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SUMMARY
E.1 THE TASK
The NSW Department of Transport has engaged the Institute of Transport Studies to develop a
redesign strategy for the Department of Transport Study Group (DTSG)’s strategic travel
information and model system (STIMS). The primary focus of the inquiry is on the substantive
content of data, models, and spatial decision support systems. The development, maintenance and
provision of technical information, however, cannot be separated from issues of policy relevance,
service delivery and the fuller obligations of the DTSG.

The inquiry process has six reference tasks:

T1. Review the existing model structure,
T2. Review the current policy issues and their amenability to modelling,
T3. Review current data holdings at DTSG,
T4. Review current world best practice in modelling,
T5. Develop a strategy for DTSG’s model development, and
T6. Develop a program of works which will enable the adopted strategy to be realised.

This report, in two volumes (Vol I: Main Report; Vol II: Appendices), documents the approach ITS
has taken to (i) review the existing model system and data holdings of DTSG, (ii) undertake a
comprehensive consultation process with stakeholders and a sample of analytical and application
experts in travel behaviour, travel survey and travel model research and development, (iii) develop a
strategy for DTSG’s model development, and (iv) develop a work program that will enable the full
implementation of the new strategic travel information and model system.

E.2 THE AGENDA OF ACTIVITIES
The starting position of the inquiry is the identification of the set of policy issues of current and
continuing relevance to the broad base of stakeholders, and the role that improved travel
information derived from interpretation and/or modelling of travel data can play in the debate on the
appropriateness of alternative policy instruments in fulfilling the goals and objectives of the
stakeholders. A recognition of a set of visions for the future and the challenges of establishing a
balanced policy profile in respect of three dimensions of sustainable systems - growth, equity and
environment - gives a rich focus to the approach adopted in this study.

The first and foremost objective of the inquiry is to identify a strategic travel information and model
system that is policy useful. This translates into the design of a STIMS which is richer in the set of
behavioural responses permitted by the information generation process as a result of the application
of instruments for change which represent the sentiment of specific policies.

To ensure that the reader is informed about the policy usefulness and hence limitations of the
existing data bases and model systems of the DTSG, we document the current system in Chapter 2.
The existing travel model system has few degrees of freedom in a policy assessment sense, being
the product of an era of data collection and model development when the emphasis was on the
(inflexible) grand metropolitan plan centred on infrastructure investment, primarily highway
development. SATS71 epitomises this paradigm. As the policy questions have changed, the rigidity
of the ‘four step’ model system (trip generation, trip distribution, modal split and route
assignment) driven by a limited set of policy-useful variables has increasingly failed to meet the
information needs of stakeholders of the 90’s and the future.

The current DTSG set of modelling procedures might be best described as trip based, sequential in
structure, a lack of a time-of-day dimension, a limited set of explanatory variables, a limited
behavioural basis, the inability to address fleet mix evolution (critical for energy and air quality),
exogenous treatment in the main of land use, economic and socio-demographic input, trip
generation being unresponsive to congestion and pricing, and an inability to adequately allow for
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the impact of new transport alternatives.

Notable deficiencies include the absence of capabilities to accommodate trip timing behaviour,
substitution between travel and non-travel activities, the modelling of non-commuting travel, the
restrictive specification of commuter mode choice which does not distinguish between forms of
public transport (train, bus, ferry) and forms of private transport (car drive alone and ride share)
and the alternative ways of accessing linehaul public transport, the composition of the vehicle fleet
as a major issue in environmental assessment, and responses to parking policies in respect of cost
and availability.

The data environment is fixated upon single points in time, and not on monitoring the changes in
the context for the location, employment and activity demands that give rise to transport
requirements.

A consultation process was established as a way of ensuring participation of stakeholders in the
design of STIMS. Participation took the form of (i) stakeholder interviews, (ii) client workshops
and (iii) a two-round Delphi activity with a sample of analytical and application experts. Each set of
consultative strategies has a very specific objective:

Stakeholder Interviews: to identify the policy-based obligations of the organisation and the role
that travel and transport information does play and might contribute in the future to the planning
and decision-making process.

Client Workshops: to enrich the perspectives of the stakeholders and the ‘expert’ set as revealed in
the initial stakeholder interviews and the Delphi activity (round 1) by identifying, through debate
and discussion, the broader set of information needs of stakeholders and other clients in the chain
of participation in travel and transport planning and decision-making and the most effective way of
delivering the products.

Analytical and Application Experts Delphi Activity: to identity the state of the art and the state of
practice in all areas of information associated with travel models and travel data; and to establish the
important linkages between the state of play and its relevance to the transport planning and
decision-making process.

The outputs of the stakeholder interviews were captured in a discussion paper (as given in Chapter
3.2) circulated to participants in a series of three workshops. The main themes addressed are (i)
policy issues and links with travel information and model systems (ii) data sources and
requirements (iii) other information outputs (iv) the nature of travel surveys (v) information
awareness and dissemination, and (vi) the institutional context. The three one-day workshops
(Chapter 3.3) provided a framework for considering the themes of the draft discussion paper as
well as an opportunity to enhance the debate to arrive at the determination of the major features of a
revised STIM. Workshops formed within each day of activity were asked to consider the key
elements of a data strategy and a modelling strategy.

The Delphi exercise (Chapter 3. 4 and Appendix C) complemented the review of the state of the art
and the state of practice in travel behaviour and forecasting models (Chapter 4). Three themes drove
the literature review and the Delphi activity; (i) behavioural assumptions (ii) analytical approaches,
and (iii) data requirements. Particular issues highlighted were the activity paradigm, the individual
choice approach, linking decisions with different temporal impacts, the adaptive nature of behaviour,
microsimulation and synthetic application units, geographic information systems, activity vs trip
diaries, longitudinal data, and integrated responses to hypothetical futures (stated preference
methods).

The combined activities of review and consultation, synthesised in Chapters 1 to 4, provided the
foundations for the design of a new strategic travel information and model system, summarised in
Chapter 5. Two broad criteria, (i) substantive content and (ii) deliverability and accessibility, were
identified as critical drivers of the three dimensions of STIMS: a data strategy, a modelling strategy,
and an information strategy.
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The redesign program involves a substantial shift in emphasis away from a data strategy centred on
infrequent updating of travel data to one of continuous data collection activity, combined with four
equally important roles of the DTSG in converting useful data into useful information: (i) the
provision of uninterpreted base travel data, (ii) interpretative policy analysis (iii) projections of
interpretative analysis of data, and (iv) the development and application of a suite of strategic
planning models. The Data Activity: must emphasise the Collection of primary and secondary data,
the Holding of primary and secondary data, the Interpretation of primary and secondary data, and
the Provision primary and secondary data.

The modelling strategy starts with a recognition of the need to be much more flexible in the
selection of a geographic scale for model estimation, application and reporting. GIS technology has
advanced to the state where many of the difficult data management problems associated with
transport forecasting models such as network building, creating and extracting data for any spatial
level of analysis and presentation can be performed quickly and easily. The set of behavioural
models representing the choice and responses of individuals, households and businesses in respect
of travel, location and vehicle decisions are expanded substantially both in terms of the range of
responses and the set of exogenous variables which initiate the application of a policy instrument.
Tables 1.1 and 3.1 provide a list of the large number of policy issues that need assistance from a
modelling system.  The Modelling Activity: must emphasise the Specification of models, the
Preparation of data, the Estimation of models, the Calibration of models, the Interpretation of
models, the Application of model-based systems.

The information strategy is considerably enhanced by the technology of GIS which provides a
graphical display capability that enables the results of a transport forecast (or any interpretative
analysis of data) to be communicated to policy makers and the community in easily understandable
layered maps. The Information Activity:  must involve cataloguing all data activity (raw and
processed data), archiving data, cataloguing all modelling activity, and providing an on-line and
hard-copy facility for informing the population of clients about the status of information and its
availability (including clearance procedures).

To be an effective and timely alternative strategic travel information and model system, STIMS
must be accompanied by a program of works. Until STIMS is fully implemented and fulfilling the
needs of the stakeholders, it must be paralleled by the existing Sydney Travel Model (STM). The
re-calibrated STM can be enhanced where practical by components of the new system that are
easily integrated without a major commitment of resources. A work program for the DTSG to
enable the adopted strategic travel information and model system to be realised is outlined in
Chapter 6.
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Chapter 1

SETTING THE CONTEXT

1.1 BACKGROUND

The Department of Transport Study Group (DTSG) is responsible for developing, maintaining and
updating data, travel models (including networks) and information systems required to support the
transport and land use planning tasks of government and non-government organisations and
individuals acting on behalf of the stakeholders of NSW. DTSG also interprets data as part of its
own research activity and as a general service to the community. To ensure that suitable procedures
are in place to fully service the stakeholders needs, a comprehensive strategy must be developed. A
key component of the strategy is the development of a framework within which current data and
models are enhanced to produce information flows together with the development of new
procedures. Improvements must be consistent with a number of objectives, in particular:

To increase the policy relevance and sensitivity of existing travel forecasting procedures
and their ability to respond to emerging issues including environmental concerns, growth
management, and changes in personal, household and firm activity patterns, along with the
traditional transport issues

To redesign the travel forecasting process to reflect today’s traveller behaviour, to respond
to greater information needs placed on the planning and forecasting process, and to take
advantage of changes in data collection technology; and

To make travel model results (explanatory and forecasting) more useful to decision
makers.

The development of a strategic travel information and model system (STIMS) must recognise the
broad context within which the analytical products and services must be delivered to the
stakeholders including those engaged by stakeholders to advise them, which form the wider client
base. To ensure that the client base contributes to the process of design and implementation of the
STIMS, a client participation program is developed as a central theme of the current study.  In
particular, a series of participatory workshops, preceded by stakeholder one-on-one interviews and
paralleled by a two-phase Delphi program of analytical and application experts have been
implemented to ensure that the outcomes of the STIMS both match and assist the needs of the
stakeholders. We recognise in this process of participation and communication that the beliefs and
perceptions of need associated with stakeholders may benefit by a greater awareness of the value of
improved ‘state of art’ models and data. The challenge is to recognise this potential gap between
what stakeholders currently require as outcomes given their prior exposure to the available support
tools and what additional outcomes may be appealing in the light of new information. The process
of communication and discussion will itself provide an opportunity to promote the value of a
revised set of travel models.

This report, prepared by the Institute of Transport Studies (ITS) documents the program of
activities undertaken (i) to redesign the DTSG’s strategic travel model system, and (ii) to develop a
program of activity which will enable the proposed STIMS to be realised. The Report is organised
as follows. We begin with a broad statement on the visions that should condition the overall
approach developed to capture the tasks critical to meeting the objectives of the study. Chapter 2
provides an overview of the existing model structure and current data holdings as the basis of
highlighting the limitations of the currents system in supporting the information requirements of
the client base. This is followed in Chapter 3 by a detailed specification of the three participatory
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tasks of stakeholder interviews, client workshops and the Delphi exercise with analytical and
application experts. The findings from the stakeholder interviews, the workshops and the delphi
activity are documented. In Chapter 4 we review the main elements of the state of the art and state
of practice in travel behaviour and forecast models to establish practical opportunities for revising
the current model system in accordance with better practice. Chapter 5 draws on the state of the art,
the state of practice and the outputs of the consultation process to propose a revised data, modelling
and information strategy. In the final chapter we develop a program of works which will enable the
adopted strategy to be realised. In designing the preliminary analytical framework we draw on the
state of the art promoted at the 7th International Conference on Travel Behaviour (Chile, June 12-
16), and the Travel Model Improvement Program Workshop (Fort Worth, Texas, August 14-17).
This report encompasses the six reference tasks of the DTSG brief:

T1. Review the existing model structure (Ch 2)
T2. Review the current policy issues and their amenability to modelling (Ch 3)
T3. Review current data holdings at DTSG (Ch 2)
T4. Review current world best practice in modelling (Ch 4)
T5. Develop a strategy for DTSG’s model development (Ch 5)
T6. Develop a program of works which will enable the adopted strategy to be realised (Ch 6).

1.2 VISIONS, SCENARIOS AND POLICIES
1.2.1 Visions

Central to the development of a strategic travel information and model system are a set of visions
for the future and the role that analytical excellence in information and models can play in assisting
the debate on futures. In broad terms we might crystallise the tasks as centred around the
development of a framework for likely and preferred visions of the future evaluated within a
coordinated setting of scenarios. The key drivers of the process leading to outcomes are the
relationship between growth, equity and the environment. The present situation might be indicated
at the centre of the paradigm triangle (Figure 1.1) which represents the domain of possible changes
from the current base situation. DTSG must recognise the need to be current in its ability to
respond with data and analytical advice to policy issues of the day.

Figure 1.1 The Key Scenario Settings

A growth scenario shows the most likely development of transport if all policies emphasised
economic growth as the primary objective. Efficiency is a major focus. An equity scenario shows
the impacts of policies that primarily try to reduce inequalities in society both in terms of social and
spatial disparities. Where these policies are in conflict with economic growth, considerations of
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equal access and equity are given priority. An environment scenario emphasises quality of life and
environmental aspects, under the broad umbrella of sustainability. Some control of economic
activity is likely to be required as a trade-off with sustainable societies. The outputs of a strategic
STIMS must reflect the diverse set of objectives, ultimately leaving the decision making to
government. STIMS will be a more informed agent than past practice.

Each of these global scenarios might be decomposed into less comprehensive component scenarios
each covering an important field of influence: population, lifestyles, economy, environment,
regional, urban and local development, urban and non-urban form, goods transport, passenger
transport, communications and institutional mechanisms for delivering outcomes. Within each of
the 10 fields of influence, one might develop likely and preferred component scenarios associated
with each of the three paradigms. In recognising that the three paradigms will be partially
conflicting, the ability to be able to evaluate alternative component and global scenarios within the
paradigm set will provide the necessary framework within which more informed advice can be
provided to governments and other concerned parties.

The role of a strategic travel information and model system is to position itself through a rich set of
models and support data so that the necessary support information is readily available to assist the
ever evolving and changing debate on futures, visions and outcomes.

Methodologically, the approach adopted in this study is a detailed specification of the paradigms
and component scenarios to guide the requirements for a strategic STIMS. We have not been
constrained by the existence of particular data (despite the richness of the 1991 Sydney Travel
Survey), but have been guided by the balance required between the role of existing data and the
value of incremental but programmed collection of further data to ‘gap-fill’ where necessary. We
consider the benefits of a wide range of supplementary data strategies such as a travel panel for
households and firms, and specialised stated choice surveys to improve the ability to position new
products within the market for passenger and goods transport.

1.2.2 Scenarios, Forecasts and the Needs of the Client Base

Within a STIMS framework, the distinction is made between scenario and forecasting approaches
to developing understandings of the future. Both are relevant to the activities of the DTSG, yet both
will require a different modelling treatment with some overlap. Scenarios as descriptions of future
developments based on explicit assumptions, as a method of exploring the future, have a different
emphasis to forecasting methods which rely more heavily on the certainties of the past to guide the
outcomes associated with uncertainties of the future. Often the best we can do and should do is to
identify directions of change which are consistent with moving in the right direction in respect of a
particular objective - the magnitude of impact is not known. In  construction of the framework
within which the suite of models will be proposed for the STIMS, we take into account the
differing needs of the client base. This might be broadly represented by the following set of
interests:

S1: long term trends (e.g. car ownership growth rates and forecasts of absolute numbers)

S2: long term strategic outcomes (e.g. the impact of instruments or combinations of instruments in
respect of key criteria such as mobility, accessibility, equity, air quality, traffic congestion, global
warming, lifestyle etc.)

S3: short to medium term tactical outcomes (e.g. what will happen in next 12 months if public
transport fares are increased, what toll on a proposed toll road (eg the Taylor Square tunnel) will
maximise traffic diversion, and what is the patronage demand for a new light rail vs bus priority
system to the northern beaches).

An illustrative set of instruments associated with managing growth, equity and the environment are
summarised below (Table 1.1). The suite of models required for STIMS must have the capability
to accommodate the interest sets by providing advice from time to time or on request in respect of
the implications of the introduction of instruments individually or in combination on specific
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criteria set out in S2 above and in terms of the implications for paradigm shifts through time.

There will not be a single set of models to cater for all - what is required is a framework within
which elements of a modelling system can be drawn on in a timely manner to provide  information
in line with the interest set. This suggests a hierarchy of integrated models embedded within what
me might term the STIMS  ‘simulator’; using the term ‘simulator’ in its very broad guise as a
computerised facility to produce outputs required to deliver outcomes associated with the
application of particular instruments (including a status quo scenario or forecast).

Table 1.1 An Illustrative set of Instruments and Spatial Impact

Potential Instruments to Evaluate spatial (sp) vs
aspatial(asp)

impact beyond
urban area (√ )

Congestion pricing (Mix of Charges and Taxes) sp
Parking charges (primarily CBD, regional centres) sp
Parking rationing/restrictions in CBD sp
Toll road charges sp
Restrictive automobile access to locations (CBD) sp

Sales tax on new autos (skewed and elimination) asp √
Vehicle registration charges  (by age, weight, fuel) asp √
Company car provision and use asp √
Maximum age of vehicles in the vehicle park asp √

Carbon tax (linked to alternative fuels) asp √
Fuel excise by fuel type: change and exemptions asp √
Tradeable permits asp √
Fee-based compulsory emissions checks asp √
Price rebates/discounts on alternative fuelled vehs asp √
Govt purchase and scrap high emitters asp √

Non-motorised options - bicycle, walk sp
New public transport - light rail sp
New public transport - bus priority systems sp
Public transport - park-n-ride/kiss-n-ride sp
Existing public transport - extended infrastructure sp
Existing public transport - fares policies sp
Existing public transport - levels of service sp

Automobile engine/transmission technology  asp √
Automobile vehicle design (weight, drag) asp √
On-board IVHS equipment asp √
Education on cold starts/hot soaks etc. asp √

Urban form and density (physical planning) sp
Urban form and density (housing codes)) sp

Ride sharing and employer incentives sp
Telecommuting sp √
Compressed work week (time use) asp √
Other travel demand management and control sp, asp
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Chapter 2

THE EXISTING METROPOLITAN
SYDNEY MODEL

2.1  BACKGROUND
Forecasting of traffic in the Sydney Metropolitan area uses mathematical procedures first
developed for SATS which were recalibrated after 1981 and 1991. The area covered by the model
is the County of Cumberland, which excludes Gosford/Wyong and Wollongong. The County of
Cumberland region has been divided into approximately 720 traffic zones. Each traffic zone
contains about 4,500 to 5,000 persons. Some of the outer areas have zones with about 10,000 to
15,000 residents. The traffic zones reflect the transport and traffic generation potential of an area
and are compatible with the boundaries used by the Australian Bureau of Statistics for census
collection. Generally a traffic zone consists of several census collector districts. All the travel
related statistics collected during the 1971, 1981 and 1991 home interview surveys have been coded
to traffic zone level. Data at the unit record level is available for 1981; however such data for 1971
while available was never used in modelling. This chapter provides an overview of the model
system which is still in place in 1994. It is essentially unchanged from many features of the 1971
model system. Some refinements were introduced into the 1981 model such as a logit specification
of the binary commuter mode choice model.

2.2 STRUCTURE OF THE MODEL
The current Sydney urban travel model uses a "four-step" process in forecasting trip making, as
shown schematically in Figures 2.1 and 2.2 and in detail in Figure 2.3. The four steps are
sequential and consists of:

trip generation;
trip distribution;
trip mode split and;
trip assignment.

Although there are four principal packages to the forecasting model, there is also a number of other
modules that interface with the principal packages. These modules produce estimates of car
ownership, vehicle occupancy and convert 24 hour flows to morning peak period flows. The
process is not a “one-pass” model. For any one forecast year the modules are processed at least
three times to take into account changes in transport accessibility that affect the distribution and
split processes.
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Figure 2.1 Traditional Models in Transportation Planning

2.2.1  Zonal Attributes

The model is initiated by estimating land use and socio-economic parameters for each of the traffic
zones, referred to as the zonal data file. This land use information consists of:

zone reference number, area of zone;
population in zone; population 5-18 years old;
manufacturing workforce; other workface;
manufacturing employment other employment;
household income (average "1991 dollars" for zone); number of households; and
total vehicles in zone.

Information in the land-use data bases comes from a number of sources. For past years the relevant
census figures are used. The forecasting of future land-use zonal information requires the
agreement of the Department of Planning (DOP). The DOP produces population and employment
estimates for each local government area within metropolitan Sydney. Population forecasts are
based on the current urban development program as agreed by the Urban Development Committee.
Employment estimates are based on DOP assumptions of fixed versus dispersed employment
types. There are no estimates comparable to the urban land release program for locating
employment activities. However, the Urban Development Committee has recently established an
employment committee which is reviewing industrial land availability. Very little is known about the
take-up rate of industrial land. Employment in major commercial centres falls under the control of
local councils. Between 30 and 40 percent of Sydney's employment is dispersed uniformly
throughout residential areas. The policy instruments available to government to influence
employment location are weak This means that the locations of future employment are difficult to
forecast.
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Figure 2.2  Traditional Models in Transportation Planning

One major problem using the Department of Planning's land-use forecasts involves disaggregating
from a local government area down to a traffic zone. Traditionally, traffic zone land use forecasting
was undertaken by the Transport Studies Group in consultation with officers from the Department
of Planning. Serious difficulties have been encountered in translating local government area
forecasts to traffic zones. Further complications arise when the population forecasts have to be
converted into estimates of workforce in the manufacturing and non-manufacturing sectors.
Additionally, employment forecasts also have to be split between manufacturing and non-
manufacturing. Changes in the nature of the workforce, such as shifts from full time to part time
work, workers with two or more jobs and an increase of females in the workforce are not currently
considered in transport models. The accuracy of transport forecasts depends on workforce
categorisation and employment estimates at a traffic zone level Table 2.1 is a summary of land-use
forecasting used in the traffic model.
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Figure 2.3 The Transport Modelling Process in Sydney
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Table 2.1 Summary of Land Use Forecasting

Parameter Metropolitan Totals Local Government Traffic Zone
population very good good fair
employment good fair poor
workforce:
manufacturing

poor poor very poor

workforce: other poor poor very poor
employment:
manufacturing

poor poor very poor

employment: other poor poor very poor
agency responsible D e p a r t m e n t  o f

Planning (DOP)
DOP TSG/DOP

Source: Mitchell McCotter Review of Transport Forecasting Requirements in New South Wales, October 1991.

2.2.2 Trip Generation Model

The trip generation model computes the number of productions and attractions to each traffic zone
for all day home-based work travel The model is an aggregate zonal-based regression model using
manufacturing and non-manufacturing workforce as the main variables. The model does not
consider socio-economic variables such as age distribution within a zone or car ownership levels,
nor does it take into account any measure of accessibility for the zones.

2.2.3 Trip Distribution

Manufacturing and non-manufacturing trips, as produced by the trip generation model are kept
separate for processing through the trip distribution phase. Separate trip distribution curves have
been calibrated for home-based work and school travel. Although the school travel curve is not
currently used it has to be specified in the model to allow the home-based work travel to be
computed. Different curves for home-based manufacturing and non manufacturing work are used.
The distribution model requires zonal trip production and attraction values and a measure of
internal travel cost. The costs used are termed composite costs as they are computed by combining
the generalised interzonal cost from the highway network with the generalised cost values from the
transit network.

The model currently constrains the distribution process on trip attractions. This means that when
mathematically balancing, the distribution model ensures that the number of trips to manufacturing
and non-manufacturing employment areas are the same as computed in the trip generation model.
This does introduce a problem as there are more jobs than workers in the metropolitan area This is
because there is a significant number of workers from Gosford/Wyong, Blue Mountains and
Illawarra who commute to work in Sydney every day. The inter-urban workforce is not currently
included in the model The discrepancy is more pronounced for the commercial centres spine from
Central Sydney, through North Sydney and Chatswood to Hornsby. These centres produce too
many locally based trips and no inter urban trips.

The distribution curves adopted are combined car user and transit user functions. The aggregated
curve produces inaccuracy for transit travel, particularly rail trips. This is because average travel
time by train is about twice that for car and the distance travelled by transit users is about twice that
of car users. This means that in the long distance travel market, public transport trips are
underestimated because the curves are heavily weighted towards highway travel.

Forecasts of home-based manufacturing and non-manufacturing work trips are then combined to
form a total home-based work travel matrix. Trips are still for a 24 hour period.
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2.2.4 Conversion of 24 Hour Trips to AM Peak Trips

Following trip distribution, the model converts 24 hour trips to a morning peak period trip total.
The morning peak period is the two hours from 7 to 9 am and it refers to trip arrival time. That is,
people arriving at work between 7 and 9 am. A two hour period was chosen because there is no one
peak hour that is consistent across the Sydney Region.

The conversion process uses dispersion curves following categorisation of traffic zones into
households with zero, one or more than one car. The models use a measure of transit disutility
combined with car ownership levels to determine the proportion of trips occurring in the morning
peak. The model utilises input from a car ownership model.

The car ownership model forecasts the average number of cars per household in a specific zone.
The model uses a trend curve of car ownership for the metropolitan area This curve is a time series
of car ownership levels, calibrated to achieve a saturation level in the future. Individual zones are
then assessed as a variation from the metropolitan average. The variation is based on income,
workforce participation rates both full and part time, distance to the GPO, public transport
accessibility and population density. Given that the original 1971 plan to estimate non-work travel
models for 24 hours was not achieved with only am peak models being estimated, the conversion
seems somewhat unnecessary. The am peak home-based work trips could have been accessed
directly and used in estimation of trip distribution.

2.2.5 Modal Split Model

The modal split model takes as input the morning peak home based work trips computed by the 24
hour am to peak conversion process. The model works in two stages. First, it removes trips by
people travelling in company cars. Those trips are estimated forecasts of company car availability at
traffic zone level. Estimates of the number of company cars in a zone are based on the distribution
of company cars observed in 1981. The proportion is assumed to remain constant into the future,
although there was a significant increase in numbers between 1971 and 1981. After the model was
calibrated, the Federal Government introduced a fringe benefit tax on company cars. The impact of
this tax on the provision of company cars was unknown. Recent information reveals that there has
been a negligible change in the availability of company cars. The model could be updated when
1991 travel survey data become available and better estimates made of the use of company cars.

A multinomial logit model is then used to split remaining trips between public transport users and
car users (Figure 2.4). This model was developed in 1986 and has been widely reported in various
transport journals. The model uses measures of travel time, travel cost, income, car ownership and
employment density to estimate the number of trips by car or public transport between specific
zones. It takes into account in-vehicle time, access time and waiting time in computing total travel
time. Costs include operating a car and any tolls or fares in the case of public transport. An
employment density parameter is used to explain the higher public transport travel to commercial
centres. The employment density variable is really a surrogate measure for car parking availability.
Car parking availability should be input directly, but car parking data have not been readily available
in the past.
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Figure 2.4 1981 Logit Mode Choice Mode

The model does not accommodate trip linking, such as park and ride, kiss and ride or bus/rail
interchange. Public transport use is strongly dependent on ease of access and future plans are
likely to pursue interchange and interface policies; there is currently no way of assessing the impact
of any improvements in this area. The rail system in particular needs good interchange and access
as 30 per cent of passengers use a car to get to stations, with 20 per cent using a bus.

The model does not specifically reflect car parking as a controlling variable. Future commercial
centres policy will control price and supply of parking as a management tool. These policies cannot
be tested using the model.

The modal split model is currently the only area where transport pricing policies can be tested. Use
of price in the assignment phase only affects the choice of route taken by car users and does not
reflect any potential to shift mode or defer a trip. The modal split model gives two home-based
work trip origin to destination tables: one for public transport and one for car users. Company car
users that were excluded from the multinomial logit model are then added to car user trips. At this
stage the forecasting process is divided into public transport trips and car users.

The relative advantages and disadvantages of disaggregate modelling as canvassed in document 224
of the 1981 study are reproduced below :

Advantages
(a)  afford  the  capability of introducing a behavioural  basis  into the modelling process, eg

the decision maker attempts to maximise some quantity (utility) or minimise costs.
(b)  makes   use   of  all  the  information   available  whereas aggregation  requires  the  data

to  be  grouped  and  much information is lost by the within-group variation.
(c)   are not as susceptible to biases due to correlations between the explanatory  variables

(one  effect  which   may   be introduced by aggregation).
(d)  facilitate  the  identification  of the   impact  of policy changes  by the direct way in

which policy  variables  enter the  model specification and the resulting ease of
computing elasticities, and trade-offs.
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Disadvantages
(a) the requirement for detailed information on each  individual and  on  each  alternative

open to the  individual  (whether chosen or not).

(b) the  difficulty of forecasting some variables that may be included in the model
specification.

(c) mathematical and computational complexities of the models requiring iterative
procedures for estimation of models.

(d) problems  in  applying  the models  to  practical  modelling tasks,  eg. aggregation  
errors  on  implementation  in geographically based travel demand models.

Individual choice  models  permit  a  much more  detailed  approach  to  the analysis of transport
problems but with a concomitant increase in mathematical  complexity  and  difficulty  in  data  
collection. Accordingly the models are most suited to studies of the effect of policy changes in the
short to medium term. As the  level  of aggregation  rises, the degree of detail decreases;  however
the models become more robust and can be applied more readily to long-term   forecasting where
detailed predictions are not required.   

The variables  that  appear in individual choice models are commonly divided into two groups:  
those which vary across the modal alternatives and those that vary across the sampled travellers. A
constant term, called the mode-specific constant is assigned to one of the alternatives in a binary
choice model to account for the mean impact of the unobserved influences on modal choice. The
following specifications of the explanatory variables were implemented in the 1981 model and the
updated 1991 model system.

