4%

11 0.1% 0.1%

12 0.0% 0.0%

13 0.0% 0.0%  

 

Table 40. Personal business destinations 

Destination 

zone Modeled NTS

1 0.5% 0.6%

2 3.9% 4.0%

3 6.9% 6.9%

4 2.2% 2.2%

5 0.5% 0.5%

6 0.4% 0.4%

7 0.2% 0.2%

8 0.4% 0.5%

9 0.2% 0.2%

10 0.2% 0.2%

11 0.2% 0.3%

12 1.8% 1.8%

13 1.1% 1.1%

14 1.3% 1.3%

15 2.3% 2.3%

16 1.1% 1.1%

17 0.8% 0.8%

18 1.0% 0.9%

19 0.3% 0.3%

20 3.7% 3.7%

21 2.6% 2.7%

22 2.0% 2.0%

23 3.9% 4.0%

24 6.3% 6.3%

25 1.7% 1.7%

26 1.3% 1.4%

27 2.9% 3.0%

28 6.6% 6.6%

29 3.9% 3.8%

30 4.7% 4.5%

31 4.9% 4.8%

32 3.2% 3.1%

33 2.9% 2.9%

34 1.3% 1.4%

35 2.8% 2.8%

36 0.9% 0.9%

37 3.5% 3.3%

38 1.1% 1.0%

39 2.8% 2.7%  
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HomeHomeHomeHome----based Discretionary/Leisurebased Discretionary/Leisurebased Discretionary/Leisurebased Discretionary/Leisure    

Discretionary mode split
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Figure 40. Discretionary/Recreational mode split 

 

Discretionary mode split - London
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Figure 41. Discretionary/Recreational mode split into London 
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Discretionary distbands

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

<2 miles 2-3 miles 3-5 miles 5-10 miles 10-15

miles

15-25

miles

25-35

miles

35-50

miles

50-100

miles

100-200

miles

200-300

miles

> 300

miles

Model

NTS

 

Figure 42. Discretionary/Recreational distance bands 

 

 

 

 

 

 

 

Table 41. Discretionary/Recreational mode 
split 

 mode Modeled NTS

walk 23.3% 23.3%

cycle 1.1% 1.1%

car driver 38.2% 38.2%

car pass 29.6% 29.6%

bus 4.4% 4.4%

rail 0.8% 0.8%

metro 0.6% 0.6%

taxi 2.0% 2.0%  

Table 42. Discretionary/Recreational mode 
split into London 

Central - 

Model

Central - 

NTS

Inner - 

Model

Inner - 

NTS

walk 7.1% 6.5% 30.6% 31.5%

cycle 0.5% 0.5% 1.6% 1.8%

car driver 13.9% 11.8% 22.0% 20.7%

car pass 12.7% 10.9% 19.7% 18.1%

bus 17.7% 18.4% 13.9% 15.1%

rail 17.9% 20.0% 3.2% 3.6%

metro 24.7% 25.6% 6.3% 6.4%

taxi 5.5% 6.3% 2.7% 2.8%

Mode

Central London Inner London
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Table 43. Discretionary/Recreational 
distance bands 

distband Modeled NTS

1/2 39.9% 39.9%

3 11.9% 12.0%

4 15.7% 15.6%

5 16.0% 16.1%

6 6.1% 6.1%

7 4.7% 4.7%

8 1.8% 1.8%

9 1.3% 1.3%

10 1.3% 1.6%

11 0.9% 0.8%

12 0.2% 0.2%

13 0.1% 0.0%  

 

Table 44. Discretionary/Recreational 
destinations 

Destination 

zone Modeled NTS

1 0.7% 0.7%

2 3.5% 3.6%

3 6.3% 6.3%

4 1.9% 1.8%

5 0.3% 0.4%

6 0.5% 0.5%

7 0.1% 0.1%

8 0.4% 0.4%

9 0.2% 0.2%

10 0.2% 0.2%

11 0.3% 0.3%

12 1.6% 1.6%

13 1.1% 1.1%

14 1.4% 1.4%

15 2.4% 2.3%

16 1.0% 1.0%

17 0.8% 0.8%

18 1.0% 1.0%

19 0.6% 0.5%

20 3.5% 3.4%

21 2.5% 2.5%

22 1.9% 2.0%

23 4.0% 4.0%

24 5.4% 5.3%

25 1.7% 1.7%

26 1.2% 1.2%

27 3.1% 3.0%

28 6.6% 6.7%

29 3.5% 3.5%

30 4.3% 4.2%

31 4.8% 4.8%

32 3.1% 3.1%

33 3.0% 3.0%

34 1.6% 1.6%

35 3.1% 3.2%

36 1.2% 1.2%

37 3.8% 3.7%

38 1.7% 1.8%

39 4.5% 4.5%  

 

 

 

 



The Recalibration of the National Transport Model RAND Europe 
 HGA 
 TRi 
 

 

134 

HomeHomeHomeHome----based Vacation/Holidabased Vacation/Holidabased Vacation/Holidabased Vacation/Holidayyyy    

 

Vacation mode split
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Figure 43. Vacation mode split 

Vacation mode split - London
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Figure 44. Vacation mode split into London 
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Vacation distbands
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Figure 45. Vacation distance bands 

