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Introduction

Background to Variable Demand Modelling

Guidance for the Technical Project Manager and TAG unit M1.1 Principles of
Modelling and Forecasting explain why variable demand modelling needs to be
considered in scheme appraisals. The technical project manager guidance
explains how to establish whether there is a need for variable demand
modelling in a particular application. Assuming that there is a need, it then goes
on to give preliminary advice on the scope of the model, with a view to
developing a model which is appropriate for the complexity of the interventions
that it will be used to test.

Any change to transport conditions will, in principle, cause a change in demand,
overall and its distribution. Relevant changes are not limited to specific scheme
interventions but also relate to such matters as changes in demand and
generalised cost values, so consideration of variable demand is expected in any
forecast, including a Do Minimum against which interventions are compared.
The purpose of variable demand modelling is to predict and quantify these
changes.

It is of key importance in modelling to establish a realistic scenario in the
absence of and with the inclusion of the proposed scheme or strategy. For
schemes that may affect traveller behaviour such as choice of mode, realistic
levels of demand across the modes needs to be established.

Although the modelling effort needs to be proportionate to the scale of a
potential intervention, the need to consider variable demand is not simply a
question of the size of the intervention. Since both demand changes and
benefits tend to scale with the size of the scheme, changes in demand can have
similar proportionate effects on benefits for both large and small schemes.
Thus, changes in demand can have fundamental implications for the
justification of a scheme of any size, in terms of economic, environmental and
social impacts and should be represented appropriately and proportionately.

This unit provides advice on the implementation of a variable demand model
(VDM) in the context of the standard model outlined in TAG unit M1.1 Principles
of Modelling and Forecasting. Any response in the demand for transport of
freight is not considered here, and it is generally assumed that total freight
traffic is fixed, but susceptible to re-routeing.

This unit also touches on own-cost elasticity modelling for highway in two
contexts. The first is for the assessment of whether a fixed matrix appraisal
would be acceptable. The second is for rapid sifting of large numbers of options
before moving on to using the standard model for any business case. Own cost
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elasticity approaches for rail modelling are covered in TAG unit A5-3 rail
appraisal.

1.1.7 This unit excludes advice on processing traffic data for the development of
demand matrices for transport models, which is set out in TAG unit M2.2 - Base
Year Demand Matrix Development.

1.1.8 This unit is complemented by TAG M5 advanced modelling techniques and
TAG supplementary guidance:

e TAG unit M5.1 Modelling Parking and Park-and-Ride provides advice on
modelling park and ride

e TAG unit M5.2 Modelling Smarter Choices provides advice on incorporating
the impacts of smarter choice initiatives in the standard model.

e TAG unit M5.3 Supplementary Economic Modelling explains methods to
estimate the economic impact of transport schemes including: additionality
models, reduced-form models, Land-Use Transport Interaction (LUTI)
models and Spatial Computable General Equilibrium (S-GCE) models

e NTEM sub-models — this unit gives a detailed background to the national
car ownership model (NATCOP) and the National Trip End Model (NTEM).
These models contribute to generating trip end forecasts known as the
NTEM data set, which users may access freely via the TEMPRO software.

e Bespoke mode choice models — this unit provides advice on modelling for
the appraisal of new modes or characteristics, for modelling cases where
traveller behaviour is very different to national norms, and for transferring an
entire modelling system from one area to another.

e Mixed logit models — this unit provides advice on the use of mixed logit
models, which can be used to model taste variation and to model complex
substitution through cross nesting of alternatives.

e Land use/transport interaction (LUTI) models — this unit outlines general
introductory principles behind LUTI models. LUTI models account for the
impact of transport provision on changes to land-use patterns, which allows
modellers to calculate Level 3 Benefits in the taxonomy set out in TAG unit
A2.1 Wider Economic Appraisal Impacts.

1.2 This TAG Unit

1.2.1 This TAG unit describes the considerations and processes required in variable
demand modelling:

e Scoping out the requirements of the model, based on the objectives at hand
and the requirements of a fit-for-purpose forecasting tool, including scoping
the need for having a variable demand model (VDM) at all by testing how
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important including demand responses might be and whether it is
acceptable to exclude them (section 2)

Formulation of how travel costs (disutilities) will be handled within the model
(section 3)

Development of the model and appreciation of the model form and choice
responses that need to be represented (section 4)

Ensuring that the model is appropriately calibrated using local data sources
or illustrative model parameters (section 5)

Ensuring that the model is valid and fit-for-purpose, by ensuring
convergence, undertaking realism tests and running sensitivity tests around
key parameters (section 6)

Throughout the advice there are a number of important recommendations
shown highlighted and in bold: if these actions are not followed, analysts
will need to provide rigorous justification for the course of action taken.

Core Requirements

The intention of this advice is to describe the basis of variable demand
modelling as clearly and simply as possible and it is intended to represent
generally accepted best practice. A summary of the main points to note
regarding core requirements is as follows:

Overall, there should be a presumption that the effects of variable demand
on scheme benefits will be estimated quantitatively unless there is a
compelling reason for not doing so. This may be justified by undertaking
scoping tests as described in section 2.2. The justification for the approach
adopted, including the results of these tests, where conducted, should be
reported in an Appraisal Specification Report and also noted in the
Forecasting Report. Even if induced traffic' does not alter the case for the
scheme appreciably, the assessment may be criticised if it cannot
demonstrate that the case is robust against possible changes in demand.

The amount of detail required in demand modelling will depend upon the
particular application, since the effort and cost involved should be
commensurate with the investment being assessed and the scale of its
effects.

In modelling demand, some segmentation by trip and traveller type is
essential: at minimum there should be categorisation by trip purpose (at
least home-based work (commuting), employer's business, and 'other’

1 Variable demand responses may lead to induced demand, if the amount of overall demand for travel
increases, brought about if the model contains an elasticity for trip frequency in response to generalised
cost reductions. Distributive model processes that reflect the choice between alternatives in response to
generalised cost changes may lead to induced traffic: an increased demand (trips or mileage) for the
mode that has been improved, for example through a mode or destination shift.



TAG UNIT M2.1
Variable Demand Modelling

purposes); some form of distinction between travellers with and without a
car available is also very desirable and is expected where mode-choice is to
be considered. In many cases, modelling multi-car ownership is desirable,
and should be practicable, if household survey data sets are available or
sufficient data are available for its synthesis.

The sequence of the distribution and mode split stages in the
calculation hierarchy depends upon the relative strengths of the
sensitivity parameters, but trip frequency should always be calculated first
(highest) and micro time period choice (peak-spreading), if it is to be
included, will generally be lowest in the demand model hierarchy, with route
choice (within the assignment model) being the most sensitive. The
sensitivity parameters must always increase (strictly never decrease) along
this sequence from highest to lowest, and this may require different
sequences for different segments of travel (e.g. purpose, etc.). In the
absence of strong evidence to the contrary, the model should adopt
the default hierarchy of responses as recommended in section 4.5.

All transport models depend upon relating people's travel choices to
estimates of their generalised cost of travel - a weighted sum of time and
other costs of travel which can be measured in units of money or
(preferably) time. These costs are estimated within both the demand model
and assignment model.

The Department's long-established preferred approach is to use an
incremental rather than an absolute model, unless there are strong
reasons for not doing so.

Convergence between the assignment and the demand model(s) is
very important and must be clearly reported.

Variable demand mechanisms should be calibrated on local data, to
reflect the local strengths of the choice mechanisms. Where this is not
possible the illustrative parameter values presented in this unit may be
used, obtained from a review of transport models in the UK. It is
recommended that locally calibrated models compare their parameters to
the illustrative parameters and explain differences.

It is essential to apply realism testing to ensure that the model responds
rationally and with acceptable elasticities.

It is also necessary to apply sensitivity testing to determine the variation in
the results of the assessment against the uncertainty in the input
parameters.
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Scoping the Model and Initial
Development

Background

This section describes some of the early choices that need to be made when
considering the development of a variable demand model. This includes
preliminary tests for the need of such a model and, once a need is ascertained,
defining the scope of the model in general. The following sections go into more
detail regarding specific components of the demand model and the calibration
process.

This guidance is based on cases where a full multi-modal model with
appropriate segmentation and representation of demand responses is required.
Less detail may be acceptable, though it will be expected that an appropriate
case is made at an early stage for any simplifications adopted (see Guidance
for the Technical Project Manager and the requirements for an Appraisal
Specification Report). In particular, readers should consult section 2.3 regarding
the need for a full representation of alternative modes.

A summary of the advice in this section is as follows:

¢ An initial assessment of the need for a variable demand model should be
undertaken. This is discussed in section 2.2.

e Once the need for a variable demand model has been established, initial
decisions concerning the basic structure of the model are required. These
should be based on the existing and expected transport problems and likely
solutions being assessed. This is discussed in section 2.3.

e The demand and supply processes need to allow for trip redistribution and
when designing the zone system must provide a fine enough level of detail
for the schemes and strategies being assessed. This is discussed in section
24,

e Various stages of the demand modelling and forecasting process require
travel movements to be described in terms of the factors that generate or
attract trips - i.e. by productions and attractions (P/A). Section 2.5 discusses
the conversion between P/A and origin-destination (O/D) forms for use in
the multi-stage modelling process. It also discusses the requirement to
construct a base year travel pattern and reference case growth forecasts.

e The impacts of different policy measures on particular groups of people can
only be represented realistically and forecast satisfactorily if the demand
modelling process is suitably segmented. Modelling should use groups of
travellers (segments) that may be expected to continue to behave in similar
fashion over time. This is discussed in section 2.6.
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e Travel demand and traffic levels vary throughout the day and this usually
requires the modelling of different time periods. The need to divide the day
into different periods, related to the daily profiles of road traffic, is no more
onerous than is normally needed in assignment modelling, unless it is
intended to model peak spreading, as described in section 2.7.

Assessment of the Need for Variable Demand Modelling

Variable demand modelling should be carried out to avoid introducing biases
into the appraisal of schemes. For example, a fixed matrix approach will
overstate journey times in the highway Do-Minimum case because it does not
allow for changes of destination or mode to avoid congestion. Similarly, in the
Do-Something case, a fixed highway matrix approach would overstate
reductions in journey time by failing to account for additional delays generated
by the additional highway demand generated by the improvement. Thus,
variable demand modelling is needed in both the Do-Minimum and Do-
Something cases to avoid exaggerating travel time-saving per vehicle in the
appraisal.

Proposed relaxations from this approach should be justified numerically
in the Appraisal Specification Report. The mathematical tests for this task
are set out in the rest of this section.

It may be acceptable to limit the assessment of a scheme to a fixed demand
assessment if the following criteria are satisfied:

e The scheme is quite modest either spatially or financially and is also quite
modest in terms of its effect on travel costs. Schemes with a capital cost of
less than £5 million can generally be considered as modest

or the following two points:

e There is no congestion or crowding on the network in the forecast year (for
example 10 to 15 years after opening), in the absence of the scheme

¢ The scheme will have no appreciable effect on travel choices (e.g. mode
choice or distribution) in the corridor(s) containing the scheme

Preliminary Assessments of Need for Variable Demand Model

In order to establish a case for omitting variable demand in the model,
preliminary quantitative estimates should be made of both traffic levels
and benefits under fixed demand and variable demand approaches.

Where an appropriately developed variable demand model of the area is
available, it should be used to produce equivalent forecasts for the preliminary
assessment. If none is available, an elastic assignment procedure can be used
to produce the forecasts as follows:

e Select an appropriate functional form (see Appendix A).

10
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e Adjust the parameter values in the elastic assignment so that the outturn car
fuel cost elasticity falls within the appropriate range from the realism tests
(see section 6.4).

e Produce reference case forecasts for the scheme opening year and a further
forecast year following the guidance in TAG unit M4 Forecasting and

Uncertainty.

e Produce Without-Scheme and With-Scheme forecasts for the scheme
opening year and a further forecast year following the guidance in TAG unit
M4 Forecasting and Uncertainty.

Fixed demand forecasts for the preliminary assessments should be created
following the guidance in TAG unit M4 Forecasting and Uncertainty:

e Produce reference case forecasts for the scheme opening year and a further
forecast year (10-15 years after scheme opening).

e Apply fuel and income factors to the reference case forecasts (these can be
found in the TAG Data Book).

e Produce Without-Scheme and With-Scheme forecasts (following guidance in
TAG unit M4 Forecasting and Uncertainty) to support the preliminary
assessment.

The forecast year generalised cost parameters in the elastic assignment should
be adjusted using the information in the TAG data book to reflect the impacts of
changes in the value of time and fuel costs.

Where preliminary calculations using an existing variable demand model are
carried out, it will be acceptable in general to use a fixed demand assessment
where the resulting difference in suppressed/induced traffic when using the
demand model does not change benefits resulting from a scheme by more than
10% in the opening year and 15% in the forecast year (10 to 15 years later)
relative to a fixed demand case.

These calculations may provide strong enough evidence to conclude that the
impact of variable demand will be negligible and thus provide a useful
justification for restricting the assessment to fixed trip matrix. However, the
possible superiority of alternative schemes that may have more significant
impacts on demand, including potential improvements to public transport, also
needs to be considered.

If it is decided that variable demand modelling is required, then the scope of the
variable demand model must be established (see section 2.3).

The outcome of the assessment of the need for a variable demand model, as
well as the series of tests outlined below, should be reported in the Appraisal
Specification Report (see Guidance for the Technical Project Manager). Details
of how each criterion has been considered and all the evidence that has been

11
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compiled should be fully documented. In all cases, the analyst will need to
provide a justification for any simplifications adopted.

The Status of Elasticity Methods

2212 "Own-cost" elasticity models assume that the demand for travel between two
points is purely a function of the change in costs on that mode between the two
places. The strength of that function can vary for different trip lengths.

2213 It is recommended that own cost elasticity models are not used instead of
full variable demand models?. An own cost elasticity model applied to all trips
cannot recreate the change in pattern of travel nor all of the changes in trip
lengths that are forecast by a trip distribution model, nor can it properly
represent the transfer of trips from one mode to another when there are
changes to the cost of several modes or the transfer from one time period to
another. The Department’s internal research has shown that elasticity models
are unable to appropriately estimate the effect of variable demand responses,
hence, their estimation of scheme benefits may be erroneous.

2.2.14 There may be a role for elasticity models in option testing to proxy full variable
demand model results where it would be disproportionate to run the full model.
This may be particularly useful if the model takes a long time to run or there are
a large number of potential options. However, the analyst must note the caveats
related to elasticity-based methods and be satisfied that the results do not
mislead in order to avoid poor options being taken through to the full modelling
stage. If an elasticity approach is to be applied in this way, then Appendix A
sets out the different possible formulations.

Status of Tiered Models

2215 Tiered models are discussed in TAG unit M3.1 Highway Assignment Modelling.
The unit refers to a form of tiered model in which a simplified representation of
the highway model is used in an upper tier demand model. It sets out a
requirement that the demand estimated by the higher tier model and supply
estimated by the detailed model meets the guidelines for acceptable demand-
supply convergence in section 6.3.

2.2.16 Generalised costs need to be consistent between tiers in any form of tiered
model so that the Without-Scheme forecasts show approximately the same
level of delays in the two models and the With-Scheme case show the same
level of change in generalised costs in the two models. The difference between
the benefits of a scheme forecast in the upper and lower tier models should be
no more than 10% in the base year and 15% in the future year.

2 A common exception is in rail appraisals, which often make use of elasticity-based demand forecasting methods (using
elasticities from the Passenger Demand Forecasting Handbook (PDFH)). These models are often uni-modal rather
than multi-modal, commonly lacking explicit representation of other modes.

12
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Preliminary Scoping of the Variable Demand Model

Having concluded that a variable demand model is required, it is necessary to
take a view on the scope of the modelling system. TAG unit M1.1 Principles of
Modelling and Forecasting describes the stages required in a full model system,
including the role of the demand model and its interaction with assignment.

The analyst should explore whether or not a potentially suitable model of the
required area already exists in order to apply it to the transport problem and
proposed solutions. Such a model may require adjustment to this particular
case but may substantially save time in development. Where there is no
existing model, the analyst must ensure that the effort in constructing a model to
appraise an intervention is proportionate.

Typically, the demand model should address the responses of frequency, mode
choice and destination choice, as well as, in some instances, time of day
choice, and should be applied on a Production/Attraction (P/A) basis. However,
while for large and complex schemes a full variable demand approach is likely
to be required, not all schemes will require this, and it is important that the
model is appropriate for the interventions that it will be used to test.

For the majority of cases, it will be essential to model AM peak, PM peak and
inter-peak time periods. The modelling of off-peak periods (before the AM peak
and after the PM peak) may be worthwhile where important scheme impacts
occur in this period (e.g. noise or air quality issues). The model should
represent an average weekday, though special handling may be needed for
situations where seasonal traffic plays an important role.

The main possibility for simplification is in the treatment of mode, since much of
the modelling effort can be attributed to reflecting the impact on alternative
modes. If it is the case that the model is required to appraise policies relating to
both highway and public transport modes, it likely that a multi-modal model
including both highway and public transport modes will be needed. However,
when policies relate only to or can be expected to affect only one mode, it may
be possible to concentrate the modelling on that mode.

Where there is limited scope for transfer between modes, the demand model
may not require a mode choice element nor the representation of the costs of
alternative modes in any detail (and hence may not need an associated
assignment model for those modes). Simplifications of this kind are likely to also
impact on the level of detail required in the demand model. For example, in the
case of a highway scheme where no shift to or from public transport is
expected, the demand model segmentation may be restricted to car users only.

There may also be scope for simplification in the supply model where there are
no significant routeing alternatives, or where the generalised costs of using
public transport are not heavily dependent on route choice. In a public transport
scheme where crowding is a possibility, the generalised costs are dependent on
the level of demand and more detailed representation, most likely involving a
public transport assignment model, is warranted. However, when crowding is

13
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not present, and route choice is simple (because of restricted alternatives), the
need for a public transport assignment model is greatly reduced. This applies
even in the case of a policy relating to public transport.

Modal Shift Significance Test

In principle, any change in relative generalised cost between the modes will
lead to some modal shift. However, this sensitivity is usually low, as implied by
the mode choice parameters in section 5.6. A test can be formulated to make a
preliminary estimate of the likely amount of modal diversion, as follows:

For each zone-to-zone movement, using available data, estimate the
approximate modal split between car and public transport, and the change
in costs expected to arise from the scheme for each mode.

The modal impact may be considered significant if, for any zone to zone
movement where the car share is below 75%, the cost change between
modes is more than one minute, or, where the car share is between 75%
and 85%, the cost change is more than two minutes, or, where the car
share is above 85%, the cost change is more than four minutes.

If on this basis no zone-to-zone movement demonstrates significant modal
impact, then this is prima facie evidence for not requiring a mode choice
model.

Logical Tests for Provisional Model Scope

A set of logical tests has been defined to give a clear assessment of which
modes need to be modelled:

Test 1 - Do the set of schemes to be appraised relate to only one of the
modes - public transport and highway? If NO, a multi-modal treatment will,
in principle, be required.

Test 2 - If the scheme is highway only, does the application of the mode
shift test suggest that there will be a significant impact on public transport
demand? If YES, a mode choice model will, in principle, be required.

Test 3 - If the scheme is public transport only, does the application of the
mode shift test suggest that there will be a significant impact on highway
demand? If YES, a mode choice model will, in principle, be required.

Test 4 - If the scheme is highway only, and a mode choice model is not
required, then a public transport assignment model is not required.

Test 5 - If the scheme is public transport only, and a mode choice model is

not required, then a highway assignment model is not required. In addition,
a public transport network model may not be necessary if the level of

14
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crowding is not expected to be significant during the lifetime of the scheme,
and routeing is generally straightforward.

e Test 6 - If the scheme is public transport only, then, even if a mode choice
model is required, it may be proportional to manage without a highway
assignment model and use the techniques described in TAG unit A5.4
Marginal External Costs to measure decongestion benefits (through use of
"Marginal External Costs of Congestion"). This will only be appropriate
where there is no impact from the scheme on highway capacity, the analyst
is satisfied that highway costs are adequately represented in the base and
forecast years where a mode choice model is in use and there is a relatively
small amount of mode shift (i.e. the highway costs are not anticipated to
change significantly). In addition, as in Test (5), a public transport
assignment model may not be necessary if the level of crowding is not
expected to be significant during the lifetime of the scheme, and routeing is
generally straightforward.

Mode Choice Model: Bespoke or Transferred?

In practice, where a mode choice model is a requirement, the majority of model
developers transfer the mode choice component from other similar model types
and structures. Bespoke models may occasionally be required in cases where
appropriate models to transfer do not exist or are of insufficient quality, or the
scope of the model or scheme is sufficiently large and complex to warrant such
an approach. An example of this is where a new mode is required to be
modelled, for very large public transport schemes, or where traveller behaviour,
e.g. in terms of values of time, is substantially different from national norms.

Many models may fall somewhere between pure 'bespoke' and 'transferred’
types, depending on how the 'imported parameters' are obtained, and the extent
to which local data is available to calibrate the model. As part of the calibration
procedure, it is important that the model sensitivities are replicated (and in the
case of absolute models, the observed mode shares).

Further information on construction of bespoke mode choice models can be
found in the Supplementary Guidance section of TAG. Section 4.7 provides
some guidance on how to estimate mode choice models in the context of
transferred models.

Land Use and Transport Interactions

Undertaking a land use transport interaction (LUTI) model is costly, data-hungry
and time-consuming. For some cases, however, the impact of the scheme on
regeneration is expected to be substantial and therefore an important part of
modelling and scheme appraisal. In these cases, a LUTI model approach
should be carefully considered.

Where such expenditure is not defensible, an alternative approach is to extract
measures of accessibility from the transport model and use these to inform
expert judgement. In cases where an objective of the scheme is simply to
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improve accessibility these measures are in principle sufficient in themselves,
but they can also give sufficient information for an expert to assess what land
use changes are likely.

Model Area and Zone Size

Model Area

The consideration of the spatial area to be represented by both demand and
assignment models is a balance between the area being large enough to
capture all the salient impacts of a scheme, whilst not being so large that model
runtimes, convergence and noise become a problem (TAG unit M1.1 Principles
of Modelling and Forecasting has more details). The overall maxim is that the
model area should be fit for purpose in order to fully account for not only the
route choice impacts, but the choices on the demand side as well.

TAG unit M3.1 Highway Assignment Modelling and TAG unit M3.2 Public
Transport Assignment Modelling, give guidance on defining an appropriate
modelled area for assignment models. This will usually be composed of an
Area of Detailed Modelling, in which both routeing and demand responses are
expected to occur and hence it is desirable to have the representation of the
network and zoning system as detailed as possible. The rest of the fully
modelled area may contain larger zones and less network detail. The external
area will usually consist of very large zones and a skeletal network. The "study
area" would generally equate to the fully modelled area.

Movements between the internal and external areas need to be represented at
an appropriate level of detail, for five reasons:

¢ On the demand side if only internal movements are properly represented
as trips, then zones near the border will have (apparently) lower levels of
trip-making.

¢ \When modelling destination choice, travel opportunities to both internal and
external zones need to be represented. Thus, although the external area
can be represented at a coarse geographical level, it is important that it
should contain sufficient close destinations, and appropriately attractive
ones, to take a realistic share of demand from within the modelled area.

e Similarly, zones just outside the fully modelled area need to provide a
realistic demand into the area. Hence, the fully modelled area should be
surrounded by a ring of 'buffer' zones a little larger than the internal zones,
and outside these will be very large zones representing the rest of the
external area.

e And finally, to be able to model mode and destination choice well in the

whole are, if the trip length needs to be represented, not just the part in the
internal area
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e On the supply side, movements from one external zone to another external
zone may form 'through traffic' in the modelled area and this may respond
to changes in congestion in the study area, possibly rerouting outside the
study area, but also to factors beyond the scope of the model such as
projects and developments in the external area.

Zone Size and Intrazonals

The size of internal zones will need to be carefully considered in relation to
intrazonal trips in order to avoid any biases in the demand model. At the
distribution stage it is important to be able to redistribute intrazonals to become
interzonals, and interzonals to become intrazonals, if relative costs change. If
the zone sizes are small this is less of a problem, but for large zones it is
important that the average intrazonal costs are as realistic as possible.