Person Related Variables:

 Main Driver: This variable is entered as a dummy  (Yes = 1,  No =  0). In households with
multiple drivers it is often difficult to ascertain who uses the vehicles most frequently. To overcome
this the home interview survey (HIS91) asked the  question   ‘Are you a main driver of at least one
vehicle?’ Those who answered in the affirmative are termed main drivers. Main driver is the
variable that most closely defines the individual’s car availability status. Given that car availability is
a major determinant of modal choice, a main driver dummy variable may be expected to explain a
significant  proportion  of  the  variation  in traveller behaviour

Cars per Adult: This  variable  is defined for the household  of  the  traveller; though  in  terms  of
the  logit model  the  variable  is  still classified as a 'person related' variable.  The importance of the
variable  derives from the higher  probability of highway travel in households with high numbers of
vehicles per adult due to the greater availability of cars for passenger travel.

Income: Income  is included in the model as personal income. The power of the income variable to
explain mode  choice  over  and above  the car availability measures appeared in 1981 to be related
to lifestyle  and  image  factors which are not  easy  to  quantify. Conversely, it was felt that there
may  be concentrations  of  high income in areas which are poorly served by transit, which in turn
would encourage highway use. The 1991 data suggests a potentially confounding situation due to
many lower income people living in outer suburbs poorly served by transit.

Mode Related Variables

With  the exception of employment density, each of these mode-specific attributes is computed
from  data  files  associated  with  coded travel networks.  Two networks have been developed,
representing transit and highway travel respectively.

The  data  files  contain information on each  travel  link. To connect two  zones, a  path builder
program is  used which  searches all possible paths and chooses that  path which minimises some
function of the link attributes (e.g. travel time). The trips between the zones are then assigned to
this path. The summary  data  for  the  chosen path is used  in running the mode choice model.



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 13

Employment Density: Employment density (defined as jobs/unit area) is used to incorporate a
measure of  attractiveness  for  highway travel at the work end of the trip. It is computed at the
traffic zone level. Employment density is a proxy for parking cost/availability at the work trip end.
As a highly aggregate proxy it needs to be interpreted with caution. The variable is aggregated; it is
subject to the vagaries of the geographical definitions of the  traffic  zones; and  it  is difficult to
relate to parking policies which may be instituted in the future. However sufficiently detailed direct
information on parking was not available for use in the model.

Employment density varies widely over the Sydney region. Of the work trips in the sample in 1991,
80% were destined  for  traffic  zones where  the  density was below 80 jobs/Ha while 2% finished
where the  density was 600 jobs/Ha. The use of a linear relationship over such a range results in
considerable errors in predicting modal choice. Consequently alternative forms must be considered.
The enhanced Hyperbolic function developed by  Madan and Groenhout in 1986 for the 1981
model is currently being evaluated by TSG and ITS for the 1991 recalibration.

Dollar Cost Of Travel: The  coefficients of dollar cost for the transit mode (fares) and highway
mode (vehicle  operating cost) are  constrained to  be equal, consistent with the assumption that the
perceived decrease in utility attendant on spending one dollar on travel is constant regardless of the
mode chosen.

Highway Time: The  value of  highway travel time used is that obtained from the network when
loaded with the expected volume of traffic  in the peak period. When operating the model,  these
travel times are updated by applying capacity constraints after changes in any of the input variables.
This is a second order effect and may be ignored if the changes in mode share are relatively small.
One  advantage of  assuming no change in travel speeds is that elasticities and trade-offs may  be
computed directly.

Transit Travel Times :  It is convenient to divide the trip into those parts involving access to the
transit system, the time spent  in the vehicle and in motion (including delays), and the time spent at
each mode change.  For highway trips,  access and wait  times are commonly ignored, so that door-
to-door time  is equivalent to in-vehicle time. At the household end of the trip, the car is commonly
garaged at home, while at the attraction end of the trip, the access time is accounted for in the
parking variable. One advantage of the logit model is that the relative importance attached to these
(and other) characteristics of a trip are estimated directly by the calibration process.

Transit In-Vehicle Time: Time  spent within a transit vehicle is the time actually  spent travelling
and so is analogous to the highway time for the highway mode. Transit in-vehicle time is computed
as the  sum  of the  in-vehicle times for each of the transit  legs making up the trip. It is  possible to
attach relative weights for each mode in the model estimation procedure. However not all modes are
available for all trips and the network program’s best path algorithm determines only the best path
for a trip taking no account of trade-offs travellers  make between the different  modes.
Accordingly  an unweighted sum of in-vehicle times has been used.

Number of Transfers: It  is generally agreed that travellers will attempt to minimise the number  of
transfers  from one mode to another  if  it  is feasible to do so. A transfer may involve waiting,
walking, and there is a possibility of missing connecting services, and sometimes there will be a
boarding  fare penalty. The number of transfers in a trip is correlated with the total time spent
making the transfers (wait time).

Wait Time: Wait time is defined as the time spent during each change of mode (transfer) and the
time spent at the beginning of the trip before the  first transit leg (e.g. the time between getting to
the bus stop  and getting on the first bus).  Wait time is computed as half the headway (the average
time between successive  services on a transit route) with a set maximum value of 10 minutes for
any transfer, to reflect the presumed knowledge of service schedules by the traveller.  Headways are
stored as part of the information for the transit network. Total waiting  time  for a trip is highly
correlated with  the number of transfers made.   

Transit Access Time: Transit access time is the sum of the time required to reach the transit
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network from the origin at the start of the trip and the time required to leave the network and reach
the destination. These parts  of the trip are modelled in the coded networks as connectors from the
centroid of the origin and destination zones to a convenient entry or exit point on the network.
Access to transit services is commonly by walk or motor vehicle. Vehicle  mode can be sub-divided
into driver and passenger which are often  referred to as park-and-ride and   kiss-and-ride
respectively. Travellers are generally considered to view the access stage of the trip as being more
onerous than the in vehicle part.   For instance, people are not willing to walk long distances.
Moreover, if a car is taken then either the car is no longer available to other members of the
household or someone other than the traveller must accompany the traveller to the access point.

The interchange matrix parameters are calculated using zonal land use data and parameters together
with matrices of highway and transit network variables. They include:

1. Transit Travel Cost

TTC = a1 *  Fares * 100
ICFACT

where a1 = 1.0 which implies 1971 fare levels. This function is acceptable with 1991 fares. This is
an equity adjusted average fare in cents. The multiplication factor of 100 is not defined. One
interpretation is that it is a conversion of dollar fares to cents. The factor IFACT is discussed
below. We assume that "Fares" is a weighted average fare where the weights reflect the
composition of travel by fare type.  

2. Highway Travel Cost
  

HTC = 100 * (UCOST * HDIST + Tolls + LTPR ) *      1      
  ICFACT                 100                                 AUTOCC

where

UCOST = PCOST * (VOCa + VOCb * HTIME  )
      HDIST

and PCOST = Petrol Cost + 1.05, VOCa = 1.02 and VOCb = 0.40 with the result in cents per km.
UCOST needs redefinition to use perceived (actual) petrol cost and operating cost and actual toll
costs. AUTOCC is automobile occupancy. Examination of the 1991 census journey to work data
suggests a mean estimate of 3.1. For the relevant routes a value of $1 ($2 averaged over direction)
for tolls is used.

Each of the modal alternatives is defined by a modal disutility expression. The transit disutility
(TDU) expression and the highway disutility (HDU) expressions used in 1991 are:

TDU = 1.0*Travel time+ 2.5*Wait time+ 2.0*Access time + 0.078*Transit travel cost

HDU = 2.0* (HTERMi+HTERMj) + 1.0*Highway time + 0.078*Highway travel cost

where

HTERMi at the  production zone and HTERMj at the attraction zone are generalised penalties for
the production and attraction ends of the trip. HTERM = 184 * PROD+ADJ**0.245.

The Composite Disutility (CDU) of both modes is given by CDU = a1 * TDU + (1.0-a1)  * HDU
where a1 = modal choice factor for transit. This function in 1991 replaces the Composite Cost
function used for trip distribution in the 1981 model. The modal choice factor from a 1991 model
run are used for initial trip distribution calibration purposes.
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The Income Correction Factor (ICFACT ) in the travel cost variables is defined as:

Initial ICFACT   =       average zonal income
          average study area income

Future ICFACT = a1 * Initial ICFACT

where a1 is a parameter obtained from a regression equation of the form: IFACT91i = a1
*IFACT86i. ICFACT is a vector which is calculated for each  traffic zone by  dividing an average
zone income by average study area income. It is used as an ‘equity adjustment factor’ to allow for
the possibility that particular zones change their "relative income" position in an urban area over
time. If personal income is already included in the mode choice model, ICFACT seems redundant
except where some subjective impositions to be placed on particular origin zones to limit the
influence of income. This seems and unusual use of models. Further details of the modal split
modal are given in the ITS report on re-calibration.

2.2.6 Vehicle Occupancy Model

The car user forecasting stream then estimates the number of occupants travelling in each car. The
model currently underestimates car occupancy levels for trips to the Sydney CBD.

2.2.7 Expansion to all Trip Purposes

For both public transport and private vehicles, home-based work trips are expanded to all purposes
of travel using relationships between highway or transit disutility and ratios of work travel to total
travel. The expansion process is subject to errors particularly when dealing with short trips. For
short trips lengths the expansion factor can be as high as 10.0 and so a small error in home-based
work trips can lead to a large error in the number of all purpose trips.

The process is far from satisfactory because of the large number of school trips that occur in the
morning peak. It is estimated, based on 1981 data, that 60 per cent of person trips are to or from
work, 30 per cent to or from school and 10 per cent for other purposes. When the mode is
reviewed, 66 per cent of work trips use a car and 34 per cent public transport. For school trips, 17
per cent use cars and 60 per cent use public transport; the remainder use bicycles or walk School
trips are markedly different in distribution to work trips with average trip lengths of about four kms
compared with 13 kms for work travel. A combination of trip numbers mode use and trip length
mean that a simple factoring of work travel will not give a true estimation of total travel

The Department of Transport undertook research into modelling school travel. School travel could
follow a separate but parallel forecasting stream. The research work was never developed into an
operational model. School travel modelling introduces some problems; for instance intra zonal
travel is only a small proportion of trips for home-based work, however the number of intra zonal
school trips is large. Another issue is school travel between zones where trips begin or end close to
the zone boundaries. Because the model estimates centroid to centroid times and distances, these
times and distances are often much larger than those actually being undertaken by school children.
This means that there is an overestimation of trip length distributions for school travel. Additional
data are needed on the number of primary and secondary school age children as well as enrolment
levels at individual primary and secondary schools. School travel forecasting is further complicated
by the need to estimate State and non-State school travellers.

2.2.8 Commercial Vehicle Trips

Commercial vehicle trips are assumed to be included when home-based work car trips are
expanded to all purpose travel estimates. On average the proportion of commercial vehicles
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travelling in the morning peak is small (less than 5% of traffic flow). However there are some areas
and roads that account for large numbers of goods vehicles and in these locations the model will
not provide satisfactory results. Currently there is no acceptable model for estimating commercial
vehicle travel in metropolitan Sydney.

In the past when an estimate has been needed, the commercial vehicle trips surveyed in 1971 have
been used and travel growth factored using the Fratar technique.

2.2.9 Externally Generated Trips

The forecasting process does not include trips that commence outside of the County of
Cumberland, travel through Sydney and terminate outside the region. Nor does the process take
account of trips with an origin outside the region but with a destination inside or the reverse.

Current and future trips have been estimated by applying growth factors to the 1981 external
cordon travel survey data. The continued expansion of Sydney to the south-west and towards the
Central Coast has meant that we do not satisfactorily represent the travel coming from these areas
by using a simple growth factoring approach There is a need to extend the coverage of the model to
include areas to the south-west as well as Gosford and Wyong.

2.2.10 The Trip Assignment Process

Total trip origin-to-destination tables for both public transport and road vehicle trips are loaded
onto transit and highway networks respectively.

The transit network consists of links representing the bus and rail system and it includes travel
times, frequency of service and fares, as well as wait and access times. The network is large and has
not been comprehensively updated since 1981. The rail portion of the network was reviewed and
updated in 1987, but the bus network needs updating, particularly for the growth areas of western
Sydney.

The transit assignment process is based on an all-or-nothing selection of the least cost route.
Weightings are placed on waiting and access time to reflect the value people place on these
components. There are only a few areas in Sydney where there is direct competition between
alterative public transport services. These areas are principally the Eastern Suburbs and the Lower
North Shore where buses and trains run parallel services and ferries are an alternative. Given the
lack of competition there is little need for multi-route choice assignments for transit trips. However
if the regulatory environment were to change to allow significant competition between service
suppliers there would be a need for a more flexible model to assess any impacts. The transit
assignment model is not constrained by capacity; there is an assumption that sufficient trains or
buses will be supplied to handle the load. In some situations this can lead to fallacious conditions
where the loads can exceed the forecast supply capacity by more than 50 per cent Under these
conditions there is currently no way of influencing the modal choice or distribution process to
reduce or redistribute the number of transit trips.

The highway assignment technique adopts a multiple route choice stochastic process. The choice of
route is based on minimum generalised cost, which is a combination of time and distance. The
travel time changes are based on speed-flow relationships chosen for individual road links. There is
no direct method of allowing for the effects of intersection delays on choice of route. This failing is
probably one of the more significant flaws in the assignment process. This model does not cater
well for assessing tolls on specific roads. A toll is dealt with by placing a short link into the
network and including a time penalty on the link to reflect the perceived value of the toll.

2.3 CURRENT SETS OF DATA AND DOCUMENTATION
The urban areawide travel surveys held are 1971, 1981 and 1991. In a series of moves, the DTSG
has not always been able to retain all the documentation for some of the earlier datasets. Some



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 17

details follow.

• 1971 Sydney Area Transportation Study (SATS)

The documentation held at DTSG is limited, although the magnetic tapes are still held. The surveys
covered both commercial (freight) vehicle and personal travel. However a complete version of the
household interview survey is held at the Social Science data Archive at the ANU in Canberra. This
is accompanied by a full manual of the record structure and coding values. The entire data set is
held on line and may be accessed through the internet. ITS have down loaded a complete copy of
the data file in this way.

The wider documentation of the 1971 survey is contained in several large SATS volumes, which
also include summary data tables and maps. [REFERENCES. Subsequent to the 1981 survey, a
series of reports were produced by the DTSG which included data on both 1971 and 1981, with
data from both surveys. Records of screenline surveys, matrices, models, networks and maps have
not yet been established for the 1971 SATS data.

• 1981 Sydney Area Transportation Survey

The documentation of this survey is in two different forms. The survey forms, tapes, record
structures and coding conventions are available in DTSG reports. The 1981 data has also been
imported into a large scale relational data base (ORACLE) in a form compatible with the 1991
information. This survey covered personal travel. There was no survey of commercial or freight
vehicle movements.

The traffic zones have been geocoded in a form enabling queries to be posed to 1991 and 1981
data on exactly the same areas. The network and matrices have not yet been specified in either
number or storage format [REFERENCES - some at least of the matrices and networks are held in
EMME/2 format]. The models and some of the results are held in TSG reports.[REFERENCE.

• 1991 Greater Sydney Transport Survey

The forms, and the coding conventions are specified in printed form [REFERENCE]. The data
itself has been encoded into ORACLE in three relational tables: trips, households and persons, with
a further table with addresses held in a table quite separate from the three basic relational tables.

The relational data base (ORACLE) contains both the raw (unclean) data and the initial dataset after
cleaning. It can also hold multiple generations of manipulated data [REFERENCE checking on just
how much they actually have put into it]. Extraction of data from the relational data base requires a
series of scripts written in Oracle SQL. These are not entirely straightforward, as this, in common
with many other relational databases, is not built as a pure relational system. A number of practical
steps have been taken to vastly improve the performance. This is a common commercial practice,
but has the price of complicating the data extraction scripts and requiring careful documentation of
the relational data base design and the implications for design decisions.

This documentation is at present still incomplete. Much of the information exists in the form of
annotated files and scripts, but it is neither assembled in one place not complete as yet. This applies
to both the 1991 data and the version of the 1981 data that has been added to the relational data
base. It is estimated that a person week of effort would be required at this stage to assemble the
current partial documentation of the HIS relational data base.

The zonal boundaries have been digitised, and are held in ARCInfo GIS [REFERENCE_ yet to
check on the networks that should also be held in that form]. No documentation on the GIS has yet
been seen. At least some of the output matrices and networks are currently held in EMME/2 format
on disc [REFERENCE- some have been supplied for the calibration contract].

The modelling processes form part of a substantial (but unfinished) major documentation report.
There are several conference publications detailing the preliminary results of the 1991
surveys.[ATRF and AIPTM papers REFERENCES]
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The commercial vehicle survey is being analysed in collaboration with the RTA and the ARRB, and
therefore complete tape and file documentation is presumed to have been created and made
available to ARRB for this purpose.  [REFERENCE]

• Railway Survey Data

For some time, many of the queries made to the DTSG were about the railway data held by the
group (Wigan and Groenhart, 1990). [Details on this data, IF still held, is awaited]

• ABS Journey to Work data

The ABS journey to work surveys are held at DTSG in a basic form. For 1991 DTSG was part of
a consortium which obtained this information, and thus the DTSG holdings are comparable to
several other parties [REFERENCE check]. This data covers 1976, 1981, 1986 and 1991. The
DTSG took an active role in coding and collection in recent surveys, and have at least at some
points had extensive data holdings from this source [CHECKING with TSG on current holdings]

• Planning Data (Employment, Land Use, Population and Projections)

[The current holdings and the parties responsible for supplying them are being confirmed]

• Special Studies

DTSG has undertaken a number of special studies and surveys, such as the recent telecommuting
survey for the RTA. The forms in which the data has been retained and the coverage of the
documentation of this category of surveys has not yet been determined. Another survey, as yet not
fully analysed and reported was undertaken to evaluate the impact of the M5 tollroad. A before and
after survey was mounted.

2.4 AN ASSESSMENT OF THE EXISTING SYSTEM
The existing model system has many limitations. While it may have served some needs adequately
in the past when the focus was on investment if infrastructure to handle peak traffic, the emphasis
has broadened to an interest in traffic containment, multi-modal opportunities, the environment
(especially air quality and global warming), peak spreading, road pricing, the growing role of
substitution between travel and non-travel as part of activity attainment and the dynamics of
interactions between urban form and transport decisions both of an infrastructure nature and a
demand management nature.

The current DTSG set of modelling procedures might be best described as trip based, sequential in
structure, a lack of a time-of-day dimension, a limited set of explanatory variables, a limited
behavioural basis, the inability to address fleet mix evolution (critical for energy and air quality),
exogenous treatment in the main of land use, economic and socio-demographic input, trip
generation being unresponsive to congestion and pricing, and an inability to adequately allow for
the impact of new transport alternatives.

The limitations of the current model system are revealed in some detail throughout the consultation
process of this study, as detailed in the next chapter. Following the presentation of the findings
from the consultation program and the review of the state of the art in travel behaviour, data
development and forecasting models, we are in a good position to outline the essential elements of a
new paradigm for the DTSG’s modelling activity which maps much more closely to the client
bases needs for policy useful outputs.
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Chapter 3

THE CONSULTATION PROCESS
3.1 BACKGROUND
The overriding priority in the development of a Strategic Travel Information and Model System is
to establish efficient and effective linkages between the needs of the stakeholders and STIMS so as
to service these needs. The details of the specific analytical tools is secondary to this objective,
representing the translation of needs into behaviourally relevant models and supporting data. For
example, a need may be as simple as data on the number of goods vehicles (by vehicle type) using
the tolled motorways in Sydney. This is a descriptive statement of actual goods vehicle flows - a
data need which requires appropriate statistical presentation and supporting documentation on the
data. Another need may be of a more generic type such as an interest in local air pollution and the
requirement to be able to identify what policy instruments (transport and non-transport related) will
have the greatest impact on reducing local air pollution. This may be delivered in a number of ways
including the application of STIMS to produce suitable outputs; alternatively it may require the
DTSG providing data to a consultant employed by a stakeholder to advise them on the set of
potential policy instruments, using the consultants own analytical model system.

These examples highlight a main challenge for the STIMS - it must be sufficiently flexible in its
architecture to be able to satisfy a diverse set of needs ranging from the provision of basic
descriptive data (e.g. trip tables) to outputs from a detailed travel forecasting model system. The
starting point for the process of development of a data and modelling capability is the design of a
consultative process. Four groups of players are involved in this process: the stakeholders, the
advisers to the stakeholders (e.g. consultants), and the body of analytical and application expertise.
To capture the contribution of these players we have designed a consultative context as summarised
schematically in Figure 3.1.

The stakeholders, the wider client base, the analytical experts and the application experts all bring to
the design process necessary perspectives on the state of knowledge and its relevance at various
layers of decision making. Each set of consultative instruments has a very specific objective:

Stakeholder Interviews: The aim is to identify the policy-based obligations of the organisation and
the role that travel and transport information does play and might contribute in the future to the
planning and decision-making process.

Client Workshops:  The aim is to enrich the perspectives of the stakeholders and the ‘expert’ set as
revealed in the initial stakeholder interviews and the Delphi activity (round 1) by identifying,
through debate and discussion, the broader set of information needs of stakeholders and other
clients in the chain of participation in travel and transport planning and decision-making and the
most effective way of delivering the products.

Analytical and Application Experts Delphi Activity: The aim is to identity the state of the art and the
state of practice in all areas of information associated with travel models and travel data; and to
establish the important linkages between the state of play and its relevance to the transport planning
and decision-making process.
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Stakeholder
Interviews
(2 hours max.)

Client  Workshops:
3 workshops with:
20 invitees and
10 committee/ITS

Analytical Experts
Delphi Exercise
(~ 20 experts)

Selected from
International
Community

Experts in:
.  networks
. data needs
. data collection technology
. behavioural travel models
. behavioural location models
. equilibration procedures
. platforms - GIS etc.
. transport planning software
. Strucural Relatonships

Potential participants:
David Boyce
Howard Slavin
Ryuchi Kitamura
Peter Stopher
Huw Williams
John Roy
Ken Small
John Bates
Tony Richardson
Michael Florian
Tomas de la Barra
Francsico Martinez
Yoshitsugu Hayashi
William Young
Roger Mackett
Michael Wegener
Nariida Smith
Juan de Dios Ortuzar
Sergio Jara Diaz
Mark Bradley
Fred Mannering

Roads and Traffic Authority
Department of Transport
State Rail Authority
Sydney Buses
Treasury
Department of Planning
Local Government
Private Bus Operators
NRMA
EPA
Road Tpt Assoc of NSW

Participants:
B. Watters
John Walker
Barry Garnham
Steven Timbrell
Frank Jordan
Dr Joan Vipond
Bruce Macdonald
Keith Todd
Alan Finlay
Lisa Corbyn
Peter O'Connnor

Application Experts
Delphi Exercise
(~ 20 experts)

All of the above plus
consultants, academics
and other interested groups

Potential participants:
Peter Jones
John Brotchie
Phil Goodwin
Ken Ogden
Charles Lave
Keith Lawton
Marcus Wigan
David Stewart
Ray Brindle
Piet Bovy
Marty Wachs
Gordon Shunk
Sam Zimmerman
Ken Gwilliam
Chris Nash
Staffan Widlert
Hugh Gunn
Caralampo Focas
Ed Weiner
Liz Ampt
Said Easa
Scott Rutherford

Figure 3.1  The Consultative Context

An important distinction is drawn between analytical and application experts. The latter have often
‘evolved’ from the former, moving away from basic and non-policy directed applied research
towards policy-directed research-oriented applications. In some instances the application expert is a
manager of a team (residing in a government organisation, in a University or a consultant firm),
directing their activities, yet they have a wealth of knowledge of the appropriateness of analytical
and data tools in servicing the needs of a client base. By contrast, the set of analytical experts
includes researchers whose primary goal has been the advancement of the state of knowledge with
limited commitment to particular applications, at least in the first instance. The analytical experts
however are well positioned to identify the subsequent contributions of particular pure research
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activities which define the state of the art in future development of the state of practice. A good
example is the research in the 1970’s in discrete choice models of the logit and nested logit form
(McFadden 1979) which became state of practice application tools in the 1980’s. Stated preference
and stated choice research in the 1980’s (Louviere and Hensher 1983) is now seen in the state of
practice in the 1990’s, with many recent travel demand studies including a stated choice experiment
(Hensher 1994, Carson et al. 1994).  The remaining sections of this chapter outline the details of
the range of consultative procedures.

3.2 THE STAKEHOLDER INTERVIEWS

3.2.1 Background

The stakeholder interviews are used to identify current uses of transport and planning data, with
particular reference to types of information, the form in which it is made available, the source(s),
who does the work in the organisation with the information, how the information is used in
applications and how it contributes to the planning and decision-making process. Specific
applications are drawn on to identify issues which are not able to be (adequately) addressed with
the available data and models - ‘holes and gaps’, barriers to securing suitable information, and
looking to the future - the types of planning the organisation would like to be involved in and the
information requirements necessary to be able to achieve the planning outcomes. Identification of
key research questions of the organisation are highlighted with a current view on the types of
information required to assist in answering these questions. A wish list for the future is identified
as well as views sought on how one might restructure the DTSG to improve its service role.

A face to face interview up to two hours was undertaken with 11 key stakeholders in NSW, drawn
primarily from the government sector and major non-government users of travel information and
models. See Appendix A for a list of participants. Each stakeholder interview was conducted by
David Hensher and Tim Raimond of ITS. To give some minimal structure to the interviews a series
of prompt statements were made available to each stakeholder; recognising that as the interview
unfolds that the discussion is likely to move between the prompts and even introduce new issues.
The structure of the interview is as follows after a letter (reproduced in Appendix A) had been
mailed with an indication of themes of the interview:

1. Definition of Transport Information and Modelling Systems (to ensure we all understand 
the  context)

2. Key research questions your organisation is interested in at present and in the last few 
years

3. What use you/your organisation makes of travel data and models in planning/policy etc
4. Where information is sourced from for planning/policy advice
5. Past experience in accessing particular types of information (Frustration and satisfaction) 

e.g. what it is, who you dealt with, how long it took to get the material and the extent to 
which the material was suitable or a compromise)

6. Your views on the preferred means of accessing travel and transport information or models 
(Wish list of types of information you/your organisation would find particularly useful)

7. Particular types of information questions which you cannot get answers for
8. General and open discussion - other issues and comments

A discussion paper for prior circulation to participants in the client-based workshops is one output
of the stakeholder interviews. This discussion paper was divided into six themes, each of which are
addressed in the next 6 sections of this chapter. At the conclusion of the discussion of each theme a
number of Theme Discussion Statements (TDS)’s are highlighted. The TDS’s were used to seed
the discussion and debate during the workshops. The workshops provided the final formal
consultative input.
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3.2.2 Policy Issues and Links with Travel Information and Model Systems

Stakeholders were asked to identify key policy issues which are important to their organisation
today and/or in the future, and which would benefit from information produced from travel surveys
and enhancements in the form of interpretative analysis of data and the application of calibrated
travel models. Although the emphasis was on any relevant policy issues, stakeholders in the main
tended to focus on high agenda issues which are not serviced adequately by currently available
transport and travel information.

Table 3.1 lists some of the primary data needs to assist policy development which were emphasised
by stakeholders. A distinction is made between very specific policy issues (e.g. parking policy at
the local government level) and broad-based policy concerns (e.g. employment location trends in
metropolitan Sydney). The information linked to the latter concern has many policy-specific uses.
Requests for better information on non-commuting travel activity, the incidence of multi-purpose
trip making behaviour and the spatial profile of freight movements by vehicle type, cargo type,
volume and value, are examples of the broad base of data required which can be used to assist the
investigation of many policy issues. In Table 3.1 we have attempted to represent the interpretations
of policy at various levels of specificity or generality.

There is a rich and diversified set of travel information needs, broadly grouped into (i)  descriptions
of the current (ie. base) and historical (ie. trend) profiles of spatial travel patterns in the passenger
and freight vehicle markets, disaggregated by trip purpose, mode, vehicle type, time of day, day of
week, season and socioeconomic class. For freight movements the nature of the cargo by volume
and value is added. Multi-way trip tables best describe the outputs; (ii) forecast ‘descriptions’
compatible with the base year multi-way trip tables; (iii) interpretative analysis of the descriptive
base and trend travel data; (iv) interpretative analysis of what if... data, and (iv) prediction and
forecast outputs of a decision support system driven by a set of travel, location and vehicle models
which is capable of tracking through the fuller impacts of policies under investigation. The range of
outputs of interest are extensive although the critical outputs include impacts (by OD, mode, trip
purpose, time of day) on vehicle kilometres, vehicle trips, emissions, government revenue,
accessibility, income distribution (i.e. equity) and end user costs.