 

 

 

 

 

Table 45. Vacation mode split 

 mode Modeled NTS

walk 38.9% 38.9%

cycle 4.6% 4.6%

car driver 24.9% 24.9%

car pass 25.7% 25.7%

bus 3.2% 3.2%

rail 1.6% 1.6%

metro 0.5% 0.5%

taxi 0.6% 0.6%  

 

Table 46. Vacation mode split into London 

Mode

London - 

Alo

London - 

NTS

walk 42.5% 37.9%

cycle 6.4% 4.3%

car driver 9.5% 8.4%

car pass 15.3% 12.4%

bus 9.6% 12.2%

rail 11.1% 13.5%

metro 4.5% 9.1%

taxi 1.0% 2.2%

Central/Inner London
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Table 47. Vacation distance bands 

distband Modeled NTS

1/2 31.9% 37.6%

3 18.8% 13.1%

4 9.4% 10.6%

5 11.6% 10.3%

6 4.7% 4.7%

7 6.0% 6.1%

8 3.4% 3.3%

9 3.2% 3.2%

10 4.9% 5.8%

11 3.7% 3.6%

12 1.6% 1.3%

13 0.8% 0.4%  

 

Table 48. Vacation destinations 

Destination 

zone Modeled NTS

1 0.8% 0.9%

2 2.1% 2.1%

3 4.7% 4.6%

4 1.8% 1.9%

5 0.1% 0.1%

6 0.1% 0.1%

7 0.0% 0.0%

8 0.1% 0.1%

9 0.1% 0.1%

10 0.0% 0.0%

11 0.1% 0.1%

12 1.1% 1.1%

13 0.7% 0.8%

14 0.8% 0.9%

15 2.8% 2.8%

16 1.3% 1.2%

17 0.5% 0.5%

18 0.4% 0.4%

19 0.5% 0.5%

20 4.0% 3.9%

21 3.0% 2.9%

22 1.8% 1.8%

23 2.9% 2.8%

24 4.8% 4.8%

25 1.1% 1.1%

26 0.7% 0.7%

27 2.5% 2.4%

28 6.5% 6.6%

29 4.0% 4.0%

30 3.2% 3.2%

31 4.4% 4.4%

32 3.6% 3.7%

33 3.9% 4.2%

34 2.0% 2.2%

35 3.5% 3.6%

36 1.7% 1.8%

37 5.5% 5.5%

38 3.3% 3.2%

39 10.3% 9.9%  
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NoneNoneNoneNone----home based EBhome based EBhome based EBhome based EB    
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Figure 46. Non-home-based Employer’s Business mode split 

 

NHB EB mode split - London
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Figure 47. Non-home-based Employer’s Business mode split: London zones 
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NHB EB distbands
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Figure 48. Non-home-based Employer’s Business distance bands 

 

 

 

 

 

 

Table 49. Non-home-based Employer’s 
Business mode split 

 mode Modeled NTS

walk 10.7% 10.8%

cycle 1.2% 1.2%

car driver 70.8% 70.9%

car pass 7.8% 7.8%

bus 2.8% 2.8%

rail 3.0% 2.9%

metro 2.3% 2.2%

taxi 1.4% 1.3%  

 

Table 50. Non-home-based Employer’s 
Business mode split into 
London 

Central - 

alo

Central - 

nts Inner - alo Inner - nts

walk 18.3% 18.6% 15.3% 16.2%

cycle 2.1% 2.1% 4.1% 4.0%

car driver 20.2% 17.5% 33.6% 31.0%

car pass 2.0% 1.7% 5.8% 5.1%

bus 4.0% 4.5% 9.5% 10.4%

rail 23.1% 22.6% 11.4% 11.3%

metro 25.0% 26.1% 16.6% 18.1%

taxi 5.3% 6.8% 3.6% 3.7%

Mode

Central London Inner London
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Table 51. Non-home-based Employer’s 
Business distance bands 

distband Modeled NTS

1/2 20.9% 21.1%

3 8.9% 8.7%

4 13.4% 13.4%

5 18.0% 18.3%

6 9.8% 9.6%

7 10.3% 10.3%

8 5.1% 4.9%

9 4.5% 4.6%

10 5.6% 5.6%

11 2.8% 2.7%

12 0.6% 0.6%

13 0.1% 0.1%  

 

Table 52. Non-home-based Employer’s 
Business destinations 

Destination 

zone Modeled NTS

1 4.2% 4.1%

2 5.3% 5.1%

3 6.9% 6.7%

4 2.0% 1.9%

5/12 4.7% 4.0%

6/13 2.9% 2.9%

7/14 2.6% 2.3%

8/15 3.1% 3.0%

9/16 1.1% 1.3%

10/17 1.2% 1.4%

11/18 0.9% 1.5%

19 0.2% 0.3%

20 3.5% 3.5%

21 3.3% 3.2%

22 1.8% 1.8%

23 4.6% 4.7%

24 6.2% 6.2%

25 1.9% 1.9%

26 1.1% 1.1%

27 2.9% 2.9%

28 6.0% 5.9%

29 3.3% 3.3%

30 4.4% 4.6%

31 3.8% 3.8%

32 2.8% 3.0%

33 3.2% 3.4%

34 1.2% 1.2%

35 2.6% 2.6%

36 1.1% 1.1%

37 3.3% 3.3%

38 1.7% 1.8%

39 6.3% 6.3%  
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NonNonNonNon----home based Otherhome based Otherhome based Otherhome based Other    