Various approaches may be used to derive intrazonal costs:

e assume the average cost of an intrazonal trip is a fixed proportion of the
costs of interzonal trips to the neighbouring zones, or

e assume the mean distance of an intrazonal trip is a proportion of distance to
the neighbours and costs generated accordingly.

Intrazonal costs should reflect the prevailing level of congestion via the mean
journey speeds, and preferably its response to changing demand or local
schemes. Basing costs on those of trips to the neighbouring zones will generally
be sufficient.

As noted in TAG unit M3.1 Highway Assignment Modelling, “cordon models” are
not recommended, since they do not allow a full representation of end-to-end
costs for journeys crossing the cordon. Truncating costs at the cordon boundary
will render some forms of demand model inappropriate. The use of true end-to-
end journey costs will allow the modeller greater freedom in the choice of
demand model, and to reflect long-distance re-routing for through traffic.

Matrix Development

Matrix Form

Variable demand models usually operate on demand matrices in Production /
Attraction (P/A) form or tours form, rather than Origin/Destination (O/D) form. In
P/A form, the rows of the matrix represent the trip productions (the home-end )
and the columns represent attractions (the non-home-end).

Variable demand models should use P/A matrices rather than O/D matrices
because forecasts will be more accurate. The P/A form relates demand more
closely to behaviour and the data available or forecasting. The productions
generated in a zone are closely related to the population of the zone, for
example the number of resident workers and whether or not they own cars. The
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attractions generated in a zone are closely related to the land-use and the
reasons for travelling to the zone, such as the numbers of jobs in the zone or
the retail floorspace.

Model developers may choose whether to further segment P/A form matrices
into tours form. The shortest, and most common, pattern for a tour has two trips
— an outbound trip from home to an activity, and a return trip from the activity to
home. In tours form, matrices are further segmented by time period of each trip
and may include more trips than just the outbound and return home. In general,
a tour-based approach should give higher quality representation of behaviour in
several of the components of the model system?3, but they are, at the present
time, generally restricted to large scale strategic models. If available, they could
be used to provide inputs to more local trip-based based models.

For the assignment stage of the model, it is necessary to convert the demand
matrices into O/D form. This is discussed in section 4.4. For non-home-based
trips, the matrices are already in O/D format, as there is no home end to
identify.

There are a few circumstances, however, where it may be satisfactory to use
O/D based demand matrices for forecasting, largely for reasons of practicality.
This may be where the model is simple enough or used for a specific purpose
for which the analyst can be confident that the forecasts will not be biased, such
as where forecasts are based on a simple overall growth rate, or only the AM
peak is being modelled, etc. This situation is expected to be very uncommon.
Advice should be sought from the Department before specifying the
model if an O/D based demand modelling approach is being considered.

Matrix Development

TAG unit M1.2 Data Sources and Surveys gives guidance on data sources that
are appropriate to construct and calibrate demand models. The data required
for the demand calculations depend upon the chosen level of segmentation (i.e.
disaggregation) of travellers and travel characteristics, as discussed in section
2.6.

Advice on the preferred form of demand models is discussed in section 4.3.
Unless there are reasons to the contrary, the use of an incremental approach,
either through using a pivot-point model or based on incremental application of
absolute estimates, would be expected. There are two separate processes that
need to be considered when developing forecast matrices for use in demand
models:

e The production of a base year travel pattern (replicating observed
movements and behaviours in the base year). TAG unit M2.2 Base Year
Matrix Development gives detailed advice on the development of demand
matrices from suitable data sources.

3 Examples include use where parking or time-specific charging systems are a key consideration, and to
ensure consistency in mode choice between outward and return trips.
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¢ In the case of incremental demand models, the production of reference
cases for future years (estimating future travel demand based on
demographic changes, prior to consideration of changes in costs).

Production of Reference Cases for Future Years

Modelling of incremental changes from the base matrix is required for most
assessments. For very large schemes or situations where there will be
substantial land-use and demographic changes within the timescale of the
assessment, however, it may be necessary to make a detailed absolute
forecast of at least part of the future reference case, as the base matrix will not
be a reliable starting point for forecasting (see section 4).

The construction of the reference case forecast requires reference case growth
factors/assumptions and will involve the adjustment of the row and column
totals of the base P/A matrix at an all-day all-modes level to reflect expected
land-use and car ownership changes (taking no account of cost changes). As a
default, these should be based on NTEM.

Segmentation: Trip and Person Types

"Segmentation" is the division of travel, traveller and transport attributes into
different categories with different behaviours, to reflect different responses to
interventions, and safeguarding that all travellers in the same category can be
treated in the same way.

In general, assignment and demand models require different forms of
segmentation. Demand modelling generally requires more categorisation, both
in order to estimate how much demand, and of what type, a particular zone may
produce or attract, and because different types of traveller respond differently to
changes in travel conditions and costs.

To be accepted by the policy-makers, forecasting and assessment must be
seen to deal realistically with the variety of external factors which will contribute
to changes in travel demand. Moreover, policy makers may wish to know
whether policies impact differently on different types of traveller, and if so, how.
However, segmentation increases the size, complexity and run times of models,
as does a more detailed spatial description using smaller zones, and
judgements have to be made about how much detail is necessary in a particular
application. The same degree of segmentation may not be necessary at all
stages of the model, and each of the stages of the variable demand model is
considered in turn in the detailed discussion below.

Ultimately the segmentation adopted in the modelling process must depend on
the nature of the study area, the objectives of the study, the data available, the
outputs required and the intended model structure. Table 1 suggests the
minimum levels of segmentation for demand modelling. Note that these are
guidelines on minimum segmentation, they are not necessarily adequate, and
the degree of segmentation used should depend upon the particular application
and the resources available.

19



TAG UNIT M2.1
Variable Demand Modelling

Table 1 Minimum Segmentations for a Multi-Stage Demand Model

Attribute Segmentation

Household type and Two categories: travellers categorised into car-available/no-car-

traveller type available or by household car ownership into car-owning/non-car-
owning. Models that only need to deal with road traffic will include only
those travellers who have a car available. If a local trip generation
model is being developed, a more detailed segmentation into household
structure, employed members, etc is desirable and if feasible,
compatible with the segmentation used in NTEM, but this finer level of
segmentation need not be carried through to the subsequent stages.

Value of time Variation of values of time (VOT) across the population is important but
can usually be addressed sufficiently through the trip purpose split.
However, for schemes specifically involving charging, some additional
segmentation by willingness-to-pay or income may be required. In this
case 3 separate income ranges — high, medium and low (with different
VOT) with demand distributed evenly across the groups - will be
adequate (see Appendix B). Where there is a large range of trip
distances, it is desirable to allow VOT to vary with trip distance (see
section 3.3).

Trip purpose 3 categories: Commuting/ Employer’s business/ Other: these categories
are likely to have different elasticities and different distributions in both
time and space, and substantially different values of time.

Modes 2 categories: Car/public transport. It is usually necessary to have a
base of trips that can transfer to and from car. If transfer to and from
active modes is either an objective of the scheme, or an expected
impact, these should also be reflected.

Road vehicle types 2 categories: Car/other, where the “other” may include freight and
bus/coach as a fixed-flow matrix for assignment.

26.5 While it is undoubtedly useful to use a more elaborate segmentation of the
population at the trip generation stage in order to facilitate forecasting, there is
generally less requirement to carry such segmentation forward into subsequent
stages of the model. A distinction between purposes is however essential and
depends on the scheme to be assessed but also local circumstances. A suitable
starting point would be - commuting, employer's business and others. Currently
values of time used in appraisal are considered different for these purposes
(see the TAG Data Book). Where mode choice is modelled, it will also be
important to make a distinction between travellers who have a car available for
a trip and those who do not and are therefore limited in their choice of modes.

2.6.6 Not all stages of the demand model require the same degree of segmentation.
The guidance below gives more detail on what is needed for each stage and
considers the associated value of time issues.

Trip Frequency

26.7 For most purposes it will be satisfactory to take the observed trip pattern and
modify this pattern incrementally by making it respond to changes in travel
times and costs. Categorisation by trip purpose (where the values of time are
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assumed to differ) is usually more than sufficient. It is also possible to assume
that only certain trip purposes will change their frequency in response to
changing travel costs, for instance trip frequency changes may be modelled for
leisure trips but not for commuting trips.

Trip Distribution

The distribution model estimates the number of trips between each pair of
zones, and ideally includes intrazonal trips which begin and end in the same
zone, as well as the interzonal trips. It may be necessary to apply area-specific
constants or movement-specific deterrence functions within the distribution
model to reflect the difference in the nature of travel to certain areas (e.g. longer
distance trips to city centres). If this particular problem arises for the application
being considered, some form of income or socio-economic group (SEG)
segmentation may be appropriate to reflect how, for example, jobs in city-
centres may be filled mainly by high SEGs such as professional and managerial
posts in finance, banking and other business services, and workers may be
drawn from further away producing higher average trip distances. A similar
pattern may emerge for shopping trips to the city centre, and both may require a
white collar / blue collar distinction, for example at a zonal trip attraction level.
However, for most applications such a complication will be unnecessary.

Mode Choice

Since the choice of mode depends on whether a traveller has a car available for
the journey it is desirable to categorise travellers according to car availability for
the trip, but since this is hard to identify in practice the segmentation is often
merely available or non-available with more detail being by the level of
household car ownership such as 0, 1 or 2+ cars. The model must include all
relevant modes between which to choose. It is standard practice to develop
models with different parameter values for different purposes and different
categories of car availability.

Time of Day Choice

Where time of day choice is modelled explicitly this choice mechanism can
represent either macro time period choice (the broad choice between time
periods, e.g. 2 to 3 hours in length) or micro time period choice (choice of
travel time within a 'macro' period, e.g. between hourly or 15-minute slices). The
definition of the modelled time periods should be consistent with the choices to
be made, and with assignment model time periods. Segmentation by trip
purpose is necessary, since obligatory travel such as work and education is
likely to have less flexibility in adjusting its time of travel than travel for more
optional purposes such as shopping or leisure.
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Value of Time

Different user classes will have a different willingness to trade money for time in
order to visit their destinations. The demand model should be suitably
segmented in order to reflect the differences in the values of time between
groups. See section 3 and Appendix B for details.

Public Transport Considerations

An important influence on the use of public transport by those with a car
available is whether or not they also have access to a convenient parking
space. Consideration should therefore be given to segmenting the home-based
work demand by the availability of a parking space at the workplace. For further
details on the requirements of modelling where parking is a key consideration,
see TAG unit M5.1 Modelling Parking and Park-and-Ride.

Segmentation of demand according to the type of ticket or fare concession may
also offer a significant improvement in model accuracy. For instance, many
senior citizens, children and students are able to take advantage of fare
concessions and may travel more than they would if they did not have the
concessions. Consideration should therefore be given to the extent to which
demand should be segmented by these groups, generally segmentation by age
is sufficient.

Travellers using a public transport link to an airport have special characteristics
which need to be reflected in the model. First, the distinction must be made
between air passengers and airport workers. The propensity of air passengers
to use public transport to access the airport depends strongly on whether they
are travelling on business or leisure and whether they are in the home area or
away from home. The use that airport workers can make of a public transport
service is limited by the availability of services which fit in with their shift
patterns.

Division into Time Periods

Travel conditions vary considerably across the day, and across the days of the
week and time of year. Models usually represent a weekday during a 'neutral’ or
representative month (see further discussion in TAG unit M1.2 Data Sources
and Surveys). In order to capture the variation in conditions within the modelled
day, and especially the fact that many schemes are aimed primarily at times of
maximum travel demand and highway congestion, it is conventional practice to
divide the day into different periods for modelling purposes. This can also deal
with different public transport service levels during the day.

A judgement must be made as to how best to define the time periods so that,
within each, travel conditions and travel demand are sufficiently constant to
provide a realistic mean cost for the modelling purposes. A balance needs to be
struck between the level of detail in the assignment model and the need for
detail elsewhere in the modelling process (the number of time periods, the level
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of detail in the various segmentations, the stages included in the demand
model, etc).

In general, demand modelling uses relatively broad time periods. When
examining times and places of high congestion, it may be desirable to introduce
a higher level of time-dependent responsiveness into assignment, either by
modelling a series of short time-periods, or by dynamic assignment which
represents explicitly the variation of demand over time, in order to obtain a
better estimate of these average costs.

Demand modelling depends upon the time-divisions of the traffic
assignment because the relevant travel costs and journey times which are
extracted from the assignment are averages across the assignment periods.
Hence, it is important to ensure consistency between the time-periods used in
the calculation of these averages and the key time periods for the main demand
segments.

In general, the demand modelling takes place over different time-periods, such
as 24-hour or 16-hour weekday. In theory, different demand responses can be
modelled over different time-scales. A good deal of the survey data will be
collected over a 12-hour or 16-hour period, and the background changes in total
trips estimated from NTEM data are on a 24-hour basis. Many of the current
large regional models estimate trip frequency, mode choice and distribution
over a 24-hour period. Procedures need to be adopted to convert such 24-hour
trip patterns by purpose to be compatible with the shorter time-scales generally
required for assignment modelling (a peak hour or an average inter-peak
period, for instance).

TAG unit M3.1 Highway Assignment Modelling discusses the development of
appropriate time period models in detail. It is unlikely that inclusion of variable
demand modelling will require any greater segmentation of time periods than is
satisfactory for assignment, except where there is an interest in modelling time
of day choice, as discussed in section 4.8. However, if modal transfer between
private and public transport is important, and public transport offers different
fares or frequencies at different times of day, it is advisable to consider this also
in the division into time periods.

Representation of Travel Costs

Generalised Cost Formulation

All transport modelling should recognise that people's travel choices depend
upon the cost, in both time and money. It is important to combine time and
money into a single disincentive to travel ("disutility"), so that demand can be
assumed to rise or fall with reductions or increases in either. To do so, it is
necessary to apply appropriate weights to the time and money components of

23


https://www.gov.uk/transport-analysis-guidance-webtag#m3-assignment-modelling

TAG UNIT M2.1
Variable Demand Modelling

this combined cost so that travellers can trade money for time, such as in
choosing between a faster but more expensive mode or a slower but cheaper
option.

Components of generalised cost

Two kinds of variable can enter into the function of generalised cost:
e variables which relate to the trip under consideration

e variables which relate to the individual making the choice

Taking mode choice as an example, the cost function developed for the choice
of, say, rail by an individual can be influenced both by variables relating to rail
(e.g. travel time, fare) and by variables relating to the individual (e.g. income,
gender, journey purpose). In principle the generalised cost structure permits a
considerable level of variation in behaviour to be examined and allowed for in
the forecasting process.

Different groups of people will trade off time and money in different ways: for
example, company car owners may be less affected by rises in fuel prices, and
holders of certain kinds of public transport tickets may receive free marginal,
additional travel. There is likely to be further variation by trip purpose and time
of day, which can be modelled using segmentation or disaggregation.

Each segment considered can have, in principle, different parameters in the
generalised cost function. Central to this is the concept of value of time (VOT),
whereby money costs are converted into time units or vice-versa. Different
values of time are appropriate to different segments of the travel market,
particularly according to different journey purposes. It is usually sufficient to use
the mean VOT across a user segment. Where some form of charging is central
to the scenarios being tested, it will be important to include income group
segmentation explicitly. In this case the analyst will be required to set the
appropriate average value of time for each group, separated by purpose.
Further information on this is given in Appendix B, with more on values of time
in general in TAG unit A1.1 Cost-benefit Analysis.

Generalised cost normally includes elements relating to, for private car:
e operating costs (including fuel costs)

e in-vehicle time

e parking costs

e tolls or user charges

e (sometimes) access time to and from the car

24


https://www.gov.uk/government/publications/webtag-tag-unit-a1-1-cost-benefit-analysis-may-2018

TAG UNIT M2.1
Variable Demand Modelling

so that, for example, measured in units of time, a vehicle user's generalised
cost would be:

e d*Voc Cpark
car = twalk * Ywalktime T trige + (occ * VOT) + (occ = VOT)

where:

twalk is the total walk time to and from the car

Vwalktime iS the weight to be applied to walking time (see below)
tride is the journey time spent in the car

VOC is the vehicle operating cost per km for a journey of d km, dependent on
purpose*

occ is the number of people in the car (who are assumed to share the cost)
VOT is the appropriate value of time

Cpark iS the parking cost

3.1.7 Although in this formulation the generalised cost is measured in time, it can just
as easily be expressed in monetary units by multiplying the whole equation by
VOT®.

3.1.8 For public transport modes generalised cost will include:
o fares

e in-vehicle time

e walking time to and from the service

e waiting times

e interchange penalty

e (sometimes) non-walked access, e.g. park and ride

So that, for example, in time units

Cfare
GPT = twalk * Vwalktime T twait * Vwaittime G tride o VOT 2 Cint erchange

where:

4 Note the advice in TAG unit A1.4 is to assume that travellers in course of work (Employers’ Business) take into account
fuel cost and other operating costs of travel, whilst private travel only takes into account the cost of fuel.
5 To derive the vehicle cost in monetary units, multiply by (occ*VOT).
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twalk is the total walking time to and from the service
twait is the total waiting time for all services used on the journey

Vwalktime and Vwaitime are the weights to be applied to time spent walking and
waiting

tride is the total in-vehicle time
Crare IS the fare
VOT is the appropriate value of time for the user segment

Cinterchange IS the interchange penalty if the journey involves transferring from one
service to another (it is normally calculated as a time penalty multiplied by the
number of interchanges)

Values of walk and wait times and interchange penalties are usually related to
the value of in-vehicle time by applying weights such as vwk or vwt above. For
instance, waiting time is often valued at around double the in-vehicle time.
Further guidance on these weightings can be found in the generalised cost
section of TAG unit M3.2 Public Transport Assignment Modelling.

It should be noted that there are other factors that affect travel choices.
Probably the most important omission is that of reliability. These effects are
potentially important, although mechanisms whereby reliability can be included
in the generalised cost formulation are currently under development. An interim
approach to estimating reliability benefits is given in the Reliability Impacts
section in TAG unit A1.3 User and Provider Impacts as a post-model
calculation. It should be noted that reliability is not included in the illustrative
parameter values in section 5.6.

For public transport schemes, the effects of comfort may need to be
represented. Stated Preference (SP) exercises have produced plausible results
whereby time spent in crowded or standing conditions incurs a higher
generalised cost than time spent seated in relative comfort (see TAG unit M3.2
Public Transport Assignment Modelling). In these circumstances the estimation
of the generalised costs of using public transport has an additional cost related
to the degree of overcrowding, which in turn depends upon the number of
passengers and capacity of the service, in terms of seating and standing
capacity. To be effective, models including an overcrowding feature need to be
embedded in a feedback procedure so that they are demand-sensitive. In
principle this is necessary if overcrowding changes significantly in either the
base or forecast situations.

The example below, from a rail model, shows how the impact of seating and
standing capacity can be modelled as influencing the perceived journey time by
using a Crowding Factor Fc:

1 when V <0.6 x C
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F,=  1+4012%(V —0.6%C)/0.4x%C, when 06*Cs <V =C;
1+§* [0.12*CS+(V—CS)*(1.25+0.35*%)] whenV > Cs
where

V = volume

Cs= seating capacity

Ct total capacity seating and standing

In this model, the Crowding Factor increases the cost of in-vehicle time by a
factor which is zero when 60% of the seats are occupied, rising to 1.12 when all
the seats are occupied and to 2 when all the standing room is full.

In general, because the generalised cost methodology is relatively robust, the
inclusion of additional elements does not present major modelling problems for
demand forecasting. If required, it should be possible to build models that
extend the standard definition of generalised cost, and also allow for greater
behavioural variation between person-types and purposes.

All the above discussion has related to a (dis)utility function where the
generalised cost is made up of a weighted linear combination of quantities such
as time, distance toll etc. It is however possible that the (dis)utility function may
include these quantities in a non-linear form e.g. costs may be expressed
logarithmically. In these situations, the concept of generalised cost, measured in
time units with a constant relationship between time and cost quantities, does
not hold.

Composite Costs

Unless mechanisms at two adjacent levels in the hierarchy are calculated
simultaneously (which may be the case where levels have the same sensitivity),
it is necessary to formulate a composite cost or utility across the more sensitive
(or lower) choice to use as an "average" in the less sensitive (or higher) choice
calculation. This cannot be an arithmetic average, since it is clear that where a
choice has high costs and is unlikely to be chosen it should be given little weight
in the composite cost. Various forms of composite cost have been used in the
past - see for example Senior and Williams (1977) - but the following, known as
a logsum, is the appropriate formulation where logit models are used to
determine the choices in an absolute choice model. The general formulation of
the composite cost to reflect the costs faced by travellers given their previous
choices lower in the hierarchy is as follows:

_ 1
Glomp = —A—ln (Z exp( — Ay(;xy))
V

X

Where:
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Geomp*" is the composite cost or disutility summed over the choices x in stage y
Gv is the disutility or generalised cost of choice x given choice y

(for example, the stage y may refer to 'destination choice', while x varies over
the destination zones)

Ay is the choice sensitivity parameter for choice stage y.

For example, if mode split is less sensitive than (i.e. located above) distribution
in the hierarchy, then the composite cost of car travel from zone i is obtained
from the logsum of travel by car (choice y) to all the possible destination zones
(choice x). There will be fewer trips to destinations with high travel costs, but the
exponential weighting means that they will contribute little to the total composite
cost. When calculating the composite cost for the lowest choice model in the
hierarchy (i.e. the most sensitive), the composite cost of each option should be
weighted by the proportion of attractions in each zone - this avoids the cost
being biased towards accessible locations with few or no attractions. If
distribution is less sensitive than (i.e. above) mode split, then the composite
costs used for distribution will be the logsum costs across the available modes
for each origin-destination pair.

As trip frequency is invariably the least sensitive response, for each origin the
summation in the composite cost must be across all destinations, modes and
time periods if those choices that are being represented in the model. If time-
period choice is included, then the composite costs should include trip-weighted
sums across the time periods.

Where the model is incremental, the mathematical form of the logit function
requires that the logsum be weighted by the choice shares in the logarithmic
summation. The formulation to be used is then:

¥

y-1 1 T y
AGmmp = —-A—In Z v exp(— A,4G;)
y

T tot

Where:
Tx' is the number of trips choosing x at stage y
T’ is the total number of trips available at stage .

If the same lambda value applies to both distribution and mode choice
calculations, then both sequences of calculation, distribution-modal split or
modal split-distribution, are mathematically equivalent to simultaneous
calculation, where the logit split would be across all possible combinations of
destination and mode, and it is not necessary to calculate composite costs from
one choice set when considering the other choice set. However, if there were
other responses above these two in the hierarchy, say trip frequency or time-of-
day choice then the logsum of the combined mode-choice and distribution
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choices would still need to be calculated to give the correct 'costs' or disutilities
for these higher level responses.

Cost Damping

There is strong empirical evidence that the sensitivity of demand responses to
changes in generalised cost reduces with increasing trip length (see, for
example, Daly (2008, 2010)). In order to ensure that a model meets the
requirements of the realism tests specified in section 6, it may be necessary to
include this variation. The mechanisms by which this may be achieved are
generally referred to as 'cost damping'.

Cost damping is part of our current best understanding of travel behaviour and
would be expected to be incorporated into models. There are, however, some
contexts where the range of travel distances that need to be represented in a
transport model are limited. This might, for example, apply to some smaller
interventions. In circumstances where this is not immediately clear, it would be
prudent to review the range of travel distances that need to be modelled and
justify the use of simpler functional forms (i.e. where values of time do not vary
with distance).

It is not necessary for analysts to conduct tests using each of the forms
specified below and to prove that one is better than the others. This is because
the form of cost damping and the cost damping parameter values will interact
with other aspects of the model, such as the demand model parameter values
and values of time. While the cost damping parameter values, demand model
parameter values and values of time should all be kept within certain limits
specified below and in section 6, it is the performance of the combination of all
these aspects of the model in yielding satisfactory realism test results that is
important.

If cost damping is employed, it should apply to all person demand responses.
The same cost damping function should be applied to both car (private) and
public transport costs. While the starting position should be that the same cost
damping parameter values are used for both modes, it may be necessary to
vary the cost damping parameters between the modes in order to achieve
satisfactory realism test results. It may also be necessary to vary cost damping
parameters by trip purpose. However, these variations by mode and purpose
should be avoided unless it is essential to achieve acceptable model
performance (and always reported).