Many stakeholders desire some analysis of trends in transport and travel over time. Almost all
indicated an increased interest in understanding the nature of freight movements, especially the
origins and destinations of freight vehicles, and the main routes used. The environment is a high
agenda policy issue, related to understanding the contribution of the current transport system to air
quality, global warming, noise pollution and damage to property and individuals. Many agencies
are increasingly focusing on the relationship between transport policy, movement patterns and
urban form (shape, density), which requires a much richer data base of location and travel data than
is currently available in DTSG. The influence of location decisions associated with the supply of
jobs, and the release of land for residential, commercial and industrial activity has a profound
impact on where people live, where they work, where the commodity flows have to be concentrated,
and hence the efficiency of the existing transport system and the needs for further investment.
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Table 3.1 Key Policy Linked and Information-Based Issues

Travel Information Specific Policy Issues (Illustrative)
• Travel profiles by OD, trip purpose, time of day, day

of week, season, mode and socioeconomic class
for base year (and forecast year)

•  Role of public transport (vs roads)
•  Likely impact of pricing policies
•  Public transport route planning
•  Knowing one’s market and reacting
•  Potential role of mini-buses/hail n ride)
•  Evaluation of traffic on existing road links
•  Evaluation of major projects (eg M2, LRT)
•  Capital works programs
•  Determine if asset upgrade and/or investment i s

economically justifiable
• Freight movements (OD) by truck type, cargo type,

value and volume
• Freight route evaluation, traffic density
• Health/air, noise and water issues
•   Evaluation of traffic on existing road links
•   Evaluation of major projects (eg M2, M5)
• Economic connectivity and cost
• Determination of generating points
• Corridor evaluation studies
• Plotting freight routes for operators
• Influence of constraints (delivery windows, factory

hours etc.)
• Trends in passenger and freight movements

Passenger:
OD, vkm, trips, vehicle types, by time of day,

season, day of week and household type (life
cycle, income etc.)

Freight:
 OD, truck type, cargo type, value and volume by time

of day, day of week, and season.

• Changing role of public transport
•   Environmental implications
• Impact of changing social patterns on travel (shop

opening hours, flexi-time, weekend retailing etc.)
• Impact of changing economic conditions on travel-

recession, boom times etc.
•   Social equity issues
• Regulatory structures
•   Microeconomic reform directions, monitoring
• Understanding past trends to complement the

modelling of future trends
• Peak spreading and its implications
• Development of performance indicators
• Setting market share targets in PT agencies (eg.

50% commuter share to CBD)
• Impact on and of urban development

• Vehicle kilometres and trips by location (grid
square) and vehicle data (age, fuel efficiency), hot
and cold starts

• Env i ronmen ta l  po l i cy  inves t iga t ions :
photochemical smog, greenhouse

• Trends in land use density by type (residential,
commercial, industrial etc.) and travel patterns by
mode and location

• Transport/land use interaction
•   Public transport (PT) service planning
•   Greenfield sites and early role of PT
•  Implications for the journey to work (where are the

jobs by type)
• Monitoring urban consolidation and decentralised

land use by travel impact
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Table 3.1 continued
•  Residential and workplace location OD activity by

time of day and socioeconomic class
•   Evaluation of commuter traffic
• Spatial/temporal impact of changing work practices
• Impact of changed work conditions on travel
•   Changing employment opportunities

•   Activity Information to complement trip diaries • Time spent at the shops, at work, at entertainment
locations and implications for parking policy
(charges and space)

• What if data (eg stated preferences) for many
applications (eg role of LRT, busways, toll roads,
congestion pricing, carbon tax, major changes in
level and mix of fare classes, alternative densities
of residential and workplace locations, regional
centre scenarios, job centre scenarios)

•   City centres policy
• Alternative fuel vehicles
• Equity implications of transport policy
•   Changing patterns of traffic
• Efficiency implications (revenue, consumer

surplus, user cost, accessibility, emissions,
energy etc.)

• Control strategies to effect changes in air quality
(road pricing, fuel taxes, parking restn’s etc.)

• Understanding past trends to complement the
modelling of future trends

•   Indicative of  urban form and economic activity

• Incorporating policy relevant variables in
interlinked location/travel and vehicle models:
Modelling Systems

•  Recognition of interdependencies of land use,
travel and environment

• To evaluate the complex inter-relationships
between land use, travel and the environment (eg
impact of alternative land release strategies, rail
vs road investment)

• Behavioural understanding of travel/activity
patterns (descriptively, interpretation of data,
formal modelling of what is and what-ifs)

•   Attitudinal and opinion surveys

• Wide range of policy investigations
• Direct and cross elasticities of alternative fare

levels and class policies for PT
• Competition policy
• Deregulation of taxis
• What is demand and how do we provide for it.

The two illustrative policy issues below highlight the very specific and the very broad interests of
stakeholders: (i) car park space in the outer west currently costs $13,000 per space. What policies
would get people to change their parking practices and hence save the Council parking space? This
requires detailed micro-level modelling and basic data on what is currently the usage rate of
parking. (ii) Budgetary aspects of transport planning are central to the responsibilities of agencies
such as the NSW Treasury. Are the forecasts of travel demand sound? Within the context of total
asset management and decisions on the use of existing and potentially new transport infrastructure
investment, efficient resource allocation requires an understanding of the impact of government
policies on costs and revenues.

Stakeholders are increasingly showing a greater interest in the system wide benefits of transport
investment rather than the historical and contemporary orientation to a mode-specific assessment of
options and outcomes. All agencies with a dominant modal perspective respect the need for a
greater emphasis on a multi-modal approach to policy making. The interface between passenger
and freight travel movements has also been highlighted; for example through the use of passenger-
based policies such as the establishment of busways which might take some cars off the road and
allow some limited access for freight vehicles, giving a benefit to freight movements.

Theme Discussion Statements:

TDS11: DTSG should develop a wider interpretation of policy-relevant travel data,
encompassing the demand-side and supply-side characteristics of activity locations and all
transport modes (public and private, passenger and freight)

TDS12: DTSG should regularly canvass its customer base to ensure that it keeps informed about



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 25

the important policy issues that require transport information and models

TDS13: DTSG must give significant weight to the tasks of providing base and trend multi-way
trip movement tables, interpretative analysis and reporting as derivatives of the tabular
preparation exercise, the development of niche surveys to increase understanding of the impact of
policy (what if or scenario surveys), and the development of a decision support system whose
behavioural base is a set of location, travel and automobile models capable of evaluating the
wider set of policy issues represented by the set in Table 3.1.

3.2.3 Data Sources and Requirements

The major sources of travel data in NSW are obtained from the DTSG, the ABS, the RTA, the
Bureau of Transport and Communication Economics (BTCE), the Australian Road Research Board
(ARRB), University studies, Energy data bases, Government Papers and In-house surveys.  The
primary source of travel data (predominantly urban travel data) for NSW is the DTSG and
supplementary surveys usually undertaken by consultants and Universities. The ABS census is
useful for a very limited set of travel data on modal split for the journey to work by residential and
workplace location, but is totally deficient for the growing non-commuting market. Despite this, it
is one of the most widely used transport data sources used by the stakeholders because of its ease
of access, high quality documentation and support services. In recent years, the pricing of such data
has improved market accessibility. DTSG currently is the only source of travel data with sufficient
spatial coverage across all passenger travel and freight movements, and is perceived by stakeholders
who are aware of the travel survey activity as the primary source for such detailed travel data.

3.2.3.1 Past DTSG Role

The 1971 Sydney Area Transport Study (SATS71) is regarded as the beginning of a systematic
approach in NSW to the collection of spatially representative travel data. The 1981 and 1991 travel
surveys repeated SATS71. The main outputs from all three surveys are a set of base year and
forecast year trip tables for the 2-hour am peak for home-based work, home-based other and non-
home-based work trips for public transport and the automobile (see Chapter 2). Selective
information has been produced over time for freight trips. The 1971 and 1981 tables have been
used extensively by the Roads and Traffic Authority to evaluate traffic on the existing road network
and in contexts of significant new road investment such as the Harbour Tunnel, the M5, the
Warringah Freeway extension, the Kyeemagh-Chullora Road Inquiry and the F2. Together with
the highway and public transport networks (which give detailed levels of service for the 2-hour am
peak only), and a suite of traditional (almost first generation) zonal based travel demand models
representing trip generation, trip distribution and commuter modal split, traffic has been loaded
onto the peak networks to obtain forecast year trip tables under a status quo scenario and a change
scenario.

The 1971 and 1981 travel survey unit records were released to consultants, government agencies
and research groups who used the data extensively to develop travel models and undertake a large
number of forecasting exercises, in addition to undertaking interpretative analysis with the base
data. Much of the analysis was fed back to the government sector, giving the DTSG an important
additional source of intellectual capital. The 1991 survey data has yet to be released; one report is
available (as a reprint of a paper presented by the previous Manager of DTSG to the Australian
Institute of Traffic and Planning Management National Conference in May which gave a detailed
profile of travel in Sydney. A series of papers on methods were presented at the Australasian
Transport Research Forum in 1992 in Canberra). It is against this background that the
Stakeholders in the main comment on their expectations of travel survey data in the context of the
role of DTSG.  

Few stakeholders have historically accessed DTSG data, even though the travel survey data (when
known) is considered to be of high quality. However there are some stakeholders with limited
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knowledge of the data who expressed a concern that a reason for the non-release of the 1991 data
may be that the data is of poor quality. Gaining access to travel survey data is a major complaint of
stakeholders, although the degree of access required (ie detail of information) varies greatly within
the stakeholder set. It ranges from simple trip tables (OD by mode by trip purpose) to access to the
unit record data for stakeholder analysis on an ongoing basis. Many stakeholders found that there
was always some reason why the release of information from the 1971 and 1981 surveys that they
required was delayed, while others simply had no knowledge of what was available. These
limitations on information about the travel surveys in-house has meant that the recent history of
dealings with DTSG have been sparse.

Those who have accessed the 1971 and 1981 DTSG trip tables have used them to make inferences
about the contemporary state of travel behaviour. Examples were cited where these tables have been
useful. The NRMA, for example, uses tables of trip purpose by primary mode to make statements
of the likely impact on road traffic and use of public transport of fuel taxes, road user charges and
public transport fare policy. They combine a knowledge of traveller response to prices (ie.
elasticities) to infer impacts. They also use the data to show the role that public transport currently
has and the importance of a good road system in supporting the transport needs of the majority of
travellers (including freight vehicle movements). The RTA uses base year and forecast year trip
tables in most investigations into local area road projects. Both organisations have undertaken their
own interpretative analysis of ‘policy neutral’ trip tables. Some stakeholders also occasionally seek
advice from the DTSG on current trends or forecasts. Overall, however most stakeholders have had
little interaction with the DTSG in recent years. The NRMA expressed the view that the trip tables
provided on request were often available from a limited number of DTSG pre-specified trip tables;
while variations were possible, the delays in receiving such tables were such that stakeholders
tended not to ask for more useful outputs (although the RTA was a clear exception).

Comments representing the general perception of DTSG’s role as a supplier of travel survey data
are:

“ The data is very big, very cumbersome, always too late”
“ Wasn’t the TSG disbanded 5 years ago?”
“ When the TSG moved to the RTA, it became a service for the RTA”
“ Information was always about to come”
“ We simply do not know what they have”
“ We started doing our own modelling and forecasting because we lost faith in the

TSG models and forecasting”
“ There is still not enough data exposed to users to stimulate going further into it. We

need to know what is available”
“ If the DTSG data was available more often and with greater currency, we would

not have to employ a survey firm to duplicate ‘non-available’ data”

3.2.3.2  Desired Future DTSG Role

The diverse set of policy issues documented in Table 3.1 represent the stakeholder’s combined
view of the broadening role required of the DTSG as the major source of travel data in NSW.
Stakeholders see a balance between the responsibility for base travel data collected under the data
collection strategy detailed below, interpretative analysis of base data, extensions of base data to
incorporate ‘what if...” surveys and the development of a modelling strategy embedded within a
decision support system capable of integrating revealed and stated preference information. This
package of capabilities is designed to ensure that the DTSG is policy useful for the wider set of
stakeholders.

An important element of a service delivery strategy is the integrity of the DTSG as a provider of
credible information in its various guises. Regardless of the context of service supply, DTSG
currently lacks a customer focus. The stakeholders commented extensively about the need for
improved communication and marketing skills. The DTSG could learn some lessons from the ABS
on how to market the availability of data, how to keep their customers informed of progress, and
how to stage the release of information. The current DTSG position of not releasing any
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information from the 1991 travel surveys until all the data was available should be replaced with
sequential release of data at various spatial levels of detail.

Tabular data will continue to be a requested form of data; however the stakeholders proposed much
more flexibility in the way the DTSG supports requests for a wider range of tables. Tables with
more dimensions as suggested in column 1 of Table 3.1 are needed within a more reasonable time
period than is currently possible for much more simple multi-way tabulations. There is a need to
review the current structure of data and the relational data bases on the computer system to identify
the sources of delay.

Access to unit record data with confidentiality items removed is seen as essential to both expand the
opportunities for stakeholders to determine their own interpretative data needs and to undertake
model estimation, as well as a measure of confidence in the quality of the travel and network data.
Any strategy of suppression, by directive or for whatever means, is frequently interpreted by
stakeholders as an expression of the lack of integrity of the data base and by inference, the DTSG.
Increasingly metropolitan planning agencies worldwide are making unit record data available to the
research community, recognising that this is a very cost-effective way of gaining knowledge of the
transport system through ‘free’ model estimation and application activities.

Theme Discussion Statements:

TDS21: The DTSG should broaden its obligations to its client base to develop a capability to
collect ‘what if ...’ data to supplement the descriptive ‘what is...’ trip data as well as to
reorientate data to emphasis activities rather than trips per se.

TDS22: The DTSG should be prepared to stage release data in both tabular and unit record
form, learning from the experiences of the ABS.

TDS23: The DTSG should complement its development of a broader set of more policy useful
data bases with an appropriate information strategy to keep its customers well informed.

TDS24: DTSG must be credible to all groups to avoid disaffected groups developing their own
data (plus networks, models and forecasts). Rival allegiances to alternative sources of data is
counter-productive.

TDS25: the DTSG should become the recognised repository for agreed travel and network
information for NSW.

3.2.4 Beyond Basic Travel Data: Other Information Outputs

Stakeholders identified several dimensions to define the core business of DTSG (Figure 3.2),
which are reflective of the discussion in Section 3.2.2. In this section we take a closer look at the
range of proposed core activities.

3.2.4.1 Interpretative (Policy) Analysis

In addition to the collection and preparation of base travel data, it is perceived by the stakeholders
that the DTSG has historically focused on model development at the possible expense of the
opportunity to undertake simple and policy-useful interpretative analysis of the base data. Formal
quantitative travel models have an important role (see below), but so does more qualitative
interpretation of tabular data. The following example was given by one stakeholder to highlight this
distinction:
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“If the Minister of Transport decides he wants to know what would happen if public
transport service levels were improved, what sort of information could he get on the
likely impact without resorting to a major modelling activity?

Using raw DTSG data, we could find out who uses public transport, where they live, and
how far they travel. From such data, the Minister could get a view of the likely impact of
such a policy. If he wished to pursue it further, some service elasticities could be applied
to obtain a partial measure of the likely impact on patronage.

It is only at this point, if the Minister still wants to pursue the idea, that the strategic
model could be used to look at the wider implications of the policy.”

This data analysis activity, called interpretative analysis, was perceived by many stakeholders as
the most frequent analysis they would ever require. Many felt that they had enough trouble
obtaining quality data on what was happening now, let alone what might happen in the future, so
such interpretative analysis skills were initially what was required from the DTSG. Such
interpretative support and the timely delivery of such outputs is currently absent. This interpretative
analysis is not a substitute for all client interpretative activity. For example, local government often
brings an added dimension of interpretation which is not observed at the centre - the “... centre can
provide the spanner, and local government transport planners can wield the spanner”.

3.2.4.2 Projections as a Data Interpretative Analysis

Beyond interpretative analysis is another step before formal modelling, called projection analysis.
Some stakeholders saw a role for DTSG in projecting interpretative analysis on the basis of current
trends (which is similar to ABS forecasts in the assumptions used). Individual agencies could alter
the assumptions based on their own specialised knowledge of likely future policies, but the DTSG
should make their projections in a statistical manner in order to maintain integrity. These
projections could become the default set.

3.4.4.3 Strategic Travel Models

The final step in the information hierarchy is strategic planning models. The view was expressed
that DTSG has tended in the past to spend too much time estimating and calibrating a very limited
set of policy-based travel demand models which are out dated by the time they are available; and
that they are never available in a form which is useful in assisting the policy process. Many
recognised the usefulness of models within decision support systems (DSS’s), though some felt
the development expertise should reside outside the DTSG, but the DTSG must have in-house
expertise in the use of such DSS’s.
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depth of 'local' knowledge of their future plans

Statewide Model System

Figure 3.2 A Popular option for the core business of the DTSG

Model estimation, calibration and application is not well understood by the majority of
stakeholders. The historical lack of demonstrating the value of statistical models in applications has
given them a rather dubious reputation. Some stakeholders would like to see far more consideration
given to making travel models more user-friendly and embedded within a decision-support system.
Then we can see how such models can provide information which may complement tabular data, to
provide another source of information to evaluate the many policy issues which are not adequately
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evaluated through interpretative and trend analysis. Many examples of policy issues which
stakeholders believe are appropriately investigated with the support of a modelling paradigm were
mentioned. The following topics represent the set of useful modelling-based application areas:

Issue 1: Is consolidation a good thing, and/or should we be releasing land at the fringe? If we
invest in new public transport infrastructure (heavy rail, light rail, busways) and/or improve the
levels of service of the existing public transport facilities, what impact will this have on urban form
and car use. The current evidence remains controversial, possibly based more on beliefs than facts.

Issue 2: Why are we not building more rail systems in particular corridors than toll roads?

Issue 3: If we eliminate one or more rail stations, what will be the benefit to current and potential
rail users? If we speed up the trains to give faster point to point service between OD pairs, what will
this mean for public transport demand and modal share? (It was pointed out that the current set of
DTSG mode choice models are limited to a choice between car travel and public transport. The
treatment of all public transport as one mode is clearly very limiting and invalid. This makes the
model system worthless for the State Rail Authority. The failure to cope with multi-modal
interchanges is a major deficiency).

Issue 4: Will we gain greater use of public transport by having more offices and commercial
activity around a rail node, or by having more people live around a rail node?

Issue 5: What if we build a metropolitan link for the national highway through Hoxton Park - what
impact would it have on accessibility, land values and job shifts?

Issue 6: What is likely to happen to the freight traffic if we were to change the opening hours of
delivery centres throughout the metropolitan area?

The stakeholders as a whole expressed the strong view that the DTSG should undertake policy-
based modelling and applications as a pre-emptive activity so that it is in a good position to
contribute to the transport debate in a timely and effective manner. Procedures must be in place
which reflect an ongoing initiative to be current and to offer advice through research and report
preparation on the big policy questions, and not wait until some agency requests supporting
information. This pro-active (in contrast to re-active) approach will ensure that the suite of model
and data needs are kept up to date and are policy-useful. There is a view that the DTSG has to
move away from the very rigid and highly aggregate travel model system currently in place which
has little policy relevance (see Chapter 4). One stakeholder commented that “... the current 4-step
model seems lost in the wilderness with no policy-based motivation”.

Essential to the new paradigm is a richer specification of the set of dependent variables (ie.
endogenous variables) in the model system as well as a much larger number of explanatory
variables which have links to policy impacts. It was recognised however that the requirement for
greater policy coverage must be placed in the context of the broader set of stakeholder needs.
Investing DTSG’s modelling and application resources into this richer specification of a decision
support system must be balanced against the needs of some stakeholders for more simple trend
modelling outputs such as car ownership and fuel revenue forecasts which require relatively simple
(almost stand-alone) models. A program of staged model development, estimation and application
would be required to ensure that stakeholders are not faced with major delays (yet again) in
obtaining the outputs of a more policy-useful model system. One suggestion for a staged program
was that the location and automobile models be treated exogenously while the travel models are put
in place, then the location models could be developed followed later by the automobile models (the
latter primarily relevant to energy and environmental issues).

The general lack of awareness of the usefulness of formal planning models is illustrated by a
comment from a stakeholder that:

“... modelling outputs are nice to have... if they can add value to the current set of transport
applications (eg the impact of a new orbital road on land use plans); but that we as
stakeholders have limited familiarity with travel models and so are not in a good position to
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judge both what is available and how suitable it might be for our needs.”

Many expressed the view that the DTSG should develop its own model estimation and application
expertise at least to a level that enables in-house staff to be able to explain and justify/query a
model/decision-support system — a black box is of no use to them. Furthermore it was suggested
many times that many stakeholders did not have the set of skills to undertake the appreciation of
the model system currently used by the DTSG, and that they should not need to have such skills if
the DTSG were able to provide advice which is at a level sufficient to demonstrate some
appreciation of the underlying approaches used to obtain requested outputs. The provision of
model results via a decision support system was strongly supported. A number of stakeholders
thought that an on-line DSS should be considered for some of major agencies such as the SRA,
RTA, STA and EPA, where a relatively strong analytical skill based currently resides. This would
have the advantage in time of minimising the number of requests from the agencies which are likely
to make most use of the DTSG. These are very important points, raising the question of what role
stakeholders can play in guiding the development of travel model systems. A decision-support
system would need to be able to document the assumptions and techniques used for interested or
concerned users via the use of pull down menus.

Some very specific areas of travel modelling were mentioned throughout the stakeholder interviews.
There is a need for more attention to modelling non-commuting travel activity, with a distinction
between discretionary and non-discretionary non-commuting travel. The need to understand the
decision-making process underlying non-commuting activity was highlighted. Modelling freight
activity was another suggestion.

The broader issue of valuation of the environment through the use of techniques such as stated
preference methods was referred to on a number of occasions, since externalities (e.g. traffic
congestion, traffic noise, air quality and global warming) now play a very central role in transport
and land use integration - the need to identify how travel behaviour is influenced by strategies to
reduce the externalities is critical to an evolving land-use/transport strategy. Conventional travel data
is essentially descriptive — it needs to be supplemented by data of a scenario or “what if” nature.
Indeed the whole issue of more innovative data collection strategies such as stated preference
experiments which give new meaning to the evaluation of the big issues was cited many times by
the stakeholders.

The SRA stated that “....Stated preference methods must be an essential feature of travel surveys”.
Armed with enriched advice from state of the practice tools such as stated preference and revealed
preference data based travel demand models which give confidence not only in explaining ‘what
is...’ but also in explaining ‘what if...’, stakeholders will feel more confident in being able to
comment on and/or refute statements made by community and other organisations which are often
based on statistics of dubious interpretation. For example, the recently cited increase in noxious
gases associated with the building of the extension of the M5 (which appeared to be gross
estimates rather than net estimates which account for traffic diversion). The availability of a well-
documented and behaviourally plausible decision support system (which is easy to access and use)
will be a major step forward in making the DTSG policy useful (and more credible) to the wider set
of stakeholders.

3.2.4.5 Spatial Decision-Support Systems: Bringing it all Together into a Policy Useful
Operational Tool

Taking stock of all these comments, it seems that what might be required is a set of strategic
planning models which can be embedded in a decision support system. It would have to go beyond
the traditional 4 step travel modelling approach which exogenises many land use and behavioural
variables to include locational models, vehicle models, and an expanded set of travel models. The
need to broaden the definitions of a travel model system to incorporate locational (ie. land use) and
automobile choice models was mentioned by all stakeholders. Such a model system, including
policy relevant variables, was perceived as being far more useful than the current DTSG models
because of the ability to ask the big “what if” questions. Almost all agencies and levels of
government expressed a wish for the ability to undertake scenario modelling with such a model
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system embedded within a user-friendly decision-support system. This would mean they could
look at the wider impacts of decisions they were making in their portfolio, without having to be an
expert in all those other fields.

For example, when deciding whether or not to pursue a policy of urban consolidation, an agency
could go to their desktop computer, change urban form in the model structure and then obtain
indicative outputs ranging from changes in vehicle kilometres, modal split, noxious gas emissions,
accessibility, government revenue and energy consumed. While such results should not be the sole
criteria in decision-making, they could at least indicate the direction of change and thus be an aid in
decision-making. The emphasis on indicative directions of change (with very approximate
forecasts) rather than the accuracy of the forecasts was seen by a number of stakeholders as a more
appealing way of justifying the value of formal models.

It was suggested that as well as evaluating policy initiated options in this way, the DTSG should be
pro-active in initiating its own scenarios which it feels will be or are relevant, and these could be
presented at conferences and the like to encourage debate. In this way, the DTSG could maintain its
professional credibility within the transport community.

Theme Discussion Statements:

TDS31: DTSG should use the travel information base as a pre-emptive policy tool, to not simply
provide information but to interpret it. This is a core value added activity.

TDS32: DTSG should move from an almost total emphasis on ‘what is...’ models to a stronger
capability in modelling of ‘what if...’ . This re-orientation will be more policy-useful.

TDS33: DTSG should develop a strategic level modelling capability in a pro-active mode of
policy relevance, to assist the debate on the big strategic issues such as rail corridors, the future of
urban consolidation vs decentralisation, road pricing, toll roads etc.

TDS34: A decision-support system in which a behaviourally useful model system is embedded is
an essential tool of the DTSG which should be made available to stakeholders and other clients
either via advice or on-line.

TDS35: The DTSG should develop a staged program of model development, estimation and
application in order to ensure that the model system is both policy useful and available to the
stakeholders in a timely manner.

3.2.5 Travel Surveys: How Often and What Content?

The DTSG has historically focussed on the collection of data over a 10-year cycle, designing a
stratified (geographically) random sample travel survey of a large sample of households. The 1971
survey was specialised to the Sydney metropolitan area; the 1981 and 1991 surveys increased their
geographic coverage to include Wollongong, the Central Coast and the Blue Mountains.
Commercial vehicle and cordon surveys have complemented the passenger oriented household
surveys. The central feature of the latter is a one-day trip diary for each household member and a
summary of the socioeconomic characteristics of the household. There is no attitudinal data or
‘what if..,’ behavioural responses (although the workshops revealed that some attitude question
were asked in 1981 but they were never analysed or released). The survey data is processed and
weighted up to the sampled population. Together with updated am 2-hour peak traffic data on
network levels of service for the highway and public transport system (with no distinction between
types of public transport), a set of traditional travel demand models are estimated and calibrated to
the am peak baseline commuter traffic. In 1981 the modal split model was estimated at the
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individual traveller level but was adjusted extensively by a number of socioeconomic factors to
enable the estimated model to be calibrated at the traffic zone level for input into a traffic
assignment package such as EMME/2 (see Chapter 2).

The majority of stakeholders had very clear views on the nature of their data needs and the extent
historically to which the DTSG was able to satisfy their requests for information. A distinction was
made between requests based on the 1981 survey and the 1991 survey. Indeed the 1991 data has
yet to be released in any form. Stakeholders who still request data make their interpretations on the
1981 data, now 13 years old. Stakeholders without exception remain concerned about the currency
of travel data (assuming it is accessible). Two very strong views emerged: (i) base travel data must
be meaningful, long lasting, current, regular and free of the political process (at any level of
government and bureaucracy) (ii) the 10-year ‘big bang’ survey strategy should be abandoned in
favour of a rolling program of travel data collection, passenger and freight, with a broadening out to
accommodate both ‘what is...’ and ‘what if...’ information.

The large survey every 10 years was raised by all stakeholders. There was a unanimous view that a
survey over a regular time cycle was a good idea, although 10 years was too long a gap. There was
some discussion about the role that the ABS may play in the future either through more questions
on the census (especially in regards to non-commuting and linked journeys to work), and the
possibility of Federal Government involvement in a national urban and non-urban travel survey
(given their interest in better cities). However, most discussion focussed on the possibility of some
sort of rolling survey where a few geographical areas were being sampled at any one time, with
areas which undergo greater change being surveyed more often. For example, some of the middle
suburbs of Sydney are fairly stable, while outer areas like Penrith are changing rapidly. The
currency of data is thus more important for an area like Penrith. The workshops debated the idea of
sampling different locations at each survey point and supported a complete spatial coverage each
time so that the data has greater use each year.

There was a strong view that we need regular core data and a capability to undertake specialised
surveys as required — “With all money often in the big 10 year survey we are fund-strapped”.
Treasury is always concerned about the currency of data - credibility requires currency at a level
not available from 10 year surveys except in the early years (up to 3 to 4 years). These issues are
explored in the Delphi activity (see section 3.4). The issue of comparisons over time of travel
activity was mentioned many times, with a strong desire to support both the creation of a mix of
travel surveys (i.e. a household panel, a firm panel, a once-off single cross-section on a niche
application etc.) but with an agreed set of definitions of key data to ensure comparability. Better
documentation at the time of a survey would avoid the problems of interpretation now faced by
users of the 1971 and 1981 travel surveys and, when available, the 1991 survey.

The regular large survey was seen by some stakeholders as a product of the ‘master plan’
philosophy, and of somewhat limited usefulness for short run policy-hot issues. An ongoing
transport panel would be a suitable instrument for this purpose. With the rekindled interest and
commitment to an integrated transport and land use strategy centred not on the grand plan
philosophy but on coordination and flexibility within the context of desirable directions of change,
there is a recognised need for some more regular collection of travel surveys with less detail that the
historical 10-year survey (3-5 years being suggested by most stakeholders), supplemented by
specialised surveys to accommodate specific inquiries.

The smaller but regular general travel survey might take a number of forms: it could still contain the
detail of the 1991 survey but administered to a smaller sample together with other data sources
such as a cordon survey to get suitable trip table data (remembering that the costs of data collection
are heavily skewed historically towards the self-administered drop-off and collect/check travel
survey). The workshops were not supportive of cordon surveys (see Chapter 5). This survey can be
repeated every 3-5 years or alternatively follow the lead of the VITAL survey in Melbourne which
is a continuous survey over time such that each year approximately 6,000 surveys are compiled,
giving a rich data base both at a point in time and over time. With a knowledge of sampling theory
beyond simple random samples and stratified random samples, it is possible to preserve the
richness of data through more sophisticated sampling strategies (e.g. activity-based sampling) and
to weight the sampled observations back to a representative sample of the population prior to
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aggregation to the population as a whole.