NHB Other mode split
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Figure 49. Non-home-based Other Travel mode split 
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Figure 50. Non-home-based Other Travel mode split: London zones 
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Figure 51. Non-home-based Other Travel distance bands 

 

 

 

 

 

Table 53. Non-home-based Other Travel 
mode split 

 mode Modeled NTS

walk 32.7% 32.7%

cycle 0.7% 0.7%

car driver 38.2% 38.2%

car pass 21.6% 21.6%

bus 4.3% 4.3%

rail 0.7% 0.7%

metro 1.1% 1.1%

taxi 0.7% 0.7%  

 

Table 54. Non-home-based Other Travel 
mode split into London 

Central - 

alo

Central - 

nts Inner - alo Inner - nts

walk 60.4% 62.2% 45.5% 47.5%

cycle 1.0% 1.0% 1.1% 1.1%

car driver 5.5% 3.1% 19.0% 15.4%

car pass 3.4% 2.4% 10.6% 9.1%

bus 6.4% 7.7% 9.2% 11.2%

rail 5.3% 4.9% 3.3% 3.5%

metro 16.2% 16.2% 10.1% 10.9%

taxi 1.9% 2.4% 1.3% 1.3%

Mode

Central London Inner London
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Table 55. Non-home-based Other Travel 
distance bands 

distband Modeled NTS

1/2 47.1% 47.1%

3 11.6% 11.5%

4 13.5% 13.4%

5 13.6% 13.8%

6 5.7% 5.6%

7 4.5% 4.5%

8 1.6% 1.6%

9 1.2% 1.2%

10 0.8% 0.9%

11 0.4% 0.3%

12 0.1% 0.1%

13 0.0% 0.0%  

 

Table 56. Non-home-based Other 
destinations 

Destination 

zone Modeled NTS

1 0.5% 0.6%

2 3.9% 4.0%

3 6.9% 6.9%

4 2.2% 2.2%

5 0.5% 0.5%

6 0.4% 0.4%

7 0.2% 0.2%

8 0.4% 0.5%

9 0.2% 0.2%

10 0.2% 0.2%

11 0.2% 0.3%

12 1.8% 1.8%

13 1.1% 1.1%

14 1.3% 1.3%

15 2.3% 2.3%

16 1.1% 1.1%

17 0.8% 0.8%

18 1.0% 0.9%

19 0.3% 0.3%

20 3.7% 3.7%

21 2.6% 2.7%

22 2.0% 2.0%

23 3.9% 4.0%

24 6.3% 6.3%

25 1.7% 1.7%

26 1.3% 1.4%

27 2.9% 3.0%

28 6.6% 6.6%

29 3.9% 3.8%

30 4.7% 4.5%

31 4.9% 4.8%

32 3.2% 3.1%

33 2.9% 2.9%

34 1.3% 1.4%

35 2.8% 2.8%

36 0.9% 0.9%

37 3.5% 3.3%

38 1.1% 1.0%

39 2.8% 2.7% 
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APPENDIX H: WebTAG Unit 3.5.6, Section 1.2 

TAG Unit 3.5.6: Values of Time and OpeTAG Unit 3.5.6: Values of Time and OpeTAG Unit 3.5.6: Values of Time and OpeTAG Unit 3.5.6: Values of Time and Operating Costsrating Costsrating Costsrating Costs    

(accessed 16 March, 2009)(accessed 16 March, 2009)(accessed 16 March, 2009)(accessed 16 March, 2009)    

1.2 Values of Time1.2 Values of Time1.2 Values of Time1.2 Values of Time    

1.2.1 This section provides the latest values of time recommended by the DfT for use in 

most routine economic appraisals of transport projects. All items are expressed in average 

2002 values and prices. 

1.2.2 The Department accepts that different values of time may be needed in other 

circumstances, such as appraisal of strategic analysis, road user charging and toll roads. The 

Department will issue further guidance on appropriate values and methods to use for these 

appraisals. For most routine appraisals the guidance in this document is relevant. 

Values of Working Time per PersonValues of Working Time per PersonValues of Working Time per PersonValues of Working Time per Person    

1.2.3 Time spent travelling during the working day is a cost to the employer's business. It 

is assumed that savings in travel time convert non-productive time to productive use and 

that, in a free labour market, the value of an individual's working time to the economy is 

reflected in the wage rate paid. This benefit is assumed to be passed into the wider 

economy and to accrue in some proportion to the producer, the consumer and the 

employee, depending on market conditions. 

1.2.4 Working time values, apply only to journeys made in the course of work. This 

excludes commuting journeys. The perceived value of working time is the value as 

perceived by the employer. Businesses perceive costs in the factor cost unit of account and 

therefore the perceived cost and the resource cost are the same for values of working time. 

The resource cost is calculated as being equal to the gross wage rate plus non-wage labour 

costs such as national insurance, pensions and other costs which vary with worker hours. 