Cost damping functions of one of the forms specified above should generally be

used. Should analysts wish to use other forms of cost damping than those listed
above, they should consult the Department before doing so.

Varying Value of Time with Distance

Research undertaken for the Department has demonstrated that for all trip
purposes there is a relationship between travel distance and the value of travel
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time savings (DfT, 2015°). This evidence indicates that travellers' sensitivity to
cost declines more rapidly with distance than their sensitivity to time. The
implication is that this ideally should be expressed in the utility function.

The implementation of this form of cost damping, given the emergence of this
evidence, is likely to be valuable in improving model estimation and calibration
and hence it is recommended to investigate this functional form during this
process.

Varying the value of time with distance may be achieved using the following
formulation:

G =t+c/VOT,

where

t,c are the trip time and money cost, respectively (see footnote to
paragraph 3.3.11)

voT,

is the value of time which varies with distance and is specified as
follows:

ne

VOT, = VOT. (—)

dy

where:

d is the trip length

dy is the distance (in kilometres) underpinning the national average
values of time

VoT is the average value of time’

ne is the distance elasticity which must be non-negative and less than
unity, (recommended values are 0.248 for commuting, 0.315 for
other,® 0.387 for car Employers’ Business (EB) and 0.435 for rail EB)

G is the modified generalised cost

d should be calculated by skimming distances along minimum distance paths
built between all origin-destination pairs using a base year network. In
forecasting, there would only be a need to recalculate these distances if the

6 'Provision of market research for value of travel time savings and reliability: Phase 2 Report' (DfT, 2015)
7 Appropriate assumptions for doand the average VOT can be found in annex C of this guidance unit.
8 These elasticities have been taken from the DfT (2015) research.

30



3.3.10

3.3.11

3.3.12

TAG UNIT M2.1
Variable Demand Modelling

structure of the network changed significantly between base and forecast
years®.

For models in which the value of time varies with distance it has generally been
necessary to apply a minimum distance cut-off, 4., as follows:

VOT, = VOT. (w) ‘
0
where
dc is a calibrated parameter value designed to prevent short-distance
trips, particularly intra-zonal trips, becoming unduly sensitive to cost
changes.

Note that, if a cut-off is used, it needs to be applied before calibrating % to
correct the average value of time.

Damping Generalised Cost by a Function of Distance

Damping generalised cost by a function of distance may be achieved using the
following formulation:

G = (d/k)~%.(t + c/VOT)

where
t,c are the trip time and monetary cost'°, respectively
VoT is the value of time

(t+c/VOT) is generalised cost

G is the damped generalised cost
d is the trip length"
a and k are parameters that need to be provided or calibrated

a must be positive and less than 1 and should be determined by
experimentation in the course of adjusting a model so that it meets the
requirements of realism tests, as advised in section 6. Also, if used in

9 The reason for this is that there may be significant changes in distance travelled between the same zone pairs in a
future network, for example a new estuary crossing. Using the most appropriate distance should yield more suitable
damping of costs and accuracy in the demand model. This is a separate issue from distance used in appraisal, which
is discussed in TAG unit A1.3 — User and Provider Impacts.

10 Money costs include private car fuel, parking, tolls and charges and public transport fares.

1 This should be calculated in the same way as discussed in paragraph 3.3.9.
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conjunction with variation in the value of time with distance, a further restriction
on the value of @ would apply (as explained below).

k must also be positive and in the same units as d. The ways in which its value
may be determined include:

e set to the mean trip length for the modelled area or
e set to the national mean trip length or

e experiment to find an appropriate distance such that the results of the
realism tests and any necessary model adjustments accord with the advice
in section 6

In models that have used this form of cost damping analysts have found it
necessary to apply a minimum distance cut-off, below which the cost damping
does not apply. The purpose of such a cut-off is to prevent short-distance trips,
particularly intra-zonal trips, becoming unduly sensitive to cost changes. If a cut-
off is used, it would be necessary to specify the distance below which
generalised costs would not be reduced, that is the distance, d', up to which

(t + ¢/VOT) would apply. When a cut-off d' is applied, k effectively needs to be
set equal to d', so that G' is a continuous function of d at the cut-off (i.e. if a cut-
off is used, the analyst should ensure that there are no discontinuities in the
function).

Commonly used parameter values are as follows:

a=0.5
k =30 km
d =30 km

These values are provided merely to give an idea of the values that might be
appropriate.

Power Function of Utility

Cost damping may also be implemented by using the following power function
of utility:

G = uGk ,

where

t,c are the trip time and monetary® cost, respectively
Vot is the value of time

G is generalised cost
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G is the damped generalised cost
w B are coefficients, which must be positive

B must be greater than zero but must not exceed unity. Both g and u should be
determined by experimentation in the course of adjusting a model so that it
meets the requirements of realism tests, as advised in section 6.

In some applications,  has been set at values ranging from 0.65 to 0.9 and

then u has been defined so as to set g = (t + ¢/VOT) at a specified
generalised cost, such as the mean generalised cost.

Combinations of Mechanisms

In some models, varying values of time with distance has been used in
combination with damping generalised cost by a function of distance. If this

combination is used, then a + n. must be less than 1 (which is feasible if
values a and n,. of the order of magnitude indicated above are used).

Varying values of time with distance may also be used in combination with the
power function of utility form of cost damping. If this combination is used, then
both g and n, must satisfy the same limits as if the mechanisms had been
used separately (i.e. both of them need to be between zero and unity).

Log Cost plus Linear Cost

Some models have used a log cost term in the utility function instead of the
linear approach advised in the previous section. Recent research for the
Department has shown that, in some cases, a better fit to the data may be
obtained by a combination of log cost and linear cost, as follows:

G=t+elog(c+6)+yc

where

G is generalised cost defined as a combination of log cost and linear
cost

t,c are the trip time and monetary cost, respectively

é is a small constant (e.g. 1 pence)

8% are coefficients which must be positive and would be better

determined by statistical estimation rather than by experimentation

When models of this type are used, the implied value of time can be obtained
from the formula:
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o T

These values of time need to be reported and acceptable over all appropriate
values of c.

Application of Cost Damping in Composite Cost Calculations

If cost damping is employed, the generalised costs used at the bottom of the
choice hierarchy should be those obtained by the application of cost damping.
At each higher level in the choice hierarchy, the composite costs should be
calculated in the standard manner, so that the cost damping effects are
reflected automatically throughout the variable demand modelling process.

Model Form and Choice Responses

Background

This section provides detailed advice for those carrying out variable demand
modelling after preliminary procedures have been undertaken and the scope of
the model has been considered (section 2).

The key summary of this part of the advice is as follows:

e Most variable demand models use some form of "hierarchical logit"
formulation (introduced in section 4.2), in which the choice between travel
alternatives depends upon an exponential function of the generalised cost
or disutility (discussed in section 4.5).

e Itis recommended that demand models are applied incrementally in most
cases, although absolute modelling methods may be used, applied directly
or in an incremental manner (section 4.3).

e Itis expected that distribution models will be included in all variable demand
models. Details of the different model formulations are discussed, as is the
representation of the fringes of a study area, which is particularly important
when using trip distribution models (section 4.6).

e The representation of different modes in the variable demand model is
discussed, including how it may be necessary to model journey components
in detail, including the effect of changing road conditions on bus travel, or
whether it is acceptable to include alternative modes as a set of fixed costs
(section 4.7).

e The modelling of departure time choice as a demand response or in close
association with assignment is discussed. It is recommended that large
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"macro" adjustments only need to be modelled when considering differential
pricing between time periods, or access restrictions (section 4.8).

e Where changes in highway costs are important, a variable demand model
will need to include a highway assignment stage to provide cost information
to the demand model (section 4.10).

Functional Form

Any model of the demand for travel relies on a mathematical mechanism that
reflects how demand will change in response to a change in generalised cost.
These are discussed in detail in Appendix C:.

Most variable demand models use some form of "hierarchical logit" formulation,
in which the choice between travel alternatives (frequency, modes, destinations,
time periods) is calculated consecutively for the choices under consideration
and depends upon an exponential function of the generalised cost or disutility.

A single logit model may be applied to the entire range of choices available
using a multinomial logit model. However, that would implicitly assume that
the sensitivities of those choices were all the same. This is unlikely to be the
case. This leads to a hierarchical system of logit formulations in which at each
level a limited number of choices are considered. For example, a variable
demand model might:

o first estimate the number of trips from any given origin

e possibly adjusts this number to reflect trip frequency changes - usually as
an elasticity formulation)

e then estimate how many trips will choose each available mode (mode split)

e then estimate how these trips choose amongst the available destinations
(trip distribution)

(Note: this example excludes any time of day choice mechanism.)

The sequence appropriate often varies between types of trips and does not
necessarily represent the sequence of thought by individuals that make these
decisions. All the choices are interconnected by iterating between levels in the
hierarchy, so that in a model that is converged, choices made earlier in the
sequence are consistent with choices later in the sequence as the calculation is
repeated with updated input values.

Choices made higher in the hierarchy act as constraints on those made later.
Hence, if the sensitivity of choice decreases down the sequence there is a
danger of later choices being too strongly influenced by earlier choices. Further
discussion of the hierarchy of responses can be found in section 4.5.

35



4.2.6

4.3

4.3.1

4.3.2

4.3.3

434

TAG UNIT M2.1
Variable Demand Modelling

Within any of the steps (known as hierarchical levels), it may be desirable to
also model some secondary choices, for example, because travellers seem not
to discriminate between different public transport modes in the same way as
they treat the choice between car and public transport. Consequently, it may be
preferable to split mode choice into a "high-level" two-way choice between car
and public transport, with a "lower level" split into the different public transport
modes. This is often referred to as nested logit. It avoids the common problem
with forecasting trips across three modes, car, bus and rail, of making the
choice over-sensitive to changes in what travellers perceive mainly as
competing services within a single public transport mode option.

Form of Models

An important issue that needs to be decided is the form of the demand model
used for particular applications. There are a number of model forms that can be
employed and these can generally be placed into three categories:

e absolute models, that use a direct estimate of the number of trips in future
demand, which is independent of an observed base year matrix

e absolute models applied incrementally (AMAI), that use absolute model
estimates to apply changes (between the absolute model results of base
and future years) to an observed base year matrix

e ‘true’ incremental models, that use cost changes to estimate the changes in
the number of trips from an observed base year matrix

The choice of which form of model would depend on the compatibility of the
base demand matrix if in P/A format (see section 2.5) and the assignment
matrix used.

The latter two methods in the above list retain all the detail of the observations,
but generally face difficulties where too many (or key) cells in the observed
matrices are empty because of the limited amount of surveying possible. This
section explains the differences and the preferred approaches.

Absolute Models

Absolute demand models generate estimates of trip numbers, based on a
model that is calibrated to fit as closely as possible to the known observed
movements and the resulting model is used to directly forecast future trips.
Base year and forecast trip patterns are produced independently of each other,
using common model parameters. The sensitivity parameters used in absolute
models should be calibrated from local data. In addition to the calibrated
sensitivity parameters, however, mode-specific and movement-specific
constants that adjust modelled base year values will usually be required to
achieve an acceptable fit to the observed data.

The fit of these models to the observed base year data can often be quite poor,
or particularly challenging and time consuming to calibrate satisfactorily, even
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where calibration constants disaggregated by area type are used. These
constants may sometimes be difficult to explain.

Absolute Models Applied Incrementally

In more recent practice, forecasting approaches have attempted to make use
not only of the absolute model but also the 'observed' base trip matrices on
which it was calibrated. This could be by factoring the forecast trip matrices by
the ratio of the base year synthesised matrix to that of the base year observed
matrix, so that:

Future year matrix = (Base year observed matrix / Model absolute base year
matrix) * Model absolute future forecast

However, this could lead to odd results where the cells of the observed trip
matrix are zero. A way around this problem that has been used by some multi-
stage models is to employ an additive approach so that:

Future year matrix = (Model absolute future forecast - Model absolute base year
matrix) + Base year observed matrix

Thus, the future forecast by the model is increased by the difference between
the base year observed trip matrices and those produced in the base year by
the model. The danger with this approach is that negative cell values could
result.

In either of these two approaches the important differences between the
observed matrices and the base year model that were not picked up in the
calibration process are reflected in the forecasts.

“True’ Incremental Models

Similar to AMAI explained above, these models estimate changes in trip
patterns relative to a base matrix in which, normally, observed movements are
used as much as possible. Such model applications are often described as
'incremental’ or 'marginal’. The predicted relative changes are applied to the
base matrix, so that the complexities of the base matrix are preserved. Where it
would be difficult to calibrate a demand model to reproduce the observed
pattern of travel these incremental models can be used to predict from (pivot
off) this base matrix and associated costs. The matrix can also be updated in
whole or in part without altering the forecasting model since the parameters
controlling the mechanisms can be independent of the calibration of the base
model.

With true incremental models the base year conditions (costs) and the
reference trip pattern (derived from the base year trip matrix assuming no
changes in travel costs) are direct inputs to the forecasting process. Such an
approach can use existing data relatively easily, and the parameters used in the
model can reflect known sensitivities to changes in input variables without
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having to perform the additional and time-consuming task of fitting to an
observed pattern. The parameters will generally need to be calibrated using
external data sources, or imported from other demand models (see Appendix F
that discusses transferring mode choice model systems and section 5.6 that
discusses illustrative parameter values). Models that use this approach to
forecasting are described further in section 6.

The principles of the recommended incremental approach to forecasting, i.e. the
way that the forecasts pivot off the base year costs, are explained in more detail
in TAG unit M4 Forecasting and Uncertainty.

Choice of Model Form

The Department's recommendation for scheme appraisal is to use an
incremental form of model, whether true incremental or based on
incremental application of absolute estimates, unless there are strong
reasons for not doing so. Such reasons could include situations where there
are large changes in land use between the base and forecast years, which will
significantly change the distributions of origins and destinations. However, this
can still be solved by using absolute models applied incrementally.

Absolute forecasting models use observed data for calibration purposes. In
practice, often a large number of calibration factors need to be used with most
absolute models to provide a reasonable fit to these data, often in a rather
arbitrary way, especially in the case of distribution models. In addition, the
parameter values obtained may underestimate or exaggerate the true sensitivity
of travellers to changes because the zonal or mode specific constants may hide
observed differences (for example, distance-related effects). Consequently, the
apparent advantage of local calibration is often not fulfilled in practice except in
large-scale transport studies, where the data collection and calibration can be
sufficiently comprehensive.

Incremental approaches are attractive, but the main problem with using these
models occurs when the base matrix contains few or no trips for a set of
movements, but the forecasts expect large changes in these movements to
occur. This often arises when a zone is re-developed or has no trips to or from it
in the base situation. In these situations, the forecast will have to be
synthesised exogenously for these movements. The recommended approach
for applying synthetic growth is the eight-case method created by Daly et al
(2001), see Appendix G.

Model Interfaces

It is essential that the demand and assignment models are correctly connected,
with consistent cost definitions and appropriate conversions between the P/A
demand model matrices and the assignment O/D matrices.
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Matrix Conversion

The conversion from P/A to O/D matrices (all or most of the day to specific time
periods) is usually done after time of day choice, distribution and mode choice
and before assignment. P/A based trips are converted into O/D based trips by
using conversion factors disaggregated by time of day and trip purpose
(distinguishing between from and to home, home-based trips). Outbound (from
home) trips within the P/A matrix can be converted directly to O/D using these
conversion factors. For return (to home) trips the P/A matrix must be transposed
before conversion to O/D format. Although these factors may change over time
in reality, it is usually acceptable practice to assume constancy before any time-
period choice is applied in forecasting. If not established while developing the
base year trip matrices, such factors can be obtained by using NTS data tables
(this is how NTEM produces O/D based forecasts from P/A forecasts). Indeed,
this conversion is available in the TEMPro software and may be used as a
default way to achieve this conversion.

Demand changes to the base P/A matrix may then be modelled either
absolutely or incrementally. Where modelling incrementally, the base values are
incorporated explicitly in the demand formulation. In the case where the
adjustments to the P/A matrix do not provide a "compatible" O/D matrix, only
the implied change in demand after converting to O/D form is used to adjust the
base assignment matrices.

Whilst highway assignment modelling is concerned with vehicle movement,
demand modelling is concerned with individual traveller decisions. Before the
highway assignment stage is reached, car occupancy factors need to be
applied to the private travel demand matrices to convert them to vehicles. TAG
Data Book gives default values by trip purpose and time period, as well as
assumptions about how these factors are expected to change through time.
Local factors can be calculated from RSI data to see if there are other local
factors affecting car occupancy, such as direction of travel or type of flow.
These local factors should be used if there are significant differences from the
national ones and if there is confidence that the RSI-based factors are an
unbiased estimate of all vehicle travel in the area.

Feeding Back Costs from Assignment to Demand Model

The assignment model provides the travel times and costs required by the
demand model, and generally both assignment and demand models will use
costs averaged across the defined time periods into which the model has been
divided. In principle, models should calculate trip-weighted cost averages
across the time periods according to the number of trips in each period (which is
the approach adopted in DIADEM, see Appendix H:). Note that in the demand
model these average costs for particular types of trips may be averaged again
across different modes, or different destinations, to obtain the "composite" costs
on which the demand mechanisms operate.

The trip-weighted average approach requires an adequate level of detail in the
model. Where this is not the case, some models relate all demand in a given

39


https://www.gov.uk/government/publications/tempro-downloads
https://www.gov.uk/government/publications/tag-data-book
https://www.gov.uk/government/publications/tag-data-book

TAG UNIT M2.1
Variable Demand Modelling

purpose category to the costs in the period where most of these trips are made.
Depending on which trip purposes are categorised in the model, the cost bases
may be approximated as follows:

Table 2 Approximate Cost Bases for Each Trip Purpose

Trip Purpose Cost base
home-based journey to/from work peak period costs
home-based education peak period costs
home-based shopping off-peak? or interpeak period costs
home-based leisure/recreation off-peak or interpeak period costs
home-based social/personal business off-peak or interpeak period costs
home-based employer’s business peak period costs
home-based other off-peak or interpeak period costs
non-home-based other off-peak or interpeak period costs

4.4.7 Few models have as detailed a disaggregation of trip purposes as listed in

4.5

4.5.1

Table 2 and it is usual to aggregate them into fewer categories (home-based
shopping, leisure and social are often combined into the "other" category, for
example). For each category, the mean generalised costs of travel in the
appropriate period, or in a combination of periods (or sub-periods) weighted
according to the proportions of trips in each, are calculated and fed back to the
demand model. Where the assignment model used is dynamic, or quasi-
dynamic, mean costs can be obtained on a flow-weighted basis taking proper
account of the variation over time, but the mean across the broader time
periods should still form the basis of the demand modelling.

Hierarchy of Choice Responses

As described in previous sections, the main choice response mechanisms that
are considered in variable demand models are as follows:

e Trip Frequency

¢ Mode Choice

e Time of Day Choice (Macro and/or Micro Time Period Choice)
e Destination Choice (Trip Distribution)

¢ Route Choice (Assignment)

12 It should be noted that off peak costs (the period outside of the AM peak, inter-peak and PM peaks) can have
sufficiently different costs from the inter-peak period. The analyst should of course choose the most representative
costs for each purpose in order to minimise bias in the demand model.
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These choice responses are described in more detail in sections 4.6 to 4.10.
These choices are not exclusive and others may be included, such as micro
time period choice or other subsidiary choices, e.g. parking models.

Once decisions have been made on which responses to include in the model,
the hierarchy in which those responses are considered must follow certain
rules. This is not simply a question of mathematical or computational
convenience. The sequence of the mechanisms is important to the overall
outcome, and the resultant elasticities of demand and the predicted travel
pattern will be affected by it. This section describes how the hierarchy should be
determined.

The appropriate hierarchy or sequence of choice mechanisms must be
determined by the relative sensitivities (the lambdas of a logit model) of the
choices to the generalised costs or disutilities of travel. Different sequences for
different purposes and/or segments of the travel market are often appropriate.

A mechanism placed higher in the hierarchy of demand mechanisms should
reflect the composite cost of choices lower in the hierarchy and allow for how a
choice with high costs is unlikely to be chosen. A logsum of costs has that
property, but requires higher demand mechanisms to have a smaller sensitivity,
to avoid a plausible change in generalised cost producing an implausible shift in
demand.

The sequence of calculations is that, during each cycle, the composite costs
must be calculated for each level in the hierarchy, since each level refers to
different combinations of choice lower in the hierarchy (see section 3.2 for
further detail on composite cost calculations).

Figure 1 A Typical Choice Hierarchy with Associated Cost Transfers

Composite cost (p,j,t,m) » Trip Frequency
Composite cost (p,j,t) » Mode choice (m)
Composite cost (p,)) » Macro time period choice(t)
Composite cost (p) » Trip distribution (j)
Assignment costs » Micro time period choice (p)
Assignment
4.5.6 Thus the composite cost calculation starts at the bottom of the hierarchy and

works its way up the levels, adding one more choice into the composite cost at
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each level. The choice calculations are then made down the hierarchy and the
whole cycle is recalculated in the next iteration until an acceptable degree of
convergence is achieved (see section 6.3).

Depending on their relative sensitivities, the mechanisms may need to be
positioned at different places in the hierarchy, and these positions may differ
between demand segments and purposes. Available evidence suggests that the
sensitivity of trip frequency is very much smaller than for the other mechanisms,
and it is justifiable to always treat this choice as first in the hierarchy.

Route choice is invariably modelled as the most sensitive response below the
other demand mechanisms, and modelled using quite distinct tools, compared
to other demand choices. Under user equilibrium assumptions, there is little or
no difference in utility or generalised cost between the routes which are likely to
be used for any given origin-to-destination journey. If costs change, a new
equilibrium involving some change of route between the minimum cost
alternatives is quickly established. Thus, the route assignment part of the
modelling can be considered separately (see TAG units M3.1 and M3.2 in the
Guidance for the Modelling Practitioner), though of course demand and
assignment must be executed iteratively to obtain an equilibrium solution for the
whole of the variable demand model.

Public transport sub-mode choice may be handled within the public transport
assignment model (see TAG unit M3.2 Public Transport Assignment Modelling)
or as an additional nest in the variable demand model.

Where macro time period choice between distinct time periods is thought
applicable (where there are expected to be differential changes in the costs or
capacity in different time-periods) evidence suggests that the position of this
mechanism is at a similar level to main mode choice for most purposes.

Where micro time period choice within time periods (mainly peak spreading) is
being modelled, this should be placed above assignment but otherwise at the
lowest level (most sensitive) of the hierarchy.

The main decision centres on the relative positions of distribution (destination
choice) and mode split (choice).

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 is positioned above the more sensitive.

Where this is not the case, then it may be possible to select the hierarchy
on the basis of local evidence about the relative sensitivities of
destination and modal choice from existing local models where the
lambda values have been estimated and the adopted choice hierarchy has
been justified. If estimated parameters for mode and destination choice
are very similar, there may be a case for simultaneous calculation using a
single lambda value for each traveller segment but note that the number

42


https://www.gov.uk/guidance/transport-analysis-guidance-tag#guidance-for-the-modelling-practitioner
https://www.gov.uk/transport-analysis-guidance-webtag#m3-assignment-modelling

4.5.15

4.5.16

4.5.17

4.5.18

4.6

4.6.1

TAG UNIT M2.1
Variable Demand Modelling

of alternative choices will be large (hnumber of modes x number of
destinations).

If there is insufficient local data or resources for estimation, and no
suitable local model from which the parameters can be transferred, it will
be necessary to consider the illustrative values provided from section 5.6
as the basis for the choice hierarchy. All the models used to derive the
illustrative parameter values were rigorously calibrated against local data
and all showed that main mode choice was less sensitive than destination
choice. In the absence of any information to the contrary, this is therefore
the hierarchy which should be adopted.

However, if for example, destination choice has a larger sensitivity parameter
than mode choice, yet mode split was mistakenly calculated after distribution,
an increase in the cost of, say, car travel might increase the mean (composite)
cost of travel on which distribution is based. In extreme cases that could shorten
all trips to such an extent that not only is car use decreased, as required, but
also travel on the competing modes, which is implausible. Such an effect is
often described as a perverse cross-elasticity.