Several stakeholders stressed the need for seasonal data, so something along the lines of a rolling
12 month survey could be explored. A popular suggestion was to survey geographical areas in the
greatest state of flux (eg. Penrith) more frequently than more stable areas (eg. North shore) so as to
ensure data was as relevant as possible for policy decisions. Table 3.2 indicates how such a rolling
survey program could be structured in terms of timing.

Table 3.2 Structure of a Rolling Survey Program

LEAST
OFTEN

MOST
OFTEN

MEDIUM
FREQUENCY

Stable Area

Changing Area

High
Predictability

Low
Predictability

The instrument for such a program would initially be a single cross-section, but such a program
will undoubtedly lead to repeated cross-sections, and if desired, panel data. There was universal
support from stakeholders for such a rolling program, and one noted that it would be much easier
to obtain funding for a continuing small survey program than a big survey every 10 years. The use
of cordon surveys with a reply-post paid card which requests data on OD, mode, purpose, time of
day, vehicle type and travelling party composition is a cost-effective way of securing good spatial
data (although doubts were expressed in the workshops about cordon surveys). These few data
items are sufficient to generate trip tables for passenger and freight movements. With a regular
cordon survey in place, the need for a large travel survey is essentially gone.

There was some support for an ongoing series of smaller strategic surveys to evaluate the impact of
possible future policies and urban forms on the transport sector and vice versa. Different urban
development policies and travel demand management measures could be investigated using
strategic, experiment-based (e.g. stated preference) surveys, though there was some concern that
such surveys would serve purely political ends.

Theme Discussion Statements:

TDS41: Instead of a regular 10 year survey, DTSG should conduct a rolling program of surveys
in which areas of greatest flux and/or where change is not so predictable be surveyed more often
than more stable or  more predictable areas

TDS42: A regular trip-specific cordon survey (reply post-paid card) seeking OD data, trip
purpose, mode, trip times etc. is the best way of collecting base spatial data for passenger and
freight trips. When complemented by a smaller but regular repeated cross section (RCS) travel
survey with ‘what is...’ and ‘what if ...’ questions and a rotated panel off of the RCS, DTSG will
be able to provide the richest form of data.

3.2.6 Information Awareness and dissemination

Five questions were raised many times throughout the interviews:

• What data is available?
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• How do I get it?
• When do I get it?
• What will it cost?
• How reliable and credible is it?

The most important considerations centred on mechanisms for knowing about the products of the
DTSG, how one can access the products and services, the extent, relevance and quality of
documentation, and the mechanisms in place to provide ongoing support. Without an appropriate
information communication, distribution and support strategy in place, the DTSG is seen by all
stakeholders as devoid of a customer focus. This is a very real expression of the commitment of
DTSG to serving its customers.

A high proportion of stakeholders knew very little about what the DTSG did (one stakeholder said
“Wasn’t that disbanded 5 years ago?”). Rarely had stakeholders accessed any DTSG data,
models or other skills, especially in the last 6 years, due in large measure to a lack of knowledge of
what was available.  The DTSG was perceived by some stakeholders as a body servicing the RTA
or the DOT. Turnaround time between requests for data and supply discouraged use. One
stakeholder described DTSG as “... having fallen in a hole and never referred to because of past
experience - it may as well be on the moon”. Many made greater use of ABS data because
information about what was available from ABS regularly crossed their desk (even though it was
limited to commuter travel data). It was recognised by many stakeholders that DTSG data was
likely to be richer (as it includes non-commute trips and freight), but since it was either not
available or its availability was unknown, it has rarely been used by most stakeholders. It was
suggested that DTSG could learn some marketing lessons from the ABS.

The discussion on the usefulness of various forms of information (including travel models)
highlighted an important point - the value of travel models in particular is poorly understood for
reasons which cannot be directly attributed to the DTSG’s perceived poor performance over the
last decade. The issue goes much wider and may be an indictment of the modelling community
who seem to have failed in communicating the value of their products. This in part seemed to be
attributable to the poor packaging of model systems, a lack of good documentation both of a
technical nature and a lay-nature, and the general absence of a series of courses which can handle
the widely varying skills and needs of those who might benefit by the use of travel models if they
knew more about what they can help them with. One consequence is a ‘fall back’ to simple trip
tables for tasks which could be better supported by the application of a travel model system.
Decision support systems are seen as the opportunity to correct this situation.

Where knowledge of modelling in DTSG was evident, the commentary centred on the rather
narrow set of modelling activities undertaken by the DTSG and the perception that DTSG spends a
large amount of time calibrating a set of travel demand models with limited behavioural content
beyond what the trip tables indicate. Although it is recognised that the models may be an aid in
forecasting the impact of change (and even no change), the faith in the current model system as
offered by DTSG was generally poor. Furthermore, the time to make information available has
become unacceptably long.
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There was a very strong sense that the communication of information currently residing in the
DTSG was lacking. It was pointed out that of the many reports produced in the 1981 study, only
15 had public release, and that two of the reports were used most of the time to answer queries.
Some stakeholders indicated that the reports were all too technical. Indeed, approaching three years
after the 1991 study, only one empirical paper has been released via a conference paper, and few
stakeholders have seen any raw data. The DTSG needs to develop a number of information series.
A suggested division is (i) technical documentation (explaining the data, the sampling, the data
collection process, response rates, weights etc., models and assumptions) of a methodological
nature which are of current and historical importance (ii) promotional material indicating what is
available and how to obtain information, (iii) travel reports which are short (say 16-20 pages) with
lots of graphs and a small amount of interpretation which are prepared by an out-sourced
professional publication agency.

Most stakeholders knew that the DTSG had a repeated cross-section data set for 1971, 1981 and
1991, yet no information had been released which had interpreted the key trends. Many
stakeholders expressed a wish for data on freight movements which they felt had been lacking from
TSG data. Few realised that this type of information should be available from the 1991 survey.
Indeed, for many, the only knowledge of the 1991 survey was that it had been undertaken — they
had little or no idea of the type of information that had been collected.

3.2.6.1 A Referral System: A Good Idea?

A number of stakeholders suggested that there was a need to have a referral system whereby an
inquirer can, as a first stage, ask the very basic question: what information is available? Even a
regular newsletter (on the electronic super highway) would be useful. A supplementary request is
for advice on where to go for particular data if it is not available from a particular government
department. In a very general sense, it was suggested that there is a need for a travel and transport
information referral service, which coordinates all data sources collected by or on behalf of the
NSW government. This service might be implemented with a requirement that all travel and
transport information must be entered into an on-line data base accessible to all people in all NSW
government organisations, with the requirement to enter details of each travel and transport survey
etc. (including traffic counts, accident data etc.) into the accessible region of the referral data base.
One person can then call all of this information into the core of the data base and edit it for
inclusion in the general access read-only facility. Alternatively the entire process can be automated.

Some felt such a referral system, while laudable in theory, would be unworkable because of the
complexities in determining the legalities of access for certain individuals and groups, and the sheer
size of the task of managing and keeping track of all that data. A limited version of such a system
was suggested where the DTSG would know what other agencies were doing or had done in the
way of data collection, analysis or model development, and would have a contact name within the
appropriate agency for someone to contact. The data itself would not reside at the DTSG.
Alternatively, an informal network of connections between agencies might be established where one
or two staff members were aware of what was going on in other agencies.

With regard to the cost of the services of DTSG, there were divergent views on whether the data
collection services should be offered free of charge on not. In general it was suggested that non-
profit organisations (including University researchers) who are helping the community and not
making money from access to the data should be provided with information for free, while
consultancy services in which organisations profit from the use of data should be made to pay for
data use. The workshops tended to support the provision of unit record data at the marginal cost of
copying and supplying the data and documentation, and all other services which are essentially
value added through processing be charged at a fee for service to recover the costs.

Local council representatives suggested that even data at the most crude level could be made
available quickly so that rough estimates could be made. As long as any released data had its
deficiencies documented, they felt that it was the right of the end user to exercise their judgement as
to whether the data was appropriate for their purposes.
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Theme Discussion Statements:

TDS51: Stakeholders who could benefit from the information collected by the DTSG had little
and often no knowledge of what information was available, and therefore did not use it. The
DTSG communications with their client base must improve substantially.

TDS52: The DTSG should develop a marketing strategy (learning from the ABS) which
specifically addresses the issue of information awareness and retrieval.

TDS53: A DTSG run referral service to enable centralisation of the point of initial contact to
become informed about the types of data and models available from various sources is a good
idea.

TDS54: The DTSG should have a custodial role to provide advice to government, but also to
assist others in accessing information and models.

3.2.7 The Institutional Context

Although we made much effort to avoid the issue of service delivery source, all stakeholders wanted
to make a statement on this. It was recognised that the DTSG as constituted within the Department
of Transport will have a requirement to satisfy the immediate and ongoing needs of the DOT in the
first instance and then other government departments. The ‘closeness’ to the Department worried
many stakeholders — expressing points about access to core data regardless of the political climate
of the day, the extent to which the Department might swamp the DTSG with referrals for advice
which might take DTSG away from what many believe should be the primary roles (i) to collect,
prepare and provide core travel data (including networks) and to deliver it to all stakeholders and
clients in a timely and efficient manner so that the data is relevant at the time of need, and (ii) to
undertake interpretative policy analysis and simple projections of broad stakeholder interest, and
the development and application of STIMS which is embedded in a spatial decision-support
system.

There was concern that because the DTSG resided in the DOT, it might do a large amount of direct
service work for the DOT as a priority over all other agencies. Some recognised however the
relative advantage of at least having the DTSG in a general, non-mode-specific environment such as
the DOT provided some arms-length approach to participation in policy analysis is well-defined.
The importance of being policy useful however was supported by the majority of stakeholders; but
the distinction between policy relevant to the wider set of stakeholders was emphasised rather than
specifically to the DOT.

An important issue of concern to the majority of stakeholders is the credibility of information and
models. While some stakeholders saw it as immaterial where the DTSG actually resides physically,
stakeholders were keen to see some peer review mechanisms in place designed to ensure that the
products of DTSG were relevant, credible, well documented and available to all customers in a
timely and efficient manner. The suppression of information was seen as an issue to be
discouraged, since it carries very negative connotations in terms of credibility and integrity of
DTSG and its products. A common view was that unit record data must be made available to the
researchers and practitioners; a practice which is very common overseas, notably in the USA.

Unit record data from metropolitan wide travel surveys in the USA are commonly distributed to
enable researchers to undertake the essential travel model activities. Such expensive and valuable
resource needs to be utilised extensively so as to gain maximum benefit from them and to minimise
the duplication of efforts which were mentioned many times by most stakeholders. A number of
stakeholders cited examples of resource commitments incurred by them in conducting their own
surveys because of the non-release policy of unit records. Household data is needed by many
stakeholders to ‘...to do our own thing”. For example, the location of employment is fractured and
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scattered. Where are the significant employment locations and how are they trending? We need to
access unit records to give flexibility in preparing data to be problem specific.

A common statement was ‘... we had to engage a consultant to undertake a survey and/or provide
us with a highway network because we could not wait any longer for the DTSG outputs.
Furthermore, history has made us very sceptical about their products - how credible are they, can
we trust them?...” The State Rail Authority, for example, lost faith in the DTSG in the late 80’s,
and developed its own in-house data base, network and modelling capability. If confidence in the
DTSG data, models and forecasts could be returned, then the SRA suggested that it would drop out
of network development and modelling activity. This has a very important practical advantage -
forecasts used by the SRA come from a recognised source, making it considerably easier to debate
with the Department of Transport on the forecasts of items such as traffic levels and revenue
streams. This would save a lot of time and effort all around.

Agencies such as ABS and the Bureau of Crime Statistics have unsullied reputations despite
performing at times quite complex analysis of the data, often on topical issues which may have
substantial policy implications. The ABS has recently released a 1% sample of unit records.

Figure 3.3 presents one possible institutional structure which may address some of the concerns
expressed by stakeholders. The structure offers alternative funding sources and management
structures. For example, one structure proposes that the DTSG is a shared resource jointly funded
by key State transport agencies (DOT, RTA, STA, SRA) who together form a company under
contract management to undertake the transport research task of the DTSG. This can be overseen
by an advisory committee comprising the funding stakeholders (and a wider set of analytical and
applications experts).  The staff of DTSG might include a funded member from each of the
funding agencies in order to ensure data and model usefulness and integrity for all agencies. In this
way, individual agencies would have less difficulty justifying projects with the DOT or Treasury on
the basis of competing models or data interpretations since they would come from a source with
“multi-modal and multi-agency integrity”.

Many stakeholders indicated that DTSG logically should exist as an ‘umbrella’ group with some
independence, but it must sit physically in the DOT. It must retain its own identity (possibly be
renamed to shake off the concerns of the past). Contract management may add a dimension of
independence and credibility. The challenge is to preserve an effective and credible balance between
policy usefulness and technical expertise. There is a concern at both ends of the spectrum that
DTSG could become policy captive or information captive.

Theme Discussion Statements:

TDS61: The DTSG should release data down to the unit record and take advantage of the
intellectual capital available within the client set to assist the DTSG in studying the travel
system in metropolitan NSW. This is an essential requirement for credibility and a customer
focus.

TDS62: Data should be democratised - the data of the DTSG should be seen as a shared
resource, jointly financed by key agencies in the transport sector of NSW.

TDS63: DTSG should not report its activities on an ad hoc basis. A new culture is required
which puts pressure on the DTSG to produce useful outputs in a timely manner. A steering
committee should review progress regularly (e.g. quarterly).

TDS64: An advisory committee should comprise a mix of stakeholders and experts in the areas
of travel data, information and modelling.
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DTSG

Advisory Committee

State Rail Authority
Roads and Traffic Authority
Sydney Buses
Dept. of Planning
NSW Treasury
Environment Protection Authority
NRMA
Road Transport Association
Interest Groups
Data Expert(s)
Modelling Expert(s)

Funding Agencies

Dept of Transport
State Rail Authority
Roads and Traffic Authority
Sydney Buses
Dept of Planning

Outputs

• Base travel and activity data
• Networks and geographic system (GIS)
• Interpretative analysis of base data
• Forecasts of base data
• Projection/Trend analysis
• Travel model estimation/calibration
• Strategic modelling of scenarios
• Information Material

Management Team

Internal Staff
Funding Agency Secondees

Figure 3.3  A Possible Institutional Structure of DTSG

3.2.8 Concluding Comments on Stakeholder Interviews

This outputs from the stakeholder interviews provided the discussion material for a debate in the
STIMS workshops. The issues raised are very similar to those currently being debated in the USA
as part of the Federal Government’s Transport Model Improvement Program (TMIP):

‘The travel forecasting models currently in widest use today were developed more than 25
years ago, primarily to evaluate alternative major highway capital improvements. In the
1970s the models were adapted for use in planning major transit capital facilities. These
current models were not intended to evaluate congestion pricing, or motor vehicle
emissions; so it is not surprising that they are not well-suited to those tasks.”

The stakeholders were unanimous in the view that the DTSG must be more pro-active, develop a
commercial sense in the way it runs itself, be policy useful to the broader client base and take
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advantage of the accumulated store of intellectual capital in the wider transport community in order
to ensure that the State of NSW obtains the best service from the DTSG for the scarce resource
dollar. The redesign of the strategic travel information and modelling system should accommodate
the needs of the wider stakeholder set through the development, application, reporting and
maintenance of the state of practice in travel data collection, its translation into useful information
and travel modelling.

3.3 THE CLIENT BASED WORKSHOPS
The client-base workshops provide the framework within which the accumulated contributions
from the stakeholders were considered, debated and enhanced to arrive at a participatory view of an
appropriate travel information and modelling strategy (STIMS) for the Sydney Metropolitan
Region. The emphasis within the strategy is on both content and context - what should be delivered,
over what time frame and resource commitments, and how it might be best institutionally and
managerially delivered.

If one defines information as an input into the planning and policy advisory process, it is
appropriate to identify the extent to which part or all of the information chain displays the
characteristics of a local natural monopoly. Another way of saying this is that there may be good
grounds for limiting competition in the delivery of certain types of information such as the subset
of the core travel data required by all. For example, origin-destination flows of passengers and
freight (in appropriate units - passenger kilometres, trips, journeys, tours, vehicles, vehicle
kilometres, tonne kilometres etc.), and road and public transport networks. If the case is proven and
supported then, like any competition policy subject to evidence of local natural monopoly, suitable
independent regulatory procedures need to be put in place which are as much proactive as they are
reactive to ensure quality, timeliness and relevance. Information inputs which do not display local
natural monopoly characteristics may then be provided from the competitive market of consultants,
University’s and other govt agencies. For example, niche stated preference surveys and travel
models which are not part of the core travel model system. There could however be a role for
DTSG as a repository of information sources for all studies undertaken in NSW which were
funded by the NSW government. These types of issues were canvassed during the workshops.

The workshops were held on Tuesday 30 August, Wednesday 31 August and Friday 2 September
(10 am to 4 pm) in a conference room in Centennial Plaza. Approximately 20 persons were invited
to each workshop including members of ITS and the management committee of the study.
Essential to this process is preliminary preparation centred on (i) the discussion paper documented
in the previous section (ii) the mechanisms for linking the outcomes required by stakeholders, and
(iii) the way in which the outputs of this participation process are used in the development of the
strategy for DTSG’s model development.

A breakdown of participants in the workshops was developed jointly by ITS and the Steering
Committee. A mix of individuals with a strong commitment to the process were invited to
participate. These individuals are stakeholders themselves and representatives of a broader clientele
of stakeholders. The stakeholders and client base invited are given in Table 3.3. We  allowed for a
maximum of 60 invitees drawn from 64 organisations. 24 organisations accepted the invitation to
participate. The participants are listed in Appendix A.

Table 3.3  Invited Participants in the Client Workshops
(* = participant from the organisation attended)

Organisation Type Organisation Name (if known)
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Community Groups (6) Greenpeace (*)
Nature Conservation Foundation
Action for Public Transport (*)
Friends of the Earth (*)
Bicycle Federation of Aust.
Motoring Press

Chris Harris
Judy Messer
Jim Donovan/Alan Miles
Ted Floyd
Warren Salomon
Alan Kennedy

Transport Associations (4) NRMA (*)
Bus and Coach Assoc (NSW)
Taxi Association of NSW (*)
NSW Road Transport Association

David Anderson/Alan Finlay
Neil Smith/Barrie Macdonald
Bon Morrow
Peter O’Connor

Transport Research Orgs. (3) ARRB
CSIRO (*)
ABS

James Luk/Ray Brindle
John Brotchie/Peter Gipps
David Lengyll

Consultants (9) Denis Johnston and Assocs.
Sinclair Knight Merz (*)
Travers Morgan (*)
R.J. Nairn and Assocs. (*)
Kinhill
Maunsells
Veitsch Lister Consultants (*)
NELA
SMEC (*)
Hans Westerman Consultant

Denis Johnstone
David Kilsby
Bill McDougal/Dick Bullock
Bob Nairn/Daryl Bowyer
John Carlisle
Brendan O’Keefe
Mike Veitch
Nelson English
Gillian Akers
Hans Westerman

NSW State Govt Orgs. (17) Department of Transport (*)

Roads and Traffic Authority:
Corporate (*)
Sydney Region (*)
Elsewhere in NSW (*)

Department of Planning (*)

StateRail (*)
NSW Police (*)
NSW Govt. Prices Tribunal (*)
Office of Social Policy
State Transit Authority (*)
Premiers Dept
Treasury
Dept. of Local Govt.
EPA (*)

John Bryan, John Walker, John
Smith, John Stott, Ian Robinson

Neil Walker/ Brian Bunton
Brian Watters/Chris Ford
Kerry Kelly/Steve Tait/Dick
Woodburn/Peter Crosby
Joan Vipond/Peter Hamilton/Peter
Olive/Shane Nugent
Barry Garnham/Ian Kearne
Merv Lane/Colin Craig
Jim Cox/Michael Seery
Jill Herbert
Steve Timbrell
Doug Keech
Frank Jordan
Maggie O’tape
Elethia Morrison/
Lisa Corbyn/Chris Eiser

Academics (7) Monash University
Melbourne University
University of NSW (*)
University of Sydney (*)

University of Tech. Sydney (*)
University of South Australia
Macquarie University

Ken Ogden/William Young
Tony Richardson/Liz Ampt
John Black/Upali Vandebona
D a v i d  H e n s h e r / M a r c u s
Wigan/Nariida Smith/Frank
Milthorpe/Helen Battellino/Tim
Raimond/Garland Chow/John Toon
Glen Searle
Mike Taylor
Richard Cardew
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Table 3.3 continued

International (3) Consultant
Auckland Regional Council
Gabites Porter

Grant Smith
Peter Winder
Steve Stewart

Interstate Govt. Orgs. (4) WA Dept of Transport
Victoria - DOT
SA DOT
Qld DOT

Hugo Wildermuth/Bob Lloyd
Geoff Anson
Adrian Garghett
Neville Patterson

Local Government (NSW) (4) Penrith
Sydney City Council
WESROC
IMROC

Bruce Macdonald/Peter Adam
John McInerney
Heather Neil or other
Secretary

Other (4) National Transport task Force
BTCE
NRTC
Federal DOT

Derek Scrafton
Leo Dobes, David Gargett
Neil Aplin
Tony Ockwell

The debate in the workshops followed the same daily pattern. After introductions of participants
and a background talk from John Bryan (Director of Projects in the DOT), David Hensher gave a
presentation based on the major components of the discussion paper which was distributed in
advance. The rest of the day concentrated on open discussion with some direction to the debate to
ensure that the three key areas of STIMS were adequately addressed; namely the data strategy, the
modelling strategy and the information strategy. After lunch, each group was divided into three
workshops (except day 2 where the number of participants was too low to justify a further division)
with the task of developing criteria for a data strategy and a modelling strategy. The findings were
reported back to the entire workshop to enable final open discussion before concluding the session.

The major outcomes of the workshops can be divided into a reinforcement of the issues raised in
the stakeholder interviews as interpreted in the discussion paper and major enhancements of the
discussion paper to assist in the development of the core components of a revised STIMS. These
enhancements are outlined in some detail in Chapter 5. Importantly the workshops provided an
opportunity for the broader set of clients to express their views on the requirements for STIMS to
be useful to the client base as a whole. The initial stakeholder interviews went a long way to
according with the requirements of the broader client base; however the workshops were essential
in order to both confirm this (or otherwise) and to inject some refinement into the issues raised so
that we could move forward with confidence that we have accounted for the richness of advice from
the stakeholder set necessary to ensure that the program of activity by DTSG in the development
and implementation and maintenance of STIMS is truly a product of a full consultative process.

3.4 THE DELPHI ACTIVITY

3.4.1 Background

The analytical and applications experts represent the international body of knowledge on the state
of the art and state of practice in travel data, networks and models. As a group they provide an
important role in both assessing past and present practice as well as the state of the art which will
spread into the state of practice over the next 10 years. The worldwide communication medium of
e-mail and fax, combined with two timely conferences on travel behaviour research (Chile June 12-
16, sponsored by the International Association of Travel Behaviour Research) and the USA
Invitational Conference on the Travel Improvement Program (Fort Worth, Texas August 14-16,
sponsored by the U.S. Departments of Transportation and Energy and the Environmental
Protection Agency) enabled ITS to undertake the Delphi exercise in a timely manner, enhancing
ITS’s existing knowledge in synthesising the international state of the art and the state of practice.

A Delphi activity is a suitable framework within which to capture the views of a body of experts. It
involves in a first round the identification of views of the sample of contributors. These views are
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then processed and summarised into key positions which are fed back to the panel in a second
round to elicit further comment. This process can in principle continue for a number of rounds,
leading to the identification of key consensus and conflict positions. In the current study the time
available to conduct the activity, allowing for the usual delays in contributor response, limits the
exercise to two rounds. Given that the first round information will be used in the workshop
discussion paper, it is important that the activity commences no later than mid-July.

The information to be sought from the Delphi activity must provide guidance on at least the seven
areas set out in Section 3.2. A formal survey instrument has been designed so that there is a
common base of information sought. The set of questions and statements given to the experts will
seek a sizeable amount of common information from the analytical and applications groups. The
experts have been asked to comment on tools of design, analysis etc; and also asked for views on
how to use data and models to improve the community consensus so as to gain a greater degree of
commitment from all parties to the process and emergent issues. Issues of response,
communication consultation support and information sharing are also canvassed.

The contents of the Delphi forms is summarised in Table 3.4. The full Delphi instruments are
reproduced in Appendix C. All participants are informed that they will get detailed feedback which
will be of broad interest to them. The first round instrument was faxed out to participants in the last
week of July seeking a return of the completed form no later than 5 August. Completed forms were
returned over a longer period. Of the 40 forms faxed out we have received 34 completed forms.

Issues addressed as analytic expert goals for the delphi activity include:

1. What can now be achieved?
2. What data is needed to achieve it (and what missing research is required to ensure this is

useful)
3. Where are the most vulnerable areas in analytic tools to date

Issues to be addressed as application expert goals for the delphi activity include:

1. Where has data helped you?
2. What did you wish you had when it did not help?
3. What forms of models and analysis (if it worked) would be most useful? and at what level

of detail?
4. How would you suggest making the data collection useful to yourself? and to your

organisation?
5. What do you need data and models for most?" consultation, design, strategic planning,

consultant use...etc

The second round of the Delphi activity provided feedback from both the analytical and application
experts outputs (round 1) to both groups, so that cross-fertilisation of the debate evolves. The
outcomes would then be more a balance between possibilities and practicalities.
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Table 3.4  Information Sought in the Delphi Activity (Round 1)

Which transport issues have been most important in the LAST FIVE years in terms of planning and policy in
your country?
Which areas do you believe will be high agenda items over the NEXT FIVE years in your country?
Which OUGHT to receive greater attention in the next 5 years?
Which areas do you think would be best studied via international funding and agencies?
What, in your view, are the range of transport-related skills required to plan and evaluate a transport
system/network for a large city?
What software do you/your organisation use?
Where, in your view, does the expertise in your country lie in the following skill areas?
Ideally, where should the expertise lie?
Which areas of expertise do you think should be resident in a State/Provincial Government transport research
organisation (even if they are not viewed as the major provider)?
What are the most common frustration’s you have faced in accessing information?
Where do you usually get your travel data (for transport planning and evaluation)?
Who collect useful primary data on travel in your country?
What, in your view, are the most important core urban travel data items that should be collected to service the
transport planning and research community?
What, in your view, is a desirable mix of data collection strategies for this core data?
For each strategy, how often would you like to see reinterviewing?
RATE the following areas of basic research in terms of their potential impact in applications aimed at
improving our understanding and forecasting of travel behaviour ?
Rate on a scale of 1 - 10 the following travel models in terms of their relative importance in an integrated
model system for passenger transport. ?
Rank on a scale of 1 - 10 the following travel models in terms of their relative importance in an integrated
model system for freight transport and commodity demand. ?
What do you believe are the most important criteria to equilibrate the following model systems?
The following statements provide divergent views on where the state of practice should reside.  For each
statement please indicate:
whether you agree or disagree or have no view
whether implementation is feasible today for the approach in (or solution to) the statement (assuming available
resources)
whether you have implemented the approach (or solution) in recent years (or are in the process of doing so)
Any comments on an issue we may have overlooked
Background Information on Respondent

3.4.2 The Findings of the First Round of the Delphi Exercise

The major findings from the Delphi survey (round 1) are summarised in a number of Tables and
Figures, given below. Approximately 50% of the respondents are academics, 25% are government
employees and the balance are consultants (Table 3.5). One-third of the responses are from
Australia, with the USA and the United Kingdom representing 38% of the sample (Table 3.6).
There is a good spread of responses from Western Europe and Chile, the latter being very strong
on land use-transport modelling.

Figures 3.4 to 3.7 summarise the responses to a series of policy issue questions in which we
sought to identify the most important issues in the last 5 years (Figure 3.4), the most important
issues over the next 5 years (Figure 3.5), the issues which ought to receive the greatest attention in
the next 5 years (Figure 3.6), and the areas of policy impact which are best studied via international
funding and international agencies.
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Table 3.5 Country in which respondents work

Country Work In Number of
Respondents

Percentage of
Respondents

Australia 12 35.3
Canada 1 2.9
Chile 3 8.8
Germany 1 2.9
Netherlands 3 8.8
Norway 1 2.9
USA 9 26.5
United Kingdom 4 11.8
Total 34 100.0

Table 3.6 Type of organisation currently employed by

Type of
Organisation

Number of
Respondents

Percentage of
Respondents

University 18 53%
Government 9 26%
Consultant 7 21%
Total 34 100%

The results are very informative. Road maintenance has been the most important issue in the last 5
years and is seen as continuing to be the number one issue. However, there was very strong
support for transport pricing and integrated land use-transport planning as the two areas which
ought to receive the greatest attention. These latter two policy areas have been in the top 6 policy
areas as most important in the last 5 years and are likely to continue as high agenda items; although
the delphi panel would wish to elevate them to the top two positions. Economic and environmental
considerations have been and are thought to continue to be high agenda areas of policy, although
the panel has repositioned environmental impacts somewhat lower in importance as an area which
ought to receive greater attention, implying that it is currently receiving an adequate level of
attention, certainly relative to travel demand management and economic issues such as pricing and
deregulation/privatisation. IVHS is interpreted similarly to environmental impact. It is also seen to
be best studied by international agencies, as indeed are the broad areas of transport pricing and the
environment. Telematics and telecommuting move up substantially, reflecting a growing interest in
this policy area in contrast to the past and current agendas.