The 24.1% mark-up for non-wage labour costs used in the March 2001 edition of TEN 

has been revised down to 21.2%, a figure derived using more recent data from the 2000 

Labour Cost Survey. 

1.2.5 Values for car drivers and passengers; rail, bus, underground and taxi passengers; 

walkers; cyclists; motorcyclists and average of all persons were derived from the 1999 - 

2001 National Travel Survey (NTS), based on individual incomes. Values for the 

occupational groups (bus, OGV, taxi and LGV occupants) were obtained from the 2002 

New Earnings Survey. 
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1.2.6 It may appear that the use of different values for each mode will introduce 

inconsistency in appraisal, since it suggests that those transferring between modes change 

their values of time in the process. This is not the case. The key to understanding this is to 

realise that the values of time used in appraisal are average values. For any group - bus 

passengers, car drivers and so on - there will be a distribution of values around the average 

value for the group. Thus, the value of time for any specific traveller within a group need 

not be the average value for the group as a whole. In addition, it is likely that there is a 

good deal of overlap between the distributions for different groups. This immediately 

resolves the apparent illogicality of the mode switcher: he retains his value of time, but 

takes up a different position in the distribution of values of time for his new mode, 

compared with that for his old mode. For example, a car driver with a value of time higher 

than the average for all car drivers could switch to rail, where his value of time might be 

lower than the average for all rail passengers. 

1.2.7 The use of working time values for modal groups may be criticised because the values 

remain fixed even though the distribution of users between modes might be affected by 

some options. In circumstances where large changes in mode are expected, the values by 

mode for the do-something might be significantly different from the values for the do-

minimum. An alternative approach avoiding this problem might be to segment travellers 

into groups that would not be affected by options - income groups, for example. Each 

group could be assigned its own working value of time. The value of working time for each 

mode would then be an output of the modelling process, rather than an input to the 

appraisal process. However, this assumes that the modelling process will be relatively 

highly disaggregated. That might be feasible for spatially aggregate models, but could pose 

serious problems for spatially detailed models - this is discussed in more depth in 

Modelling (TAG Unit 3.1). Where this approach is considered, analysts should carry out 

tests to demonstrate that the segmentation adopted will adequately reflect the variation in 

modal values. 

1.2.8 In certain circumstances it may be appropriate to make the simple assumption of a 

common working value of time for all travellers, in which case the average of all workers 

value given in Table 1 should be used. Where this approach is adopted, sensitivity tests 

should be carried out, using values disaggregated by modal group. 

1.2.9 In the appraisal process, changes in travel time on employer's business are valued the 

same whatever stage of the journey is involved, i.e. there is no weighting applied to take 

account of the reluctance of passengers to walk to/from or wait for transport services. This 

is because the time spent or saved is assumed to be lost or gained in productive working 

time - the travel activity taking up the time is therefore deemed irrelevant. In cases of 

staged journeys, the value of working time for the main mode should be used, where the 

main mode refers to the mode for the longest journey by distance. 

1.2.10 The Department recognises that use of mode specific values may increase the 

possibility of not taking into account people who switch between modes. To reduce this 

risk, values in Table 1 should not be used where the number of people switching modes is 

high compared to the number of existing users. In these special circumstances, please 

contact ITEA Division, DfT for further advice. 
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Table 1: Values of Working Time per personTable 1: Values of Working Time per personTable 1: Values of Working Time per personTable 1: Values of Working Time per person    

(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)    

Vehicle OccupantVehicle OccupantVehicle OccupantVehicle Occupant    Resource CostResource CostResource CostResource Cost    Perceived CostPerceived CostPerceived CostPerceived Cost    Market PriceMarket PriceMarket PriceMarket Price    

Car driver 21.86 21.86 26.43 

Car passenger 15.66 15.66 18.94 

LGV (driver or passenger) 8.42 8.42 10.18 

OGV (driver or passenger) 8.42 8.42 10.18 

PSV driver 8.42 8.42 10.18 

PSV passenger 16.72 16.72 20.22 

Taxi driver 8.08 8.08 9.77 

Taxi/Minicab passenger 36.97 36.97 44.69 

Rail passenger 30.57 30.57 36.96 

Underground passenger 29.74 29.74 35.95 

Walker 24.51 24.51 29.64 

Cyclist 14.06 14.06 17.00 

Motorcyclist 19.78 19.78 23.91 

 

Average of all working persons 22.11 22.11 26.73 

 

Values of NonValues of NonValues of NonValues of Non----Working Time per PersonWorking Time per PersonWorking Time per PersonWorking Time per Person    

1.2.11 The majority of journeys do not take place during working hours, but in the 

traveller's own time. However, people implicitly put a value on their own time, in that 

they will trade a cheaper, slower journey against a faster, more expensive one. It is therefore 

appropriate to take account of this value in assessing the impact of different transport 

strategies or plans. 

1.2.12 This 'willingness to pay' will vary considerably, depending on such factors as the 

income of the individual traveller, the value of the journey purpose and its urgency, and 

the comfort and attractiveness of the journey itself. Different values may therefore correctly 

be attributed to: 

• time spent on the same activity by different people, whose incomes and journey 

characteristics may vary; and 
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• time spent by the same individual on different journeys or parts of journeys. 