In a multinomial logit formulation, a given level of the main choice hierarchy may
split the choice into separate sub-levels. Such "nesting" is most often done in
mode choice, where the split between competing public transport modes is
made at a lower level than the primary split between car and public transport
(and possibly the active modes also). This avoids the "red bus/blue bus
problem" where separating the bus mode into two without nesting apparently
affects the predicted total bus share. Nested logit can also be applied to other
demand mechanisms, as for example in a time-period split between broad peak
and off-peak periods, and then subsequently between narrower periods within
the peak. Nesting can also use high-level large zones in distribution, and
subsequently a further distribution within the larger zone to finer zones, but this
is likely to be relevant only to more specialised models than the ones addressed
by this advice.

Whichever approach is adopted, it is essential to apply "realism testing"
to a broad range of transport changes (see section 6) to ensure that the
model responds rationally and with acceptable elasticities.

Trip Frequency

Trip frequency models represent the response of trips to changes in
generalised costs. This is distinct from trip generation, which estimates trips
based on the demographic and socio-economic characteristics of an area. If the
population or car ownership or built development of the area is changing
appreciably over the time period of interest, an explicit trip generation
mechanism should be considered, i.e. a trip end model. This can be locally
estimated or the National Trip End Model (NTEM) can be applied to local
projections of housing and population growth. Where this is not a requirement,
NTEM provides growth forecasts of trip productions and attractions.
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The inclusion of a trip frequency response requires the incorporation of the
elasticity mechanism to represent trip frequency as described in Appendix C.

Where the active modes of walk and cycle are not explicitly included in the
demand model, trip frequency may be thought of as, mainly, the transfer
between the not explicitly modelled active modes and the explicitly modelled
mechanised modes. Otherwise, overall trip rates will be fairly stable and there
will often be no need to model the response of trip frequency to changes in
travel cost since the effect of trip frequency is likely to be small. It may therefore
be proportional to omit this response, particularly since the frequency effect is
markedly less important than the other choices and there is little evidence to
justify the scale of frequency parameters and elasticities by purpose.

It is unlikely that data will be available to enable trip frequency lambdas to be
estimated locally. In general, trip frequency lambdas should be imported rather
than estimated.

The trip frequency sub-model, when used, should apply at the total motorised
mode level, and separately by trip purpose. A single frequency lambda
parameter should initially be adopted for each purpose without distinction by car
ownership or availability. As with other choice parameters, adjustments may be
required and variations by car availability introduced to ensure the demand
elasticities generated by the realism tests accord with established values.

There will not normally be a requirement to model trip frequency for doubly-
constrained trips such as commuting, since the constraints on total travel are
usually assumed to be binding, since employment is assumed to be fixed. This
implication does not hold if active modes have been omitted and they are likely
to form a significant percentage of commuting trips, and/or the planned
intervention will result in a significant impact on the number of active mode
users. Where it has been considered that including a mode choice response for
active modes is of disproportionate effort, a trip frequency response should be
included if the potential impact is judged to be sufficiently large. If so, care
needs to be taken that the response is not simply affecting long distance trips
rather than the short distance trips the response is acting as a surrogate for, for
example by comparing trip length distributions by mode with and without the
intervention.

Mode Choice

Which Modes at What Detail?

Usually, the main alternative mode to car will be public transport in its various
forms and vice versa. Depending on the nature of scheme and its expected
impacts, it may also be desirable to represent competition from walk and cycle.

It is almost always desirable to include some representation of modal choice in
variable demand modelling, but the level of detail depends upon the importance
attached to it. It may be acceptable to include the alternative mode(s) merely as
a set of fixed costs, but for more complex urban situations it may be necessary
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to model the journey components in detail, including for example the effect of
changing road conditions on bus travel times.

A few models omit the mode choice mechanism altogether because modal
transfer is not considered to be important. This is not recommended in
most cases (see section 2.3), but if that approach is used it will be
important to include a trip frequency elasticity at a greater strength than
usual, since this will act as proxy for trips transferred to the car mode
from other modes and vice versa.

If there is little real competition between private and public transport and public
transport is not a key focus of the intervention being tested (and the future role
of public transport in the locality will not become increasingly important through
other intervention), the public transport generalised cost estimates can be made
with limited precision. The level of competition can best be judged from local
knowledge of modal split for car-available travellers. This can be obtained by
travel surveys which set out to identify car availability: in most cases it will have
to be proxied by household car ownership, but as this ignores within-household
competition, this will generally overestimate true availability. Approximate
values for an area can be obtained from the Census.

As a general guide, if public transport is chosen by less than 5% of travellers,
use of fixed public transport costs will suffice, unless public transport
alternatives need to be assessed as part of the scheme appraisal.

For rail, access to stations is likely to be by car for some trips, and a mean
generalised cost of access across all relevant modes (walk, cycle, bus, and car
including parking charges) should be estimated. Large changes in demand for
either rail or bus might result in changes in service frequency. These effects
should be examined using a specialised public transport assignment model (see
TAG unit M3.2 Public Transport Assignment Modelling), from which the
generalised costs for each OD can be extracted directly. Where a highway
assignment model is also included, the generalised costs of the highway and
public transport assignment models need to be consistent with one another.

Active Modes

For many scheme appraisal models, it will be sufficient not to include active
modes in the demand model, particularly in the case of major highway
schemes. Their mode shares tend to be small but increasing, there may be
special reasons for examining the role of active modes in the modelling (for
instance for schemes on radial routes in urban areas with high cycle usage) and
their inclusion may well affect predictions of short trips on a road scheme.

When active modes are omitted trip frequency elasticities should be stronger,
since then they have to represent the effect of active modal transfer. If active
modes are to be included, then a cost-responsive trip frequency mechanism
can be omitted altogether. If they are treated as a separate mode, as opposed
to them being included in a general non-car mode, it will normally be adequate
to treat their generalised costs as linearly dependent on OD distance travelled,
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via an average speed that is conventionally 4 km/h for walking and 12 km/h for
cycling. Walking speeds in particular are a function of the number of roads
crossed, and the amount of traffic on these roads, but this aspect is rarely
captured in modelling.

Active modes may be included in mode choice at either level of the hierarchy,
as part of a higher level car/public transport/active mode split with perhaps a
sub-modal split between walk and cycle, or, more usually, the higher level split
may be kept binary between car and public transport plus active mode, and the
latter split at a further nested sub-modal level.

Detail of the Model

In the case that more than one public transport mode may offer a competitive
alternative to car, the demand model should include a higher level private/public
transport modal split mechanism, with a separate nest between the available
public transport modes below this in the hierarchy (see section 4.5). The choice
sensitivity lambda parameters should be larger at these lower levels than at the
higher level. A separate public transport assignment model is recommended
where the scheme is expected to have a significant impact on public transport
and/or public transport alternatives are to be tested, which can also be used
instead of a nest to assign overall public transport demand to sub-modes (see
TAG unit M3.2 Public Transport Assignment Modelling).

The detail of the mode choice sub-model may not only depend on the nature of
the existing public transport system and the type of scheme, but also on the
nature of the passengers being served. For example, air passengers respond
differently from the average traveller. People's propensity to use public transport
to and from an airport varies according to whether they are travelling on
business or leisure and whether they are away from their home area. For a
mode choice sub-model designed to appraise a link to an airport, therefore, the
demand needs to be segmented in a different way to that used for the modelling
of general travel in an urban area. Similar considerations apply to, for example,
travel to major sports venues or recreational facilities.

Sub-mode Choice
Within the public transport system there may be a range of 'sub-modes"
e different public transport modes, i.e. bus, light rail, heavy rail

e different access modes to public transport, i.e. walk, cycle, taxi, car (park-
and-ride or 'kiss-and-ride')

Further there will be many trip options that involve combinations of public
transport modes. Choices within these sub-modes can be modelled either by
choice models of the form used for the main mode choice or they can be
handled in the assignment procedure. This is an important decision for the
design of a model and requires careful consideration.
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A logit-based approach to choice modelling is more stable and transparent, and
therefore capable of inspiring greater confidence, than an assignment-based
approach. A choice model approach can also be supported by empirical
evidence more easily. However, in instances where there are predicted to be
significant numbers of mixed mode trips using a significant number of mode
combinations, a logit-based approach can be cumbersome.

A logit-based approach is also preferable for situations:

e where travellers who are indistinguishable with respect to measured
variables are likely to choose different alternatives in significant numbers,
i.e. the split is not close to zero-one

e where sub-mode split can only be explained by the incorporation of a
constant representing the net effect of unmeasured variables in influencing
the choice between sub-modes

e where there are serious difficulties in calculating fares for trips using a
mixture of sub-modes - as these can be directly incorporated in a choice
model

¢ where the model includes representation of car access to public transport,
because there are many household-related reasons for using or not using a
car that are not clearly represented in current models. Further, assignment
packages generally have difficulty with the processing needed to deal with
mixed car and public transport journeys. Where commercial packages allow
this, the car access component should of course be assigned to the car
network.

For the choice among 'pure' public transport alternatives (i.e. not mixed modes
such as park and ride), however, the issue is not so clear and local
circumstances, including software capability, will be decisive. A key issue for
consideration is deriving appropriate composite cost measures for use in the
main mode choice model.

The analyst should be aware that, even if the sub-mode choices are modelled
through a choice model, the public transport assignment must produce the
required skimmed time and cost values for each of the alternatives, for example
by bus and train separately. Particular care must be taken that, for the sake of
consistency, the assignment should reproduce the (sub)-modal splits calculated
in the choice model, which may require manipulation of networks and linkages -
so-called biased networks. This is discussed further in TAG unit M3.2 Public
Transport Assignment Modelling.

Time of Day Choice

It is unlikely that a variable demand model for a scheme will need to look at time
of day choice over all 24 hours in a day but there will be circumstances where
the choice of time of travel in certain parts of the day could be expected to be
influenced by changing travel costs.
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There are two distinctly different aspects of time of day choice. These are
termed macro time period choice and micro time period choice. Macro time
period choice represents the choice between broad modelled time periods,
whereas micro time period choice represents choices within a modelled time
period. Variable demand models only usually include macro time period choice
if at all, to represent transfer of traffic between broad time periods, although
micro time period choice has more recently been facilitated by some software
packages and notably in the Department’'s DIADEM software (see Appendix H).

Macro Time Period Choice

Macro time period choice, involving the transfer of trips between broad time
periods, can be modelled as a logit choice in a similar way to the choice
mechanisms described for the other stages of demand modelling. However, if
the demand modelling uses the typical division of time into two peak periods
and an inter-peak, the freedom of most trips to transfer between them will be
severely constrained: few work trips, for example, could move outside the three-
hour peak periods entirely, and such a mechanism might be applied
predominantly for shopping as opposed to the journey to work.

To model macro choices, it is necessary to know what proportion of each type
of trip takes place in each period. At a macro level trips must be allocated to a
discrete time period, even those which start and finish in different periods. An
incremental logit model can then be used to modify the total number of trips of
each type of trip in each time period according to the changes in the mean
generalised costs in each period.

Macro time period choice should be considered when strong cost
differentials between time periods are expected to develop or change. This
is obviously the case where different charges are introduced for use of a road,
rail or bus service in the peak and inter peak or off-peak, or where different
levels of access to road capacity are being contemplated, or perhaps where
peak surcharges are introduced for parking in a way which affects a large
proportion of traffic. In these cases it is obviously important to choose the
modelled time periods to facilitate the modelling of the differential costs and
their impacts on choice. If this mechanism is included then sensitivity testing
(see section 6) of the strength of the parameters should be used to examine the
possible range of responses. It is probably important to apply different
sensitivity parameters to different trip purposes.

Less evidence is available about the sensitivity of the macro-time period choice
compared to either main mode or destination choice. Research conducted for
the Department suggests that the sensitivity of the choice between relatively
long time periods, such as three hours or so, should be about the same as that
of main mode choice. The research also suggests that, as the time periods are
reduced, the sensitivity increases. Thus, when long time periods, of the order of
three hours, are being modelled, macro-time period choice should be positioned
either just above or just below main mode choice, with parameter values similar
in magnitude to the main mode choice parameter values.
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Peak Spreading (Micro Time Period Choice)

It is common experience that when demand grows in a congested network the
peak in demand tends to occupy a longer time. The peak is unable to grow
higher for lack of capacity, so additional demand is accommodated in the
shoulders of the peak. This effect is known as "peak spreading"”, but it occurs
because of a mixture of responses, both involuntary and voluntary.

If modelling predicts unrealistically severe congestion in the peak hour, micro
time period choice modelling to reallocate trips between the peak hour and the
shoulders may be used to achieve a more realistic estimate. The HADES model
functionality imbedded within the DIADEM software has been developed in
order to assist with this (see Appendix H). It represents a continuous range of
departure times and interfaces with a range of assignment software which use a
small number of time periods.

The length of the peaks will spread as congestion grows, because lower
speeds mean that any given journey will take longer to complete and will
occupy a longer period. The traveller has little influence in this, and the delays
caused by this effect are often represented within the assignment modelling
itself.

Travellers can deliberately change their time of travel, departing and
arriving earlier, or later, than their preferred time. It is common experience
in congested conditions that a quarter hour change in departure time can
change the expected mean travel time significantly. Some travellers will find
such a change acceptable, because the saving in journey time outweighs the
benefit they attach to arriving at a preferred time. The response is clearly more
available for travellers who have some flexibility in precisely when they must
arrive and is applicable to those work trips that have some degree of flexibility
for earlier or later arrival. This may influence the appropriate demand
segmentation in the model.

In the face of increasing congestion, some travellers will adjust their departure
times or arrival times to gain a reduction in travel time. In principle, this can be
represented as a choice mechanism reflecting the generalised cost of travel to
which has been added the cost of not arriving at the preferred time: this is a
"schedule disutility term", essentially an extra component to the generalised
cost which measures how far the actual arrival time is before or after the
preferred time.

When a micro time period choice response (that will include a schedule disutility
term) is included in a variable demand model, evidence suggests that this is
likely to be more sensitive than other responses except route choice.

Other techniques may be used to represent peak spreading between the peak
hour and shoulders, such as multinomial logit, although there are theoretical
reasons why this form of model may not be a reliable predictor of choice
between shorter time periods. The reasons behind such alternative choices of
techniques and parameters should always be reported.
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Trip Distribution

When modelling individual variable demand responses, it is expected that
a distribution or destination choice mechanism will be included. This can
have a substantial effect on the trip pattern and the amount of traffic using
the scheme.

Distribution models should be applied in terms of zonal productions and
attractions. The creation of distribution models in origin-destination format
should be avoided due to the difficulty in correlating planning data with trip
origins and destinations.

It is common to use doubly-constrained models for forecasting commuting and
education trips, so that each zone attracts and generates a fixed total of work
trip ends, and singly-constrained models for other purposes, where only the
total number of trips generated in each zone is fixed.

In addition to cost, distribution also depends on some measure of the attraction
of a zone, estimated in terms of the numbers of "opportunities" such as jobs or
retail floorspace in the zone. These reflect the likelihood that the zone will be
chosen as a destination, other things being equal.

The main stumbling block in the use of distribution models lies in estimating the
trip attraction factors for each zone in a robust and reliable way, and in
determining parameters which have real predictive values. This is difficult, since
the distribution parameters are normally calibrated to recreate the (cross-
sectional) data observed at a given point in time, which depend on a wide range
of historic and socio-economic factors, which cannot be captured fully in the
modelled transport and land use factors. Those historic factors can be large
enough sometimes to mask the true choice process amongst closely competing
destinations in an equilibrium model.

Consequently, the model's ability to predict choices and changes in trip
patterns due to changing transport factors is generally unproven. For this
reason it is recommended that trip distribution models normally have an
incremental form, building on a largely observed base. Local parameter
values should be calibrated for use in the model. However, if there is
insufficient observed data for satisfactory calibration, externally derived
parameter values should be used, although some adjustment may be
needed to deal with any under-representation of competing destinations
and situations where major changes to land-use are expected to occur.

Predictions of trip distribution are usually "Production Constrained" to a total
based on forecasts of trip-ends. Similarly, the trip matrix can be constrained to
match a required number of total trip attractions. In general, the trip matrix and
productions will be disaggregated by trip/traveller segments, and will have to
satisfy the constraints within each individual segment, such as each trip
purpose or traveller type.
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There are five main decisions that have to be made about the use of trip
distribution models within a variable demand model:

i) Production/Attraction or Origin-Destination Modelling

The implications for this are discussed section 2.5 and the choice is likely to be
made based on the availability of data, what other demand responses are being
modelled, and what form of demand/assignment model is being used. However,
when building a new model, or substantially updating one, the presumption
should be that any new matrices are assembled and used as P/A defined trip
matrices.

ii) Doubly or Singly Constrained

In general, doubly constrained models should be used for commuting and
education. This reflects the relative confidence in the measures of attraction
(employment and student numbers) for commuting and education trips, as well
as the relatively fixed nature of the relationship between population (production)
and trip numbers attracted for these purposes.

Other purposes such as shopping, social and leisure trips are typically modelled
as singly production-end constrained. For these purposes, the trip end factors
reflect the attraction of destinations, not the actual numbers of trips attracted
and ideally the availability of other similar destinations between the origin zone
and the zone in question, or perhaps further away but more attractive. For some
of these purposes it may be logical to consider a trip frequency effect on top of
the distribution effect; that is decreasing costs leading to greater numbers of
trips of that purpose as well as change the destinations. Examples of this are
leisure or holiday trips, but shopping trips are also likely to be elastic, especially
if the model does not include active modes, since walk trips to the local shop
may become mechanised trips to more distant shopping centres if travel costs
fall.

In practice the required estimates need be only relative and usually depend on
a weighted combination of quantities like shopping floorspace or employment,
with the weights obtained from fitting regression models, or they may be
obtained from trip-end models such as NTEM.

iii) Incremental or Absolute (based on wholly synthetic models)
Forecasting Models

Where possible incremental models should be used, since these have the
benefits of a more directly observed trip matrix (see section 4.3). Absolute
methods require the calculation of a multitude of area-specific fitting constants
("K factors"), which is often not straightforward'3.

iv) Model Form

13 K factors represent that part of the interaction between zones that does not conform to the general synthetic model
expectations. In calculating those factors it is advisable to first identify calibration areas and then vary the distribution
parameter by calibration area as well as traveller type before resorting to such zone-to-zone factors.
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It is expected that the model form will generally be logit. However, a number of
different deterrence functions are possible. These are discussed more fully in
Appendix C. Discussion on incremental distribution models can be found in
Appendix D.

Different values of the distribution parameters can be used for different cells, or
over different cost bounds, or a completely empirical relationship between
deterrence and cost can be used. However, since most of the evidence on
suitable parameter values relates to the logit form, this should be the first
choice. Where alternative parameters are justified by a study of the base
situation, the logit parameter value may vary by origin or destination zone.
However, any logit or exponential distribution model implies that the sensitivity
to a given absolute change has the same effect on travel between zones far
apart as on those close together, and this sometimes leads to large percentage
changes in long-distance trips. This can be mitigated by careful choice of
calibration areas or the testing the introduction of cost damping. It should not be
a problem for local models, but could give rise to unusual forecast changes for
models with very long and very short trips (though trip-end constraints will
mitigate the effect somewhat for doubly-constrained models). Where locally
derived parameters have been produced by calibration area, then the trip matrix
may need to be split into categories based on these calibration areas (for
instance trips to an urban centre) before forecasting is undertaken.

v) Considerations about hierarchy

The detailed form of the distribution sub-model depends on its position in the
sub-model hierarchy. If the distribution sub-model is less sensitive than mode
choice, it should distribute trip generations (by car ownership or car availability
where mode choice is modelled) to a combined set of trip attractions. If the
distribution sub-model is more sensitive than mode choice, it should distribute
trip generations by mode to a combined set of trip attractions. Whatever its
position, the distribution sub-model should be applied separately by trip
purpose.

For models in which the distribution sub-model is more sensitive than mode
choice, it may be necessary to adjust some model parameters to ensure that
the demand elasticities implied by the overall model accord with established
values, potentially starting from a basis of using the same lambdas for both car
and public transport. If adjustments of this kind are necessary, one option which
could be considered is to differentiate the destination choice model parameters
by calibration area and/or mode. The modeller may opt to conduct tests of the
sensitivity of the forecasts to alternative lambda values which vary by mode.

In the event that insufficient locally-collected data are available for estimation of
the model lambda (spread, sensitivity or scaling) parameters, values may be
imported from other models. If so, the modeller should ensure that the chosen
values are consistent with those provided in section 5.6. If the imported values
differ significantly from these values, the Department will expect to see a
convincing justification for the preferred values.

52



4.9.19

410

4.10.1

4.10.2

TAG UNIT M2.1
Variable Demand Modelling

Spatial Issues

Trip distribution models are likely to be the demand response most sensitive to
the spatial extent of the model area but the degree of sensitivity will also
depend on the form of the distribution model chosen. Three issues are worth
highlighting with respect to trip distribution models.

e Where possible, all likely destinations for zones within the main area of
interest should be modelled. This is particularly important for trip distribution
models since trip increases in one area, say, within a corridor of interest
after improvements, should lead to decreases to other destinations. This will
have implications for traffic quantities and benefits (overall, and within given
areas).

e Average intrazonal trip costs should be calculated as accurately as possible
to remove bias against shorter trips in the distribution model. Power function
models are particularly sensitive to very low intrazonal costs, and where
mode choice is undertaken lower down the hierarchy than distribution the
distribution of car trips using a power function could lead to an excess of
very short distance car trips.

¢ |If destinations outside the central area of focus of the model (often referred
to as the 'fully modelled area') are potential alternative destinations then the
costs to these destinations should be calculated reasonably accurately,
even if the network, and the zoning system outside of this area, is of a
coarse nature.

Route Choice: Assignment Modelling

A variable demand model includes an assignment stage to provide travel cost
information to the demand model, often called the supply model. Route choice
in assignment can be considered separately from the other choice mechanisms,
but it is essential that an equilibrium solution between demand and supply is
obtained, generally by iterating between the two processes until a level of
convergence is achieved. The assignment stage must itself be adequately
converged, since this is necessary to achieve a good level of convergence
between the assignment model and the demand model..

TAG unit M3.1 Highway Assignment Modelling provides detailed guidance on
highway assignment modelling. This includes guidance on selecting the most
appropriate assignment model form, particularly when considering the
importance of time periods that need to be modelled. For example, the use of
short time periods in a dynamic assignment will be valuable in modelling micro
time period choice as part of the assignment stage. TAG unit M3.2 Public
Transport Assignment Modelling gives advice specific to route choice and
assignment on public transport networks.
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Demand Model Calibration

Local Calibration of Demand Models

This section provides advice on using local data to calibrate the parameters of
the demand model. If, after considering the issues below, it is impractical to
calibrate local values, then consideration should be given either to importing
values from existing locally calibrated models or to using the illustrative values
given in section 5.5.

Using Local Data to Calibrate Parameter Values

Calibration of the parameters in the demand response mechanisms can be a
very time-consuming and expensive phase, and for smaller schemes or where it
is proportionate to do so, the alternatives of using other local model parameters
and/or standard illustrative values should be considered.

Calibration of the different demand responses varies in both the amount of data
required and the ease of the calibration itself. In some cases the surveys used
for calibration of the model can be used for other purposes (such as eliciting
behaviour in response to tolling or parking restraint), making the necessary
survey work more cost-efficient.

Trip Frequency

If a trip frequency response is included, the parameters which govern the
response to cost changes will be dependent on what other responses are in the
model. These composite costs are derived from responses lower in the
hierarchy and will depend upon the trip distribution and mode-split mechanisms
(see section 4.6). To disentangle these complex interactions unambiguously,
comprehensive data (which is not usually available) is required to explain
responses to large changes in travel costs.

Mode Choice

Detailed advice on model estimation is given in Appendix F for the case where
a mode choice model is being transferred from another source.

The practicality of local calibration of the mode choice mechanism depends on
the quality of the data available and the ability to distinguish between public
transport travellers with and without a car available, since these two categories
of traveller will have very different choice-sets. It will also depend on the extent
to which choice of mode is exercised by car available travellers. Coupled with
estimates of times and costs by the various modes using standard values of
time, this can enable mode-choice parameters to be estimated.
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The quality of data about trip purpose will determine how disaggregate a model
can be estimated. That is likely to be most problematic for public transport data.
Irrespective of the approach used, a check should be made that the model
reproduces the modal-split correctly for the important movements. Similar
considerations apply when using parameters from other local studies such as a
regional multi-modal study.