The dominating role of road maintenance in the last 5 years and in the next 5 years is being put
aside to promote more efforts in pricing, integrated transport and land use, and travel demand
management. This reflects a growing interest in a more multi-modal approach to transport planning
with a stronger emphasis on land use implications. There is a view overall however that efforts to
date and in the next 5 years to improve public transport infrastructure are well established on the
policy agenda - what we need is more emphasis on pricing, land use and demand management. The
same argument applies to transport financing which is being given adequate treatment. Support for
greater levels of consultation (compared to the recent past) is also apparent, even though it is not
seen as important as the economic issues. The DTSG is well positioned to contribute to the
development of a modelling system which can assist the debate on alternative land use-transport
strategies with a number of alternative scenarios for pricing and travel demand management.

Table 3.7 summarises the panel's views on where the expertise lies in each respondent's own
country on 20 skill areas. Table 3.8 summarises where the panel believes that the expertise ought to
lie, distinguishing between the current organisational status of the respondents. Overall, the



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 46

perceived expertise currently in most skill areas is seen to lie with consultants and Universities, in
contrast to all levels of government. Highway networks stand out as a competitive edge in expertise
within the State government sector. Table 3.7 suggests that Universities currently have the greatest
amount of expertise in the design of surveys, samples and questionnaires, as well as model
estimation, calibration, forecasting and application. Consultants appear to have an advantage in date
collection, editing, entry, preparation and management, as well as public transport networks. The
distinction between survey design, data collection/preparation, and model estimation/application is
quite pronounced. The Federal government sector is virtually equal billing with the Universities and
the consultants in policy analysis, with State government and local government falling behind in
this area.

When we consider the views on where the expertise lies (Table 3.8), we see some movement in the
contemporary positioning of each organisational type. The consultants gain the high ground in all
areas of survey design and data collection, although the government sector is encouraged to be
more involved in data management, networks, model application, project evaluation and project
management. The estimation and calibration of models seems to invoke a passionate sense of
ownership be each organisational type. Overall, the views support the proposed emphasis of the
DTSG to manage the survey and data aspects of STIMS, outsourcing the survey design and data
collection as well as model estimation and calibration. The role of the government as the key data
manager is noted.
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Fig 3.4 Most Important Policy Areas in Last 5 Years
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Fig 3.5 Most Important Policy Areas Likely in the Next 5 Years
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Fig 3.6 Issues that Ought to Receive More Attention in the Next 5 Years
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Fig 3.7 Policy Areas where International Funding and Agencies are Best
Positioned
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Table 3.7 Perceived expertise of different organisations (1 = very good, 20 = very poor).
(Figures are mean ratings, with standard deviation in brackets)

Skill Area Fed Govt S ta te
Govt

Local
Govt

Unis Subs Res
Orgs

Consultan
t s

Project management 5.17 (2.69) 4.63 (2.69) 5.04 (1.87) 6.30 (2.49) 4.73 (2.69) 3.13 (1.87)
Survey design 6.14 (3.00) 6.75 (2.91) 7.09 (2.27) 3.00 (2.00) 3.67 (2.32) 3.92 (1.98)
Sample design 6.00 (2.93) 6.88 (2.85) 7.57 (2.09) 3.00 (2.28) 3.47 (2.29) 4.00 (1.98)
Questionnaire design 5.86 (2.98) 6.50 (2.94) 7.09 (2.43) 3.04 (2.24) 3.60 (2.64) 3.87 (2.17)
Data collection 6.10 (2.68) 6.13 (2.85) 6.52 (2.34) 4.48 (2.52) 4.27 (2.74) 3.33 (2.08)
Data editing and entry 6.44 (2.73) 5.93 (2.79) 7.11 (2.25) 4.15 (2.48) 4.27 (2.74) 3.41 (2.06)
Data preparation 6.37 (2.67) 6.00 (2.90) 6.95 (2.12) 4.05 (2.31) 4.13 (2.50) 3.57 (2.02)
Data management 6.48 (3.03) 5.94 (2.92) 6.68 (1.91) 4.24 (2.21) 4.93 (2.46) 3.78 (2.52)
Highway networks 5.57 (2.69) 3.95 (2.09) 5.27 (2.39) 5.24 (2.47) 6.75 (1.96) 4.09 (1.81)
Public transport networks 5.95 (2.82) 5.22 (2.62) 6.24 (2.68) 4.81 (2.29) 7.17 (1.85) 4.30 (2.12)
Model estimation 6.45 (2.65) 6.94 (2.33) 7.82 (2.17) 2.87 (2.38) 4.93 (2.73) 3.88 (1.57)
Model Calibration 6.45 (2.76) 6.76 (2.41) 7.55 (2.18) 3.22 (2.66) 5.00 (2.63) 3.75 (1.67)
Travel forecasting 6.13 (2.63) 6.50 (2.22) 7.55 (2.46) 3.50 (1.92) 5.07 (2.40) 3.63 (1.84)
Training 6.15 (2.32) 6.69 (2.60) 7.65 (2.11) 2.84 (2.46) 5.77 (2.01) 4.91 (1.81)
Model application 5.73 (3.10) 5.89 (2.52) 6.45 (1.95) 3.43 (1.43) 4.71 (1.98) 3.46 (1.79)
Transport economics 4.61 (2.19) 6.31 (3.05) 8.05 (1.93) 3.09 (2.43) 4.64 (2.02) 4.45 (2.13)
Consultation 6.85 (2.41) 6.64 (3.00) 5.90 (3.26) 4.76 (2.19) 5.15 (1.91) 3.40 (2.19)
Project evaluation 5.09 (2.50) 5.33 (2.74) 6.55 (2.24) 4.86 (2.48) 6.00 (1.65) 3.61 (1.97)
Policy analysis 4.20 (2.80) 5.22 (2.53) 6.82 (1.74) 4.50 (2.00) 5.47 (2.00) 4.52 (1.83)
Tabular analysis 4.50 (1.86) 4.73 (2.15) 5.93 (1.73) 3.20 (1.61) 4.00 (2.05) 3.29 (2.02)

Table 3.8 Ideally, where should the expertise lie for the following skill areas by the
organisation the respondent is employed by (most frequent response reported , top
2 in the case of a tie)

Organisation Respondent works for
Skill Area University Government Consultant

Project management Govt Govt Govt
Survey design Cons Govt/Cons Cons
Sample design Cons Cons Cons
Questionnaire design Cons Cons Cons
Data collection Cons Cons Cons
Data editing and entry Cons Cons Cons
Data preparation Cons Cons Cons
Data management Govt Govt Uni
Highway networks Govt Govt Govt
Public transport networks Govt Govt Govt
Model estimation Uni Govt Cons
Model Calibration Uni Cons Cons/Uni
Travel forecasting Govt Govt Cons
Training Uni Govt Uni
Model application Govt/Cons Govt Cons
Transport economics Govt/Uni Govt Uni
Consultation Govt Cons Cons
Project evaluation Govt Govt Govt
Policy analysis Govt Govt Govt
Tabular analysis Cons Govt/Uni Cons
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Table 3.9 summarises the most common sources of frustration in accessing information from each
of the three agency types. The items identified in the government sector are echoed in the
stakeholder and workshop commentary in Sections 3.2 and 3.3. The addition of concerns from
other participating organisations add another dimension - problems do occur outside of the
government sector, most notably in areas of documentation, expense, organisation and property
rights. The inquiry by the Department of Transport which is seeking to clarify the dissemination
and pricing policy for DTSG data and value added outputs should clarify the position on all of
these areas of frustration.

Table 3.9 Common frustration's accessing data from various agencies (listed in order of
frequency of response)

Government Private Data Agencies Universities
Delays in access Expense Lack of documentation
Confidentiality restrictions Data too specialised Disorganised approach
Poor staff response Poor documentation Inappropriate data
Knowledge of what is available Uncertain property rights
Expense

Figures 3.8 to 3.13 summarise the responses to the questions on research areas in section 5 of the
survey instrument. Participants were asked to rate over 30 areas of research in terms of their
potential impact in applications aimed at improving our understanding and forecasting of travel
behaviour (Figure 3.8). To enable us to identify the hierarchy of travel models in an integrated
model system, the panellists were asked to rate various models in the application contexts of
commuting (Figure 3.9), non-commuting (Figure 3.10), household activities (Figure 3.11), firm
activities (Figure 3.12) and freight/commodity movements (Figure 3.13).

The research areas in each figure are ordered by mean importance rating. The research areas in
Figure 3.8 have a mean rating varying from 3.5 to 7.9 on a 10 point scale (which is reversed from
the survey form to make interpretation easier). Activity modelling, stated preference methods,
location based choice models and the implementation of a GIS spatial database lead in relative
importance. All of these research areas were referred to on many occasions by stakeholders and
participants in the workshops. The correspondence between the three consultation instruments is
most encouraging. The next set of research areas are joint modelling of stated and revealed
preferences, measuring accessibility, dynamic traffic assignment and travel market segmentation.
Once again, these topic areas reflect a broad view on where the main action should be focussed -
dynamic traffic assignment accords with the interest in trip timing and peak spreading, travel market
segmentation reflects the concern expressed in the workshops that we need to develop more useful
market segments to reflect the growing complexity of activity and travel behaviour.
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Fig 3.8 Importance of Research Areas
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Fig 3.9 Importance of Commuting Models
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Fig 3.10 Importance of Non-Commuting Models
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Fig 3.11 Importance of Household-Activity Models
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Fig 3.12 Importance of Firm-Activity Models
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Fig 3.13 Importance of Freight/Commodity Movements



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 59

While not denying the relative importance of other listed topic areas (16 additional areas with an
average rating greater than 5.0), the evidence from the Delphi exercise (round 1) supports a focus
on activities rather than trips per se, richer market segments for activity differentiation, the ability to
accommodate a much wider set of travel and location choices, supported by stated preference data
which enable the analyst to enrich the revealed preference data in contexts which are not readily
observed in the market  but which may be supportable in future land use-transport strategies, and
the need to use GIS as an integrating and presentational tool.

Figures 3.9 to 3.13 summarise the set of behavioural travel, location and vehicle choice models
which the participants believe should be included in a new strategic travel model system. Once
again, the models are ordered in  a hierarchy according to the average importance rating. Looking at
commuting and non-commuting models for the passenger market, mode choice is rated the most
important, although there are a number of other models very close in mean rating. The commuting
market is best represented by a set of behavioural models concerned with mode choice, workplace
location choice, automobile route choice, trip timing choice and trip chaining choice. This is very
consistent with the priorities in research areas summarised above (see Figure 3.8). Vehicle
availability choice modelling is the next behavioural model, linked with mode choice and captivity to
particular subsets of modes. In contrast the non-commuting models drop route choice and elevate
frequency of travel - which is sensible given that the commuting activity has a much more
predictable frequency, although the increasing opportunities for flexitime, compressed work weeks
and telecommuting might change this in the future. The more specialised modelling activities such
as ticket-type choice and telecommuting, while still seen as important are secondary to the primary
set of about 6 models for each market segment.

Complementing the travel models in an integrated model system are a set of household-based
activity models (Figure 3.11). Residential location choice dominates the set, followed by a series of
models to identify the utilisation of automobiles, the composition of automobile kilometres and the
number of vehicles in the household. Measuring accessibility is high on the list. A knowledge of
the composition of the vehicle fleet including the incidence of company cars is closely aligned to
the household-based set of automobile-related models.

The final set of models relate to the activities of firms and the movement of commodities. The
participants strongly support workplace location models from a firm's point of view (in contrast to
that of the employee). There is a general dearth of modelling capability internationally which
emphasis the decisions of firms (as distinct from households and individual travellers).
Understanding firm locational behaviour will assist in understanding the spatial requirements for
freight movements. In the final Figure, freight based models emphasising destination and mode
choice are the rated most highly, although an appreciation of depot/warehouse location choice, trip
generation, time of day of travel and route choice all rating high. The range of mean importance for
these 6 models is 6.9 to 8.2.  The freight results support an emphasis in all markets, passenger and
freight on mode choice, destination/workplace location choice, route choice, trip timing and vehicle
availability.

The final section of the Delphi survey instrument sought opinions on 29 statements. Respondents
were asked to agree, disagree or express no view on each statement (Figure 3.10). They were also
asked to indicate whether they thought that implementation is feasible today for the approach in
each statement (Figure 3.11), and whether they have implemented any of the policies underlying
each statement (Figure 3.12). Agreement with each statement varied from 11% to 90%. The most
agreeable statement was 'traffic simulation and travel demand models should be linked'(statement
8). The least agreed to statement was 'a city only needs a peak hour model'. Once again we see here
evidence to support a trip timing choice model, dynamic traffic assignment and the integration of
travel and traffic models into a spatial decision support system associated with a GIS architecture
so that results can be presented at all levels of spatial detail in respect of traffic movements. The 'no
view' response was as high as 57% for 'fuzzy set theory should be used to model user perceptions'
and as low as 7% for 'a city only needs a peak hour model' and 'models such as mode choice
should be disaggregate'. A careful assessment of the results in Table 3.10 will confirm the support
from analytical and applications experts for an approach to modelling which is flexible in the level
of disaggregation of data and model estimation, which also spawns a widening set of behavioural



STRATEGIC TRAVEL INFORMATION AND MODEL SYSTEM ITS-SYDNEY

THE UNIVERSITY OF SYDNEY 60

models to reflect the impacts of peak spreading and non-commuting activity, and which promotes
the ideas of longitudinal data, stated preference methods and activity-based approaches to
modelling travel behaviour.

In evaluating the feasibility of translating state of the art ideals into practice, there is strong support
that much can be achieved (Figure 3.11). Feasibility across the set of statements varies from a low
of 76% to a high of 100%. Indeed in the areas of interest for the DTSG strategy which have been
highlighted in all dimensions of the consultation process, the level of feasibility as indicated by the
Delphi panellists is in excess of 90% except for dynamic traffic assignment (87%) and activity data
and models compared to trip-based approaches (76%). The activity approach however had the
fourth highest percentage of 'agrees' in Figure 3.10 suggesting that it is an important strategy. The
statement combines activity data and activity models, the latter being the real challenge. The support
of the consultation participants is essentially in the area of activity diaries with more conventional
behavioural models specifications.

Figure 3.12 summarises the implementation profile of the participants in respect of the items in the
statements. There is a relatively high incidence on non-implementation (ranging from 100% for
fuzzy set theory to 38% for peak hour models). Typically over 40% of the respondents have
implemented, or are in the process of implementing, many of the approaches listed. This question
must be handled carefully because many of the participants are specialist researchers who do not
actively undertake research in many of the areas although they have an appreciation of their
relevance.

Table 3.10 Where should the state of practice lie?

Statement Agree Disagree No view
Activity data & models more useful than trip-based approaches 77% 10% 13%
Longitudinal data & models should replace static approaches 72% 14% 14%
Focus groups useful to understand hhld decision making 77% 3% 20%
Should be greater use of SP questions in surveys 74% 7% 19%
GIS should be used for dbase management and model integration 65% 3% 32%
Data should be held in simple forms rather than dbases 35% 26% 39%
Stochastic simulation should replace deterministic agg extrap 53% 13% 34%
Traffic simulation and travel demand models should be linked 90% - 10%
The use of disaggregate choice models should be expanded 79% 4% 17%
Simulations should be used to develop stable travel model params 57% - 43%
Joint choice decisions should be modelled in preference to
sequential models for many travel choices

58% 13% 29%

A city only needs a peak hour model 11% 82% 7%
A city needs both a 24hr and peak hour model 59% 30% 11%
Models such as mode choice should be disaggregate 86% 7% 7%
Disaggregate models should use zonal averages 14% 62% 24%
Stochastic user equilibrium should be extended to dynamic
assignment

55% 6% 39%

Current traffic assignment should be replaced by dynamic
assignment processes

71% 6% 23%

Peak hour models are a better option than 24hr models 56% 33% 11%
Traffic assignment models should be linked with traffic simulation 43% 3% 54%
Every rail line should be coded on the network 57% 21% 22%
Bus routes should be represented as “Generic” routes to reflect a
corridor

16% 42% 42%

Fuzzy set theory should be used to model user perceptions 23% 20% 57%
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Use of neural networks (or similar) should be expanded 41% 29% 30%
Classifying activities into mandatory, flexible and optional is
behaviourally useful way to recognise possible variability

70% 10% 20%

Developing in-house models rather than purchasing models leads to
better forecasting/planning

37% 50% 13%

There should be a transport research data library established in each
country which can be accessed worldwide

81% - 19%

Core travel data for an urban area should be collected by one agency 35% 55% 10%
Short and medium term forecasting often neglected in favour of long
term forecasting

39% 39% 22%

Travel surveys should evolve from single large survey to a series of
smaller integrated surveys usually with a single goal

37% 40% 23%
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Table 3.11 Is implementation feasible today

Statement Feasible Not Feasible
Activity data & models more useful than trip-based approaches 76% 24%
Longitudinal data & models should replace static approaches 92% 8%
Focus groups useful to understand hhld decision making 100%
Should be greater use of SP questions in surveys 96% 4%
GIS should be used for dbase management and model integration 96% 4%
Data should be held in simple forms rather than dbases 100%
Stochastic simulation should replace deterministic agg extrap 94% 6%
Traffic simulation and travel demand models should be linked 91% 9%
The use of disaggregate choice models should be expanded 100%
Simulations should be used to develop stable travel model params 94% 6%
Joint choice decisions should be modelled in preference to
sequential models for many travel choices

90% 10%

A city only needs a peak hour model 96% 4%
A city needs both a 24hr and peak hour model 100%
Models such as mode choice should be disaggregate 96% 4%
Disaggregate models should use zonal averages 95% 5%
Stochastic user equilibrium should be extended to dynamic
assignment

80% 20%

Current traffic assignment should be replaced by dynamic
assignment processes

87% 13%

Peak hour models are a better option than 24hr models 100%
Traffic assignment models should be linked with traffic simulation 100%
Every rail line should be coded on the network 100%
Bus routes should be represented as “Generic” routes to reflect a
corridor

100%

Fuzzy set theory should be used to model user perceptions 78% 22%
Use of neural networks (or similar) should be expanded 93% 7%
Classifying activities into mandatory, flexible and optional is
behaviourally useful way to recognise possible variability

100%
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Table 3.12 Have you implemented these policies

Statement Imple-
mented

In
process
of impl

Not
Imple-

mented
Activity data & models more useful than trip-based approaches 18% 18% 64%
Longitudinal data & models should replace static approaches 27% 12% 61%
Focus groups useful to understand hhld decision making 46% - 54%
Should be greater use of SP questions in surveys 46% - 54%
GIS should be used for dbase management and model integration 26% 41% 33%
Data should be held in simple forms rather than dbases 46% 8% 46%
Stochastic simulation should replace deterministic agg extrap 29% 15% 56%
Traffic simulation and travel demand models should be linked 33% 15% 52%
The use of disaggregate choice models should be expanded 44% 15% 41%
Simulations should be used to develop stable travel model params 22% 11% 67%
Joint choice decisions should be modelled in preference to
sequential models for many travel choices

28% 4% 68%

A city only needs a peak hour model 58% 4% 38%
A city needs both a 24hr and peak hour model 42% 16% 42%
Models such as mode choice should be disaggregate 54% 4% 42%
Disaggregate models should use zonal averages 36% 4% 60%
Stochastic user equilibrium should be extended to dynamic
assignment

12% 8% 80%

Current traffic assignment should be replaced by dynamic
assignment processes

20% 8% 72%

Peak hour models are a better option than 24hr models 50% 8% 42%
Traffic assignment models should be linked with traffic simulation 35% 4% 61%
Every rail line should be coded on the network 41% - 59%
Bus routes should be represented as “Generic” routes to reflect a
corridor

25% 5% 70%

Fuzzy set theory should be used to model user perceptions - - 100%
Use of neural networks (or similar) should be expanded 8% 4% 88%
Classifying activities into mandatory, flexible and optional is
behaviourally useful way to recognise possible variability

22% 13% 65%

3.4.3 The Second Round of the Delphi Exercise

The findings from the first round of the Delphi exercise have been fed back to the 34 participants
in a second and final round. The shortened synthesised feedback instrument is the set of Tables
and Figures in Section 3.4.2 above. Each participant was invited to comment on each set of
findings by providing an open ended comment on each Table and Figure. The aim is to elicit any
particular view in relation to contents as part of establishing any variations in views which might
qualify the interpretations in Section 3.4.2. The feedback form was mailed out in late September.
The feedback surprisingly gave almost unanimous support for the material harnessed in round 1.
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Chapter 4

AN OVERVIEW OF THE KEY
COMPONENTS OF THE STATE OF THE

ART IN TRAVEL BEHAVIOUR AND
FORECASTING MODELS

4.1 BACKGROUND
The aim of this chapter is to review the state of the art in travel behaviour and forecasting models,
and to identify the features which have the potential in the next 5 years to become state of practice.
There are a number of common themes throughout the literature which are documented in this
chapter to form the basis for a new direction for a suite of models within the Strategic Travel
Information and Modelling System (STIMS) being proposed for Metropolitan NSW. The
selection of a modelling strategy implies a particular type of data, and hence provides an important
linkage to the broader-based design of a data strategy. Issues of data requirements are also
addressed.

The chapter is organised as follows. We begin with an overview of the common themes in the
literature in order to set the context within which improved modelling tools can be discussed. The
design of the overall framework for STIMS is guided by an awareness of the state of the art but
also a recognition that we want to have a workable set of policy useful models in place in the next
three years which can be maintained and used by the staff of DTSG.

The objective is to introduce better practice within a framework for STIMS which enables an
incremental edging towards best practice over time. The balance of the chapter identifies the
elements of the state of the art and the state of practice which should form the basis of better
practice for the initial 3 year development and implementation of STIMS.  Once in place, it should
be possible to review the program and progress towards best practice with the knowledge that the
new system is operational and serving the client base.

4.2 COMMON THEMES

The essential features of a revised STIMS can be captured under three themes: behavioural
assumptions, analytical approaches and data requirements.

4.2.1 Behavioural Assumptions

Travel with rare exception is not undertaken for its own sake, but as a means of relocating
individuals and goods in time and space. Travel as embodied in a trip is derived from a complex
series of decisions, in particular (i) what activities to participate in (ii) identification of the most
appropriate means of transport and whether the activity requires travel at all, and (iii) how an activity
might or might not be combined with another activity. The existing set of travel models which
emphasise trips are unable to explicitly address issues related to (i) the substitution of non-travel
options (eg. telecommuting), (ii) the substitution of non-motorised trips such as walking, (iii) trip
chaining behaviour, and (iv) induced demand for travel.
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4.2.1.1 The Activity Paradigm

An alternative to the current trip-based model framework is an activity-based framework in which
the demand for travel is derived from the more basic demand to engage in activities. Seeking
information on ‘what an individual did next, where that was and how they got there’ is richer and
more realistic than seeking information on ‘what was the next trip you made’. Trips are not as
natural a phenomenon to individuals as activities. Activities represent various goal-satisfying
behaviours engaged in by individuals. Activities can be grouped into various dimensions and layers
such as (i) work, shop, recreation, and (ii) mandatory, flexible, option; they can be described in
terms of where, when and how long the activity takes place. Importantly an activity does not
necessarily result in a trip, but the recognition of non-travel activities provides an important context
within which opportunities for non-travel activity exists. By modelling activities rather than trips, it
is possible to forecast an upper bound on the total number of trips that could be generated under a
particular scenario. This enriches the procedures for establishing potential demand for travel and
the likely impact of policies on demand inducement.

The activity paradigm is a significant departure from the dominating trip-based paradigm of travel
which has partitioned the trip decision into a rigid distinction between trip generation, trip
distribution and modal split for a single-trip purpose. While this simplification may have
historically been seen as a major step forward in travel modelling, given the limitations of
computational tools in the 50’s, 60’s and 70’s (and even half of the 80’s), the greater
sophistication and efficiency of computers and software together with new tools such as
geographic information systems (GIS) opens up the opportunity to consider more realistic
paradigms of travel behaviour.

The decision to engage in an activity represents an interaction of household (or firm) and individual
roles and responsibilities; time constraints on both the individual and the activity; options on
activity type, location, and duration; transport options, and the perceived benefits versus costs of the
activity. Many of the decision parameters are either known (eg fixed shopping hours, working
hours) or can be grouped into a manageable number of categories for applications (eg household
or firm types).

4.2.1.2 Individual Choice Paradigm

In reality individuals are faced with less than complete information when making activity or trip
decisions. Furthermore the analyst trying to capture the richness of individual travel behaviour has
incomplete information on the decision calculus of each individual. Consequently two individuals
when faced with the same set of travel conditions and alternatives are likely to display different
behavioural responses, and these behaviours will occur with some measurable level of probability.
Probabilistic models are more realistic than deterministic models. With the exception of the
commuter mode choice model, the other models in the current STM are deterministic. Probabilistic
models are based on the assumption that differences in individual biases or preferences,
unidentified or unmeasured choice parameters, or different levels of information can result in a level
of uncertainty in a predicted outcome. This uncertainty is assumed to be distributed in the sampled
population according to some known probability function (eg extreme value type I or logit, and
cumulative normal or probit). Thus while it is not possible to predict with certainty how one
specific tripmaker will behave, it is possible to predict how the behaviour of a group of travellers
will be distributed. A set of travel behaviour models which are linked in recognition of
interdependence and feedback should be formulated within a behavioural framework which
recognises the probabilistic nature of individual activity behaviour.

4.2.1.3 Linking Decisions with Different Temporal Impacts

The set of decisions made by individuals within the context of household and/or firm decision
making have varying temporal profiles. In particular some decisions are associated with daily
activity and travel behaviour whereas other decisions are of a longer term nature. Longer term
decisions include vehicle acquisition, residential and workplace location of households and
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individual household members; as well as business locations, land development and use and zoning
policies. In the short term the longer term decisions are imposed as constraints (ie givens) which
condition the short term responses. For example, vehicle availability for a specific activity depends
on the number of automobiles available to a household and their allocation amongst licensed
drivers in the household. In the short term the number of automobiles is considered fixed. Over the
medium to long term, a model of household automobile acquisition could be used to predict the
number (and type) of vehicles available to the household. This model would be driven by
socioeconomic variables and some measure of vehicle availability relative to need.

4.2.1.4 Adaptive Behaviour

Existing travel model systems assume that individuals make rational economic choices in response
to the values of existing transport system parameters and household opportunities under steady-
state equilibrium conditions. Almost with rare exception, such models cannot address issues related
to adaptive behaviour such as lags in response to a transport price or service change, differential
responses depending on the direction of change (the hysteresis phenomenon), or differential
responses depending on the magnitude of change (the inherent non-linearity of reaction). There
exist some specialised model systems with some of these adaptive capabilities; however the ability
to address adaptive behaviour requires longitudinal panels of sufficient duration to embellish the
temporal adaptation process. Short panels of say 4 to 5 years are sufficient for the study of daily
activity, but longer panels are required to identify the adaptation profile associated with policies
which impact on location decisions and automobile acquisition. An illustrative travel model system
emphasising adaptation is shown in Figure 4.1.

Figure 4.1 Travel Choices and Adaptation
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4.2.2 Analytical Approaches

The key themes under the broad heading of analytical approaches relate to the selection of an
appropriate method for specifying and estimating activity and travel models, the use of micro
simulation techniques for model calibration and application (incl. forecasting), the role of
geographic information systems as a platform for data management, model integration and display;
and the enhancement of route choice/assignment models to incorporate time sensitive network
loadings an departure time decisions.

4.2.2.1 Individual Choice Models

The major focus of developments in model specification and estimation have centred on individual
choice models. The appeal of this approach is the existence of an underlying consistent theory of
individual choice behaviour in which individuals are assumed to act as if they are maximising utility
subject to constraints; yet the analyst who is unable to ‘peep into the head of the individual’ and
observe fully all influences on utility maximising behaviour has to adopt a random utility
maximising approach in recognition of the presence of unobserved influences on individual choice
behaviour. Progressively throughout the last 20 years we have seen the development of individual
or discrete choice models across the ever broadening set of relevant travel-related decisions made
by individuals, households and firms.

Individual (or disaggregate) choice models give the analyst a framework within which all the key
travel, location and vehicle choices can be modelled as an integrated and linked model system with a
unified theory of random utility maximising behaviour. The commuter mode choice model is the
only component of the existing STM system belonging to this unified setting. Systems of
individual choice models have been developed for various planning agencies throughout the world
to demonstrate that this is a feasible and best practice approach to model specification. A great
appeal of such an approach is the ability to accommodate a rich set of explanatory variables which
link to the broadening set of policies that stakeholders are interested in as well as the rich set of
behavioural responses which emanate from an expansive set of choice models. Examples of the
latter are trip frequency choice, trip destination choice, commuter mode choice for access to linehaul
modes and linehaul mode choice, departure time choice, residential location choice, workplace
location choice, vehicle availability choice, vehicle type choice, trip chaining choice, and
telecommuting choice. The underlying theory of individual choice models provides mechanisms for
linking the set of choice models which are consistent with random utility maximising behaviour -
the arbitrariness of much of the linking and feedback observed in the more traditional aggregate
models is obviated.

An illustrative system of individual choice models is given in Figure 4.2. There are four decision
blocks for location decisions, vehicle decisions, and travel decisions. Each of the blocks has a set of
internal linkages; the blocks are themselves linked by a set of external linkages. Three instruments
(land rents, used vehicle prices and commuting travel times) are used to equilibrate within three of
the decision blocks. The non-commuting car use decision block does not have a market clearing
facility in the illustrative figure.
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Initially we might assume that equilbration occurs within a block. An hierarchy of equilibria is used, with the commuter
travel block being equilibrated conditional on location, and then equilibration in the location market is identified.
The auto market is treated independently.
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Figure 4.2 The Linked Model System (IV = inclusive value index, SC = selectivity
correction)

4.2.2.2 Microsimulation, Synthetic Households and Firms

Microsimulation is recognised as the most efficient way to expand travel decisions based on
individual, household and firm activities in representative distributions of urban area travel.
Microsimulation involves the specification of a set of synthetic decision units such as households,
which are described by a set of socioeconomic variables (eg income, household size, lifecycle stage,
no. of workers, no. of drivers licences). Each synthetic household carries a weight representing the
incidence of that household type in the sampled population. A series of weights can be used
according to the level of detail required in applications. For example two weights can be carried by
each household; one to reflect the incidence of the household in a particular spatial context (e.g. a
traffic zone), and another to represent the household’s incidence in the metropolitan area as a
whole.