1.2.13 One important specific application of this second type of variability is that time 

spent walking to/from and waiting for public transport services is commonly valued much 

more highly than time spent actually travelling. There is consistent evidence that people 

will pay more to save walking and waiting time than they will for an equivalent saving in 

ride time. This approach should normally be adopted for multi-modal transport appraisal. 

1.2.14 Time savings to travellers in their own time typically make up a large proportion of 

the benefits of transport investment. If values of time for appraisal are based on an 

individual's willingness to pay (behavioural values) which are related to income, then 

strategies and plans will be biased towards those measures which most benefit travellers 

with higher incomes (which may favour some modes over others). Investment will then be 

concentrated into high-income areas, and the interests of those on lower incomes, who 

may already suffer from relatively lower mobility and accessibility, will be given less weight. 

For this reason, multi-modal transport appraisal should normally adopt the values for non-

working time which is common across all modes and journey purposes. 

1.2.15 The values for non-working time apply to all non-work journey purposes, including 

travel to and from work, by all modes. It is based on research conducted by the Institute 

for Transport Studies (ITS) for the Department for Transport, reported in 2003, and 

published as Values of Travel Time Saving in the UK. The value given in the ITS report 

was in end 1997 prices. These values were converted to 2002 values and prices by uprating 

in proportion to changes in values of time growth and changes in prices (using the Retail 

Price Index). 

1.2.16 'Commuting' is travelling to and from the normal place of work. 'Other' is travel 

for other non-work purposes, for example leisure trips. There is no differentiation of 

'commuting' and 'other' values of time by mode[1]. 

1.2.17 The recommended values for all non-working trips are shown in Table 2. The 

values given in this table are averages which include retired persons in the calculations. 

1.2.18 Individual consumers perceive costs in the market price unit of account and 

therefore the perceived cost and the market price are the same for 'commuting' and 'other' 

purposes. 

1.2.19 The values for non-working time ('commuting' and 'other') spent waiting for 

public transport is two and a half times the 'commuting' and 'other' values. 

1.2.20 Where walking and cycling is used as a means of inter-changing between modes of 

transport, the non-working values ('commuting' and 'other') of walking and cycling is 

twice the 'commuting' and 'other' values. 
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Table 2: Values of NonTable 2: Values of NonTable 2: Values of NonTable 2: Values of Non---- Working Time per person Working Time per person Working Time per person Working Time per person    

(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)(£ per hour, 2002 prices and values)    

PurposePurposePurposePurpose Resource CostResource CostResource CostResource Cost Perceived CostPerceived CostPerceived CostPerceived Cost Market PriceMarket PriceMarket PriceMarket Price 

Commuting 4.17 5.04 5.04 

Other 3.68 4.46 4.46 

 

Annual Rates of Growth in Values of TimAnnual Rates of Growth in Values of TimAnnual Rates of Growth in Values of TimAnnual Rates of Growth in Values of Timeeee    

1.2.21 The value of non-working time is assumed to increase with income, with an 

elasticity[2] of 0.8. Working values of time are assumed to grow in line with income, with 

an elasticity of 1. The measure of income used is GDP per head. Forecasts for GDP are 

produced by HM Treasury and forecasts for population growth produced by ONS. 

Forecast growth in the real value of time is shown in Table 3. 

TableTableTableTable 3: Forecast Growth in the Working and Non 3: Forecast Growth in the Working and Non 3: Forecast Growth in the Working and Non 3: Forecast Growth in the Working and Non----Working Values of TimeWorking Values of TimeWorking Values of TimeWorking Values of Time    

Range of Range of Range of Range of 

YearsYearsYearsYears 

GDP GDP GDP GDP 

GrowthGrowthGrowthGrowth    

(%pa)(%pa)(%pa)(%pa) 

Population Population Population Population 

GrowthGrowthGrowthGrowth    

(%pa)(%pa)(%pa)(%pa) 

Work VOT Work VOT Work VOT Work VOT 

GrowthGrowthGrowthGrowth    

(%pa)(%pa)(%pa)(%pa) 

NonNonNonNon----Work VOT Work VOT Work VOT Work VOT 

GrowthGrowthGrowthGrowth    

(%pa)(%pa)(%pa)(%pa) 

2002-2003 2.25 0.27 1.98 1.58 

2003-2004 2.50 0.27 2.22 1.78 

2004-2005 3.50 0.28 3.21 2.57 

2005-2006 3.25 0.28 2.96 2.37 

2006-2007 2.75 0.28 2.46 1.97 

2007-2011 2.50 0.29 2.20 1.76 

2011-2021 2.25 0.31 1.94 1.55 

2021-2031 1.75 0.20 1.55 1.24 

2031-2051 2.00 0.01 1.99 1.59 

2051-2061 1.75 -0.06 1.81 1.45 

2061 

onwards 
2.00 0.00 2.00 1.60 

 

1.2.22 The annual growth rates in Table 3 should be applied to work and non-work values 

of travel time over the appraisal period. 
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Vehicle OccupanciesVehicle OccupanciesVehicle OccupanciesVehicle Occupancies    

1.2.23 Car occupancy figures are shown in Table 4. These figures were derived from the 

1999 - 2001 National Travel Survey and show the sum of driver occupancy (always 1) and 

passenger occupancy. Occupancies in the top half of Table 4 are expressed in per vehicle 

kilometre and those in the bottom half are per trip. 