Relatively simple mode-choice calibration can be undertaken where the number
of car trips and public transport trips for which a car is available are known for a
large number of important flows, together with estimates of times and costs by
the various modes and appropriate values of time. Car availability data can only
be obtained by personal survey, either in the household or on public transport,
though even then the travellers' claim to have a car available often ignores
competition for the car within the household. As always, the quality of data on
trip purpose will determine the disaggregation possible.

An alternative mechanism would be to use Stated Preference (SP) surveys to
estimate the important determinants of mode choice. SP survey work provides a
useful approach when considering the introduction of states that are not present
in the current situation, such as tolling or parking restraints, or where new
modes (to the area) are being considered. In these cases, the surveys are more
likely to be geared towards estimating the relative impact of items that make up
the definition of generalised cost than to provide evidence of the parameters
controlling the mode choice. Specialist advice should be used to establish the
mode specific constants of the relative attractiveness of the new modes. Where
household surveys are being undertaken to collect other data for modelling
purposes, it may be possible to attach an SP study at marginal cost. The
software available to calibrate models using SP (and other data) can handle a
variety of forms of hierarchy of travel responses. The output statistics can help
to shed light on the most likely choice structure. This is particularly important for
mode choice, where nested choice structures are often required.

One of the characteristics of calibration using SP methods is that the results
tend only to give the relative importance of different modes and their attributes,
and may not reproduce current market shares, without using a "scaling factor".
To do this, observed data on the actual choices made are normally required:
this is known as Revealed Preference (RP). The observed data and the reasons
behind the current decisions made are more complex than the clearer-cut
comparisons of data obtained from Stated Preference surveys, making it more
difficult to identify the exact relationships between costs and choice.

Calibration to reproduce the cross-sectional details of the base case is less of
an issue when using incremental or pivot-point modelling (the recommended
approach), since the observed OD matrices are used directly and only changes
from the base or pivoted reference case are to be forecast. In general, SP
methods alone cannot be relied on for estimating the scales of the responses
accurately, as they tend to overestimate the response to change.

In absolute models, adjustment (K) factors may be needed to achieve an
acceptable level of fit to observed modal shares (see Appendix C). Itis
desirable to keep the number of adjustments of this type to a minimum, even if
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this means that the modelled base case departs from the observations in some
respects.

Estimation of Transferred Mode Choice Models

Supplementary Guidance on Bespoke Mode Choice Models describes how a
mode choice model may be developed as a bespoke tool or transferred from
another source. Appendix F discusses the more common approach of
transferring mode choice models in more technical detail. In some cases, a
transferable mode choice model may be embedded in a complete transferable
model system and advice for these cases is also presented.

Time Period Choice

Advice on calibrating time-period choice models is likely to develop over time.
SP techniques can be used to estimate travellers' broad time-period switching
in response to travel cost changes, and this may be especially appropriate if
one of the policy options aims to encourage time period switching, for example
through charging. Otherwise, at present, the analyst should follow the advice
given in section 5.6.

Distribution

Calibration of a trip distribution model can be difficult and to fit the observed
data sufficiently well the calibration may need to be done separately for different
spatial sectors in the model. Even if this is done, the estimated parameters are
not necessarily the correct values for estimating the responses to changes in
costs, since the observed trip patterns occur for a range of historical and land-
use reasons not necessarily closely linked to travel costs. To provide a
satisfactory local calibration the data available must be of sufficient quality and
quantity. This will require that either the range of trip lengths in the observed
part of the trip matrix on which the distribution parameter(s) are being calibrated
is representative of the whole trip matrix or account is taken of the variations in
sampling rate over the full range of trips, to ensure that the synthesised trip
length distribution is correctly representative of the full range of trips.

Given observed or part-observed/part-synthesised trip matrices, it is possible to
estimate parameter values based on the present-day distribution of trips
provided a simple form of distribution model formulation is chosen. Single
parameter models (i.e. the lambda of a logit model or the elasticity of a power
function) are calibrated by adjusting the parameter iteratively for each
calibration area until the average cost (for an exponential or logit function) or the
weighted average of the logarithmic costs (for a power function) equals that
observed. The theoretical background to the method of calibrating a demand
function with a single parameter is available in standard texts such as that by
Ortuzar and Willumsen (2001), and in the references for matrix manipulation
programs in most commercial transportation modelling suites.
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A similar approach can be adopted whether a singly or doubly constrained
model form is assumed. In practice, the simple demand function may not fit the
trip pattern well, and the expected trip-length distribution should be checked
against the observed distribution, even where the mean values are well
estimated. In addition, the observed trip pattern is likely to contain particular
movements that are not properly represented by the modelled function, and
additional constants will be needed to reproduce the observed base. Use of an
incremental model rather than an absolute one avoids most of this complication.

lllustrative Parameter Values

This section suggests illustrative values obtained from a review of a number of
UK transport models for situations and responses where either local calibration
or derivation from existing models and/or local knowledge is not possible. The
values should be compared with local values or modified in the light of local
circumstances and accompanied by realism tests. The illustrative values can
provide an acceptable approach to including variable demand modelling in
transport appraisals where it is deemed too difficult to establish local values.

No matter how carefully the model has been constructed and coded, if the
parameter values it contains are wrong the appraisal will be wrong. The base
year demand matrix and travel costs will be based on measured local data. It
should present a reasonably accurate account of the prevailing situation, but the
mechanisms which model travellers' behaviour, and the choices they make,
must be calibrated against appropriate evidence of that behaviour. That should
ideally include evidence of how choices change as costs change rather than the
observed cross-sectional variations.

Although locally calibrated parameters should be used wherever possible, some
of the sensitivity parameters may have to be obtained from generalisations of
other modelling work. The illustrative values given in the tables below are
values obtained from transport models which have been developed by means of
rigorous estimation processes. They are not necessarily appropriate for all
circumstances and need to be assessed and modified where necessary but, in
the absence of a specific local calibration, they may be the best available
estimates. Whatever values are selected, whether from local knowledge or
based on the illustrative values, it is essential to conduct "realism" tests
(see section 6.4) to ensure that the actual behaviour of the model against
variation in travel times and costs accords with experience.

The illustrative parameter values in this guidance are based on the standard
model form using a hierarchy with main mode choice less sensitive than
destination choice (see Appendix D for the model formulation). If an alternative
hierarchy is used, then most of the illustrative parameters would no longer be
directly applicable.

The parameter values for main mode and destination choice have been derived
from "Multi-Modal Model Data Provision", by MVA and the Denvil Coombe
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Practice, dated May 2005 augmented by more recent information from RAND
Europe on the PRISM'® model of the West Midlands and the MoTiON'® model
of London. The trip frequency parameter values in the report were derived in
part from TRL (2001), which has now been largely superseded by the MVA
report but may still offer some useful insights. These illustrative parameter
values represented the "best estimates" at their time but are inevitably
uncertain. Since the illustrative parameters apply to costs specified in
generalised minutes, changes to values of time (and other variables) over time
should not affect them. Under the assumption, used by default in forecasting
and modelling generally, that the sensitivity of response to generalised time is
largely fixed (within appropriate segments), the estimated pre-2005 model
values should still be applicable.

The seven models in the MVA report were the only ones of a generally
acceptable form that were available at the time for which parameters had been
estimated, in some cases rigorously but in other cases not so rigorously. All the
models were trip-based, all based on linear generalised cost (time)
formulations, and none used cost damping in any form.

More recent information has been obtained from RAND Europe on the mode-
destination model estimation of the 2011-based PRISM model of the West
Midlands'’, and the 2016-based MoTiON model of London8. Both of these
models employ cost damping in the form of mixed linear and logarithmic cost
formulations for most purposes and operate on a tours basis with a wider range
of demographic and purpose segments than the earlier models in the MVA
report. It has not been possible to include destination choice sensitivity
parameters from PRISM and MoTiON in Table 3, as their non-linear cost term
makes the structure too complex. This should not in any way preclude the use
of such innovative cost formulations in new models, but they would not be able
to draw directly from the illustrative destination choice parameters in Table 3
and would instead require local estimation or a bespoke approach to parameter
calibration to meet realism targets.

The structural tests in PRISM and MoTiON for most journey purposes concur
with the standard model form with main mode choice less sensitive than
destination choice (see Appendix D). Thus, the main mode scaling parameters
(theta values) they produce were generally appropriate to include in the
illustrative main mode choice parameters (Table 4).

The illustrative parameter values relate to trip-based models. If home-based
tours are modelled, the total costs for all legs of the tour taken together need to
be used rather than the costs of each leg separately. In these instances, the

14 Archived by the Department for Transport at
https://webarchive.nationalarchives.gov.uk/ukgwa/20090606073536/http://www.dft.gov.uk/pgr/economics/r

dg/vdmc/mmdp/
15 Policy Responsive Integrated Strategy Model (PRISM) is Transport for West Midlands’ strategic transport

model that helps inform transport policy and related decisions in the West Midlands
16 Model of Travel in London (MoTiON) is Transport for London’s multi-modal strategic transport model
7 PRISM 2011 Base Mode-Destination Model Estimation
https://www.rand.org/pubs/research_reports/RR186.html

18 Model of Travel in London Phase 3 Mode and destination choice model estimation
https://www.rand.org/pubs/research reports/RRA1217-1.html
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lambda values which govern the destination choice process should be halved.
The theta values which govern the mode choice process are scaling parameters
and do not need to be halved.

The Department is keen to obtain further evidence on illustrative values and
would welcome information on parameter values from models that have been
rigorously calibrated.

All the illustrative parameter values provided in this section relate to generalised
costs in minutes for an O/D trip, as derived using the Department's standard
formulations of generalised cost (see section 3) and standard values of time
(see TAG unit A1.3 User and Provider Impacts).

If other units or some functional form other than logit were to be used, it is
always possible to ensure that the model sensitivity, measured for the local
circumstances, is equivalent to that of a logit formulation using the default
values as follows:

e estimate "typical" values of the relevant generalised costs

e apply a modest change to a time or cost component (10% is commonly
used)

e calculate the appropriate change in demand using both the logit formulation
and the alternative functional form of the model

e adjust the parameters of the model mechanism to obtain a similar change in
demand to that given by the logit form

Trip Frequency

In modelling trip frequency, we are concerned solely with the response of the
total number of trips from each zone changing as travel costs change,
dependence on the demographics and land use of the zone is a different issue.

Some models include trip frequency but the evidence on the appropriate
sensitivity parameter value is limited and no explicit values can be
recommended. Some indicative short-term car trip (only) elasticities to car
journey time, however, are presented in Appendix A.

Destination Choice (Distribution)

Illustrative destination choice or distribution parameter values are shown in
Table 3 below. On the presumption that destination choice will follow main
mode choice in the model hierarchy (see section 4.5), parameter values are
provided separately for car trips and public transport trips. No illustrative
parameters are available for active modes (walk / cycle). See Appendix D for
the model formulation to which these parameter values apply.
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The values in Table 3 are all derived from the sample of seven models in the
2005 MVA report since it was not possible to derive compatible values from the
more recent PRISM and MoTiON models.

Table 3 lllustrative Destination Choice Lambda Parameters

Trip Purpose and Mode Minimum Median Maximum Sample
Car
Home-based work 0.054 0.065 0.113 7
Home-based employers’ business 0.038 0.067 0.106 5
Home-based other 0.074 0.090 0.160 4
Non-home-based employers’ business 0.069 0.081 0.107 3
Non-home-based other 0.073 0.077 0.105 3
Public Transport
Home-based work 0.023 0.033 0.043 7
Home-based employers’ business 0.030 0.036 0.044 4
Home-based other 0.033 0.036 0.062 4
Non-home-based employers’ business 0.038 0.042 0.045 2
Non-home-based other 0.032 0.033 0.035 3
5.6.17 The parameter values shown above for public transport trips strictly apply to

5.6.18

5.6.19

trips from car-available households. They may also be used for trips from non-
car available households without significant loss of accuracy.

It is difficult to generalise about when low values should be used and when high
values would be more appropriate. Note that the ranges shown above are not
targets within which parameter values must lie. They are simply the minimum
and maximum values from the sample available. However, as discussed in
section 6.5, it is expected during calibration that parameters outside +/- 25% of
the median value would be further examined. The MVA report'® provides
parameter values for a variety of models, of London, a large region in Scotland,
and a number of smaller urban areas. This report should be consulted in
deducing parameter values (or their indicative relative variation based on urban
context or movement type) for models of more complex areas where the use of
the single mean or median values may be considered too simplistic. The TRL
report may also provide some guidance on variations in parameters under
different circumstances, although it should be borne in mind that this report
contains limited information about the extent to which model parameters were
derived by rigorous calibration procedures and validated by realism tests.

It should also be noted that the introduction of cost damping (widely used in
current models) would tend to imply that sensitivity parameters should typically

19 Archived by the Department for Transport at
https://webarchive.nationalarchives.gov.uk/ukgwa/20090606073536/http://www.dft.gov.uk/pgr/economics/r

dg/vdmc/mmdp/
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be larger than those advised in Table 3 in order to achieve desired realism
responses. Thus, destination choice parameters for cost-damped models may
reasonably exceed the median values shown by more than the indicative range
of 25% (discussed in the previous paragraph) during local calibration and
realism testing.

Main Mode Choice

Main mode choice (that is, the choice between car and public transport and
possibly active modes) parameters are specified as scaling parameters (see
Appendix D for further details). These scaling parameters show the sensitivity of
main mode choice relative to destination choice. Thus, to be consistent with the
default hierarchy recommended in section 4.5, of destination choice following
main mode choice, the main mode choice scaling parameters are all less than
or equal to one, as shown in the table below.

The sample of models used in Table 4 is largely derived from the seven models
in the MVA report but also includes more recent main mode choice scaling
parameters from PRISM and MoTiON for compatible purposes. This excludes
the home-based other purpose from MoTiON which did not result in valid
estimated parameters but includes a value for home-based other from PRISM
based on a sample-weighted average of the estimated “home-based shopping”
and “home-based other” values.

Table 4 lllustrative Main Mode Choice Theta Scaling Parameters

Trip Purpose and Mode Minimum Median Maximum Sample
Home-based work 0.51 0.70 0.83 8
Home-based employers’ business 0.19 0.46 0.78 4
Home-based other 0.27 0.47 1.00 5
Non-home-based employers’ business 0.73 0.73 0.73 2
Non-home-based other 0.43 0.62 1.00 3
5.6.22 Again, it is difficult to generalise about when low values should be used and

5.6.23

when high values would be more appropriate. The ranges shown above are not
targets within which parameter values must lie. They are simply the minimum
and maximum values from the sample available. The MVA report should be
consulted in deducing parameter values for models of more complex areas
where the use of the single mean or median values may be considered too
simplistic. The TRL report may again be of some use, noting the caveat in
paragraph 5.6.2.

Time of Day Choice

Section 4.8 discusses that limited evidence broadly suggests that the sensitivity
of macro time period choice at relatively long periods (e.g. 3 hours) should be

61



6.1

6.1.1

6.2

6.2.1

6.2.2

6.2.3

6.2.4

TAG UNIT M2.1
Variable Demand Modelling

about the same as main mode choice and hence comparable to the values in
Table 4. Micro time period choice will clearly be more sensitive.

Convergence, Realism and Sensitivity

Background

Once the model has been scoped and developed, it is important to ensure that
the model converges, is realistic and that sufficient sensitivity tests have been
undertaken in order to further validate its fitness for purpose and to understand
the operation of the model before applying it directly to scheme appraisal or
testing strategies.

Building the Model and Model Interfaces

Practitioners should use their judgment to decide on a modelling approach that
best suits their needs and the scope of the model that is to be developed.
Various commercial software packages are available, along with required
interfaces between assignment and demand models. Increasingly, open source
alternatives are being developed and used — it is advised to contact the
Department when considering their application.

The Department's DIADEM software (Dynamic Integrated Assignment and
DEmand Modelling) has been developed to provide simple multi-stage demand
models and an interface direct with some commercially available assignment
modelling packages, although the interface is flexible enough that it has been
used with other packages. DIADEM contains procedures that apply a range of
convergence improving techniques, guided by a number of convergence
measures and desired stop criteria. For further information, see Appendix H.

There are a number of different approaches that can be adopted in developing
assignment and demand models and their interfaces that are crucial when
considering general performance and convergence issues:

Combined Assignment-Demand Models

Some software packages can handle demand-supply responses as a combined
assignment-demand model. This is the preferred solution in most cases since
the software will be constructed to ensure, as far as possible, that the model is
properly integrated, computationally efficient and can converge to a correct
solution. At present the main drawback is that the demand responses that can
be modelled may be limited, either in number or in the sequence order; or the
embedded assignment model does not provide all the functionality required for
the area, e.g. detailed junction modelling. Where combined assignment-demand
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model software exists it also tends to operate on an O/D rather than P/A basis,
whereas the latter is preferred by the Department.

With some models, more exact measures of convergence can be defined than
the % relative gap measure recommended in section 6.3. This may arise from
the nature of the combined demand-supply formulation. The approach to
improve convergence should be given in the Validation Report and in addition to
these more exact measures, the % relative gap should also be reported. The
TUBA tests outlined in section 6.3 can be done to ensure that convergence is to
the level required by the scale of the scheme.

Combining Separate Demand and Assignment Models

The next best alternative is to make use of a transportation software suite's
matrix manipulation tools to construct an interface and iterate between the
assignment program and the demand model. This will ensure that the supply
and demand data are in compatible format and that different demand segments
are transferred properly between the sub-models (aggregation and
disaggregation). Various transportation software packages are available that
cover both demand and assignment functions. The use of different software for
assignment and demand modelling, and/or for different modes needs to be
handled carefully to ensure data is successfully, correctly and transparently
transferred. For any iterative model application, this will usually require a
separate programming solution.

The user will need to ensure that the final solution meets the convergence
criteria set out in section 6.3. This requires the demand model and assignment
model to be run alternately, usually with the cost matrix being passed directly
from the assignment model to the demand model. The trip matrix may be
passed directly from the demand model to the assignment model, but this
approach may require a large number of iterations, a potentially unacceptable
amount of time to run, and often struggles to converge. Other algorithms (e.g.
the Method of Successive Averages (MSA)) combine a proportion of the
demand matrix with demand matrices from earlier iterations and should reach
the convergence criteria more quickly.

It is difficult to provide a single ready-made solution for all software and all
schemes, and it may be necessary to seek advice from the software
developers. For these models the iteration between assignment model and
demand models should give statistics from which to calculate the % gap
statistic, as recommended in section 6.3. The approach to iterating between the
supply and demand models, and the monitoring of the convergence progress
should be detailed in the Validation Report. Evidence should be provided that
the models meet the convergence requirements set out in paragraph 6.3.15.

Convergence

It is of crucial importance to demonstrate that the whole model system
converges to a satisfactory degree, in order to have confidence that the
model results are as free from 'noise' as possible.

63



6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

TAG UNIT M2.1
Variable Demand Modelling

Variable demand models iterate between demand and supply, or in other words
between the demand response components and assignments. Convergence of
the full model system to a stable solution close to equilibrium may be monitored
using the guidelines developed for DIADEM. If necessary, the convergence
algorithms designed in DIADEM, or indeed any other appropriate software,
could be incorporated in the model system to aid in achieving required levels of
convergence.

Tests have shown that improved demand convergence can reduce the
convergence errors to less than 10% of the economic benefit derived from the
intervention. Demand modelling software may provide a number of measures of
convergence, both relating to proximity (how close to the true equilibrium), and
stability (how much the results are changing each iteration). For the purposes of
this unit, the proximity measures are the more important, and the above value of
10% of the economic benefits is considered achievable.

The recommended criterion for measuring convergence between demand and
supply models is the demand/supply % gap.

The % gap formula depends on whether the demand model uses demand
averaging or cost averaging to speed its convergence. Using the wrong formula
risks overstating the level of convergence of the model. A model that does not
use averaging may use either formula.

For a model that uses cost averaging, the % gap is a demand weighted average
of the % change in costs between iterations of the model. For a model that uses
demand averaging, the % gap is the cost weighted % change in demand
between iterations of the model.

For a variable demand model (VDM) that uses cost-averaging, the % gap is
defined by

-1
S.Dp|ci-c |

Yo DaC’

a

Where:

! n-1 . . . . .
C . iscell aof the cost matrix, averaged across previous iterations

D} is cell a of the assignment demand matrix output from the variable demand
model

Cg is cell a of the cost matrix from assigning D}

a represents every combination of origin, destination, demand segment/user
class, time period and mode

This formula calculates the difference between costs skimmed on the current
iteration before any averaging and the costs averaged across all the previous
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iterations. Using the raw unaveraged costs for the current iteration is important
because comparing two sets of averaged costs would overstate the level of
convergence. If no averaging is used, the difference simply compares the skims
from the two iterations.

Although the formula above sums over demand segment/user classes, time
periods and modes, a segment-specific analysis may identify model
components that have converged well and less well.

For a model that uses demand-averaging, the % gap is a cost-weighted
average of the % changes in demands between iterations, defined by:

n-1
SL D= D' |

n-—1

3l €7D

a

Where:

D'""1is a cell of the averaged demand matrix used in the assignment that
produced costs for the latest VDM run

C*1is cell a of the cost matrix that went into the VDM to produce the latest
demand matrix D}

D} is a cell of the demand matrix output from the VDM

a represents every combination of origin, destination, demand segment/user
class, time period and mode

The demand/supply model used may report other measures of convergence.
Some of these may be stability statistics that indicate how much the solution is
changing from one iteration to the next. An example of this could be the
maximum change in absolute trips in the demand matrices or flows at link level
in assignment. It is often assumed that a stable solution implies convergence.
However, it can also be an artefact of the particular algorithm being used so
stability statistics are, in general, not a good indicator of how close the solution
is to equilibrium.

It is beneficial to monitor and report the % gap for not only the last iteration of
demand and supply, but for several iterations in order to understand the stability
of the model.

Tests indicate that gap values of less than 0.1% can be achieved in many
cases, although in more problematic systems this may be nearer to 0.2%.
Where the convergence level, as measured by the % gap, is over 0.2%
remedial steps should be taken to improve the convergence, by increasing the
level of convergence in the assignment step.

To optimise processing time and help reach converged solutions the travel cost
formulations used in both assignment and demand models should contain a
ratio of weights of journey time relative to journey distance that are as
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consistent as possible. Where possible, it will be beneficial to have available an
integrated and automated demand and assignment process.

Convergence and scheme benefits

The required level of convergence needs to be linked to the scale of the
benefits of the scheme being appraised, relative to the network size. For
instance, the calculation of benefits from small schemes in large networks will
be much more sensitive to convergence than large schemes in small networks.
On the basis of testing, it has been discovered that the following rule of thumb is
a useful indicator of the suitability of the convergence of the model: ideally the
user benefits, as a percentage of network costs, should be at least 10
times the % gap achieved in the Without-Scheme and With-Scheme
scenarios.

User benefits can be derived through use of DfT's TUBA software. It may also
be done manually by using matrix manipulation of the with and without scheme
trip and skimmed generalised cost matrices to produce an estimate of the
consumer surplus by the rule of a half.

Realism Testing

Once a variable demand model has been constructed, it is essential to ensure
that it behaves 'realistically’, by changing the various components of travel costs
and times and checking that the overall demand response accords with general
experience. If it does not, then the values of the parameters controlling the
response of demand to costs should be adjusted until an acceptable response
(within ranges shown in Table 6) is achieved. Any changes to the original
parameters, and the impact on elasticities, should be reported. There will be
more scope for adjustments to model parameters where they have been
imported and where the model form is incremental, and less scope where the
model parameters have been estimated from local data and/or where the model
form is absolute. Ways of adjusting models to improve the outcome of the
realism tests are discussed in section 6.5.

In this section, the calculations required for the realism tests are defined. Advice
is also provided on how the acceptability of the test results may be judged.