As a synthetic household ‘travels’ through time the adjustment of the weights becomes the
mechanism for changing the incidence of that household type in the forecasted population. The set
of estimated individual choice models are calibrated on the profile of the synthetic households at
whatever level of detail is deemed necessary. For example, (i) an analyst may wish to ensure that
the model system is capable of reproducing the number and mix of households living in each local
government area by dwelling type, (ii) the analyst may wish to reproduce traffic levels and modal
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shares at particular times of the day at the broad sector by sector level. Microsimulation of
households and firms is recognised in the literature as the preferred way to calibrate and apply a
model system. The Institute of Transport Studies is currently developing a capability in this area
for each capital city in Australia. The release of a 1 percent sample of unit records from the census
by the ABS provides an appropriate data source for constructing synthetic households. A check of
the representativeness of the 1 percent sample is possible, using control totals from CData-91.

4.2.2.3 Geographic Information Systems

GIS technology has advanced to the state where many of the difficult data management problems
associated with transport forecasting models such as network building, creating and extracting data
for any spatial level of analysis and presentation can be performed quickly and easily. GIS also
provides a graphical display capability that enables the results of a transport forecast (or any
interpretative analysis of data) to be communicated to policy makers and the community in easily
understandable layered maps. GIS is the mechanism for a seamless transfer of data. It allows
geocoding of destination information, multiple layers of network information (links and nodes) and
graphical input and output. The current practice of developing and coding separate abstract
transport networks will be largely eliminated.

Future transport networks will be derived from existing geographically referenced digital databases,
thereby minimising much of the ‘artistic licence’ employed in selecting and defining greater
geographic resolution in tracking trips between specific origins and destinations instead of from
zone centroid to zone centroid.  GIS will become the integrating framework which ties the various
databases and modelling systems together. There are a number of GIS packages such as MapInfo,
Transcad and ArcInfo. All architectures are continually be improved. Some systems like Transcad
is a combination of GIS and transport models that integrates traffic assignment into the one system
and eliminating the need for separate traffic assignment software such as EMME/2. A summary of
Transcad’s capabilities and that of other transport planning software such as EMME/2, TRIPS and
MINUTP is given in Appendix E.

Current traffic assignment models assign trips to the network using a simple origin-destination
matrix that represents either an average daily traffic or average peak period traffic flow. While
certain capacity restrained assignment algorithms may load trips incrementally, these incremental
loadings bear no relationship to the temporal build-up and dissipation of traffic over the peak
period. Consequently current models are unable to evaluate the impacts of strategies to spread the
peak or to divert peak period trips to off-peak times. In the current climate of high priority to air
quality, the models are unable to provide the necessary vehicle speed profiles needed by air quality
models to accurately measure CO emissions.

4.2.3 Data Requirements

In many parts of the world, urban transport planning methods are being redesigned so as to be
more sensitive to transportation control measures (TCM) and transportation demand management
strategies.  In the USA, for example, this redesign is in response to planning requirements
mandated by the Intermodal Surface Transportation Act of 1992 (ISTEA) which embraces 1991
Clean Air Act Amendments.  Planners must evaluate the effects of infrastructure plans on induced
travel and the effects of induced travel and control measures on air quality.  For the first time,
analysts are now required to analyse issues such as the role of levels of service for non-motorised
(pedestrian and bicycle) modes, the substitution of in-home and out-of-home activities, complex
travel and activity linkages, and the effects on travel of neo-classical and other non-contemporary
land use plans.

The consequences for data collection are immense. Data collected according to the old paradigms
will not support the analyses needed to address these issues.  The objective is no longer merely the
ability to replicate the flows of persons and commodities between crude spatial aggregations of
origins and destinations.  Planners know where the traffic is today.  Data must now be able to tell
us why people travel where and when they do, why goods are to go by particular routes and modes
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and times of day, so that we can model how future conditions are likely to influence their decisions.
We are still obliged to validate models by reproducing existing conditions, and traffic volumes
must be estimated under certain circumstances. However, there are now competing uses of basic
travel demand data, and network flows do not need to be reproduced in their entirety to assess
potential changes in them.

The new planning requirements are not well served by routine large-scale trip diary surveys
conducted periodically (at intervals of, say, ten years).  Such surveys in a growing number of urban
areas are being replaced with a rotating panel (longitudinal) survey.  This panel survey should
consist of instruments to collect household and vehicle transactions data, activity diaries, and stated
preference instruments.

Travel demand models that define the current staged four- or five-step static disaggregate urban
transportation planning system will, in state of practice contexts, be discarded in favour of dynamic
micro-simulation models that explain why and how travellers and potential travellers will react to
policies that are not simply describable in terms of network travel times and costs.

4.2.3.1 Activity Diaries versus Trip Diaries

The first icon of large-scale origin-destination studies that is being discarded is the trip diary.
People travel because they want to participate in activities away from where they are at any
particular moment in time.  It is more natural and more effective to ask them “what they did next,
where that was, and how they got there” than to ask them “what was the next trip you made.”

“Trips” are difficult to define:  Is a walk next door a trip?  What kind of a trip is  dropping off a
child?  The most relevant approach, being used in activity diary surveys currently in the field in
metropolitan areas such as the Portland Oregon Metropolitan Area and being planned for the
Dallas-Fort Worth Area, the State of California, and elsewhere, is as follows:

1. Ask for each activity in very detailed (open-ended, if possible) categories.  This
allows respondents to tell you what they did, not try to compress what they did into
categories comprehensible only to analysts, such as “social” or “recreational.”

2.  Ask for all major activities, in home as well as away from home. It is easy to write
instructions that clearly indicate which in-home activities the respondent can ignore.

3.  Ask who in the household participated together in each activity.

4. For all activities located at a different place than the previous activity, ask how the
respondent travelled between the activity locations.

5.  For different ways of travelling, ask details using survey branching. For public
transport: routes, transfers, methods of payment, waiting times, in-vehicle times, etc.
For private vehicle travel: travel times, which household vehicle was used, who drove,
who else was in the vehicle, where it was parked, etc.

There is a major trade-off involving the number of days for a travel diary and the coverage with
regard to household members.  Increasing the number of days beyond one facilitates analysis of (i)
relatively rare activities and their travel requirements; and (ii) weekend activities and their travel
requirements; and day-to-day variations in activities and travel (particularly important in modelling
choices of car-pooling, because many car-poolers drive alone on some days of the week).

Obtaining activity diaries from all household members above a certain age facilitates analysis of:
(i) household interaction in activity participation and scheduling; and (ii) allocation of vehicles and
other household resources (important in understanding, for example, what happens to a household
vehicle if a commuter switches from driving to another mode).
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Both extensions from a single-member/single-day diary have survey cost, initial response rate, and
panel attrition consequences.  The specific policy-evaluation needs of the agency must dictate
decisions made regarding this trade-off.  For general purposes, if resources limit the survey to one
of the two choices, multi-member diaries are deemed preferable.

4.2.3.2 Longitudinal (Dynamic) Data

A panel survey or a panel sample component of a larger cross-sectional survey permits
unambiguous tracking of changes in respondent’s behaviour in response to changes in TCM
implementation, traffic conditions, transportation infrastructure changes, and economic conditions
such as employment levels.  Panel data also allow identifying permanent versus temporary changes
in respondent’s behaviour, and they permit the use of powerful statistical techniques to reduce
biases due to measurement error and important unobserved respondent characteristics.

Panel surveys, where respondents are repeatedly surveyed and followed over time, have been used
for decades to study the dynamics of demographics, labour supply, and poverty status.  More
recently, they have been used by transport researchers studying the dynamic effects of changes in
transportation policies.  The advantages of transport panels are increasingly being recognised.  The
Institute of Transportation Studies (ITS) of the University of California, Irvine recently hosted the
First U.S. Conference on Panels for Transportation Planning (UCLA Conference Center, Lake
Arrowhead, October 25-27, 1992), and a follow-up round-table discussion on panel surveys at the
Workshop Conference of the Travel Model Improvement Program of the US Departments of
Transportation and Energy and the Environmental Protection Agency, Fort Worth, Texas, August
14-17, 1994.

There are a number of panel survey designs.  A summary of the objectives and designs of
longitudinal surveys is given in Table 4.1. Panel surveys that are based on elements from
population subgroups that have shared a similar experience (i.e. travel to CBD daily) are called
cohort studies. A panel survey in which sample elements are kept in the panel for only a portion of
the duration of a survey is called a rotating panel survey. A split panel survey is a combination of a
panel and a repeated or rotating panel.  An important distinction must be made between a panel
survey and panel data. The latter consist of continuous or periodic measurements of items of
interest. In theory it is possible to obtain reliable panel data from a survey conducted at a single
point in time; but measurement considerations usually dictate the use of a panel survey design
rather than retrospective questioning to collect reliable panel data on individuals or groups . In large
part, the analytic advantages derived from panel survey designs are synonymous with those
inherent in reliable panel data. Examples of panels  around the world are summarised in Appendix
F.

The Puget Sound Transportation Panel (PSTP) is the first general-purpose urban panel survey in
the USA. The major goals of the panel are (i) to track changes in employment, work characteristics,
household composition, and vehicle availability,  (ii) to monitor changes in travel behaviour and
responses to changes in the transport environment, and (iii) to examine changes in attitudes and
values of transit and non-transit users. The PSTP includes household, person, trip and attitude
information of four waves, each pair of waves a year apart. The travel diary includes continuous 48-
hour activities (excluding the in-home activities) for each wave. It includes every trip a person made
during the two days. Each trip was characterised by trip purpose, type, mode, start/end time, travel
duration, origin/destination, and distance. Out-of home activity engagement information can be
derived using the trip purposes.

One key problem with interpreting cross-section surveys is the impossibility of unambiguously
determining the cause of observed behaviour.  For example, we know that people who work for
large companies are more likely to carpool.  It is not clear whether this behaviour is due to the
relative ease of finding suitable carpool partners in large firms, whether large companies provide
more assistance and incentives for carpooling, or whether people who like carpooling also like
working in large organisations.  If it is mostly due to the ease of finding partners, then rideshare
matching programs should be more effective at encouraging employees of small firms to rideshare.
If panel data were available across the time period when a rideshare matching program was
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introduced, then the competing explanations could be disentangled.

Table 4.1 Objectives and designs of longitudinal surveys

Objectives Relevant
Design

Examples

A. Estimation of population parameters
at time points or during time periods
within which changes are assumed
negligible

RPS
MPS, (PS*)
RCS

Monthly trip rate for a
particular month
Annual kilometres of vehicle
use

B. Estimation of mean values of
population parameters across a period
of time

RPS
MPS, (PS*)
RCS

Average monthly trip rate
Average annual vehicle
kilometres

C. Measurement of change at an
aggregate level (net change)

PS
RPS
MPS, (RCS+)

Change in monthly trip rate
between 2 periods of time

D. Aggregation of data over time for
individuals

PS
MPS

Weekly trip rates cumulated to
quarterly trip rates

E. Cumulating samples over time RPS
MPS
RCS, (PS#)

F. Measurement of components of
individual change

PS
MPS

Differences in levels of vehicle
use at the individual level at two
time periods (gross change)

G. Measurement of frequency, timing,
duration of events occurring within
given period

PS
RPS
MPS, (RCS* *)

Time length between vacation
destination visits for an
individual
The proportion of people
visiting each destination fora
particular time period

Notes:  PS = panel survey; RPS = rotating panel survey; MPS = mixed panel survey; RCS = repeated cross
sections.
* A PS can satisfy this objective if representativeness is maintained.
+ An RCS cannot decompose net change into changes in individual values and changes in population composition
(i.e. intra-individual v. inter-individual effects).
# A PS can cumulate samples over time where the characteristics of relevance are not static and of low incidence.
** An RCS is subject to considerable recall error in this context.

More generally, panel data are crucial for measuring the rate of change in behaviour in response to
changing transportation costs and policies.  For example, to get the full benefit of some TCM
policies, it is necessary to wait until commuters have had time to rearrange their activity schedules,
and adjust their vehicle usage and ownership patterns. A panel survey could measure this effect by
simultaneously tracking changes in commuters’ mode choices and vehicle holdings.

Urban economic theory states that households should respond to increasing congestion (and more
onerous TCM policies) by changing the residence and/or workplace location.  The speed and
amount of these changes is an important component of a careful evaluation of TCM policies.
These relatively infrequent moves are also easy to track with a panel.

Suppose that a new TCM policy or an infrastructure or major change in levels of service occurs
between the time of two different cross-section surveys.  If these two surveys show a change in
travel behaviour, then we still do not know whether this increase is due to more people permanently
switching modes or routes or travel frequencies, or whether a succession of different people are
experimenting with new options for a week or two and then returning to their original behaviour
patterns.  However, if the same policy is instituted between waves of a panel survey, then we can
measure to what extent the observed responses are permanent.
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A key objective of modelling is to accurately measure the sensitivity of choice behaviour to changes
in relevant explanatory variables. In classifying the types of variables, the two key considerations
are (i) to what extent do they vary over time and (ii) to what extent can they be observed?  To give
some substance to this distinction, which has some element of specific context, we can categorise
variables into six types as shown in Table 4. 2.

Table 4.2 Categorisation of Variables in Travel Models

Non-varying Infrequently varying Frequently varying
Observed sex

age
education level

household type
employment status
income level
car ownership
workplace location
residential location

travel times
travel costs
activity choice
destination choice
mode choice
departure time choice

Unobserved personality
handicaps

tastes
attitudes
social constraints
measurement error

experiences/learning
situation constraints

The variables increase in time variability as we move from the left to the right. Age is in the time-
invariant category because it is perfectly correlated with time. For most individuals, education level
does not change after reaching adulthood. The variables in the next column change over time, but
not very frequently. In typical panels with waves up to one year apart, these variables remain
unchanged between waves for most respondents. Measurement of their within-individual effects
thus requires surveys with a large number of respondents and/or a large number of waves.
Household-based variables such as life cycle and car ownership may change more frequently than
person-specific variables, because they can be influenced by more than one individual.

The variables in the last column of Table 4.2 include a number of travel and location decisions
which are often modelled in transport studies. They are subject to a fair amount of variability;
panels which record single trips or activity diaries are likely to capture this variation. Alternatively,
if individuals are asked about their repetitive choice behaviour (e.g. how often do you go on holiday
per annum), then behaviour may appear to be more stable over time. Variables which are not
observed in most survey contexts include individual-specific traits such as personality, tastes,
attitudes and experiences, all of which define in generic terms major dimensions of impact on
behaviour. As rather vague but important terms, they are used to separate traits which tend to be
stable over time, such as risk aversion, introversion etc. from biases or attitudes which might shift
gradually over time as a result of experiences, information, social pressures etc.

Constraints on choice also often remain unobserved. Individual-specific constraints may be of a
fairly permanent nature, such as physical handicaps or phobias concerning certain types of travel
activity. Social constraints resulting from arrangements in the household will tend to change over
time, although perhaps not very often. Many other types of constraints are likely to vary from time
to time such as sickness, public transport strikes, bad weather etc.

Measurement error relates to unobserved variations in the observed variables. The more frequently
a variable changes, the more likely it is that the measured value will be inaccurate for explaining a
specific instance of choice. Travel times and prices of travel to destinations are important examples;
a network-based approximation to travel times and prices include spatial as well as temporal
measurement error. One can pose survey questions about certain unobserved effects such as
attitudes and situational constraints. While such explanatory variables may provide useful insights
in an explanatory sense, they are generally not useful for prediction over time, since one cannot
predict how these variables will change. It is often preferable to use such variables as indicators of
latent characteristics which can in turn be related to demographic and socioeconomic factors. There
are a number of ways of representing these unobserved effects:

(i) in alternative-specific constants representing the net utility, or systematic bias for each alternative
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resulting from all unobserved effects. The strength of these biases is assumed to be the same for all
individuals in a sample.

(ii) in the residual random error term representing the non-systematic utility component for each
alternative resulting from all unobserved factors. The variance of the random component is usually
assumed to be identically and independently distributed (iid) across all alternatives and individuals
(i.e. the multinomial logit model). Alternative model specifications such as nested logit and
simulated moments multinomial probit relax these assumptions to varying degrees.

Using panel data, within-person changes can be identified separately from across-person variation
which may be correlated with heterogeneity. For panel data however, the iid assumption may be
violated if serial correlation is present in the random error terms for choices made by the same
individuals in different periods. Concepts such as habit or inertia are indications of serial
correlation; individuals are often likely to repeat the choices which they made in previous periods,
for reasons which cannot be related to the observed explanatory variables.

It is not obvious whether unexplained stability in behaviour is due to heterogeneity (missing
variables) or due to true state dependence. In contrast to heterogeneity which reflects individual-
specific differences, state dependence reflects structural resistance to change due to transactions
costs, imperfect information, time lags etc. Fairly complex model specifications are necessary to
disentangle these effects; although some approximations procedures can be developed to test
whether such effects are present, as well as being useful in predicting behaviour.

4.2.3.3 Integrated Responses to Hypothetical Futures: Stated Preferences

Stated preference (SP) survey methods, in which respondents are presented with hypothetical
future alternatives (constructed according to an experimental design) and asked to rate, rank, or
choose among them, are becoming popular in transportation planning.  However, in almost every
application to date, these SP data are separate from the revealed preference (RP) diary and other
data collected in the normal course of transport planning.  This is a basic mistake that has limited
the usefulness of SP data.

SP has been viewed as a panacea by some transport operators and governmental planning agencies,
and this has led to a flurry of SP opportunities for consultants, who often provide inferior survey
layouts in the way in which leading questions are asked.  Moreover, most SP samples exhibit a
self-selection bias that can be attributed to the enormous literacy and comprehension burden of
complicated SP tasks with long introductions, and the natural selection of respondents according to
their interest level in the subject being studied.  In general, such self-selection is not well reflected
in differences between the socio-demographic characteristics of the sample and a target population,
so SP survey proponents point to sample comparisons and high pseudo response rates (i.e.,
completion rates for persons “who agreed to talk to the interviewers”) as evidence of accurate
representation.  The survey layouts and self-selection of the sample almost guarantees that
behavioural change will be overestimated by stand-alone SP methods.

It is more appropriate to present selected respondents to the main travel demand survey with SP
tasks that cover potential TCM policies as well as potential changes in modal levels of service and
costs.  The SP data can then be analysed in conjunction with the same respondent’s RP data, so
that the SP models become extensions of the RP choice models.

Combined stated preference and revealed preference (RP) data take advantage of the strengths of
both types of data while recognising that some of the weaknesses of one data type are a strength of
the other data type. RP data are best described as:

1. depicting the world as it is now (current market equilibrium)
2. having built-in relationships between attributes (technological relationships are fixed)
3. only have existing alternatives as observable
4. embodying market and personal constraints on the decision-maker
5. having high reliability and face validity
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6. yielding one observation per respondent at each observation point.

SP data are best described as:

1. depicting virtual decision contexts (flexibility)
2. having controlled relationships between attributes (permitting mapping of utility 

functions with technologies from existing ones)
3. including existing and/or proposed and/or generic choice alternatives
4. having difficulty (if not impossibility) to effectively represent changes in market and 

personal constraints
5. being reliable to the extent that respondents understand the task, are committed to the 

task, and can really respond to the task
6. yielding multiple observations per respondent at each observation point.

The distinguishing appeal of the two types of data can be illustrated diagrammatically in the context
of mode choice (Figure 4.3). RP data provides information on the current market equilibrium for
the behaviour of interest and is useful for short term forecasting of departures from the current
equilibrium. In contrast SP data is especially rich in attribute tradeoff information, but is to some
extent affected by the degree of ‘contextual realism’ that we can establish for the respondents. SP
is useful for forecasting changes in behaviour. The more strategic our objectives (ie a longer time
horizon), the greater the need and opportunity to use SP data, along with RP data. The benefits
include an ability to map trade-offs over a wider range of attribute levels than currently exists
(adding robustness for forecasting), and an ability to introduce new choice alternatives
(accommodating technological change in an expanded attribute space). The joint use of RP and SP
data as shown in Figure 4.4 provides the two paradigms under which the two types of data should
be used in model estimation and application. SP data can be collected on  a regular basis from
ongoing travel surveys, with a mix of choice experiments to both evaluate different issues and to
monitor responses to the same issue.

An important idea associated with the microsimulation approach and the use of synthetic
households (and firms) in applications is that the data required for joint estimation of an RP and
SP choice experiment can be obtained from a small and separate survey of the sampled population.
The key objective is to obtain more robust parameter estimates for a particular choice model so that
in application one can increase the confidence in the predictions as the analyst stretches the attribute
space and the choice set under policy assessment. Given that each replication of  a choice
experiment is a rich individual observation, with typically 4 replications per respondent plus an RP
observation one can generate 4 pairs of SP-RP data or up to 8 observations per respondent. A
sample of 300 respondents for a market segment is more than sufficient to obtain consistent and
efficient parameter estimates. The resulting parameterised models are then incorporated into a
spatial decision support system to evaluate the demands and responses of the synthetic households
to a range of strategies under investigation.
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Figure 4.3 Attribute Space of RP and SP Data
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Figure 4.4 Two Paradigms for Integrating RP and SP Choice Response Data
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4.3 THE PARADIGM SHIFT

The set of analytical tools associated with a paradigm shift are already available in the state of better
practice. The key features of the review of the literature in sections 1 and 2 of this chapter are:

1. A move from a trip-based to an activity-based approach

2. A move from a zone-based to a GIS platform

3. A move from a deterministic to a probabilistic specification for all model elements

4. A move from total reliance on cross-sectional models to a mix of cross-sectional and dynamic
(i.e longitudinal repeated cross-section and panel contexts) approaches

5. A move from forecasting to a mix of forecasting and exploratory tools

6. A move from a strong emphasis on modelling per se to scenario planning

7. A move to a number of models with the same travel choice (e.g. commuter mode choice) but with
a complex fully disaggregated model of all modes and extensive explanatory variables as well as
a more aggregated set of modes and reduced number of explanatory variables, the latter more
appropriate for long term forecasting, the former for more short to medium term forecasting and
exploratory analysis in respect of a wide ranging set of alternative policy instruments

8. The move to account for behavioural processes of adaptation as the basis for response to
changes in the travel environment. This involves allowing for the replication of human trial-and-
error processes of learning (e.g. incomplete information, behavioural inertias, asymmetry’s),
preferred responses evaluated using time-use preferences for activities (recognising the ideas of
time and money budgets), and the satisficing principle. Within an activity mobility simulator
which might be the core of STIMS, we could integrate the set of travel choice models in such a
way that the emphasis is on applying the models to replicate the principle rules of adaptation in
arriving at an outcome consequent on a change. For example, we might contemplate a set of
travel choice models set up in such a way that the adaptation process in Figure 4.1 can operate.

9. A consideration of synthetic units of observation for identifying future outcomes based either on
forecasting or scenario planning, rather than relying on re-weighting of samples observations
from contemporary surveys. The ideas of an urban system microsimulator and a socio-
demographic microsimulator might be considered as the way in which visions and reality are
integrated within a sequenced activity-based mobility microsimulator. A possible structure might
be as shown in Figure 4.5.
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Figure 4.5 An Example of an Urban System Simulator

The state of the art has identified the need to model total travel, trip chaining and sequencing, time
of day and day of week travel (with temporal networks and dynamic traffic assignment being
important issues), induced demand, activity sequencing in time and space, vehicle holdings and
utilisation by type and vintage over time (including supply-side scrappage rate models), dynamic
forecasts of lifecycle and socioeconomic characteristics of households, the achievement of
consistency between transportation plans and land use/urban form, and the ability of the system to
be responsive to many policies. This is an ambitious program. The intent in the current review is to
recognise the direction in which best practice will ultimately head as new research tools are
introduced into practice, and to identify a balanced program of model development and application
systems for the DTSG which is achievable within the skill base available but which recognises the
directions of change in best practice. Better practice is the appropriate challenge for DTSG.
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We must ensure that a set of models, no matter how limited they might be, are active throughout the
period of development of more appropriate model systems. It is also important to recognise that
one major deficiency in the past in much of the state of the art and the state of practice has been a
failure to provide relevant and user-friendly computer software (suitable for all platforms -
mainframe, PC, Mac etc.) which brings together survey data, estimated models, external data,
networks etc. in a way that ‘automates’ most of the requirements of clients requests for
information. We must avoid the historical legacy of large time lags in delivering important
information.

In the following chapter we combine our knowledge of the state of the art and best practice with the
contributions of the client base which evolved out of the consultation process to identify the key
elements of a revised data, modelling and information strategy for the DTSG which we believe is
achievable within a well-defined program of works. The new STIMS must parallel the current STM
until the client base is satisfied that STIMS can fully replace the existing model system.
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Chapter 5

A REVISED DATA, MODELLING AND
INFORMATION STRATEGY

5.1 BACKGROUND

The centrepiece of this study is the design of a strategic travel information and modelling system
(STIMS) which is policy-useful to the broad set of stakeholders. There are three critical
dimensions to STIMS: a data strategy, a modelling strategy and an information strategy. When
combined, the substantive elements of the triad must provide stakeholders with the information they
need to contribute effectively to the transport debate.

The development of data, modelling and information strategies as outlined below has evolved with
the aid of a number of consultation mechanisms and desk-top reviews of published and
unpublished material. Consultation has taken the form of in-depth interviews with a number of key
stakeholders, the conduct of a series of one-day workshops, and contributions from analytical and
application experts throughout the world who participated in a two-round Delphi exercise. This
activity was complemented by a consideration of the published literature on travel behaviour, travel
surveys and travel modelling.

In identifying the essential elements of STIMS, we have been mindful of the importance of a
program of work which is feasible within the levels of resources (including in-house skills) likely
to be allocated to the DTSG. Although there is always an element of uncertainty in respect of future
resources, the strategy we detail below has a number of attractive resourcing characteristics - in
particular a resource profile that is relatively ‘flat’ over time. This is designed to bring to the DTSG
a corporate discipline through an ongoing activity process which is not disrupted by the gearing up
and gearing down process associated with the ‘every 10-year’ big survey. Breaking this historical
cycle was seen to be highly desirable for many reasons.

5.2  CRITERIA DRIVING THE DESIGN OF THE TRIAD
To make STIMS policy useful requires compliance with a number of key criteria. The set of
criteria can be grouped into two broad categories: (i) substantive content and (ii) deliverability. The
criteria given below apply to all three dimensions of STIMS and provide the benchmarks against
which the effectiveness of STIMS will be measured. Table 5.1 summarises the criterion set, each of
which is interpreted more fully in the text.

5.2.1 Substantive Content

The key dimensions of substantive content are representativeness, policy usefulness, hierarchical
linkages and flexible aggregation, continuity and comparability, progressive development, and data
interfacing.
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Table 5.1 The Benchmark Criteria for STIMS

Substantive
Content

Data
Strategy

Modelling
 Strategy

Information
Strategy

. Spatial representation 3 3 3

. Temporal representation 3 3 3

. Socio-economic representation 3 3 3

. Activity representation 3 3 3

. Policy useful set of endogenous variables 3 3

. Policy useful set of exogenous variables 3 3

. Hierarchy of geographical scales
  (flexible aggregation)

3 3 3

. Supply-side data bases 3 3

. Benchmark forecasts and scenarios 3 3

. Continuity and comparability 3 3 3

. Verification, validation, robustness
  (predetermined quality, accuracy and error
  structure)

3 3

. Progressive development 3 3

. Keeping up to date with best practice via
  courses, training and reading

3 3 3

Deliverability and Accessibility
. Customer need compliance 3 3 3
. Timely (quick dissemination) 3 3 3
. Cost effective 3 3 3
. User friendly (machine compatibility) 3 3 3
. Acceptability 3 3 3
. Awareness mechanisms 3 3 3
. Continuous review of customer needs 3 3 3
. Clear ownership and usage rights 3 3 3
. Communication (two-way) between
  multiple authorities (esp. for data linking)

3 3 3

. Distribution and interchange arrangements 3 3 3

. Appropriate pricing strategy 3 3 3

. Customer support (incl back up) 3 3 3

. Training in use 3 3 3

. Documentation (and transparency) 3 3 3

. Portability to different platforms 3 3 3

. Universal  formatting 3 3 3

. Access to data at all levels of detail 3 3

Representativeness has four fundamental elements. Data and models must be able to deliver
outputs at all key levels of spatial disaggregation (from the census collector’s district through to the
metropolitan-wide level). The traffic zone should not be seen as the delimiting spatial unit but one
of a number of useful levels of disaggregation of data for reporting, interpretation and analysis.
Data and models must have a temporal dimension both in terms of the time of day, day of 7-day
week, season and year. Data and models must accommodate the differences in travel and locational
behaviour of the various socio-economic strata to enable appropriate identification of differences in
opportunities and responses of socio-economic groupings of individuals, households and firms.
The complexity and richness of travel and activities at origins and destinations requires information
on what individuals, households and firms do at a sufficiently detailed level across space, time and
socio-economic strata. The activity emphasis recognises the importance of knowing in some detail
about the nature of events which occur at each production and attraction location as essential to
understanding and predicting travel behaviour. Trip diaries with rather limited definition of location
activities must be replaced by activity diaries. The four dimensions of representativeness can be
summarised in Figure 5.1, with location and travel activities as the nucleus of the Data base.
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Policy usefulness in respect of substantive content emphasises the range of data items to be
collected, especially the incorporation of both ‘what is...’ and ‘what if...’ questions in the survey
instruments. It also emphasises the richness of the specification of the model system via the
consideration of a broadly based set of travel, location and vehicle choice and use models
representing the endogenous set of decisions made by individuals, households and firms in
different spatial and temporal contexts. The selection and incorporation of a richer set of
explanatory variables throughout the entire model system is also required to give the model system
the interface with policy instruments which require a model application facility to provide advice on
outcomes. The specification of a set of behavioural models is influenced heavily by these criteria.