Table 4: Car Occupancies (2000)Table 4: Car Occupancies (2000)Table 4: Car Occupancies (2000)Table 4: Car Occupancies (2000)    

Weekday AverageWeekday AverageWeekday AverageWeekday Average 
JourneJourneJourneJourney y y y 

PurposePurposePurposePurpose 7am7am7am7am----

10am10am10am10am 
10am10am10am10am----

4pm4pm4pm4pm 
4pm4pm4pm4pm----

7pm7pm7pm7pm 
7pm7pm7pm7pm----

7am7am7am7am 
WeekdayWeekdayWeekdayWeekday    

AverageAverageAverageAverage 

WeekendWeekendWeekendWeekend    

AverageAverageAverageAverage 

All All All All 

WeekWeekWeekWeek    

AverageAverageAverageAverage 

 Occupancy Per Vehicle Kilometre TravelledOccupancy Per Vehicle Kilometre TravelledOccupancy Per Vehicle Kilometre TravelledOccupancy Per Vehicle Kilometre Travelled 

Work 1.23 1.19 1.17 1.18 1.20 1.28 1.20 

Commuting 1.16 1.15 1.13 1.13 1.14 1.14 1.14 

Other 1.71 1.78 1.82 1.77 1.78 1.97 1.85 

Average Car 1.45 1.68 1.60 1.52 1.61 1.88 1.68 

 Occupancy Per TripOccupancy Per TripOccupancy Per TripOccupancy Per Trip 

Work 1.26 1.19 1.20 1.21 1.21 1.30 1.22 

Commuting 1.16 1.14 1.14 1.13 1.15 1.13 1.14 

Other 1.72 1.70 1.76 1.71 1.72 1.96 1.79 

Average Car 1.44 1.57 1.50 1.53 1.52 1.86 1.60 

 

1.2.24 Occupancies for all other vehicles are shown in Table 5. These figures also show the 

sum of driver and passenger occupancy. Occupancies for different times of the day are only 

available for cars. For LGVs, different occupancy figures are available for a weekday and 

the weekend. For all other vehicles, only all week average occupancy figures are available. 

These should be used for all time periods. Values for heavy and light rail are not included 

as it is assumed that, if a public transport project is being appraised, a project specific 

public transport model will be used which will give appropriate details of passenger 

occupancy. Average PSV occupancy figures are given, as these are required for highways 

scheme appraisal. 
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Table Table Table Table 5: Vehicle Occupancies (2000)5: Vehicle Occupancies (2000)5: Vehicle Occupancies (2000)5: Vehicle Occupancies (2000)    

Occupancy per Vehicle Kilometre TravelledOccupancy per Vehicle Kilometre TravelledOccupancy per Vehicle Kilometre TravelledOccupancy per Vehicle Kilometre Travelled 

Vehicle Type and Journey PurposeVehicle Type and Journey PurposeVehicle Type and Journey PurposeVehicle Type and Journey Purpose 
WeekdayWeekdayWeekdayWeekday    

AverageAverageAverageAverage 
WeekendWeekendWeekendWeekend    

AverageAverageAverageAverage 
All WeekAll WeekAll WeekAll Week    

AverageAverageAverageAverage 

LGVLGVLGVLGV 

Work (freight) 1.20 1.26 1.20 

Non Work (commuting and other) 1.46 2.03 1.59 

Average LGV 1.23 1.35 1.25 

 

OGV1OGV1OGV1OGV1 Work only 1.00 1.00 1.00 

OGV2OGV2OGV2OGV2 Work only 1.00 1.00 1.00 

 

PSVPSVPSVPSV 

Driver 1.00 1.00 1.00 

Passenger 12.20 12.20 12.20 

 

1.2.25 Table 6 shows the predicted decline in car passenger occupancies as an annual 

percentage until 2036, after which car passengers are assumed to remain constant. The 

occupancy of all other vehicle types should be assumed to remain unchanged over time. 

Table 6: Annual Percentage Change in Car Occupancy (% pa) up to 2036Table 6: Annual Percentage Change in Car Occupancy (% pa) up to 2036Table 6: Annual Percentage Change in Car Occupancy (% pa) up to 2036Table 6: Annual Percentage Change in Car Occupancy (% pa) up to 2036    

WeekdayWeekdayWeekdayWeekday 

Journey PurposeJourney PurposeJourney PurposeJourney Purpose 
7am7am7am7am----

11110am0am0am0am 
10am10am10am10am----

4pm4pm4pm4pm 
4pm4pm4pm4pm----

7pm7pm7pm7pm 
7pm7pm7pm7pm----

7am7am7am7am 
WeekdayWeekdayWeekdayWeekday    

AverageAverageAverageAverage 

WeekendWeekendWeekendWeekend 
All All All All 

WeekWeekWeekWeek 

Work -0.48 -0.4 -0.62 -0.5 -0.44 -0.48 -0.45 

Non - Work 

(commuting and 

other) 
-0.67 -0.65 -0.53 -0.47 -0.59 -0.52 -0.56 
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Journey Purpose SplitsJourney Purpose SplitsJourney Purpose SplitsJourney Purpose Splits    

1.2.26 Data from the National Travel Survey (1999 - 2001) has been used to produce 

journey purpose splits for work and non-work travel (commuting and other), based on 

distance travelled and trips made. These purpose splits are necessary in order to calculate 

values of time per vehicle for the average vehicle. Journey purpose splits are assumed to 

remain constant over time. 