Many of the parameters controlling the behaviour of a model ought to reflect
where possible local circumstances. However, even if there are adequate local
data for an acceptable estimation or calibration of a model, the fact that a model
replicates the travel patterns in base year cross-sectional data satisfactorily
does not guarantee that the model is a good predictor of the demand responses
to changes in travel costs over time and responses to changes in travel costs
brought about by schemes in the forecast year. Also, in cases where a local
estimation or calibration is not possible and parameter values are imported from
other models or from the illustrative values provided in section 5.6, it will be
important to check that the behaviour resulting from these parameter values is
plausible in their new context.
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If the model does not behave in accordance with general experience, it should
not be used to appraise a transport scheme, unless a convincing case can be
made to explain the differences in terms of special local circumstances. Instead,
the model parameters should be modified until its responses are plausible (as
advised in section 6.5).

Demand Elasticities

The acceptability of the model's responses is determined by its demand
elasticities. These demand elasticities are calculated by changing a cost or time
component by a small global proportionate amount and calculating the
proportionate change in travel made. These changes may be implemented on
either a link basis and skimmed to yield the interzonal changes or directly at the
matrix cell level. The elasticity recommended is:

_ log(T?) — log(T°)
® = log(C") — log (€%

where the superscripts 0 and 1 indicate values of estimated demand, T, and
cost, C, before and after the change in cost, respectively. For example, if car
fuel costs increase by 10% and trips by car fall by 2%, then the elasticity of car
trips with respect to fuel cost would be 10og(0.98)/log(1.10)=-0.212. For the
purposes of these realism tests, demand would be in terms of vehicle-kms?° (for
private modes) or person trips (for public transport). Elasticities would normally
represent long-term responses unless indicated otherwise, given that these
long-term responses are more suitable for assessing major infrastructure
investments and benefits estimations.

The Tests Required

Any component of cost or travel time can be used to calculate demand
elasticities. However, they are not all independent so that there may be little
point in checking all of them separately. The different components of
generalised cost for any particular journey are interlinked by the weights applied
in calculating the generalised cost (see section 3). Thus, if one weighted
component always accounts for twice as much as another in the total cost, the
elasticity of demand relative to it will always be twice as much. Nevertheless, it
is desirable to test the more important components in this way to ensure that
the formulation of generalised cost in the model is correct.

The primary realism tests require that car fuel cost and public transport fare
elasticities lie within specified bands (as set out below — good time series data
are available for these). Car fuel cost elasticity tests are required in all cases
where a highway model is used. Public transport fare elasticity tests are
required in all cases where changes in public transport generalised costs,
including changes in fares, are modelled. Car journey time elasticity tests are
also required (as a potentially useful diagnostic). Other realism tests - for
example, of a model's ability to reproduce elasticities of demand with respect to

20 An exception to this is car journey time, which uses trips.
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other charges, such as parking charges and tolls - may be appropriate where
empirical elasticities are available. These should be described in the Model
Validation Report.

6.4.8 All elasticities should be calculated using the base year model.

6.4.9 In order to achieve acceptable results from these realism tests, it may be
necessary to modify or damp the generalised cost changes used in the demand
model for longer trips. The mechanisms by which cost damping may be
implemented are specified in section 3.3. In models where the parameter values
are estimated or calibrated from local data, cost damping, if it is to be employed,
should be built in to the model at the estimation or calibration stage. In these
cases, the realism tests should always include the cost damping. In models
where parameter values are imported, initial realism tests may be undertaken
without cost damping to gain an understanding of the impact of cost damping if
and when it is introduced?'. Advice on the introduction of cost damping is
provided in section 6.5.

6.4.10 The elasticities should be calculated from a converged run of the
demand/supply loop. This requirement arises from the fact that these observed
elasticities, against which the modelled elasticities are to be compared, are the
result of the real world interaction of demand responses, congestion and
crowding. Running a model to full equilibrium may be time-consuming and it
may be more practical to explore the sensitivity of the demand elasticities to
changes in the model parameter values using fewer iterations. If this approach
is adopted, the extent to which the elasticities resulting from the smaller number
of iterations are changed by further iteration to convergence should be
established and reported.

6.4.11 A demand weighted average of these elasticities by time period and demand
segment or user class should be taken so that the result ideally represents the
average elasticity for the whole year. This is because the target elasticity
specified below relates to all periods of the year. The annualisation factors used
for the Transport Economic Efficiency appraisal may be used for this purpose
(see TAG unit A1.3 User and Provider Impacts). Where the annualisation
factors do not account for all periods of the year, the available factors should be
used but their limitations should be noted in the realism test reporting.

Deriving the elasticities used in this unit

6.4.12 Acceptable ranges for elasticities in realism testing have been derived from the
meta-models of cost and time elasticities reported in Wardman 2022a and
2022b. Earlier versions of these meta-models have been used in the
development of recommended rail elasticities for PDFH.

21 This will be the case where the illustrative parameters in section 5.6 are used, or if the model from which the
parameters are imported has no cost damping. Where parameters have been imported from a model that employed
cost damping, that function should be imported also and tested to see if realism tests are met. If this fails, the model
will need to be re-estimated or calibrated by adjusting the behavioural parameters, ASCs and/or the cost damping
function (see section 6.5).
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The price elasticity meta-model contains 2023 observations drawn from 204
British studies published between 1968 and 2020. The time elasticity meta-
model contains 386 observations obtained from 47 British studies over the
same period.

The target ranges for realism testing have been set at one standard deviation
around the mean of the sample of relevant elasticity studies in the meta-model.
Practitioners must investigate and justify any exceedance of the target range.

For modelling, long-run elasticities are needed both for overall elasticities and
elasticities by journey purpose. However, long-run elasticities by journey
purpose are not available in the literature because of the lack data from which
they can be estimated. Long-run elasticities are available, but not by journey
purpose. Journey purpose elasticities are available, but only as static
elasticities (i.e. not separated into short-run and long-run elasticities).

The long-run elasticities by journey purpose presented in this unit have been
estimated from the elasticities meta-model by scaling the static journey purpose
elasticities. The scaling makes the weighted average of the journey purpose
elasticities match the overall long-run elasticities. The weighting uses the
journey purpose proportions observed in the National Transport Survey (NTS)
for the mode in question.

Car Fuel Cost Elasticity

The car fuel cost elasticity required is the percentage change in car vehicle-
kms with respect to the percentage change in fuel cost. The calculations should
be carried out for a 10% or a 20% fuel cost increase. (A 10% increase is
preferred but, in some cases, a larger increase, such as 20% has proved
necessary for plausible results to be obtained.) Care should be taken not to
increase non-fuel operating costs in this process.

Car fuel cost elasticities should be calculated in both of the following ways.
e Matrix-based

— The change in car vehicle-kms should be calculated from the car trip
matrices and skimmed distance matrices which relate to the before and
after fuel cost change model runs. The movements included in this
calculation should relate only to the movements to which the full range of
demand responses apply in the demand model.

— For example, if external to external trips are treated as fixed, then it could
be argued that the responses of external to internal trips would not be fully
responsive as the model would not allow change of destination so that
external to internal trips became external to external and vice versa. In this
case, the matrix-based calculations should use only the internal to external
and internal to internal trips.

— Even if external to external trips are not fixed, they will very often be
modelled in a very approximate manner using very simplified networks
and speed/flow relationships and approximate estimates of demand. In all
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such cases, external to external movements should be excluded from the
elasticity calculations.

— Complete trips, from real origin to real destination, should be used for
these elasticity calculations. This can often require a zoning system and
network which covers a large area. These calculations should be carried
out by time period and car trip purpose, and also aggregated over time
periods and trip purposes to produce an overall average elasticity.

— The calculations can be carried out on either an O/D or P/A basis,
although the former is likely to be the more convenient.

e Network-based

— Car vehicle-kms should be accumulated over a specified network from the
before and after fuel cost change runs and the difference taken. The
network used for this calculation should extend to cover the area over
which the highway assignment model has been validated but should
exclude external areas where the model is more approximate.

— This calculation is likely to underestimate the fuel cost elasticity if the
change in car-kms includes fixed elements, such as external to external
trips (unless the external to external car-kms can be excluded from the
calculations). These calculations should be carried out by time period and
car user class, and also aggregated over time periods and trip purposes to
produce an overall average elasticity.

The price meta model includes various UK studies using time-series data on car
travel and fuel prices and costs. The model estimates an average elasticity of
car use with respect to fuel cost of about -0.25. Taking account of this
research, unless analysts can provide a good reason otherwise, the
Department's view is that:

e the annual average fuel cost elasticity should lie within the range -0.15 to
-0.35 (overall, across all purposes)

e the annual average fuel cost elasticity should lie on the right side of —=0.25,
taking account of the levels of income and average trip lengths prevailing in
the modelled area - see below for advice on what is the 'right' side of —0.25

Fuel cost elasticities would be expected to be weaker than —0.25 (i.e. closer to
zero) where trip lengths are shorter than average, car driver mode shares are
higher than average, and where proportions of low elasticity demand segments,
such as employers' business, are higher than average, and stronger (i.e. further
from zero) where the opposite applies. Higher than average income levels may
also be consistent with a weaker elasticity. However, it is generally difficult to
estimate the magnitude of the effects of these factors and therefore the extent
to which the true elasticity for the area being modelled may vary from the figure
of —0.25. It is for this reason that an acceptable range, from -0.15 to -0.35, is
specified.

Note that, if local variations in values of time are used to argue for a particular

target fuel cost elasticity, local values of time should be used in the model. In
this case, evidence for the local values of time will be required.

70



6.4.22

6.4.23

6.4.24

6.4.25

6.4.26

6.4.27

TAG UNIT M2.1
Variable Demand Modelling

Elasticities may also be regarded as more plausible if:

e The pattern of annual average elasticities shows values for employers’
business trips near to —0.1, for long-distance discretionary trips near to
-0.4, and for short-distance discretionary trips and commuting and
education somewhere near the average.

o the pattern of all-purpose elasticities shows peak period elasticities which
are lower than inter-peak elasticities which are lower than off-peak
elasticities

While there is little or no empirical evidence to support the variation in
elasticities by purpose and time period, most models show the pattern
suggested above, although a few models which are otherwise acceptable have
been created which show morning peak elasticities which are higher than inter-
peak elasticities which are higher than evening peak elasticities. In the case of
models which show different variations in elasticities by purpose and time
period, an explanation for the differences will need to be provided.

Public Transport Main Mode Fare Elasticities

The public transport fare elasticity required is the percentage change in
public transport trips by all public transport modes with respect to the
percentage change in public transport fares. The calculations should be carried
out for a 10% or a 20% public transport fare increase, applied to all public
transport modes equally.

Public transport fare elasticities should be calculated on a matrix basis, by time
period and trip purpose. The movements included in this calculation should
relate only to the movements to which the full range of demand responses apply
in the demand model and should generally exclude external to external
movements in any event. Complete trips, from real origin to real destination,
should be used for these elasticity calculations.

Elasticities of public transport trips with respect to public transport fares have
been found to lie typically in the range =0.2 to =0.9 for changes over a period
longer than a year (TRL, 2004). Values close to —0.2 are unlikely for the whole
public transport market unless this includes a high proportion of concessionary
fare trips with a significant number made free of charge.

The elasticities may also be regarded as more plausible if:

e the pattern of annual average public transport fare elasticities shows values
for non-discretionary purposes which are lower than those for discretionary
trips

e the pattern of all-purpose public transport fare elasticities shows peak

period elasticities which are lower than inter-peak elasticities which are
lower than off-peak elasticities
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e the elasticities for car-available segments are greater than the non-car-
available segments since the former have greater choice than the latter,
although there are arguments to suggest that non-car-available fare
elasticities may be higher where incomes are lower

However, there is little or no empirical evidence available to support these
patterns and other patterns may be acceptable, if supported by reported
arguments.

Public Transport Sub-modes

Separate elasticities should be calculated for all public transport sub-modes
which carry significant shares, where the model structure allows such
calculations to be undertaken in an appropriate manner. In order for valid fare
elasticities for individual public transport sub-modes to be calculated, the fares
applicable to the sub-mode would need to be explicitly included in the
generalised costs used in the model. In the case of models where the split
between the public transport sub-models is handled in the public transport
assignment model, fares for each sub-mode would need to be included in both
the demand model and the public transport assignment model. Where this is
handled in the demand model, fares by each sub-mode would need to be
included in the costs used in that choice process (but would not be needed in
the assignments which would be restricted in each case to a single sub-mode).

Analysis of the elasticities in the price meta-model produced a target range of
-0.35 to -0.9 for bus trips with respect to bus fares for full fare paying
passengers.

It should be noted that up to a third of bus trips made in the off-peak and some
in the morning peak are made by concessionary passengers free of charge.
Their demand will be unaffected by changes in fares and will have an elasticity
of zero. The elasticity for the whole market will be somewhat lower.

For a model that does not segment the market into fare paying/non-fare paying
passengers, a revised target elasticity range for the whole market can be
estimated by taking a demand weighted average of the two elasticities.

There is no evidence in the meta-model on how child fare elasticities may differ
from adult fares elasticities. In the weighted average elasticity calculation, child
fare passengers should count as fare paying passengers.

The meta model analysis produced a target range of —0.70 to —1.5 for rail trips
with respect to rail fares.

The meta model analysis produced a target range of —0.2 to —0.6 for London
Underground with respect to London Underground fares.

The meta-model did not include any examples of elasticities on Light Rapid

Transit (LRT). Using the bus fare realism target ranges may be acceptable for
LRT, if no locally calculated elasticities are available.
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Short and Long-Term Trip Kilometre Elasticities

A new scheme may take a few years to ramp up to its steady state usage. The
elasticities used in realism testing are deliberately long-run elasticities to
estimate demand once that process is complete.

In principle, the ramp-up of demand should be included as part of the economic
appraisal. However, this may not be proportionate in most circumstances where
this may form a small proportion of the costs and benefits of a scheme over the
entire appraisal period.

The price meta models can provide insight into the ramp-up of demand over
time. The analysis suggest that it takes around 6 years to complete the ramp-
up, as can be seen in in Table 5. The meta-model found no significant
difference between modes, but the evidence is dominated by rail elasticities.

Table 5 Time in years to achieve various proportions of the long-run elasticity

6.4.39

6.4.40

6.4.41

6.4.42

Trips 20 miles or

Years Trips shorter than 20 miles longer
1 59% 64%
2 83% 87%
3 93% 95%
4 97% 98%
5 99% 99%
6 100% 100%

Where available, local evidence may be used in assessing the potential ramp-
up applicable to a new scheme. For example, a comparable example of a
similar scheme built previously in the locality may provide this evidence.

Car Journey Time Elasticity

The car journey time elasticity required is the change in car trips with respect
to the change in journey time (calculated using the formulation given in 6.4.5).

Previously the advice for the car journey time elasticity was to run the demand
model for a single loop because the target came from a stated preference
exercise. The benchmark evidence has changed to be long-run elasticities
scaled from the meta model. Realism tests using the revised target should run
the model to full convergence. Accordingly, the method explained for car fuel
elasticities should be applied.

The output elasticities should be checked to ensure that the model does not
produce very high output elasticities (stronger than —0.75).
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Summary of Recommended Elasticities

6.4.43 Table 6 below summarises the recommended elasticities that should be
achieved by the realism tests outlined in this section.

Table 6 Summary of Recommended Elasticity Ranges

High Low
Average fuel cost (kms) -0.35 -0.15
PT main mode fare (trips) -0.9 -0.2
Bus fare (trips) -0.9 -0.35
Rail fare (trips) -1.5 -0.7
Light rapid transit fare (trips) Use bus
London Underground fare (trips) -0.6 -0.2
Car journey time (trips) Not stronger than -0.75
6.5 Model Adjustment
6.5.1 This section explains what should be done if a model fails to yield elasticities in

the specified ranges and adjustment to the model is deemed necessary.

6.5.2 The model is required to satisfy expected car fuel cost, car journey time and
public transport fare elasticities and trip lengths for each mode. Where it does
not, the following main model features may be adjusted in order to do so:

e the model sensitivity parameters
e the values of time
e the cost damping function

6.5.3 These features are considered in turn, for each of two kinds of model:

o first, models which have been developed by importing sensitivity parameter
values from an existing model whose parameters have been estimated??

statistically reliably

e secondly, models for which parameter values, and possibly values of time
also, have been estimated statistically from local data

22 |n this context, ‘estimation’ is a statistical process and ‘calibration’ is a process of adjustment, often by trial and error.
Thus, demand model parameters are often ‘estimated’ while assignment models are often ‘calibrated’.
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Models Developed by Importing Initial Parameter Values

Elasticities. As noted in section 6.4, for models with imported parameters,
initial realism tests may be undertaken without cost damping to gain an
understanding of the impact of cost damping if and when it is introduced?:.

Sensitivity Parameters. The data base used to derive the illustrative lambda
and theta demand parameter is described in section 5.6. Notwithstanding the
associated caveats, the Department considers that analysts should start with
the median lambdas and thetas and adopt a cautious, simple and systematic
process for modifying these. In general, care should be taken to avoid over-
complicating the adjustments to the median lambdas and thetas.

A record of all the changes made and their results should be kept and made
available if requested. The aim should be to reduce the chances of peculiar
combinations being selected for no good reason. Consistency in matters like
this helps the Department interpret appraisals and check results for plausibility.
Typically, revised lambdas and thetas which were within +25% of the median
illustrative values would be regarded as acceptable and values outside this
range would merit investigation.

Values of Time. Varying the value of time with distance is one of the
recommended forms of cost damping and is considered separately, below. The
advice here is concerned with the notion of changes to the average values of
time, irrespective of distance.

It is strongly advised that the generalised costs used in both assignment and
demand models are compatible and that values of time and vehicle operating
costs given in TAG Data Book should be used.

If values of time are changed in order to achieve better elasticities, a
revalidation, and possibly a recalibration also, of the assignment model would
also be required. If the values in the assignment model were left unchanged
and were only changed in the demand model, an inconsistency would arise
between the values used in the demand and assignment models. Consistency
must be assured, except to the extent that certain elements of generalised cost
may be relevant to only one of the models and that the costs should relate to
vehicles in the assignment model and persons in the demand model.

Given these considerations, analysts should:

o start with TAG values of time unless they can put forward good reasons for
doing otherwise and

e start with compatible generalised cost coefficients (vehicle operating costs
and values of time) in the assignment and demand models.

23 Assuming that the model parameters being imported from itself does not have cost damping, as discussed in section

6.4.
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That said, it is allowable to estimate values of time which differ from the TAG
values (see TAG unit M4 Forecasting and Uncertainty, for example). Thus,
analysts may adjust the starting TAG values of time to achieve better
elasticities, but only if they have good evidence from estimation using either
revealed or stated preference data that show local values of time that are
different from the equity values presented in the TAG Data Book. A strong
justification must be made for changes to the TAG average values of time in
excess of +20%.

Cost Damping Function. If cost damping is to be employed, the following
forms or functions are recommended:

e variation in the value of time with distance and/or,

e damping of generalised cost by either a function of distance or a power
function of utility and/or,

e use of a log cost term in addition to the conventional linear cost term in the
generalised cost function

For the damping of generalised cost by either a function of distance or a power
function, there are parameters that can be adjusted by the analyst. The cost
damping functions given in section 3.3 effectively scale the generalised costs. In
principle, therefore, the functions and suggested parameter values apply
equally to trip-based and tour-based models, although, in practice, parameter
values may need to vary according to local characteristics.

Trip Lengths. If the model is a true incremental model and has been set up by
initially importing parameter values, checks on how well the final parameter
values reproduce observed trip lengths are not required. However, if the model
is an absolute model, whether used in absolute form or applied incrementally,
then checks should be made to assess how well the model parameters
reproduce observed trip lengths.

In summary: in the case of models which have been developed by importing
sensitivity parameter values, there is scope to achieve more acceptable
elasticities by:

e adjusting the sensitivity parameters within a defined range

e using a form of cost damping and adjusting the parameters which define
that function

Models for Which Parameter Values, and Possibly Values of Time, Have
Been Calibrated

Elasticities. The target elasticities and their ranges are not affected by how the
model has been developed and therefore apply to this category of models too.
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Sensitivity Parameters. In this category of models, sensitivity parameters and
Alternative-Specific Constants (ASCs) will have been estimated to reproduce
observed trip lengths for each demand segment (as well as observed trip
patterns and volumes). In some cases, it may be possible to adjust the
sensitivity parameters to yield more appropriate elasticities while maintaining
the fit to the observed trip length distributions by means of adjustments to the
ASCs. However, in most cases, this could be a complicated and arguably
impractical process. Therefore, the scope for adjusting estimated sensitivity
parameters is probably quite limited (although revised parameters may arise
from some of the other adjustments below).

Values of Time. If values of time have been taken from TAG initially, they may
be adjusted only if an estimation using local revealed or stated preference data
supports the change. If changes to the initial values of time are made on these
grounds, the sensitivity parameters and ASCs would need to be re-estimated.

In some cases, values of time are estimated as part of the model estimation
process. Once these have been accepted as plausible, it would be very hard to
find good reason to adjust them in order to achieve more acceptable elasticities.

Cost Damping. In principle, the same range of cost damping forms is available
for use in this category of models as in the models which started with imported
parameters. However, in this case, these functions must be employed at the
stage before sensitivity parameters and ASCs, and values of time, are
estimated. Cost damping cannot be retro-fitted without re-estimation.

It is open to the analyst to adjust the parameters which define the cost damping
function, with the same scope for adjustment being available as for the models
which start with imported sensitivity parameters. These adjustments may be
carried out initially without re-estimating the model but, once a favoured set of
cost damping parameters has emerged, the sensitivity parameters, ASCs and
values of time, must be re-estimated.

It is possible that there will be a number of combinations of cost damping
parameters, choice model sensitivity parameters, and ASCs that would yield an
acceptable model. Calibration should focus on achieving the most suitable
sensitivity parameters and ASCs before attempting to adjust the cost damping
function to achieve a better model fit.

Trip Lengths. Statistical model estimation is designed to identify sensitivity
parameters, ASCs and values of time which mean that the model should
replicate observed trip lengths. It may be necessary to allow some flexibility in
the estimation in order that the requirements of the realism tests may be met. It
may be that the fit of the model to the data may require relaxation, for example
by altering the values of the sensitivity parameters and the ASCs, for the
realism test requirements to be satisfied.

In summary: in the case of models for which parameter values, and possibly

values of time also, have been estimated from local data, there should still be
scope to achieve more acceptable elasticities by:
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e adjusting the sensitivity parameters and ASCs

e using a form of cost damping and adjusting the parameters that define that
function

The practicality of adjusting the sensitivity parameters and ASCs may be
restricted, as may be the scale of any elasticity changes that could be achieved
by these means. If it is decided that cost damping should be introduced (not
having been included in the initial estimation), the model would have to be re-
estimated with the chosen cost damping function and parameters.

Sensitivity Testing

Sensitivity testing, as distinct from realism testing, is aimed at identifying the
relative effects of the various parameters on the outcome of a scheme
appraisal, rather than in checking the model responses against experience.
Especially where the model parameter values are uncertain, it is important
to know how sensitive the appraisal results are to these uncertainties, so
that confidence can be invested in the conclusions.

Sensitivity testing should be undertaken of the model's behaviour against
variation in those parameters that are judged to:

e have a substantial effect on the model’s prediction of changes when
forecasting, and

e be uncertain in their calibration.

The most obvious values are the sensitivity parameters that govern the
individual demand mechanisms (i.e. the lambda values). If they have been
calibrated on local data, the extent of possible error in their calibration should be
examined from the statistics calculated during the fitting, which is usually
substantial. If they have been imported, the uncertainty may be even greater
since they are being used in a context different from their original application.
The illustrative values given in section 5.6 were obtained from a review of
models of a generally acceptable form available at the time for which
parameters had been estimated. Typically, the range of values was twice the
mean value. This indicates the degree of uncertainty in values imported from
other studies.

If the lambda values have been calibrated on local data, whether for the
variable demand model itself or for an existing local model, then check the
overall result of the scheme appraisal against runs of the model with the
lambdas set at +25% of the mean, or +1 s.d., whichever is larger. Behaviour of
the model will not necessarily be symmetrical against increases and decreases
in the parameter, but the increase will indicate the strength of the response, and
if it is an important factor the result can also be tested against a decrease. If the
values have been imported then test the result against +50% of the mean. This
range is to reflect the greater uncertainty that occurs with imported values.
Unless there are convincing reasons for not doing so, the changes are to be
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made to all parameters in the same direction at the same time so that the
gradation of parameter values is still consistent with the hierarchy. Sensitivity
tests should be reported in the model validation report.