Figure 5.1 Representativeness and Substantive Content

Historically the model system of DTSG has been oriented to a geographical scale which is
somewhat rigid in its ability to reflect the variations in spatial detail required for the wide gamut of
applications of stakeholders. For example, public transport agencies often need to identify the role
that walking distance and access mode play in a commuter’s choice of mode. Applications at the
traffic zone level are far too coarse to identify the constraining influence of access to a railway
station. There is widespread agreement that a more flexible hierarchy of geographical scales is
required in both data collection and preparation and model specification and estimation. This
requires DTSG to keep its base data and model systems operational and accessibility down to the
smallest geographical unit such as the CCD, with the capability of aggregating up to any desired
spatial unit of analysis and reporting. The important issue is flexibility in aggregation and
disaggregation.

With a spatial and temporal data collection and modelling facility in place, it is essential that
continuity and comparability is maintained for the core elements. In particular the information
content of an activity diary should be standardised at the outset and not revised each year of the
continuing data collection task. Some data can and should vary each year to allow for inquiry into
issues which are of evolving interest to the stakeholders. This balance between the ongoing core
data required for comparative analysis over time and space (and within socioeconomic strata) and
the opportunity for some flexibility in inquiry via less regular or once-off information items will
meet the majority of needs of stakeholders in accordance with their expectations of the role of the
DTSG. For example, stated preference experiments and opinion questions can be included each
year but with a different focus each time.

The issue of comparability applies equally strongly to model specification and estimation. The
opportunity to update model parameters and to recalibrate will always exist with an continuous data
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collection strategy. However, in the interest of preserving comparability, it is desirable to review and
refine elements of the model system less frequently than the availability of new data. Calibration to
accommodate revisions in forecasts of population growth for example should also be treated
carefully within a well-defined review and revision program which is fully documented so that
users of the data and especially the model outputs are aware of the variations in the model systems
which represent the default set each year.

Progressive development of models, data bases and supporting analytical tools is an essential
parallel activity to the maintenance and application of the current data and model system. In
recognition of the importance of a corporate discipline which minimises highs and lows in
commitments, it is essential that the DTSG continuously reviews STIMS (but not continuously
revising it, given the comparability criterion) in preparation for appropriate revisions. Skill
enhancement via courses, training and research must be facilitated within the overall STIMS
activity.

5.2.2 Deliverability and Accessibility

The benefits associated with meeting the substantive content criteria must be matched by a set of
deliverability criteria so that the stakeholders have maximal access to STIMS. Deliverability implies
the opportunity to know what is available within STIMS, to be able to request information in the
form of data, models, processed information  and advice on using STIMS and to receive such
information complete with documentation in a timely and cost effective manner. Understanding the
legal obligations under which such information is released is part of the deliverability package.

The DTSG will need to compile and maintain secondary data to complement their primary data
sources. The secondary data will be extensive and drawn from a large number of sources. The
consultation process highlighted the range of secondary data which DTSG must have in-house,
which needs to be accessible to the stakeholders as complementing the travel survey and modelling
outputs. The key secondary data items are listed in Table 5.2. The data includes supply-side
information to describe the physical, technological, socio-economic and demographic environment
within which travel takes place. A two-way communication system must be introduced in which
DTSG staff are active in establishing and maintaining contact with the sources of secondary data.
DTSG’s role is not simply to request such data for its own requirements, but also to be a point of
contact for advice for others on what secondary data is available from various sources. An
information retrieval system should be set up within DTSG along the lines of the system developed
by the Institute of Transport Studies for the Australian National Bicycle Information Data Base. An
example of the contents and on-line menu based search and retrieval system is shown in Figure
5.2.

All information associated with STIMS must be documented on a continuous basis, and treated as
an essential component of all data and modelling activity. This documentation should be integrated
into the STIMS inventory data base (on a platform such as file maker pro) so that all in-house staff
and external stakeholders can access this information with ease. Its currency should be maintained
with appropriate identifiers to recognise the currency of the inventory. Such an inventory will
reduce the amount of human resources required to service a large amount of customer inquiry and
serve as a discipline for full documentation. It will avoid the current dilemma of having most
‘documentation’ in the head of previous employees of DTSG.
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Table 5.2 Secondary Data Requirements for DTSG

Secondary Data Type Specific Items (Illustrative)
Socio-economic . ABS census individual and

  household socioeconomic characteristics
. population and household size
projections
  from Dept of Planning (LGA level with
  DTSG required to covert to CCD/rtz)
. employment by type from ABS  (JTW
  data) and DOP

Spatial . CCD profiles - area, composition of
  residential, commercial, industrial
  infrastructure
. building prices
. land rents
. council rates
. retail facilities (size, composition,
  turnover, parking etc.)
. schools (size, students etc.)

Technology . registrations of passenger and
  non-passenger vehicles by type
. attributes of vehicles (age, fuel type,
  fuel efficiency, weight, engine capacity,
  no. of cylinders, make, model etc.)
. public transport inventory
. taxi GPS (dispatch data)

Environment . emission parameters
. emission inventories
. noise data
. safety data
. fuel consumption and efficiencies

Networks . traffic counts
. school passes issued
. tollroad traffic
. passenger counts (public transport) by
  electronic ticketting machines
. characteristics of the road and transit
  infrastructure
. pricing of transport mode use

(insert Figure 5.2 here - get from Marcus).

To satisfy the needs of stakeholders it is necessary to have a flexible policy on data release,
particularly in respect of the level of detail of data. Some stakeholders will require access to unit
records (with elimination of items such as precise address and names), since they would want to
develop their own models or undertake very specific data analysis. Almost without exception,
stakeholders support and request a very flexible policy of data release in terms of level of detail
available and pricing.
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5.3 COMPLIANCE WITH THE BENCHMARK CRITERIA

How can DTSG comply with the benchmark criteria underlying the strategic triad? In this section
we outline the major components of a program of data compilation, model development and
information provision. The emphasis is consistent with the views of stakeholders who participated
in the initial in-depth interviews and the workshops. there is a high level of consensus on the major
elements of STIMS.

5.3.1 The Data Strategy for STIMS

There is a recognition of a need for a continuous data collection program of sufficient richness to
give some confidence to the temporal and spatial differences in patterns of activities by socio-
economic grouping. This applies equally to the movement of people and commodities by all forms
of transport. The development of a longitudinal data collection strategy is fully compatible with the
need to have a flat profile of work activity within DTSG through time.

The continuous program of data collection applies to both primary and secondary data. Primary
data is derived from a travel survey of a sample of households (the source of people movement)
and firms (the source of both people and goods movement). The centrepiece of the travel survey is
an activity diary which captures the travel and non-travel activities of each household member.
Information is sought on the temporal ordering of activities, their duration and location, the nature
of each activity (e.g. watching TV, at work, attending conference etc.), the set of attributes
associated with participation in each activity (e.g. time, expense), and contextual constraints.
Supplementary data describing the socioeconomic characteristics of the surveyed unit and ‘what
if...’ data should be included in the primary data collection program. DTSG is expected to develop
and maintain highway and transit networks for all modes (ie. passengers automobiles, trucks,
buses, trains and walking) in sufficient detail by road type to define the levels of service on the
transport network. These networks must exist for a range of times of the day as well as provide a
capability to derive detailed door-to-door multi-modal levels of service for mapping onto individual
passenger and commodity trips. The need to move away from traffic zonal level trip levels of
service which fail to adequately reflect the access and egress characteristics of travel is essential. At
the very worst, a CCD level specification  must be available.

The workshop participants supported an ongoing survey drawn each year from a stratified random
sample based on location and criteria associated with socio-economic grouping such as household
size. Approximately 1500-3000 annual interviews of households which gives people movements
(including their activity on behalf of an employer) and 2000 annual interviews of commodity
movements would cumulate over time into a rich data set. As part of a good corporate discipline, at
the end of each year a report must be prepared to document the findings from the latest survey and
comparisons from the accumulating findings from the past years. It is feasible to pool annual data
over time as long as it is understood that this may be problematic where there has been a lot of
change in circumstance such as economic recovery. The strongest argument to support the annual
cumulative survey strategy is that adjacent years can be safely aggregated (a year is an arbitrary unit
of time for modelling etc.) and model estimation and application could safely use up to 3 years of
data without fear of temporal biases. An important advantage of regular data collection is the ability
to monitor what factors are changing over time and where specialised questions or supplementary
surveys might be undertaken to gain a more detailed understanding of a particular issue. An
example might be the impact of telecommuting on travel behaviour, residential location and traffic
levels. Part of the data set could be a short rotated panel.

This gives an extremely rich data set for model estimation as well as establishing a three-year
minimum review period for re-estimation and/or re-calibration of part or all of the model system.
This should fit well into a flat work program.  Network data can be reviewed on a rotating program
with every component checked once every three years. Through time this makes for a very current
data set plus an ability to identify change over time. It also gives much needed data to monitor the
effectiveness of particular policies, especially when embedded within a modelling system that can
control for all key sources of change through time.
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The essential components of the data strategy are summarised in Figure 5.3.

Figure 5.3 The Core Components of the Data Strategy

5.3.2 The Modelling Strategy for STIMS

There is a need to develop a model system which can capture a larger number of consequences of
policies than is currently possible with the current Sydney model system. To do this requires both
a richer specification of the set of exogenous or explanatory variables in the models as well as a
richer specification of the set of endogenous or dependent variables. The workshops discussed this
issue in some detail, leading to the support of a STIMS in which a broader set of location, travel
and vehicle models are estimated, calibrated and interacted amongst themselves. Together with a set
of supply-side models including highway and transit networks, vehicle scrappage models and
equilibration procedures in the location, travel and vehicle markets, a spatial decision support
system should be able to combine the demand and supply models to produce a policy relevant and
hence stakeholder useful STIMS.
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The range of behavioural models associated with travel, location and vehicle decisions of
households and firms, identified from the workshops and the literature are summarised in Table
5.3. This is an ambitious suite of models to integrate into a single comprehensive system. In
recognition of the possibility that the DTSG will have to be selective in what it supports for
inclusion in STIMS, a number of layers of model detail should be identified. In particular, within
each of the three broad generic classes of models, it is necessary to highlight a base model system
and an enhanced model system.

Table 5.3 A Proposed Set of Models for STIMS

Travel Models Location Models Vehicle Models
Person - Level Models by
Trip Purpose or activity
itinerary:

. Travel/non-travel

. Trip frequency
  (incl induced demand)
. Mode availability/captivity
. Access to company car
. Mode choice
  (access and linehaul models
  allowing for transfers)
. Route choice
. Trip chaining
. Activity participation
. Timing of travel choice
. Destination choice
. Parking choice
. Driver’s licence
. Temporal and spatial
  work practice choices
  (telecommuting, compressed
  work weeks, flexitime..)

Person Level:

. Workplace location

. Education location

. Retail location

. Special generators
  (hospitals, airports,
  entertainment)

Household Level:

. Residential location choice

. Dwelling type choice

. Tenure type choice

Household Level Models:

. Fleet size choice

. Vehicle type choice

. Vehicle kilometres

Goods Movement:

. Destination/Delivery
  choice
. Route choice
. Trip linking
. Time of day of travel

. Fleet size

. Vehicle kilometres

. Vehicle type

Businesses
(supply side models):

. Office location

. Depot location
Other Models:

. Regional economic impact

The selection of models for the base and enhanced model systems was discussed in some detail
during the workshops. They are summarised in Table 5.4.  The base model system should be the
starting block to enable the development of a fully operational model system complete with traffic
assignment and GIS reporting of inputs and outputs. The base system has 9 models: 5 travel
models, 3 vehicle models and 1 location model estimated and calibrated for the appropriate market
segments. The travel models relate to person and goods movements, the vehicle models relate to
households and businesses. The residential location model is a household-level model. The
selection of the base models reflects the broad range of policy issues of stakeholders. For example,
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the EPA requires information on the types of automobiles used for various trips (and their usage
rates) so that emission levels can be accurately calculated. Once the base model system is fully
operational, it is desirable to enhance it in a parallel activity, adding models in the order suggested
by the numbering in Table 5.4. Over a three year period, it is feasible to develop the base model
system and possibly commence enhancements in the suggested order.

Table 5.4 A Base and Enhanced Model System for STIMS: Demand Side Models
note: the travel models apply to each market segment, people and goods movement, defined by
trip purpose

Model Option Base STIMS Enhanced STIMS
Travel vs no-travel 3
Trip frequency (incl
induced demand)

3 3

Trip destination (incl
workplace location) 3 3
Trip chaining 4
Modal availability (public
transport, company car..) 1
Mode choice - linehaul 3 3
Mode choice - access 3 3
Trip timing 3 3
Parking choice 2
Route choice via assignment via assignment
Fleet size choice 3 3
Vehicle type choice 3 3
Passenger car kilometres 3 3
Goods vehicle kilometres 5
Residential location choice 3 3
Education location choice 7
Retail location choice 8
Special generators 9
Residential dwelling type 6
Residential tenure choice 10

The specification of market segments is important to the approach we are proposing. For the base
model system it is appropriate to treat each market segment as independent. To add a greater degree
of realism to the definition of segments than currently exists, the workshops supported  a larger
number of categories. The limitations of classifications such as home-based work, home-based
non-work and non-home based trips is well known. As household activity profiles become more
complicated with multi-purpose trip behaviour and trip linking, there is a need to expand on the
categories of travel activity as an exogenous mechanism for accommodating the heterogeneity of
constraints on trip making behaviour until such time as models are available to predict the types of
trips by linkages and mixed purposes. An example set is: home-based work, home-based education
(distinguishing primary, secondary and tertiary), home-based shop, home-based personal business,
home-based social/recreation, home-based serving passenger needs, work-based work, work-based
shop and personal business, work-based other, shopping-based shopping, shopping-based other,
other non-home based private travel, commercial car travel, light commercial and heavy commercial.

The new model system must parallel the existing model system until such time that it is fully
operational. Some features of the new model system can be introduced into the existing system as a
near term improvement if the process of conversion is not too demanding of resources. An example
is an improved commuter mode choice model in which a separation of bus and train is made to
replace the current binary logit mode choice model which limits modal switching between car as a
driver and the generic public transport mode.
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To enable the new model system to be developed and evaluated in a timely manner, it is proposed
that a three year program be developed in which the travel models plus fleet size choice be
developed in year 1, the vehicle models in year 2 and the location  models in year 3. The system can
progressively be integrated within a spatial decision support system.

Table 5.5 illustrates the nature of the choice sets associated with key travel, location and vehicle
choices together with some of the exogenous variables. It is the combination of behavioural
choices, extent of the choice sets and the richness of the set of explanatory variables which will give
STIMS its policy usefulness. Considerations such as the procedure for traffic assignment, the level
of spatial aggregation for applications and the appropriate GIS platform are secondary
considerations. Historically these latter technical concerns have tended to dominate the behavioural
emphases.
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Table 5.5 A Possible set of Choices, Choice Sets and Exogenous Variables to Define Travel
Possibilities

Travel Choice
 (Endogenous)

Choice Set Exogenous Effects

Mode Choice car drive alone travel cost (fares, fuel..)
car ride share walk time (proximity to public

transport)
guided busway door to door time
bus comfort
bus priority convenience
taxi safety (risk exposure)
motor cycle transfers
bicycle parking availability
bikeways tolls
walk dirty
heavy rail personal safety
light rail frustration
monorail luggage carrying requirement
HOV lane age
car pool health (mobility)
van pool mortgage as % income
hitch hiking elements exposure
community transport daily exercise - physical effort
ferry reading/learning/working

(concentration)
jet cat annual income
automated people mover size and composition of travelling

party
Destination Choice distance to home (for work)
    . work trip accessibility index
    . non-work trip (shopping,
recreation, personal business..)

destn attributes
parking

Frequency of Travel  Choice 0, 1,2,4,5,..... per unit of time part time vs full time work
    . work trip car availability
    . non-work trip income and commitments
Route Choice Tolled and Untolled routes tolls

travel time/congestion
scenery
convenience
reliability/uncertainty (time
variance)
comfort
fuel cost

Timing of Trip Choice time intervals in the peak schedule delay
imposed schedule
travel time (congestion)
trip chaining constraints

Parking Availability Choice available - free, subsidised, full
cost

company provided

public, private, off-street location
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Travel Choice
 (Endogenous)

Choice Set Exogenous Effects

Modal Captivity Choice Subsets of full set of alternatives
available vs not available:

income
location
time of day

car-based modes only access to company car
public transport modes only someone else pays
car driver only luggage (goods carriage)
train only size of travelling party
bus only status

Access to Business Registered
Vehicle

No occupation

Yes - household business registered income
Yes - other business registered residential location

Residential Location Choice distance for central area
distance from regional centres
household income
familiarity with the area
quality of schools
accessibility
house prices

Employment Location Choice occupation
residential  location
type of work

Business Location Choice

Working Hours per Day Choice nature of work
type of employer
income

Number of Activities life cycle of hhld
income
age of adults
life style index

Vehicle Ownership - Number per
Household

0, 1,2,3, >3 income

no. people working in central area
Vehicle Type Choice capital cost

operating cost
income
vehicle size
luggage capacity
no. of cylinders
acceleration

Vehicle Use Continuous choice unit fuel cost
age
residential location
no. of workers in hhld
age of primary driver

5.3.3 An Example of an Integrated Model System

A typical model system in which each of the models are linked in a behaviourally meaningful way
within a unified theory of individual choice is illustrated in Figure 5.4. The schematic structure
provides a natural structure for highlighting how a set of discrete choice models and the continuous
choice models are linked. The central structure is represented by the set of choice models layered in
the left hand column of Figure 5.4. There is an assumed decision hierarchy in which residential
location is the uppermost decision of a household, and as we move down the decision tree we
condition each of the worker-related choices on the higher order decisions. The choice of
workplace location for each worker in a household is conditional on the household’s choice of
residential location. Likewise the choice of commuter mode is conditional on the choice of
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residential and workplace location. The presence of more than one worker in a household is
allowed for by having a separate choice for each worker, together with additional exogenous
variables to account for the influence of the number of workers on each workers choice of mode,
workplace and household residential location. The modal opportunities include the set of available
alternatives and possible future investments in ‘new’ modes in specific spatial contexts such as
light rail and bus priority systems. Stated choice experiments can be combined with revealed
preference data in the estimation of the departure time choice and commuter mode choice models
(e.g. Hensher and Bradley 1993, Bradley and Daly 1993, Morikawa 1991).

There are a number of reasonable hypotheses on the relationship between the location choices. The
literature (e.g. Waddell 1993)  suggests that the workplace location choice is the dominating choice,
although its role in influencing residential location choice is complicated as the number of
household workers increases. DTSG could investigate both hypotheses  (i) each worker chooses a
workplace location, and then the household chooses a residential location conditional on workplace
location, and (ii) the household chooses a residential location, and then each worker chooses a
workplace location conditional on residential location.

The commuter choice of departure time is conditional on mode choice and the two location choices.
Figure 5.4 indicates that equilibration within the commuter car travel market is necessary. Given a
predetermined volume of non-commuting passenger travel (expressed in vehicle units) and
commercial vehicles, the commuter market is equilibrated on each origin-destination pair by using a
relationship between travel time, volume and capacity for the road system. The presence of a
departure time choice model suggests that equilibration should be determined for each time of day.
This requires a separate travel time matrix for each time period and the ability to have travel
substitution between times of day; that is a dynamic traffic assignment.  The resulting traffic
however is allocated to the choice set of departure times in accordance with the choice probabilities
to give a temporal profile of the traffic “in equilibrium”.

Two important household-based decisions are meshed into the core hierarchy by selective linking.
These are the choice of dwelling type which links into the residential location choice, and the choice
of automobile number and composition which links into the residential and workplace location
choice models. The dwelling type choice model provides the interface with the notion of living
density - each spatial location (i.e. zone) contains a mix of three dwelling types ( detached houses,
town houses and flats). Within each zone, each dwelling type is given a plot size or density index
which can vary between zones for the same dwelling type. Changes in residential density are
triggered by an exogenous shock to the number of dwellings by type in each zone. Given that the
version of the model system shown in Figure 5.4 is static, a number of exogenously determined
impact conditions have to be imposed to ensure that impacts on each endogenous choice of change
associated with a strategy are not instantaneous and hence misleading.  Equilibration in the
residential location market is achieved by the use of dwelling prices as the market clearing agent.

The automobile market at the household level is represented by a fleet size choice model and a
linked vehicle type choice model system. The multiple-vehicle branches of the vehicle type choice
system are represented hierarchically according to the chronological entry of each vehicle into the
household. For example, if a household has two vehicles and one was acquired in 1989 and the
other (through replacement or addition) in 1992, then the 1989 acquisition would be in the upper
level (level 1) of the tree; the choice of the vehicle obtained in 1992 is conditional on the vehicle
already held and which is not to be transacted at that time.

The final model system centres on the household’s annual utilisation of its automobiles and the
composition of the vehicle kilometres in terms of commuting, urban non-commuting and non-
urban vehicle use. Given the interest in environmental impact, the estimation of the vehicle type
choice and vehicle use models for multi-vehicle households will be undertaken at the vehicle level,
with suitable procedures implemented to condition the choice of each vehicle type and their use on
the set of vehicle types in the mix. The fleet size choice and type choice models are embedded
within a nested logit framework, with a further nesting within type choice for multi-vehicle
households.  From an air quality and global warming perspective, changes in vehicle kilometres is
the most useful measure of changes in emissions, given the fuel efficiency of the vehicle fleet and
the equivalent change in emissions per litre of fuel consumed. In recognition of the possibility that
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some unobserved influence on vehicle use may be correlated with the unobserved influences of
various travel, location and vehicle choices, one would correct for such bias by the inclusion of a set
of selectivity corrections derived empirically from the residential location, workplace location,
commuter mode choice and vehicle type choice models.

The vehicle use model represents annual use of each vehicle in the household. For one vehicle
households, a single equation of the regression form is estimated; for multi-vehicle households we
use three-stage least squares to estimate a set of simultaneous equations in which the annual use of
one vehicle is influenced by the use of each and every other vehicle in the household.

The non-commuting travel block comprises a logistic regression model for each fleet size. The
endogenous variable is the proportion of automobile kilometres in each of the three categories:
commuting, urban non-commuting, and non-urban non-commuting. Unlike the other three decision
blocks, we have no market clearing procedure within the non-commuting decision block. The prime
purpose of the non-commuting car model system is to allow for changes in the overall utilisation of
each household automobile resulting from any change in residential location, workplace location,
commuter mode choice, and the costs of motoring (associated with changes in vehicle type and
changes in the cost of owning and operating a given vehicle type).

Throughout the model system a large number of choice probabilities are generated per synthetic
worker and per synthetic household. The summation of these probabilities, after base year
calibration, in various dimensions such as socioeconomic segment (income by life cycle), vehicle
class (vintage by size class), and location (residential or workplace) will enable the model system to
produce a rich set of useful planning and policy outputs. Within each of these presentation
summations we can identify distributions of emissions, energy consumed, vehicle kilometres, end-
user cost, consumer surplus, government revenue and relevant absolute numbers and market shares.
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Figure 5.4 An illustrative Integrated Model System

5.3.4 Deriving Complete Trip Tables from Estimated Models

Extending the discussion on model estimation and utilisation of the various primary and secondary
data sources, strong support was given for an approach in which all trip tables are derived from the
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models after the models have been calibrated at a fairly aggregate geographical scale such as a local
Government Level. LGA to LGA traffic volumes by mode, purpose etc can be checked against
traffic and passenger count data (along similar lines to the approach used in Brisbane). Cordon
surveys with a reply post-paid card were criticised as a source of data for deriving trip tables, due to
problems of stopping traffic. The issue comes down to a faith in the estimated matrix from a model
calibrated using various count data versus the logistics and cost implications of cordon surveys.
Sector to sector checking gives a good feel for the robustness of the model system.

5.3.5 Model Estimation, Re-estimation and Updating: Selecting a Time Profile

The availability of annual travel data for model estimation must be placed in the broader context of
other complementary secondary data which is collected less often, in particular the census data
(every 5 years). The workshop participants argued strongly for a model estimation and
recalibration program that recognised this temporal discrepancy between primary and secondary
data. Although opportunities should always exist to propose variations in a modelling strategy, the
core of the program should involve a major review and re-estimation of the entire model system
every 5 years and recalibration to update the expansion weights etc possibly annually or whenever
updates on exogenous factors such as population and land use become available. This program will
support a flat work program and avoid the potential confusion in respect of the latest complete
model system parameter estimate set. A proposed time profile is given in Figure 5. 5.

Figure 5.5 A Possible Time Profile for Model Activity

Under the proposal to out-source model development, it is important that the entire model
development process take into account the need to have very close coordination in the specification,
estimation, integration, calibration, and testing of the entire model system within  a spatial decision
support system which incorporates the supply side and equilibration. The workshops discussed
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this issue in some detail, fearful of the consequences of a traditional invitation to consultants and
others to bid for the development of part or all of the model system. Beginning from a recognition
that the DTSG should bring together the best experts in each area of model development, there is
only one approach likely to be appropriate. The DTSG should seek out the expertise and establish
a team of suitable individuals to work together over a period of time to develop the base model
system and to test it through to real applications.

5.3.6 Spatial Decision Support Systems

A data strategy and a model strategy alone will not service the needs of stakeholders in a timely and
effective way. An information strategy embellished by a spatial decision support system is required
to complete the strategic triad. A decision support system must be designed to accommodate
applications at various levels of spatial disaggregation (e.g. local, regional and metropolitan wide
outputs) driven by the suite of models operating with data at various levels of aggregation (CCD,
traffic zone, LGA etc). The interface of the data inputs with a geographic information system will
enable rapid preparation of data inputs at the right level of aggregation; in addition a GIS interface
allows for appropriate spatial representation of outputs.

A DSS system must have the following properties:

1. A default screen of all parameters which can be changed
2. A display of outputs messed into a GIS interface
3. A screen to enable the ‘painting in’ of changing land use, transport networks etc.
4. An ability to highlight the profiles of base input data prior to model application to ensure the

validity of the data. Range checks are a useful feature.
5. An ability to display outputs at very fine and very coarse levels of detail, such as intersections

and areawide impacts.

SPATIAL DECISION
SUPPORT SYSTEM
           SDSS

Documentation
of all input data
and other files

Data input verifying
facility (range checks etc)

Model system
applications

Outputs:
accessibility
consumer surplus
vehicle kilometres
government revenue
traffic levels
emissions
energy consumed
modal market shares
vehicle type mixes

By segment:

location (ccd, rtz, LGA..)
socio group
road type
mode
time of day

GIS overlays by
socio group
road type
geographical scale
mode
time of day

Figure 5.6 The Major Elements of a Decision Support System
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A SDSS has to be integrated with a GIS system. Small and large scale traffic and transport
proposals can be handled in a more coherent manner by using Geographical Information Systems
(GIS). GIS have a special importance for the management and monitoring of travel demand as they
permit the spatial patterns of road and transport links to be handled on the same basis as the
variables and administrative areas affecting demand, social and environmental impacts. Integrating
land information and transport infrastructure enables better survey samples to be drawn, better
transport data for monitoring, and less complex methods to integrate the use of different forms of
traffic, land use, population and transport information.

Perhaps the most important need for linking up the land use, utility and travel information systems
in a transport-oriented GIS framework is the pressing need to be able to assess long and short term
responses to policies to condition, channel and manage travel demand. Few of these policies can be
pursued without tracking the effects over time, and it is this need to work with a mutually updated
land use and activity database that completes the case in favour of a GIS path to coordinate the land
use, transport and travel data holdings of DTSG.

The ability to link models within a GIS framework provides a further valuable potential for
improvement in communications, as the cartographic and environmental roots of GIS systems
ensure effective graphical and mapping outputs become a standard method of providing the
results of even exploratory analytical and forecasting investigations. The linkage with an SDSS
provides the most powerful twining of the technical capability.

There are two key factors that are important for most high level transport applications:

•  The vector files need to be of very high quality, and;

•  The GIS utilised requires the ability to add powerful route finding, spatial facility location,
demand forecasting and other tools to be integrated smoothly and easily.

The US Transportation Systems Centre in Boston (now renamed the Volpe Centre) of the US DoT
is using (and adding further analytical capacity to) Caliper Corporations' TransCAD system, which
has precisely these characteristics added to the base GIS functions, and is one of the several
specialised so-called GIS-T (GIS-Transportation) systems.

The ability to maintain a spatial database of the highway and transport networks, as well as linking
to the land and terrain spatial information databases created by other public bodies provides a very
substantial synergistic gain for the community. This occurs from the lowering of the costs of
continual updating and maintenance of each different type of database, and the powerful diagnostic
and presentation and query facilities that a GIS can provide - and the considerably lower investment
in time and effort required to make use of the combined spatial and transport information increases
the relevance and response time to management, consultation and assessment requirement.

The very high cost in both time and effort in creating the spatial framework for transport surveys
and subsequent updating to monitor changes have become insupportable in most administrations,
and although the overall planning and operational benefits are acknowledged, the rates of return for
undertaking large scale surveys as well as the spatial information required to place travel demand in
context can no longer be undertaken by individual public agencies, and new techniques are needed.