1.2.27 The purpose splits based on distance travelled in work and non-work time are given 

in Table 7. 

Table 7: Proportion of Travel in Work and NonTable 7: Proportion of Travel in Work and NonTable 7: Proportion of Travel in Work and NonTable 7: Proportion of Travel in Work and Non----Work TimeWork TimeWork TimeWork Time    

WWWWeekdayeekdayeekdayeekday Mode / Vehicle Mode / Vehicle Mode / Vehicle Mode / Vehicle 

Type &Type &Type &Type &    

Journey Journey Journey Journey 

PurposePurposePurposePurpose 

7am7am7am7am----

10am10am10am10am 
10am10am10am10am----

4pm4pm4pm4pm 
4pm4pm4pm4pm----

7pm7pm7pm7pm 
7pm7pm7pm7pm----

7am7am7am7am 
WeekdayWeekdayWeekdayWeekday    

AverageAverageAverageAverage 

WeekendWeekendWeekendWeekend    

AverageAverageAverageAverage 

All All All All 

WeekWeekWeekWeek    

AverageAverageAverageAverage 

 Percentage of Distance Travelled by VehiclesPercentage of Distance Travelled by VehiclesPercentage of Distance Travelled by VehiclesPercentage of Distance Travelled by Vehicles 

CarCarCarCar 

Work 18.1 19.9 13.0 12.3 16.4 3.2 13.1 

Commuting 46.0 11.4 40.8 36.2 31.0 8.5 25.3 

Other 35.9 68.7 46.2 51.5 52.5 88.3 61.6 

LGVLGVLGVLGV 

Work (freight) 88.0 88.0 88.0 88.0 88.0 88.0 88.0 

Non-Work 

(Commuting & 

Other) 
12.0 12.0 12.0 12.0 12.0 12.0 12.0 

OGV1OGV1OGV1OGV1 

Work 100 100 100 100 100 100 100 

OGV2OGV2OGV2OGV2 

Work 100 100 100 100 100 100 100 

 Percentage of Distance Travelled by Percentage of Distance Travelled by Percentage of Distance Travelled by Percentage of Distance Travelled by OccupantsOccupantsOccupantsOccupants 

CarCarCarCar 

Work 15.4 13.8 10.2 9.9 12.6 2.0 9.2 

Commuting 38.3 8.1 32.2 29.1 23.9 5.1 18.0 
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Other 46.4 78.1 57.6 61.0 63.5 92.9 72.7 

PSVPSVPSVPSV 

Work 3.9 2.0 3.9 5.7 3.4 1.5 2.9 

Commuting 30.0 11.1 36.6 38.1 25.5 6.4 20.5 

Other 66.1 86.9 59.5 56.2 71.1 92.0 76.6 

Heavy RailHeavy RailHeavy RailHeavy Rail 

Work 14.1 22.4 16.4 23.2 18.3 6.3 16.5 

Commuting 51.9 10.2 55.9 53.1 43.7 4.3 37.8 

Other 34.1 67.4 27.7 23.7 38.1 89.4 45.7 

Light RailLight RailLight RailLight Rail 

Work 1.9 0.2 1.8 2.3 1.3 0.4 1.2 

Commuting 82.4 8.5 75.7 28.9 50.1 23.3 45.8 

Other 15.7 91.3 22.5 68.9 48.6 76.3 53.1 

Note: The shaded areas in the table indicate a small sample, hence these figures should be treated with caution. 

1.2.28 The purpose splits based on trips made in work and non-work time are given in 

Table 8. 

Table 8: Proportion of Table 8: Proportion of Table 8: Proportion of Table 8: Proportion of Trips Made in Work and NonTrips Made in Work and NonTrips Made in Work and NonTrips Made in Work and Non----Work TimeWork TimeWork TimeWork Time    

WeekdayWeekdayWeekdayWeekday Mode / Vehicle Mode / Vehicle Mode / Vehicle Mode / Vehicle 

Type &Type &Type &Type &    

Journey Journey Journey Journey 

PurposePurposePurposePurpose 

7am7am7am7am----

10am10am10am10am 
10am10am10am10am----

4pm4pm4pm4pm 
4pm4pm4pm4pm----

7pm7pm7pm7pm 
7pm7pm7pm7pm----

7am7am7am7am 
WeekdayWeekdayWeekdayWeekday    

AverageAverageAverageAverage 

WeekendWeekendWeekendWeekend    

AverageAverageAverageAverage 

All All All All 

WeekWeekWeekWeek    

AverageAverageAverageAverage 

 Percentage of Vehicle TripsPercentage of Vehicle TripsPercentage of Vehicle TripsPercentage of Vehicle Trips 

CarCarCarCar 

Work 6.8 8.3 5.5 3.6 6.5 1.7 5.0 

Commuting 40.6 11.6 32.3 26.4 25.4 9.1 20.3 

Other 52.7 80.1 62.2 70.0 68.1 89.3 74.7 

LGVLGVLGVLGV 

Work (freight) 88.0 88.0 88.0 88.0 88.0 88.0 88.0 
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Non-Work 