Given the acknowledged uncertainty of distribution parameters obtained from
cross-sectional fitting, this larger +50% margin could be applied even to locally
calibrated distribution lambdas. It is the stronger variable demand mechanisms
which will have most effect on the assessment, so there may be no point in
testing the result against a small trip frequency response, for example, when
distribution or mode choice are dominant.

Where the model includes time of day choice it will be essential to test variation
of the assumed sensitivity. Evidence for these values is more uncertain and
wide sensitivity factors say: +50% and -50% of the mean are suggested. This
range will be limited by the need to ensure that any changes in the lambda
values are still consistent with the hierarchy.

Sensitivity testing should not be limited to the response parameters, however.
Any parameter that is likely to have a substantial effect on the net benefit, and
where appreciable uncertainty is expected to affect the assessment
substantially, should also be tested. An example of this may be the assumed
distribution of willingness-to-pay bands in road-tolling exercises.

Although sensitivity testing is important, there is a danger in using it to obtain
such a wide range of values that any prediction is mistrusted. In interpreting the
results it is important to understand (and to emphasise in presentation) that the
central values are still the best available prediction of the likely outcome and
additional forecasts obtained by sensitivity testing are purely to establish the
effects of uncertainty around this central forecast. The aim is for the modeller to
make clear the extent of and reasons for the possible uncertainty, while
providing clear central predictions to support policy making and assessment.

There are other sensitivity tests that should be undertaken for forecast years to
test the sensitivity of the appraisal to variations in other inputs such as changes
in the build-up of demand, values of time, or differing economic forecasts.
These tests are described in more detail in TAG unit M4 Forecasting and

Uncertainty.

Reporting

The results of the realism tests should be documented. Particularly related to
forecasting, realism and sensitivity, the reporting should include at least the
following items:

e The background to the decision on the particular demand responses
included in the model. This will include a statement on any demand tests.

e A description of how all generalised cost data are derived. Generalised cost

data derived from assignment models should be adequately described in
reporting the development of the assignment models. However, the demand
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modelling may draw on additional data sources and will in most cases
require estimates of intra-zonal costs that cannot be sourced directly from
the assignment models.

e A description of the reasoning behind the choice of lambda parameter
values and cost damping functions applied. Where these are derived from
local calibration, the data source(s) used and the statistical estimation of
model parameters should be explained. Where the values have been
derived from the illustrative values set out in this unit, the reasoning for any
calibration changes made should be given. The parameter values should be
explicitly shown together with details of the elements of generalised cost
and their values used in route-choice.

e Details should be given of any realism tests, which should, at least, include
the estimation of the elasticity of car travel (vehicle kilometres) to changes
in car fuel cost and, if possible, the elasticity of car trips to car journey time.
Where mode-choice has been included the realism checks should also
include the sensitivity to changing bus/rail fares. The reporting should also
include details of any changes to the model parameters arising from these
tests.

e Details should be given of any base year sensitivity tests undertaken and
their potential implications for forecasting.

e The level of convergence should be explained and quantified for both the
demand supply loop and for the assignment component.
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Document Provenance

This unit is based on the previous version of TAG unit M2.1 published in May
2020.

In this version, edits were made to include updates to the lllustrative parameters
to account for results from two newer studies undertaken after those reported in
MVA 2005. The elasticities for realism testing were updated to incorporate
evidence from the time and cost elasticity meta-models reported in Wardman
2022a and 2022b. A new equation was added for performing the gap
calculation to assess convergence in models that use cost averaging rather
than demand averaging.
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Appendix A: Elasticity Models

Functional Forms and Parameter Values of Elasticity Models

Where an elasticity model is appropriate the functional form and parameter
values need to be selected. The simplest functional form — an ‘own-cost’
elasticity model - assumes that changes in the demand for travel between two
points can be adequately estimated purely by a function of the change in costs
between the two places.

If costs do indeed change, the relationship between change in demand and
change in costs can take a number of forms, but only exponential and power
formulations, and a composite of the two forms (called a Tanner function), will
be considered here. With a power formulation the proportionate change in trips
is related to the proportionate change in costs, as shown in the equation below.
With an exponential formulation, on the other hand, the proportionate change in
trips is a function of the absolute change in costs.

For most applications the power relationship below which is a simple own cost
elasticity model due to its constant elasticity value is recommended:

Tij = gij *o Tij * (OG%)A
ij

Where:
Ti is the forecast number of trips between zones i and j
Gij is the forecast disutility or generalised cost
gij is the forecast growth rate relative to an earlier or base year
oTi is the number of trips in the earlier or base year
0Gijj is the disultility or generalised cost in the earlier or base year

A is the elasticity, which should be negative and is the same for all trips in the
same user class.

This is a well-behaved formulation that is simple to apply, and is base
independent: that is, it is guaranteed to give the same results if forecasts are
produced from one year to another directly or via an intermediate year. It
assumes that a proportionate change in trips is related to a proportionate
change in costs. As the parameter A is constant the implied elasticity is the
same for all lengths of trip within the same user class (i.e. it is “distance
neutral”).
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This formulation can easily be set up using the matrix manipulation facilities
available in modern transportation modelling suites, or in some modelling suites
combined directly with the assignment process. The facility is also available
within the DIADEM modelling framework.

An alternative formulation is the “Exponential” relationship. In this case the
effective elasticity increases with increasing trip cost, and hence for study areas
where there are a wide variety of trip lengths the effective elasticities could vary
markedly. Thus the exponential approach should only be considered in the case
where the study area is small and urban, and where a general elasticity
approach is being combined with a logit choice mechanism to jointly represent
the individual demand mechanisms. Most logit mechanisms in the variable
demand hierarchy share this exponential function characteristic, but some have
a more benign effect since trip re-distribution, for example, can be constrained
to avoid changing the overall number of trips. In that case trip re-distribution in
the face of changing travel costs effectively adjusts the proportions of trips of
different length to compensate for the changes. Similarly, mode-choice models
estimate shares rather than absolute numbers.

The “Exponential” formulation assumes that the proportional change in trips is a
function of the absolute change in costs:

Tij = gij *o Tij * exp{ B * (Gij—oGyj)}

Where the elasticity of demand with respect to generalised cost is B*Gjj with B
negative. This is an own cost elasticity that is not simple due to the elasticity not
being constant.

These equations can be used in two ways. They can be based or pivoted on a
base year, where base trips and costs are known from empirical data, and the
product gij * oTij represents what is referred to as the Reference Case Matrix.
Alternatively, the equations can be formulated to compare costs between
alternatives for the same year, where the ‘earlier’ year costs and trips are
derived from the other scenario.

Both these formulations are closely incremental in nature, allowing the number
of trips in the system to change up or down. This is in contrast to most of the
individual demand-response mechanisms that are set out as share formulations
where the total number of trips is fixed (say by NTEM all-mode forecasts) and
merely allocated to one choice or another (e.g. to different modes or
destinations).

Whilst the formulation is relatively easy to set up, there are some issues that
must be dealt with when considering the parameter values to assign to a
demand segment.

If ‘own cost’ elastic assignment modelling is carried out in congested urban
areas, it should be undertaken at a peak hour unless there are significant
variations in demand, or congestion levels are high in which case the modelling
should cover linked time-periods, sub-divided into time slices and sub-periods.
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A.1.11 Elasticities might be expected to vary according to the level of modal
competition in the area covered by the model. The meta-models (Wardman
2022a and 2022b) do not provide empirical evidence to support this
expectation, but it is possible to make an estimate using the assumption from
the logit modelling that the elasticity for an option should vary with one minus its
share of the market. Applying this relationship to the elasticities derived from the
meta model using car mode shares from NTS produces the elasticities in Table
A1l.

Table A1 Car journey time elasticities estimated for different area types

Area type Car Share Scaling Scaled
Factor elasticity
London Boroughs 41% 1.66 -0.41
Metropolitan built-up areas 63% 1.04 -0.26
Large urban (over 250k population) 65% 0.97 -0.24
Medium urban (25k to 250k population) 68% 0.90 -0.22
Small/medium urban (10k to 25k population) 68% 0.90 -0.22
Small urban (3k to 10k population) 70% 0.85 -0.21
Rural 76% 0.68 -0.17
All area types combined 64% -0.25
Target overall car trip to journey time elasticity -0.25

A.1.12  Applying the same approach by the journey purposes produces the elasticities
in Table A2.

Table A2 Car journey time elasticities by journey purpose

Area type Business Commute Other
London Boroughs -0.72 -0.54 -0.39
Metropolitan built-up areas -0.23 -0.25 -0.27
Large urban (over 250k population) -0.23 -0.24 -0.25
Medium urban (25k to 250k population) -0.19 -0.20 -0.23
Small/medium urban (10k to 25k population) -0.15 -0.19 -0.23
Small urban (3k to 10k population) -0.14 -0.16 -0.22
Rural -0.10 -0.12 -0.18
Target overall car trip to journey time elasticity -0.27 -0.26 -0.25
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Equivalent generalised cost elasticities can be calculated from the above table
by multiplying the journey time elasticities by ratio of generalised cost to journey
time. The ratio can be calculated as a demand weighted average of the ratios in
each cell of the skim matrices.

TAG Data Book provides the factors needed for calculating generalised cost
skims from time and distance skims. In practice, the generalised cost elasticities
will be between 10% and 50% higher than the values shown in the table above
with values at the lower end for Employer's Business trips, urban areas and
later forecast years.

If an exponential formulation is used then the above values will need to be
subsequently divided by the mean generalised cost to give the equivalent
parameter value.

The estimated generalised cost elasticities (and associated parameter values if
an exponential model is used) may need to be adjusted so that the fuel cost
elasticity estimate from the model reflects the national overall estimate of -0.25
(see section 6.4).

Where possible, the trips should be split by trip purpose (and any other known
major variation such as willingness to pay or movement type). If this is not
possible, for instance where only a single private vehicle user class is available,
then they should be split by time-period. Using the national car driver journey
purpose mix for each period of the day (from NTS), the above elasticities can be
converted to elasticities for all trips by time period. If local data suggests a
significantly different mix of purposes by time-period, then the local proportions
can be substituted for the national ones.

Care should be taken when dealing with intra-zonal trips. Because most
assignment models do not output intra-zonal costs (since intra-zonal trips are
not assigned) there may be problems with using incremental models where
there are observed intra-zonal trips in the base year trip matrix. It is desirable
that robust estimates of intra-zonal costs should be made in these instances.
These could be some function of the inter-zonal costs, for example half the
minimum inter-zonal costs for that zone (of course factors such as the nature of
juxtaposition of other zones and the size of the zone itself are considerations,
as is the need to be able to change intra-zonal costs to reflect any scheme or
policy effects). Power function elasticity models will be particularly sensitive to
very small intra-zonal costs, and this is one reason why they should be avoided
when this is the case.
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Appendix B: Values of Time for Use with
Income Segmentation

This Appendix presents the values of time for each segment, most commonly
for use when tolling or charging options are included in the model. It hence
provides a greater level of detail for this purpose than the values of time in the
TAG Data Book. If information is available on the distribution by income and/or
distance of trips in the study area, then this may be used to establish local
segmentations and local values of time may be estimated.

Data should be collected to inform how the trip matrices should be segmented
into income groups, relative to the proportion of households within those bands.
These can be collected locally or more aggregate data sources such as the
National Travel Survey may be used. The relative accuracy of the allocation of
households to income bands will depend on the purpose of the model. For
example, it may suffice to use aggregate segmentations to model the impact of
a major tolled road on the strategic network, but it may be more appropriate to
use more detailed data when undertaking more detailed analysis of, say, an
urban congestion charging scheme.

National Values of Time

Values for Time for Non-Work Trips

Data Book Table M2.1 presents the values of time for commuting, other and all
non-work purposes segmented by income. The values presented are perceived
costs in market prices. See TAG unit A1.1 for further details on the unit of
account. The values were taken from a study that presented values for
household income bands in the categories of below £17K, £17K-£35K and over
£35K. These have subsequently been updated to 2010 values, which explains
the income bands used in the table.

M2.1: Values of Time for Non-Work Purposes (£/hr)

Note that the average values of time differ from those discussed in TAG unit
A1.3. This is due to differences in uprating the values in line with GDP. To
ensure consistency, the values given here should be used when comparing
appraisal results based on segmented values with those based on aggregate
values.

Growth in income are assumed to be the same across all income bands. This
implies that the boundaries of the income bands will increase, but the proportion
of trips in each income band will be unaffected. The growth in the values of time
for each band should be estimated by applying the forecast growth in the real
value of non-working time, given in the Data Book General Parameters table.
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Values of Time for Working Trips

Data Book Table M2.2 provides values of time for work trips segmented by
income and mode. The table presents the perceived costs and as businesses
perceive costs in the factor cost unit of account these values are also the
resource costs. Market price values can be derived by multiplying the perceived
cost values by the indirect tax correction factor as discussed in TAG unit A1.3.

M2.2: Values of Time for Work Trips (£/hr)

As for the non-work purposes the average values of time differ from those
discussed in TAG unit A1.3. Again, to ensure consistency, the values given
here should be used when comparing appraisal results based on segmented
values with those based on aggregate values.

As growth in income may be assumed to be the same across all income bands,
the annual growth rates for work values of time as given in the Data Book
General Parameters table should be applied to the values in the table above.

Local Values of Time

If information is available on the distribution by income and distance of trips in
the study area, then, in cases where willingness-to-pay based values are used,
local values of time can be estimated using the model below. This is taken from
Provision of market research for value of travel time savings and reliability:
Phase 2 Report (DfT, 2015).

Data on household income and mileage travelled is required. These data should
be collected in the segments that are to be adopted (these need not be the
same as those discussed above), or preferably at a finer level of detail if
possible. An average household income and an average mileage must be
calculated for each of the chosen income segments as well as for the overall
sample. (Note that it is important to calculate the average mileage for each
segment, as well as the average income. Average mileage is likely to increase
with income, so assuming the same average mileage for all segments will result
in a biased result. The values derived using national studies and presented in
the TAG Data Book take account of the national distribution of average mileage
with income.)

&1

Do g (GDP deflatorzmo) (GDP/capitazow) (D )fd (1)

2014 \GDP deflatoryg,4/) \GDP /capitasg, Do 5

VTS s =TS =
0

The parameter values for each journey purpose/mode are presented in Table

B1 below. VTTS,%" represents the national average value of time from the latest
research (in 2014 perceived costs). I, and D, represent, respectively, the
average income (in 2014 prices) and distance (in kilometres) underpinning the
national average. These are both trip-weighted averages. | and D represent the
average (trip-weighted) income and distance based on local data. For

employer's business trips, personal income must be used, whereas for all other
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journey purposes household income must be used. It is important to ensure that
locally derived income data is adjusted to 2014 prices using the GDP deflator.
g4 and g; represent, respectively, the elasticities of the value of time with respect
to distance and income. The latest GDP deflator and GDP per capita forecasts
can be found in 'Annual Parameters' table of the TAG data book.

Table B1 Value of Time Parameters

Parameter Commuting Other non- Employers’ Employers’ Employers’
work business - business - business —
car rail bus & other
PT
VTT SzDgiIZ £8.44 £2.80 £9.15 £17.25 £8.39
Iy £57,852 £47,438 £35,070 £55,319 £45,019
Dy 16.40 13.13 31.89 88.32 11.73
€4 0.183 0.291 0.339 0.378 -
& 0.512 0.473 0.319 0.420 0.337
B.3.4 The model and the parameters given in the table above will calculate the values

of time for non-work purposes in the year specified. The values are trip
weighted and will be expressed in pounds per hour in 2010 prices. The
business values are expressed at factor cost, while the commute and other non-
work values are expressed in market prices.

B.3.5 Growth in the values should be treated in the same way as the nationally based
values (see above). The Data Book General Parameters table provides the
required growth figures.

B.3.6 Local values of time for freight modelling purposes (i.e. employer's business
trips for professional drivers of HGVs and LGVs) are based on a cost-saving
approach?“. If deriving local values for these is to be an explicit modelling
consideration, advice should be sought from the Department.

24 Promoters are advised to use the non-wage labour uplift of 1.26 found in Unit A4.1 to calculate the full labour cost
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Appendix C: Functional Forms for VDM

Detailed Advice on Functional Forms of VDM

Any model of the demand for travel relies on a mathematical mechanism which
reflects how demand will change in response to a change in generalised cost.
For example, the "own cost" elasticity mechanisms, described in Appendix A,
modify an earlier estimate of demand using a curve which is as illustrated in
Figure C.1: the demand approaches (and is asymptotic to) zero, but never
actually falls to zero even at very high costs.

Figure C.1 “Own Cost” Elasticity Model Figure C.2 Choice Model

C1.2

C1.3

Proportion choosing option 1
Demand 100%

Cost 0

0 Cheaper More expensive

Difference in cost between option 1 and alternative(s)

In a variable demand model, a different mechanism is normally used to
apportion the total demand in a particular travel category between two or more
available choices, as for example between car and public transport, or between
many different destinations (see Figure C.2). In this case, when the generalised
cost of the specified choice is very much lower than the alternative choices
almost all travellers will choose it, and if it is very much greater then very few
will. Again, the function used is asymptotic to 100% or zero, as illustrated in
Figure C.2, since in any large population of travellers there will be a small but
finite number who will take the apparently expensive choice. This in general
reflects how individual circumstances or choice preferences may be very
different from the average.

The choice is unlikely to be based purely on simple formulations of generalised
cost of travel: it will also depend upon appropriate zone or mode specific
constants estimated in model calibration or implied by incremental models (see
section 4.3). They represent any reduction in disutility by making that choice (in
other words, any gain of utility). Some modes will be inherently more attractive
than others. Models assume that these hidden differences in the utility of
travelling to any particular destination or using any particular mode remain
unchanged through time, and most therefore only need to reflect changes in the
specific terms included in the generalised cost.
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There are various mathematical functions that can provide a suitable
relationship between travel demand and the disutility or generalised cost of a
trip. These all offer broadly similar behaviour, but have subtly different
mathematical properties. Appendix A: discusses the equivalent subtle
differences of power functions and exponential functions for own cost elasticity
models, both of which can provide a convenient downward sloping relationship
as shown in Figure C.1 and the parameters can be adjusted to give an elasticity
of any required strength. For choice models a range of mathematical functions,
most based on powers or exponentials, or both, can recreate the desired
relationship. Ortuzar and Willumsen (2001) discusses the detailed functional
forms of VDM models and the derivation of many of the forms in more detail.

Logit Formulation

Logit is a commonly used mathematical function to represent the behaviour
shown in Figure C.2 because it is easy to manipulate mathematically. In
general, it is formulated as:

exp(—AUp)

[ T ) ;
Zaexp(=2Us) for an absolute model formulation

p = exp(-A4Up)

Py —4U, . .
aex(-24Ua) ¢4 an incremental model formulation

Where:

Py is the proportion of travellers choosing alternative p out of q possibilities, Up
is the disutility of option p (based on composite costs at lower levels in the
hierarchy) and AUy is the change in disutility of option p. The summation in the
denominator is over all q alternatives, including p. If there are only two choices
this is called a binary logit model with the simple formulation P1=exp(-AU1) /
[exp(-AU1) + exp(-AU2)]. For more choices it is referred to as a multinomial logit
model.

The mechanism should be applied separately to different segments of travel,
such as trip purposes, as the sensitivity of the model is likely to be different in
each category. For different trip purposes, for example, the logit sensitivity
parameter (lambda) is likely to be numerically larger where there is more
freedom to choose. Thus more optional travel, such as shopping trips,
tends to be more elastic and have a numerically larger lambda value than,
say, travel to work.

The multinomial logit choice function is one of a number of possible

formulations of "random utility" models in which a random component is added
to the deterministic disutility?® of choice p as follows:

U, = Z NPpxn + &

25 For transport modelling the utility is generally the negative of the value of generalised cost (or disutility).
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Where the disutility Up of choice p is calculated as the sum of:

o the generalised cost Gp = ) n Bn Xn Of choice p, with the set of cost
components xn weighted by coefficients Bn, summed over all components
relevant to choice p as explained in section 3.1. (For example, if G is
measured in units of time, x might be the money cost of a journey and 3 the
inverse of value of time), and

e arandom component g used to represent variations in the situation or
tastes of individual travellers, or modelling errors, or unobserved elements
of the alternative choices. (In the most general case this random component
can depend on both the traveller and on the choice alternative).

A choice-specific calibration constant (i.e. constant specific to the mode or
areas used in calibration) could be added to the generalised cost function to
adjust the calculated choice to the observed value.

A random utility model assumes that the alternative with the minimum disutility
is chosen, so that a probabilistic model results.

The assumed statistical distribution of the error terms or residuals €, determines
the exact mathematical formulation. For example, assuming one particular
distribution for the random components, that they are Independent and
Identically Distributed (1ID) extreme value variables, leads to the widely-used
multinomial logit model:

_ Ttot exp( - AUp)
P Xaqexp(—AUg)

Where A is the positive sensitivity parameter and Uy is the disutility / generalised
cost.

The elasticity of demand in this formulation is -AUp(1-Tp/Ttot), so that the
elasticity scales with U, and tends to be larger for longer trips for a given value
of A and larger for choices with a small share of the total. If those implications
are inappropriate for the model area a different functional form or a series of
calibration areas should be used to produce a model with suitable implications.

Other forms such as the power function or the Tanner function, which have
been described in relation to 'own cost' elasticity models, or formulations
assuming a normal distribution of error terms (Probit models) are possible but
little used in modelling for scheme appraisal. Different formulations of the logit
model which have less restrictive statistical assumptions are also possible.

Trip Frequency

The elasticity function could be a power function or an exponential function.
However, if logit is used for the other mechanisms, a similar exponential

function is generally used to adjust trip frequency. In this case, the function
operates simply as an elasticity with respect to disutility or generalised cost,
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since the relevant choice is to travel or not to travel, and the disutility of not
travelling remains constant:

T = OTL' exp( - Afrquicomp)
exp( - )Lfreq ’ OGicomp)

Where Ti is the number of trips from origin zone i, prefix 0 denotes the base
values, Areq is the choice sensitivity parameter for the trip frequency stage and
the generalised cost Gicomp is the composite cost or disutility calculated across
the trip origins. The compound cost of travel for trips from a given zone must be
calculated across all available choices lower in the hierarchy (i.e. destination,
mode and time period choices where available). See section 3.2 for details.

Mode Choice

For mode choice, trips between each origin-destination pair of zones are
allocated to the available modes according to the composite disutility or
generalised cost of travel by that mode:

_ Ti; exp( — AmoaeGijn)
Z m exp( - AmodeGijm)

ijn

if mode choice is the only demand response and

Ti}' exp( - lmoaeGijncomp)

B Z m exp( - AmodeGijmcomp)

ijn

if mode choice is a more sensitive response than distribution. Tin is the number
of trips choosing mode n from a set of modes m and Amode is the choice
sensitivity parameter for the trip mode stage. The composite cost Gijncomp iS
calculated across the time periods in a way that weights the average according
to the probability of choosing that period. The summation is across all available
modes m, including n. However, if mode choice is less sensitive than
distribution, the composite cost Gimcomp Mmust be calculated to forecast an overall
modal split for each origin zone. If there is more than one public transport mode
it is usual to use a nested or hierarchical model, with a higher level split
between car and public transport (and possibly active modes also). The
allocation to the different public transport modes (and between walk and cycle if
modelled) is then made at a lower level (see section 4.5) or possibly in
assignment.

Time of day choice

Macro time period choice (or the allocation of trips between broad time
periods) assuming this is the most sensitive response takes the form:

T.. _ Tijm exp( - AtimeGijms)
i Z t exp( - )ltime Gijmt)
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Where Tims is the number of trips between zones i and j by mode m in time
period s. Gimt is the disutility or generalised cost of travel between zones i and |
by mode m in time period t, which may typically be peak and inter-peak and Atime
is the choice sensitivity parameter for the time period stage. However, if it is
above mode choice and distribution, it would take the form:

o Ti exp( - /ltimeGis)
' Z t exp( - ;{timeGit)

Where Tis is the number of trips in zone i in time period s and Gis is the disutility
or generalised cost of travel in zone i in time period s.

Trip Distribution

The general form for a doubly-constrained distribution model is:

T;j = a;b;0;D;f (Gy;)

Where:

Tjj is the number of trips from zone i to zone |,

Oi is the total number of trips originating in zone i

Dj is the total number of trips ending in zone |

Tij depends on the travel disutility or cost via the deterrence function as f(Gj),

Which in most models is a logit function

exp( - AdistGijcump)
Y kexp(— AdistGycomp)

Where:

Gijcomp is @ composite cost calculated across the available modes and time
periods, if these choices are to be calculated after distribution

ai and bj are balancing factors which are used when the model is singly or
doubly constrained to ensure that ) Tij = Oi (ie there are Oi trips originating in
zone i), and Yi Tij = Dj (ie there are D;j trips ending in zone j), and are calculated
at each iteration of the constraining routine as ai = 1/3 bjD; f(Gjj) or bj = 1/ ai
O f(Gi)

In the above equation, Tjjis proportional to Oi, the total number of trips
originating in zone i, Tj is also proportional to Dj, the total number of trips ending
in zone j, or alternatively in a singly-constrained model the facilities available in
zone j (numbers of jobs, retail floorspace, etc) so that the number of trips ending
in j depends also on the competing attractiveness of other zones.
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If the distribution model is singly (origin)-constrained the equivalent destination
choice model is:

_ O0Dif(Gyy)

= S DG

which satisfies the origin constraint:
Z TU = 0[
j

If the distribution model is doubly-constrained, the destination choice model is:
o 0;b;D; f(Gj)
a Zk kakf(Gik)

where the bj's are calculated iteratively to satisfy the destination constraint:
Z Tij = Dj

In the case of origin constrained trip distribution Dj is some function of the
attractiveness of destination zone j, and in the case of a doubly-constrained trip
distribution model Oi and D;j represent total origin and total destination trip ends
respectively. Gj represents the generalised costs of travel between i and j and
f(Gij) the deterrence function which may or may not contain (multiplicative or
additive) Kj factors.

In the above equation there are a number of different deterrence function forms
that can be adopted for f(Gj). In a true gravity model the deterrence functions
are power functions f(Gj) = Gi (and originally zone pair distance was used
instead of G), but it is standard now to use an exponential form:

f(Gi;) = exp(— Agise Gij)

or with multiplicative Kjj factors:

f(Gij) = Kij exp(— Agisc Gij)

or with additive Kj factors:

f(Gij) = exp(— Agise (Gy; + Ki))

The calculation of costs should use composite cost Giicomp (See section 4.5)
calculated only across the stages lower in the hierarchy of choice mechanisms.
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Appendix D: Incremental Model
Formulation

When specifying an incremental hierarchical logit model, scaling parameters as
provided in section 5.6 could be used. These parameters (thetas) refer to the
probability of nests of alternatives or composite alternatives. They reflect the
ratios of the lambdas for different response mechanisms as one moves up the
model structure. The scaling parameters are applied to the logsums of the
composite or nested alternatives. They should have a value between 0 and 1 if
the responses have been included in the correct order in the model, such that
the sensitivity of the responses changes down the hierarchy from lower to
higher.

The standard incremental multinomial logit model is given as

_ ppexp (64U,)
bz = Y S exp(04U,)

where

Dp is the forecast probability of choosing alternative p

Pp is the reference case probability of choosing alternative p (calculated
from the input reference demand)

0 is the scaling parameter (always =1 for the bottom level of the

hierarchy)

au, is the change in the utility of alternative p

For the choice at the bottom level of the hierarchy the change in utility is given
by

AU, = -A(C, — C3)

Where

Cgi is the reference generalised cost and

Cy is the forecast generalised cost, skimmed from the latest assignment
A is the spread or dispersion parameter (defined by the user) - it should
be positive

For choices above the bottom level of the hierarchy the change in utility is the
composite change over the alternatives in the level below:
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AU = anpg exp(4U,)

This model formulation can be used for mode choice, time period choice and
singly constrained distribution

A modified version of the logit model is used for doubly-constrained distribution
as follows:

T = 0N B 10 cxp(04U)

Where

T;; is the forecast number of trips travelling from zone i to zone j

Ti‘} is the reference case number of trips travelling from zone i to zone j
0; is the number of trips travelling from zone i

B; are destination-based constants, normalised so that }; B; is equal to

the number of zones
Note that destination constraints are summed over all person types within
a purpose, and across all modes and time periods, if those choices have
been modelled.

The change in composite utility for origin zone a is calculated using:
T(]
AU = lnz By op exp(64U,)
b a

Where
0?2 is the reference case number of trips travelling from zone a j

The illustrative parameter values currently provided in section 5.6 can be used
in an incremental model structure as follows:

Suppose we assume the follow choices available
e Single trip purpose (say commuting) split into:
e Two person types (say car available and car not available)

e Mode choice - between car and public transport (all sub modes), no active
modes

e Car available hierarchy (from top to bottom): frequency, mode choice,
macro time period choice, distribution (doubly constrained)
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e Car not available hierarchy (from top to bottom): frequency, time period
choice, distribution (doubly constrained)

Inputs
Inputs to the demand model are:

Cl-ojmtpc reference generalised cost from zone i to zone j by mode m in time
period t, trip purpose p, person type ¢

Cijmepe  coOrresponding forecast generalised cost, skimmed from latest
assignment

Tomepe  cOrresponding reference demand, defined via the user interface

In all the above, there is no data for the highway mode for the no-car person
type
Bottom level utilities

The first step is to calculate the change in utility for the lowest level of the
hierarchy:

_ _ 0
AUijmrpc - Adist,mc(cifmﬂpc Cijmtpc)

Where 445 mc is the mode m- and person type c¢ specific distribution A
parameter

Doubly-constrained distribution

If the lowest level is a doubly constrained distribution model there is a need to
find the balancing factors B;,. This requires solving the set of equations given

by:

ij Ti?fmtpc exp (A Uijmtpc)

=0
g:l kaTi[J)cmtpc exp(A Uikmtpc)

ijmtpc imtpc 2

such that the destination trip end constraints are met:

Z Tijmt;oc — Djp

imtc

The destination constraints are calculated from the reference demand matrix:
Oimtpc = Z Trg’mtpc
J
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Note that the destination trip end constraints depend on destination and trip
purpose only.

The balancing factors are normalised so that
7

where N is the number of destination zones.

On the first iteration only of the demand model, the origin trip ends are
calculated from the reference demand matrix:

Lmtpc E ijtpc

For subsequent iterations they are obtained from the application of the
conditional probabilities described below.

Composite Utilities

The change in the composite utility from the distribution, time period choice and
mode choice stages is then calculated:

t
AUlm(:‘pc lnz Um 2 exP(AUijmtpc)

Lmtpc
* 0 [ *
AUimpc =ln Z Ptlimep exP(BC“meAUimtpc)
G

AU =1 HmOdEAU .
ipe = I Em Pmjicp €xp( impe) (car available person type)

AUipe = AUimpc (car not available person type, m= PT)

The reference case probabilities are calculated from the input reference
demand as follows:

0 th L;mtpc

Pmlico = 70

Z}tk ijktpc

0 ZI ijtpc
pthmcp

Ek ijmkpc
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Conditional Probabilities

Having calculated the change in the composite utilities it is possible to calculate
the conditional utilities for each level of the model

Mode choice:

0 d »
pm!ipc exp(g?m eAUimpc)

Pmjipc = 0 gmode 4y
Zicpfiipe exp (02" AVjipc) (car available person type)
o = {1 if m = public transport
mPe =10 otherwise (car not available person type)

Time period choice:

p?ﬁmpc exp(gcﬁmedyi*;ntpc)
Zk p}?|impc exp (BCtlmeAU;mkpc)

pt|impc -

Distribution (destination choice):

0

BjPTijtpc ex'p(A Uijmtpc)
Zﬁ=l kaTi(})cmtpc exp(A Uikmtpc)

Pjlimtpc =

Updated Trip Matrix

The application of the conditional probabilities gives an updated trip matrix

— 70
Tijmtpc - Tipcpm|ipcpt|impcpj|imtpc

and updated origin totals:

0
Oimtpc ipcpmlipcptlimpc

Application of Frequency Model

The frequency model is only applied after the above process has converged.
This gives the final trip matrix from the demand model:

Tijmtpc = exp(@{rquU;;,c) Ti?ocpmlipcpt\L‘mpcpjlimtpc
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Appendix E: Absolute Model
Formulation

The illustrative parameter values currently provided in section 5.6 can be used
in an absolute model structure as follows:

Assumed Nesting

Layer 1 (Highest): Frequency

Layer 2: Main Mode
Layer 3: Macro Time Period
Layer 4 (Lowest): Destination

Note that local data may suggest a different nesting structure; the same
principles apply, however.

Notation

Trip origin [ Trip destination j, kK

Macro time period t,s Main mode m, r

Trips T Generalised cost G

Distribution parameter Adist ~ Attraction factor B

Composite utility U Tree or scaling parameters Btime, Omode, Ofreq
Pivot (reference) trips oT Pivot (reference) utilities oU

Composite Utilities:

The incremental composite utilities summed over the choices in the destination
layer are given by:

Upne =1 )" By exp( = AqiscGipme) = In ) B,
i g

Initial values for the attraction factors Bjare needed (see notes given later about
the destination choice probabilities).

The composite utilities summed over choices in the time period layer are given
by
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Uim =In Z exp( Btime Uimt)

t

This uses the scaling parameter Btime Which reflects the ratio of the lambda for
macro time period to the lambda for distribution.

The incremental composite utilities summed over the main mode layer are given
by

Ui =lIn Z exp( 8mom‘. e Uim)

m

These composite utilities are used to calculate the choice probabilities in the
various layers as follows. Where required, base utilities can also be calculated
from the same composite utility formulae given above, but using base values for
the generalised costs and balancing factors.

Choice Probabilities:
Layer 1, Frequency:

o OTi exp( Hfrequi)
' exp( Bfreqoui)

Note that this calculation makes use of a reference utility value

Layer 2, Main Mode Choice (m):

_ Ti exp( gmodeUim)

Er exp( 8mode Uir)
Tim=Tiexp(@modelUim)rexp(6modelir)

T;

Layer 3, Macro Time Period Choice (t):

Tim exp( gtime Uimt)
Zs exP( gtime Uims)

Timt =

Layer 4, Destination Choice (j):

Tyme By exp( — AgistGijme)

Ty =
ImE N B exp( — Aaist Gieme)

Notes

Al distribution models satisfy the constraint: 2 Time = Time

For doubly constrained destination choice models Bj needs to be calculated to
satisfy the additional constraint: Zime Tipme =T
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E.5.7 Some models employ area specific, mode specific, and time period specific
constants and/or sensitivity parameters which vary by zone or zone pairs.
Advice on these matters can be found in Appendix C.
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Appendix F: Estimation of Transferred
Mode Choice Models

Importing Mode Choice Model Parameters

The foundation of a mode choice model using imported model parameters is the
utility formulation describing the choice alternatives, i.e.:

Vi = z BrXnik
k

where V,,; is the deterministic component of utility derived from alternative i by
user n, x,;; are the relevant attribute values (k) relating to alternative i for user n
and B, are the model parameters indicating the relative importance of each
attribute.

The specific attribute values, for each choice observation, will usually be
derived from networks or other databases, e.g. fares. In bespoke models, the s
will be estimated such that the observed choices are best represented. For
transferred models, these parameters are inputs to the modelling. Specific
local calibration will require data from either Stated Preference (SP) or
Revealed Preference (RP) studies. Where these are impractical or
unnecessary, several national indicative sources may be used:

e Values in the TAG Data Book

e TRL Report TRL593, The demand for public transport: a practical guide, for
information on the relative valuations of public transport journey
components

e Passenger Demand Forecasting Handbook (PDFH), in cases where access
to this source is possible

e a mixture of the above (including some SP or RP where available)

It is essential that the Bs are measured in consistent units. Two units of
measure are generally used: Generalised Costs (GC) and Generalised Times
(GT).

In the generalised cost formulation, all in-vehicle and out-of-vehicle time
components (x) are multiplied by appropriate values, by purpose and journey
component (B), to convert them into monetary values. For example, if a typical
generalised cost formulation for a rail journey were to be considered, it may
include in-vehicle time, out-of-vehicle time and other components, for example:

VRai.!GC — BVOTraittimexrailrime + ﬁVOTaccEimexacctime + DGVOTwaitrimexwairtime + :BVOTxtimexxrime
+.Bxfersxxfers + xfare
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where
Bvorrailtime value of time for travel by rail, for specific purpose of travel
Bvoracctime value of time for access and egress to rail

Bvorwaittime value of time for (first) wait time

Bvorxtime value of time for interchange time

Bxfers monetary penalty value of an interchange

When using generalised times, all in-vehicle and out-of-vehicle time
components (x) must be multiplied by appropriate values, by purpose and
journey component (), to convert the component into units of time. The same

example rail journey specified above would now be specified as follows:

VRailGT = Xrailtime + ngacctimexacctime + ﬁwaittimexwaittime + ﬁxtimexxtime ag ﬁxfersxxfers + IBI/VOTxfare

where
Bacctime value of access and egress time, relative to rail in-vehicle time
Buwaittime value of (first) wait time, relative to rail in-vehicle time
Brtime value of interchange time, relative to rail in-vehicle time
Bxfers time penalty value (in terms of rail in-vehicle time) of an interchange
Bivor value of money, in terms of rail time (1 /VOT)

TAG Data Book has assumptions that should be made for changes in value of
time into the future, and though these recommendations relate strictly to their
use in appraisal, they may be taken as representing reasonable practice for
modelling as well.

It is not recommended to change the model alternative-specific constants
(ASCs) as a result of forecast changes in income and/or values of time, on the
basis that the unmeasured component of utility, as measured by the alternative-
specific constants, has no expected relationship with income.

For models using imported parameters, it is recommended to use local RP data
to calibrate both the model scale and ASCs.

Recalibration of Transferred Mode Choice Models

The advantage of using disaggregate or semi-aggregate RP data for
recalibration of transferred models is that these data allow the direct estimation
of the model scale and ASCs through Maximum Likelihood estimation of a logit
model, with the accompanying tests of coefficient accuracy and significance that
can be undertaken (see Supplementary Guidance on Bespoke Mode Choice
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Models) and model fit. Specifically, the model results will indicate the accuracy
of the scale coefficient and provide evidence of its validity, i.e. whether it is
significantly different from zero. The methodology for identification of the model
scale and alternative specific constants is set out below.

First, for each observation, the generalised cost or time term is calculated, e.g.
VRail , Veus and Vcar below. The utility equation for each alternative is then
defined by the generalised cost or time term, multiplied by a scale (Bscale) and a
constant (added to all but one alternative).

VRailAdj = rgscaleVRail it ﬁRailconst
VBusAdj . BscaleVBus + ﬁBusconst

VCaTA daj = Escale VCtzr

The scale parameter and ASCs are then estimated directly using standard
software for estimating logit models. In the specification of the utilities it does
not matter whether the ASCs are multiplied by the scale or not, because in a
logit model it is the differences between utility equations for different alternatives
which are important. It is important, however, that the definition of the constants
in the forecasting model is consistent with that used for model estimation, i.e.
scaled or unscaled.

If disaggregate RP data are used for the model calibration, then there is further
scope for identifying socio-economic terms, reflecting for example preferences
for specific modes. These terms would be included directly in the utility equation
For example if a term for high-income travellers was to be tested for rail, the
following term would be included in the rail utility as follows:

VRaiIAdj = BscateVrait + Braitconst + ﬁHighlncame (income = high)

Nested model structures can also be tested using the scaled utilities. Separate
scales, constants and model structures should be calculated for each travel
purpose. It is important that the scaled model is used for any scenario tests.

In the simplest case, aggregate information on mode shares may be used to
recalibrate ASCs and information on mode shares by trip length could be used
to calibrate the model scale. Semi-aggregate and disaggregate data provide
much better information for calibration of the model scale and therefore the use
of aggregate information is only recommended for the recalibration of models
for small schemes.

Adjustments to the ASCs can be made iteratively, by running the mode choice
model using the generalised cost or time equations for utility and by then
examining how closely the mode shares are replicated. Adjustments equal to
In(observed share/predicted share) are added to the utility for each mode, until
the predicted shares closely reproduce the observed shares.

Adjustments to the scale also have to be made iteratively, by running the model
and examining how closely the mode shares by trip length category are
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replicated. Adjustments to the model scale must be made until the mode shares
are approximately correct.

The scale and constants are inter-related and any amendment to the scale will
impact the mode shares and vice versa. There are also implications for realism
tests.

An alternative validation procedure to obtain a model scale is to adjust the scale
until known or desired elasticities are reproduced. Again, adjustments to the
constants will also be required to reproduce the observed overall mode shares.

Separate scales and constants should be calculated for each travel purpose.

Transfer of Model Systems

In this case, an entire model system is available which applies to one area and
is to be transferred to the area in which a proposed scheme is to be appraised.

The transfer can be approached either component by component or for the
system as a whole. In any case, models for separate travel purposes should be
transferred separately.

When separate components of a model system are transferred, the procedure
is that the transferred model is used to specify the utility functions of the
alternatives in each component (destination choice, mode choice etc.) and that
ASCs and scale factors are then estimated to calibrate the model to local
conditions.

This procedure closely follows that described in the previous section, except
that an existing model is used to define the utility functions, rather than the
analyst defining the functions and then looking to find suitable coefficients for
the variables they thought should be included.

Data, for example from networks, are required to describe the explanatory
variables in the model utility equations for the area of interest.

In the transfer of a disaggregate mode choice model, or disaggregate model
system, scale parameters are estimated for a limited number of functional
subgroups of explanatory variables such as level-of-service attributes, personal
characteristics, other local effects, etc. The idea is that each subgroup has a
similar functionality, and different groupings may be tested as part of the
estimation procedure.

Because the scales of the component models are changed by this process,
care must be taken to maintain the validity of the model structure. That is, if the
mode choice model is more sensitive than the destination choice model, so that
an appropriate hierarchical structure is used in the original model, then the
scales applied to calibrate these models to the new situation must be checked
to ensure that the relative sensitivities remain consistent with the hierarchy in
the model. If this is not the case, then the model may need to be restructured.
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An alternative approach is to transfer the entire model system and to preserve
the structural coefficients that are used in that model. Essentially this means
that a single scale is applied to the entire model. The advantages of this
approach are that less data is required in the fully modelled area and that the
structural problems mentioned above cannot arise. The disadvantage is that a
model transferred in this way will fit the local circumstances less well. In any
case, ASCs should be calibrated to match the overall mode shares in the new
area.

Transferred Mode Choice Model Validation

It should be verified that the relative value of the model coefficients, e.g. implied
values of time, will be reasonable for transferred models..

In the cases where the model scale and constants are estimated directly as part
of the model transfer recalibration procedure, the model results will indicate the
accuracy of the scale coefficient and can provide evidence of its validity, i.e.
whether it is significantly different from zero.

The presence of disaggregate RP data allows examination of model predictions

and observed choices to be examined across socio-economic and possibly
geographical sub-segments.
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Appendix G: Application of synthetic
growth

When using incremental models, growth factors are calculated by the models
and applied to observed base year travel patterns. This Appendix sets out the
eight cases method for applying such synthetic growth based on a paper by
Daly et al (2012). As can be seen, the cases depend on testing the various
quantities against zero, and the authors suggest that in practice a test value of
10-3 could be used. The idea of the test of extreme growth in cases 4 and 8 is
that beyond a defined cut-off point, the predicted absolute growth is applied, so
that there are in fact notionally 10 cases.

Table G1: Eight cases method for applying synthetic growth (from Daly et al, 2012)

Case

N OO O

G.1.2

G.1.3

“Validated Synthetic Synthetic test Output B;
base” BY; base (O-D) (O-D) Aj

A%
0 = -0 0
0 - >0 A
0 >0 -0 o
Normal growth 0
0 >0 >0 ::\q;[SXQ .
(/:i/ rfr)n(1e) oo Aj— X
>0 = =0 BY;
>0 = >0 B + A;
>0 >0 0o .
Normal Growth
>0 >0 >0 (Aj < X2) B%;.(Ajl A%)
Extreme Growth BY. (X | A%) + (A
(Aj > X2) - X2)

The cut-off values X1 and X2 for cases 4 and 8 are defined as follows:

0 0 0 A?j k1
Xl — szif and X2 e klAU-I-szU-.maX [(BT),(I";)]
tJ

where the authors state that, "Common values for the parameters k1 and k2 are
k1 =0.5, k2 = 5". However, the most recent recommendation is that X2 should
have the same value as Xu.
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Appendix H: Use of DIADEM

Introduction

The DIADEM procedures provide an adjustable hierarchical structure of trip
frequency, mode choice, distribution, and time of day choice (macro and micro),
and an interface to assignment. It is also possible to use DIADEM for a simple
"own-cost" elasticity calculation where applicable. The DIADEM framework
controls iteration within assignment, and between demand and assignment, to
ensure that the calculation reaches an acceptable equilibrium.

At present, DIADEM has been developed with an interface to the SATURN
assignment package. It is expected, however, that the suppliers of other
assignment packages will provide equivalent functionality or suitable interfaces
with DIADEM so that it can be used with whatever assignment model is
available for the scheme to be assessed. As ever, there is no monopoly on the
most convenient way to achieve best practice: as with choice of assignment
package, which one to adopt is a matter of individual preferences and priorities.
If a decision is made to use DIADEM then section H.2 provides a summary of
the approach. If other software is to be used then section 6.2 gives guidance on
how alternative software should be used.

DIADEM Procedures

The DIADEM procedures cover all the demand-side issues that must be
considered when applying multi-stage models and provides the user with the
necessary choice between alternative formulations and full control over each
aspect.

Model Type
Demand responses: DIADEM allows the following responses to be included:

o the elasticity model has a 2-parameter Tanner form, which is intended to
be used in its extremes, setting one of the parameters to 0 to return either a
power or an exponential form, as discussed in section 4. The use of both
parameters together in the Tanner form is not recommended.

¢ the trip frequency model is an exponential elasticity function, but unlike
general elasticity models (which operate at the OD level), the trip frequency
model applies to the zone level, using composite zone (accessibility) costs
as discussed in section 4.

e the mode choice model is a binomial logit formulation, generally reflecting
the choice between car and public transport only. The model does not
automate the hierarchical modelling of public transport modes i.e. sub mode
choice. Any lower-level split between different public transport modes would
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have to be estimated independently or at assignment as discussed in
section 4. However, this sub-mode choice will rarely be needed in a road-
based scheme appraisal. As the mode choice model does not allow for
active mode alternatives, a shift to or from active modes must be captured
by the trip frequency component.

e the trip distribution model can be singly-origin constrained or singly-
destination constrained (to approximate to Production /Attraction
constraints) or doubly-constrained as discussed in section 4.

e a macro time period choice model in logit form is currently available.
e a micro time period choice model using HADES is also available.

For a discussion on alternative model forms of departure-time choice, see
Batley et al (2001).

Model hierarchy

DIADEM allows a different range of responses, a different model form and a
different hierarchy to be applied to each individual purpose and traveller type
combination.

Model parameters

Each modelled response is driven by a single user-defined lambda parameter,
per purpose and traveller type combination, apart from the elasticity models
which as Tanner formulations are driven by two parameters (though normally
one of these should be set to zero, returning the Tanner function to either a
power or an exponential function).

Generalised costs

Generalised cost coefficients are defined for each purpose and traveller type
combination, allowing for time, distance and monetary components. Any
weighting of in-vehicle, waiting or walking time must be done within the
assignment stage or outside the DIADEM environment, and a similar argument
applies to PT crowding effects. The analyst is provided with a flexible tool in
DIADEM to arrange the sequence of demand responses and warned if the
proposed sequence does not reflect demand sensitivities. However, the analyst
will still need to ensure that the definitions of generalised cost in the demand
and assignment phases include all the necessary terms and are sufficiently
compatible.

Model running

Guidance on how to run the DIADEM software is given in the user guide to the
software. It should be noted that the solution closest to equilibrium may not
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necessarily be the one produced by the last iteration of the DIADEM
demand/assignment modelling system. In such cases, steps should be taken to
try and improve the convergence behaviour of the demand/assignment loop. In
all cases, the solution from the iteration with the lowest gap value should be
used for appraisal purposes. This may require an additional run of the
assignment package using this 'best' trip matrix to obtain a final solution.
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