These include substantial use of integrated GIS frameworks with multiply sourced spatial data sets,
each of which can be maintained and updated efficiently, and a rolling survey technique to ensure
that the monitoring aspects of the travel demand, movement and impacts can be tracked in a timely
manner. The irony is that such data plus analysis systems are now valued considerably more than
they were in the past as contributors to better and more efficient management and development on a
continuing - and often detailed - basis, as revealed in the stakeholder interviews and the client
workshops.

It is in areas such as this that a badly needed public policy and management resource can be created
from existing resources  (under the umbrella of STIMS-GIS) to yield higher quality public sector
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efficiencies.

5.4 THE INFORMATION STRATEGY
5.4.1 Specification of Documentation Strategy Requirements

The value of information is greatly enhanced if potential users are aware of what is available, and in
what context they may be able to access it. It is a common occurrence to find potential users of
information sit up and take notice only after minimal analysis or graphical presentation is created
from what may be a tiny part of the data resource. This is an aspect of information management
and marketing that has been largely lacking in many areas of publicly-held information. When
major projects are undertaken this does not often arise, but the use of information in a more
proactive sense requires some marketing.

If end user interest is aroused by such marketing efforts, then it necessary to be able to respond
quickly and constructively to this interest. Unless the users already know a fair amount about the
data in question this rapidly becomes a narrowly focussed data acquisition or analysis request - and
sometimes the scale of effort required to meet such a request is not appreciated by end users. A
strategy is needed to determine how to respond to this process of negotiating information searching
and provision - and to speed up the feedback from queries raised.

The necessary components are :

(i)  Documented data (contents, description, storage specifications, access procedures)

(ii)  Documented information extraction procedures (queries and tabulation requests)

(iii)  Documented information summary processes (cross tabulations, graphs etc)

(iv)  Documented analysis systems (models etc)

These requirements spread across a range of different types of process. Some are no more than
records of what is held, others are procedures for accessing or processing it, and yet more are
access provisions and analysis capabilities and specification requirements.

The documentation requirements for existing and future data sets and analysis capabilities tend to
reflect these different aspects, and should be designed to ensure that at no stage does the process of
access or usage become bottlenecked by the need for a long standing or expert understanding of
the data, its history or the peculiarities of its storage or retrieval processes. If any such bottlenecks
can be identified, the processes and storage systems should be redefined so that a clear customer
perspective of services available and their underpinning can be appreciated and specified. This
places documentation in a rather different category from a simple record of physical data records,
and understanding and catering for this requirement is an essential component of the DTSG
information strategy.

A grid of different forms of data and processes that need to be documented are given in Table 5.6.
The list may appear to be long, but many items can be handled quite easily - if an appropriate
administrative and technical system is in place. The inclusion of archival data and documentation
formats extends the documentation issue to include data security. However, archival formats are
also ideal for certain forms of information distribution, and there is a strong interaction between the
two. First the various categories will be put forward, then the procedures, and finally a summary
assessment of the current position with data currently held will be given.
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Table 5.6 Categories of documentation

Category Specification Format Access Procedures Archival
Procedures

DATA
Surveys • Forms used

•  C o d i n g
instructions

•  C o d i n g
conventions

•  Fi les  held
(specifications)

•  Fi les  held
(machine
readable)

• Form copy
• Text specification of

instructions and
codes

• Machine readable text
• SPSS/SAS headers

• Provision of copies of
forms

• Provision of record items
and interpretation of record
item values

• Index of existing files
• Index of tabulation

specification
• Online access provision
• Security issues

• Printed media
master copies

• Disc/CDRom
backup masters

• On line storage
access
provision

•  Of f  line
storage
provisions

Geodata • Specifications
of data sets

• Forms available
to be linked to
survey data

• Zonal bounds

• GIS formats stored
•  GIS  fo rmat s

exportable

• Specification of usage
constraints and copyrights
of third parties

• Specification of methods of
obtaining geographical
outputs

• Disc/CDRom
formats

• On line storage
provisions

• Offline storage
provisions

Networks • Specifications
of networks
held

• Physical map
specifications
held

• Data files of
networks for network
generation

•  Network  files
g e n e r a t e d  f o r
specified network
models

•  G I S  layer
specifications and
formats

• Procedures for access to and
use of specified networks

• Disc/CDRom
formats

• Map formats
• Online storage

provisions
• Offline storage

provisions

Matrices • Specifications
of base and
processed
matrices held
and their status

• Storage formats held
on and off line

• Relational data base scripts
for generation

• Procedures for operation and
access

• Disc/CDRom
formats

• On and off line
storage
provisions

Land use
Popul-
ation
Employ-
ment

• Specifications
of data held at
what level(s) of
aggregation

• Specifications
of base forecasts
and their status

• Text specifications of
formats held

• Machine readable
formats held

• GIS layers

•  Access  and usage
constraints

• Scripts for RDB access
• Procedures for access and

use
• GIS access

• Disc/CDRom
formats

• On and off line
storage
provisions

• Maps, printed
and machine
readable

MODELS
Specif i-
cation

• Description • Implementation
• Execution procedures

•  Access  and usage
constraints

• Operational procedures

• On and off line
storage
provisions

Calib-
ration

• Description
• Screen line and

cordon data

• Implementation
• Execution procedures
• Outcomes

•  Access  and usage
constraints

• Operational procedures

• On and off line
storage
provisions

Implem-
entation
and
Operation

• Description • Model execution
scripts

•  Access  and usage
constraints

• Local and remote execution

• On and off line
storage  and
usage
provisions

Transfor-
med data
and
Forecasts

• Specifications
and descriptions

• Storage and retrieval
• Storage formats

•  Access  and usage
constraints

• Disc/CDRom
formats

RESULT
S
Outputs • Bibliography

of reports etc
• Printed or machine • Access and distribution

• On line and off line access
• Disc/CDRom
• Online/offline
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The documentation processes required for the 1991 data are somewhat more extensive than for
previous datasets due to the inclusion of geographical data and the use of a relational database to
hold it. The objectives of this set of documentation are to ensure that the existing data and models
are accessible, and that procedures exist to permit access to the data and the operation of data
extraction, initial analysis and model execution without undue reliance on specialised knowledge
not otherwise available.

5.4.2 What is Needed?

The current need is to consolidate exactly what is held, and to document it. There are several crucial
areas in which the documentation is known not to be complete. The requirements for documenting
a complex database with a sophisticated data retrieval language are reasonably onerous, but are
clearly essential. The effort required to complete not only this task but the procedures to operate it
raises the question of alternative methods of holding and documenting the data.

Intermediate forms, such a huge flat file, are very much easier to document and to explain to others.
If on line query access is to be set up (as would appear to be a sensible option for many purposes,
due to the resource limitations within DTSG), then the form in which access to the data will be
made is completely controlled by the extraction and tabulation software used. There are active
experiments on this form of access for census and other similar data to the DTSG holding current
in several countries.

The means of access for analysis is a quite separate issue from the release of the information. The
Bureau of Transportation Statistics in the USA is constructing a series of CDRoms containing full
data and documentation for extensive amounts of census and transportation data. These CDRoms
are being issued free or at their production cost (of about $1-$2). However, the analysis and
processing of this data places the onus on the end users.

At the same time CIESIN (the Consortium for International Earth Science Network, based in
University Centre Michigan and Washington DC) has set up the 1% and 5% Public Use Census
Microdata files for the 1980 and 1990 decennial census data. The CIESIN data structures and
analysis procedures appear to the user as a simple interactive program. The details of data
structures and their documentation (beyond the entries available and the interpretation of the field
codes) are therefore quite irrelevant to outside users. Only the interactive analysis and tabulation
software needs full documentation. The users of this system may be anywhere in the world as
access is via the Internet or dialup lines (ITS is examining this system as a beta test user).

This type of model for selective access to DTSG data is worth considering, as it would produce
both access to external users (and thereby reduce the load of extraction and analysis on DTSG)
and also it could be set up to be screened in terms of areas or coverage of data to be accessed or
people to log in. Control would therefore be retained.

Similar comments could be made about executing models and variants of networks, but in general
external users tend to wish to tailor their own model zone and network structures to suit their own
situations. Extraction of data in such tailored forms may best be done via remote access to a GIS
database of many of the transport and land use factors. Remote access to ArcInfo is also quite
practical.

These different models of access are put forward to illustrate the different documentation needs for
the DTSG in the future, as a function of the processes and access polices adopted. However, as
they are in active and energetic use in other countries, it may be worth considering the advantages
and disadvantages of such approaches for DTSG and a policy issue.
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5.4.3 Test Data Sets

In many cases users would like analyses of data extraction that could only be undertaken at DTSG.
One example is any extraction that would require - for example - the exact address of individuals or
households. As long as they are supplied only in a form aggregated over a sufficient number of
individuals to avoid identification, there is no objection to undertaking such a tailored data creation
process, as long as the identified records remain firmly in the secure hands of those who collected
the data and hold them secure.

The error prone process of developing an analysis procedure or a data extraction process
(especially if the complexities of a large relational data base) must be encountered.

The different formats in which documentation may be held is another issue where processes and
records need to be brought up to date. The use of a relational database has a number of intrinsic
advantages, as long as access is well specified. However, in such cases the ability to learn from
interaction with the data base itself will require a test data set on which queries can be trailed,
models tried out, and tabulations and analyses be prototyped before submission for execution
against the entire data set. This is an example of the integration of process and specification of
documentation, as remarkably little documentation is required to describe the data itself - but a great
deal to cover the processes associated with it, including access, retrieval and storage.

Depending on the policies adopted for access and distribution of the data, it will probably be
necessary to construct a series of test data sets so that extraction processes and simple (and
perhaps more complex) analyses can be tested out before being run by the DTSG (in the case of
limited access) or by the end users (even if the full data sets are distributed to them).

5.5 CONCLUDING COMMENTS
DTSG has a real opportunity to integrate the quantitative side of transport planning through the
development and implementation of STIMS-GIS, and to make the outputs accessible to the broad
client base. To meet the challenges of the future:

R1. STIMS-GIS must be focussed on broadly meeting the needs of the client base

R2. STIMS-GIS must be set up to enable flexible aggregation of data and model application
and outputs so that all geographical scales of information are available. To achieve this it is
necessary store all data and information at the most disaggregate spatial level (such as the
individual household and business). The GIS platform provides such an opportunity.

R3. To ensure that DTSG produces information relevant to the broad client base, it is essential
that an ongoing data collection and modelling strategy is in place. DTSG must be seen to
be current and relevant at all times.

Action arising from R3: Annual surveys of a stratified random sample of households and
commodity movements

R4: The modelling strategy must focus on a set of models which are more policy relevant in
respect of the set of behavioural responses permissible (ie the set of endogenous variables)
and the range of exogenous shocks testable via adjustments in the exogenous variables.

Action arising from R4: Staged development and estimation over 3 years of a new set of
travel, vehicle and location models, as a parallel modelling system to the current STM,
using opportunities where feasible to replace some components of the exiting system as
part of a near term improvement program, with an ultimate switching over to the new
system (retaining whatever elements of the old model system are compatible with the
objectives of the new system). ‘Switching off’  the old system must not occur until the
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new system is tried and tested and acceptable to the client base. A 5-year implementation
period is recommended.

Ultimately the success of STIMS-GIS will be determined by the service levels provided to the
stakeholders and the broader client base. The continued security of high service levels requires the
achievement of a number of critical outcomes best specified in terms of performance standards
associated with international best practice. To ensure that international best practice is achieved on a
continuous basis, with better practice the guiding force in the first instance, an implementation
strategy is required.

The DTSG’s primary obligation should be (i) the continuous collection, holding and dissemination
of primary, secondary and value-added travel and travel-related data (which includes survey data,
networks, and current descriptive profiles of critical performance measures of the transport system),
and (ii) the maintenance of an information dissemination and acquisition system with a customer
focus to service the needs of all stakeholders and clients. In addition, STIMS-GIS must be given a
major role, evolving from an outsourced team of expertise whose primary objectives are to (i) to
monitor and update the overall STIMS process through maintaining the intellectual capital invested
in keeping abreast of international best practice (ii) to act as an external adviser to the DTSG in
respect of the ensuring that the STIMS-GIS platform is maintained to a level necessary to satisfy
the ongoing needs of the broad client base.
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Chapter 6

A PROGRAM OF WORKS TO
IMPLEMENT THE STRATEGIC TRAVEL

INFORMATION AND MODELLING
SYSTEM

6.1 BACKGROUND

The previous chapters have documented the major inputs into the inquiry process, the way these
inputs were used in processing and guiding the discussions with the broad base of stakeholders
and clients, the contribution of the published literature on where the state of the art and practice in
travel data and modelling is heading, and the directions for change via the development of a new
strategic travel information and model system.

Chapter 5 in particular identifies the major elements of STIMS. This final chapter provides a work
program to ensure that the client-based redesign strategy for STIMS can be realised within a
program time horizon of three years to enable the existing Sydney Travel Model (STM) to be
superseded. In preparing this chapter we have consulted with the Steering Committee in order to
identify the levels of resources which will be available to DTSG. Working with an estimated budget
of $2million per annum (excluding full time internal staff costs), it is possible to translate the ideals
of the travel information and modelling strategy detailed in Chapter 5 into an effective work
program.

To assist the reader in gauging how we see the broad allocations of funding, Table 6.1 lists the
major activity areas and indicative annual resource commitments. It is our understanding that
DTSG will have a complement of 13 staff in total (excluding two information technology positions
which will be transferred to the DOT). This compares with 15 positions currently in DTSG, of
which only 9 are filled. There is a reduction of 2 staff positions.

The DTSG is expected to engage the services of consultants and universities in developing and
maintaining STIMS. Most notable is the use of survey research firms in the collection and
preparation of base data from activity surveys for both passenger and commodity movements; and
the use of model development and decision support design specialists. We might anticipate that
nearly half of the DTSG non-staffing budget will be used to fund out-sourced activities. Given the
importance of having DTSG staff well trained to use and maintain the various data sets, models and
decision support systems, a sizeable sum should be committed to staff training (approximately
$200,000 per annum).

An important element of the approach recommended to secure STIMS is that all activities occur at
the same level of intensity each year. There is no substantial peaks and troughs in work activity
which typified a DTSG dominated by a once-in-10-years survey. Within each activity area there
will be a cycle of work; for example, the development of models will be spread over a three year
cycle with each sub-model being reviewed and updated no more than once every three years. This
will ensure currency conditioned on a predictable work program. To have in place a decision
support system where the 'oldest' component is three years will receive strong support from the
broad client base, and enable the DTSG to guarantee currency in the outputs provided to all
stakeholders.
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Table 6.1 Major Activity Areas for a Three Year Work Program, 1995-1997

Activity Area 1995 1996 1997
Passenger Surveys:

In-house:
. survey design,
. sampling specification
. documentation

Outsourced:
. data collection
. data preparation
. field work reports

50,000

350,000

50,000

350,000

50,000

350,000

Commodity Surveys:

In-house:
. survey design
. sampling specification
. documentation

Outsourced:
. data collection
. data preparation
. field work reports

50,000

150,000

50,000

150,000

50,000

150,000

Secondary Data:

. GIS spatial data

. ABS data sources (census, vehicle regns,
  other ABS data)

35,000 35,000 35,000

Networks:

In-house:
. network material
. maintenance

Outsourced:
. time of day network data
. software implementation
. documentation
. training
. maintenance

10,000

100,000

10,000

100,000

10,000

100,000

Modelling:

Outsourced:
. design
. data preparation
. estimation
. calibration
. evaluation

200,000 200,000 200,000
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Table 6.1 Continued

Activity Area 1995 1996 1997
Decision Support System:

Outsourced:
. design of software architecture
. input interface design
. output interface design
. programming
. testing
. implementation
. documentation
. training

In-House:
. training on use
. maintenance

150,000

20,000

150,000

20,000

150,000

20,000

Training, Education and Conferences:

. registration fees

. accommodation, subsistence

. travel

200,000 200,000 200,000

Information Dissemination:

. Report preparation materials

. Printing and binding

. Mailing

. Development of mailing list in a data base

Outsourced:

. high quality information briefs

200,000 200,000 200,000

Equipment:

. Computers

. Software (word processing, spreadsheet,
   data base, modelling, GIS, assignment...)
. Diskettes, CD-Roms, Back up Tapes

100,000 100,000 100,000

Administrative Overheads:

. Photocopying

. Presentational material

. Stationery

. Furniture etc.

250,000 250,000 250,000

Contingencies

. Part-time labour support

. Specialised small surveys from time to time

. As Approved by Manager of DTSG

235,000 235,000 235,000

In preparing this Chapter, we remind the reader that the intent is to develop a broad strategy, and
not to detail each element of data, models and information dissemination. The framework that has
evolved through full consultation, literature reviews and steering committee meetings has identified
the critical elements of a strategy for STIMS. The remaining sections of this Chapter translate these
elements into a work program for a three-year operational cycle. In the main, all components of the
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first three-year cycle will be repeated every three years. A review of the initial three-years is
recommended prior to commencing the next cycle. The following sections of Chapter 6 summarise
each major work activity, providing guidelines on task requirements.

6.2 AN INTEGRATED WORK PROGRAM FOR STIMS
The STIMS work program is summarised in Table 6.2. The program is naturally divided into data
issues, modelling issues and information issues. We limit the discussion of the work program to
data, models and decision support systems. An information dissemination strategy and work
program has been considered by Deloitte Touche Tohmatsu under a complementary study.

Table 6.2 The Overall Work Program for STIMS

Key Task Sub-Tasks Task Details
Primary Data Supply:

. Passenger Surveys

. Commodity Surveys

. study design

. sampling strategy

. data collection strategy

. coordination with survey firm(s) and
  modelling group
. survey instrument design

. pilot testing and revising

. data editing

. data entry and validation

. data provision

. documentation

. review of niche data component

. handover

. flow chart

. sample sizes

. sample segments

. mail out vs face to face etc.

. draft and final contents

. desk top publishing

. field work

. editing rules

. coding frames

. retrieving, archiving

. all aspects of data

. attitudinal, SP etc data

. to data formatting group
Secondary Data Supply . designing needs

. ABS census

. ABS journey to work data

. Vehicle registrations

. ABS and other zone boundaries

. documentation

. report

. socioeconomic data

. employment and mode

. postcode, ccd, ssd, sd etc.

. sources, limitations etc.
Geographic Information
Systems

. architecture design

. identifying external data sources

. full digitisation for all spatial levels

. updating data and software

. documentation

. selecting software

. acquiring spatial data

Data Formatting . person files
. household files
. vehicle files
. trip files
. documentation

. create trip tables

. create basic descriptive statistics
  (incl cross tabs)
. prepare reports and disseminate

Networks . review existing networks
. design time of day networks
. develop current data file
. documentation

. determine time breaks

. links and levels of service

Modelling . design the overall system

. sources all data needs

. data preparation

. estimation and calibration

. documentation

. transfer to decision support system

. training

. models and linkages in system

. exogenous variables

. level of details

. surveys, secondary data

. mapping from multiple sources

. software

. criteria and implementation

. all model estimation and data files

. using software

. interpretation and use and review
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Table 6.2 continued

Decision Support System

high level
programming languages
such as C++

. overall design

. input (user) interface

. output (user) interface

. model interfaces

. equilibration

. synthetic or unique individuals/
  households and firms
. forecasting

. training

. maintenance and review

. documentation

. data files

. default parameters

. model linkage options

. strategy options

. equilibrium conditions

. by segment

. performance measures

. behavioural linkages

. in each market

. vehicle scrappage function

. generalised cost

. location prices

. application unit

. selecting time horizons

. exogenous variables (time series
  models, projections...)
. heuristic for impacts (until a dynamic
  system is in place)

Information Dissemination . overall design
. desk top publishing
. marketing and promotion

. documentation

. ways of satisfying clients

. in-house tools and skills

. brochures, factsheets, reports,
  guidelines on using  DTSG resources

Training and Courses . overall strategy
. priority skills . survey design

. model appreciation

. GIS

. documentation

. client support

. presentations of material

6.2.1 Primary Data Collection

The new approach will require continuity in all task areas. The data collected through annual
surveys of a sample of households and commodity movements will involve DTSG staff in the
overall design of this activity, and in consultation with a data collection agency, in the design of the
sample, the survey instrument, and the approach to field work. It is important that the interaction is
extensive. It is in the interests of the data collection agency to become very close to the staff of
DTSG given the ongoing nature of the activity.

Advice from the model development team is important to ensure that the final survey instrument
will provide the required primary data for model estimation and application. Documentation of all
aspects of primary data collection is essential and should be undertaken on a continuous basis with
outputs being available as hard copy and electronic copy.

The final output must be fully edited clean data and documentation ready for handover to the data
formatting group who are responsible for preparing primary data ready for descriptive analysis,
interpretative analysis and input into the model system.

6.2.2 Secondary Data Collection

Secondary data is as important as primary data. All data descriptions of the physical road and
public transport networks, geographical boundaries for spatial units (postcodes, ccd's, ssd's etc),
and population data describing both the demand and supply characteristics of households, firms
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and the automobile market have to be brought together. GIS is an appropriate architecture within
which such data should reside, enabling DTSG to extract this data with ease at any required level of
representation, be it spatial, socioeconomic or otherwise.

Secondary data, fully documented in a GIS framework will be available for mapping into primary
data for model estimation, calibration and application. A number of external data sets currently
reside in DTSG, although the documentation and accessibility of many of them is inadequate. An
essential feature of STIMS is a 'documentation mentality'. As the DTSG commences the
development of STIMS, a number of secondary data sources will need to be accessed which have
tended to be ignored in the past.

Most notable, the population of vehicle registrations in NSW and Sydney are required for
automobile and truck modelling (vehicle type and fleet size), and for developing scrappage
functions for each type of vehicle for equilibration in the automobile market. Standard procedures
are available from ITS to process the large annual vehicle registration files and for constructing
scrappage and used vehicle price equilibration equations. The latter is required for treating used
vehicle prices endogenously for market clearance. A data base of vehicle attributes is also required
because of the interest in monitoring and modelling the changing composition of the vehicle fleet in
respect of size, fuel consumption and emissions. ITS has recently developed such a data base for
Sydney.

The GIS architecture relies intensively on secondary data. DTSG should be made aware of all the
existing sources of data already compiled and digitised by many organisations (eg the fire brigade,
the water board, the RTA, street directory companies etc.). A first step is to identify external
secondary data sources prior to infilling with any missing digitised data. Some of this information
may already exist within DTSG, but we were unable to determine this. If documentation is treated
as an essential element of each task, this uncertainty will disappear.

6.2.3 Data Formatting

One of the most important tasks of DTSG is to secure all primary and secondary data into data
files which are formatted ready for utilisation in the many areas of data analysis. Four basic
formats satisfy most applications: person files, trip files, household/firm files and vehicle files. Trip
tables, a most commonly requested output, are a trip file tabulated by origin and destination (and/or
production and attraction).

Once again, full documentation of each file type (as an appended electronic document with a hard
copy option) must detail all sample data, expansion factors and any population data which is
combined to convert sample data into population profiles. Once in these formats, complete with
documentation, analysts interested in extracting information for descriptive interrogation, simple
trend projection and for input into model estimation will have the most time consuming component
of their work greatly reduced. This is the most significant area of potential gain in productivity.

6.2.4 Networks

Highway and transit networks have been a central element of DTSG's past work program. The
development, updating maintenance and documentation of this specialised data resource will
continue to have an important role. Embedded within a GIS system, however, the data defining a
network (ie. link lengths, lanes, times, volumes, capacities etc. by time of day) will be easy to access
and able to be utilised at many levels of geographical disaggregation/aggregation.

Developing time of day networks and interfacing them with available traffic assignment software
such as EMME/2 and TransCad will require a lot of work initially. Decisions will have to be taken
on the time differentiation required and the level of detail at which assignment packages can receive
network data (an area of major limitation). It must be recognised however that network data is
required at levels of detail which often exceed the limitations of assignment software. For example
there is a high level of interest in the development of modal choice models which emphasise access
to the main mode. For these models, details of times, costs and modes used within a traditional
zone to access a main linehaul mode are lost in the aggregation to comply with traffic assignment
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packages. Such information however is important for applications where assignment is not always
a requirement. However if the geographical unit were more disaggregated, and the network data
appropriately rich, then a more refined zonal system can be used which can account for such detail
of a trip. The GIS framework for storing data makes this a feasible option.

6.2.5 Modelling

An efficient data strategy with full documentation and easy access to primary and secondary data
within a GIS framework enables the modelling activity to be executed considerably faster than is
currently possible. Indeed, the most time consuming element of model estimation is preparing the
data inputs. This review has identified the main models for a base STIMS - as outlined in Table
5.4.

Initially each model should be estimated as a stand alone model, linked afterwards in a hierarchy
which enables feedback and conditioning of behavioural travel, location and vehicle choices.
Separate models need to be estimated for each market segment but linked where meaningful to
account for interdependencies. For example, non-commuting travel may be influenced by the
commitment to commuting activity for various reasons. All models which contribute to predicting
the amount of traffic on the network must be linked via equilibration since the final levels of service
on each link are determined by the presence of all traffic. Feedbacks must be allowed through
models in each market segment so that a global equilibrium is identified. Partial allowance for all
traffic in equilibration is not acceptable.

Model estimation draws on primary and secondary data. The option must exist for the analyst to
define the spatial unit to be used in estimation  of location choice models and for inputting spatial
variables into models. For example, a residential location choice model will require a set of
residential zones as the defining unit of analysis. This unit can be as detailed as a sub-postcode, a
postcode, a traffic zone, or a more aggregated unit such as a local government area. The more
disaggregate the unit of analysis the easier it is to select application options at any higher level of
aggregation while still preserving through choice the more disaggregate relationships. This is
important given that the client base includes requests which vary from detailed site-specific
applications to broad geographic areas. Best practice modellers in Australia have the skills to
accommodate this broad set of specifications, provided that the data is available in such detail.
Under our proposed approach, DTSG will have such data in house.

Model estimation is critical to identification of a rich set of parameters necessary to evaluate
behavioural responses to the policy issues of interest to the client base. However, although the
primary interest of most clients is on the degree of change in behaviour, it is necessary to ensure
that the model system can reproduce currently observed behaviour to an acceptable level of
accuracy. This presents a challenge in defining the criteria for calibration, especially the level of
spatial disaggregation at which predicted and actual responses can be matched. Calibration is
another time consuming element of an overall travel information and modelling system. We
suggest that calibration be restricted to reproducing travel times on a network by time of day at a
relatively coarse level such as SSD to SSD, but importantly with checks to ensure that the amount
of traffic flowing through the network at this level of aggregation, when summed at particular traffic
count locations, balances.

Full documentation of how the data files for modelling are set up and the models estimation search
process is executed is required. The ability to track all files, be they input or output files is
essential. The final task within model estimation and calibration is to deliver the empirical models to
the spatial decision support system, ready for integration and implementation. As with all activities,
training of the in-house staff is essential where an activity has been outsourced.

6.2.6 Spatial Decision Support System

A spatial decision support system (SDSS) is as much a component of an information strategy as it
is a tool which integrates all the components of base year data, models, equilibrium conditions and
forecasts of exogenous variables, to produce forecasts of the impacts of policies and plans. A
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SDSS provides a rich management tool to ensure that the modelling outputs of DTSG are put to
effective use to provide useful and timely information to the client base.

An SDSS should be developed jointly with the model system because of the high level of
integration required, at least in the initial development stage. Particular consideration will be given
to a user friendly input interface and a useful output interface. The input interface should be
designed to enable the user to select application strategies from a menu, to call up and edit if
necessary input data files, to select a set of default parameter estimates for the model system or to
modify one or more parameter estimates, to turn on or off each model component (such as
residential location choice) in recognition of the temporal nature of an inquiry (ie. short run and
long run), and to accept or modify a default set of assumptions on forecast levels or growth rates of
exogenous variables.

The output interface should be rich in ways to present impacts by segments, especially by location,
socioeconomic strata, time of day, vehicle type and year. Impact outputs would include modal
accessibility, global accessibility, consumer surplus, vehicle kilometres, energy consumed,
emissions, modal shares and vehicle ownership by type.

An SDSS will require programming in an object-oriented language such as C++, and structured in
such a way that it is can be modularised for ease of updating, as well as efficiently linked into a
GIS system and a traffic assignment software package. The mix of TransCad and SDDS or
EMME/2, MapInfo and SDSS is worth exploring.

Full documentation and training in the use of an SDSS is essential and will require significant
resources in the first three years. This investment will yield substantial benefits, providing DTSG
with a framework in which it can discipline its modelling and implementation activity in order to
remain relevant to the client base. ITS is currently developing such a system in another context and
has used this experience in promoting the position outlined above.

6.3 CONCLUSION

The work program presented in this chapter is achievable within a three year program cycle and the
financial resources allocated to the DTSG. The skills required to execute the program however are
not complete within the DTSG, and will require a substantial contribution from external sources,
particularly in the areas of data collection, model development and estimation, and the development
of a spatial decision support system.

DTSG staff face the challenge of managing the work program, of contributing in many areas to
securing efficient outcomes (notably through documentation, maintenance, analysis and
information dissemination), and through upskilling programs and participation with the external
suppliers. In moving to obtain some of the technical specialist skills members of DTSG will in time
play a greater role in areas such as model estimation and refinement of the spatial decision support
system.

The approach detailed in this report which has led to a specification of a Strategic Travel
Information and Modelling System embedded within a GIS framework, is judged by the Institute
of Transport Studies team as achievable and consistent with at least better practice and in time with
best practice.