(Commuting & 

Other) 
12.0 12.0 12.0 12.0 12.0 12.0 12.0 

OGV1OGV1OGV1OGV1 

Work 100 100 100 100 100 100 100 

OGV2OGV2OGV2OGV2 

Work 100 100 100 100 100 100 100 

 Percentage of Person TripsPercentage of Person TripsPercentage of Person TripsPercentage of Person Trips 

CarCarCarCar 

Work 5.2 2.2 4.1 1.2 4.7 1.1 3.4 

Commuting 33.3 15.6 25.8 10.9 20.0 6.4 15.2 

Other 61.5 82.2 70.1 87.9 75.3 92.5 81.4 

PSVPSVPSVPSV 

Work 1.5 1.2 1.8 2.6 1.5 1.0 1.4 

Commuting 41.7 10.6 43.0 47.4 26.9 12.4 24.3 

Other 56.8 88.2 55.2 50.0 71.5 86.6 74.3 

Heavy RailHeavy RailHeavy RailHeavy Rail 

Work 6.7 13.6 6.7 8.8 8.3 2.8 7.6 

Commuting 71.7 14.9 68.0 60.4 58.2 11.1 52.2 

Other 21.6 71.5 25.4 30.8 33.5 86.1 40.3 

Light RailLight RailLight RailLight Rail 

Work 2.8 0.7 3.3 5.3 2.4 1.2 2.2 

Commuting 83.0 10.8 70.7 23.7 48.2 21.7 43.8 

Other 14.2 88.5 26.0 71.1 49.4 77.1 54.0 

Note: The shaded areas in the table indicate a small sample, hence these figures should be treated with caution. 

Values of Time per VehicleValues of Time per VehicleValues of Time per VehicleValues of Time per Vehicle    

1.2.29 The market price values of time per vehicle are given in Table 9. These values were 

calculated by multiplication of the appropriate figures from Tables 1, 2, 4, 5 and 6. 
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Average car, average LGV and average PSV values also use the journey purpose split data 

from Table 7 as weights. The values are based on distance travelled. 

Table 9: Market Price Values of Time per Vehicle in 2002 based on distance Table 9: Market Price Values of Time per Vehicle in 2002 based on distance Table 9: Market Price Values of Time per Vehicle in 2002 based on distance Table 9: Market Price Values of Time per Vehicle in 2002 based on distance 

travelled (£ per hour, 2002 prices and values)travelled (£ per hour, 2002 prices and values)travelled (£ per hour, 2002 prices and values)travelled (£ per hour, 2002 prices and values)    

WeekdayWeekdayWeekdayWeekday 
Vehicle Type &Vehicle Type &Vehicle Type &Vehicle Type &    

Journey PurposeJourney PurposeJourney PurposeJourney Purpose 7am7am7am7am----

10am10am10am10am 
10am10am10am10am----

4pm4pm4pm4pm 
4pm4pm4pm4pm----

7pm7pm7pm7pm 
7pm7pm7pm7pm----

7am7am7am7am 
AverageAverageAverageAverage    

WeekdayWeekdayWeekdayWeekday 

WeekendWeekendWeekendWeekend 
All All All All 

WeekWeekWeekWeek 

CarCarCarCar 

Work 30.74 30.00 29.61 29.81 30.18 31.68 30.18 

Commuting 5.84 5.79 5.69 5.69 5.74 5.74 5.74 

Other 7.58 7.89 8.08 7.86 7.90 8.74 8.21 

Average Car 10.97 12.05 9.90 9.77 10.88 9.22 10.46 

LGVLGVLGVLGV 

Work (freight) 12.22 12.22 12.22 12.22 12.22 12.83 12.22 

Non-Work 

(Commuting & 

Other) 
6.70 6.70 6.70 6.70 6.70 9.31 7.29 

Average LGV 11.55 11.55 11.55 11.55 11.55 12.41 11.63 

OGV1OGV1OGV1OGV1 

Working 10.18 10.18 10.18 10.18 10.18 10.18 10.18 

OGV2OGV2OGV2OGV2 

Working 10.18 10.18 10.18 10.18 10.18 10.18 10.18 

PSVPSVPSVPSV 

(Occupants) 

Work 19.80 15.11 19.80 24.24 18.57 13.88 17.33 

Commuting 18.45 6.83 22.50 23.43 15.68 3.94 12.61 

Other 35.97 47.28 32.38 30.58 38.69 50.06 41.68 

Total 74.21 69.22 74.68 78.25 72.93 67.87 71.62 
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1.2.30 From Table 9, using national average vehicle proportions for 2002, the market 

price value of an average vehicle is £11.28. 

Notes: 

1: Based on research conducted by the Institute for Transport Studies (ITS) for the 

Department for Transport, reported in 2003, and published as Values of Travel Time 

Saving in the UK. 

2:2:2:2: Elasticity is the relative response of one variable to changes in another variable. The 

phrase "relative response" is best interpreted as the percentage change. In this context, the 

inter-temporal income elasticity of the value of time, is the percentage change in the value 

of time (over time) measured against the percentage change in income (over time). 




