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EXECUTIVE SUMMARY
The project introduces a high level decision support tool to assist the appraisal of TDM policies and projects
related to travel plans for new developments and VTBC programs. The PATREC rapid appraisal model (PRAM) supports economic benefit cost assessments of a rough order of magnitude for household information
and individualised marketing, workplace and school travel TDM initiatives. In addition, P-RAM may be used
to assess the benefits of included TDM measures as a component of capital expenditure on transport
infrastructure. The aim is to provide a decision making structure that allows the benefits of TDM projects to
be measured in a consistent way and examined on their own or as being a component of capital expenditure.
PATREC Rapid Appraisal Model (P-RAM)
The PATREC Rapid Appraisal Model (P-RAM) is an Excel-based software package that evaluates the economic
(and social) costs and benefits of travel behaviour change (TBhC) initiatives. The model was developed using
the methodology outlined by the Australian Transport Assessment and Planning (ATAP) guidelines.
P-RAM efficiently conducts this cost benefit analysis by converting an input consisting of the TBhC program
type and a few other key parameters, and outputting a benefit cost ratio (BCR) and net present value
(NPV).
Economic Analysis Framework
The P-RAM appraisal identifies the economic and social benefits of travel behaviour change programs. Social
benefits are benefits to the whole of the target population, not just the individual mode changers, and
include: decongestion, less pollution, reduced accidents and increased physical well-being. In accordance to
ATAP these social benefits are estimated in monetary terms through unit costs to provide an overall
economic benefit.
According to the ATAP, benefits and costs of TBhC initiatives fall into the four following benefits. Generally,
TBhC programs aim to encourage users to switch from private transport to public or active transport modes.
This assumption is used to describe the four types of benefits/costs below:





Category A: Benefits to the existing users of public and active transport modes being targeted by the
program.
Category B: Benefits to the new users of public and active transport.
Category C: Benefits resulting from the avoidance of unperceived costs associated with private
transport.
Category D: Unperceived costs (or benefits) to the new users of public transport.

Figure 1 below describes a scenario where a traveller switches from car use to public transport as a result of
a TBhC initiative. It is assumed that the traveller accounts for the perceived costs, out-of-pocket cost and
travel time, and chooses the lower cost of the two alternatives. The intent of the TBhC initiative is to make
the traveller aware of the unperceived costs. After the initiative, category B benefits are shown by the
difference in perceived costs and category C benefits are due to avoiding unperceived costs associated with
car travel. However, there remain unperceived externalities associated with public transport and these are
accounted for by subtracting category D costs.

PATREC: Rapid Appraisal Model (P-RAM)
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Figure 1: Effect of TBhC initiatives with reference to the benefit/cost categories defined by ATAP
Source: ‘Figure 1: Categories of costs associated with a car trip’, Australian Transport Assessment and Planning
Guidelines: Travel Behaviour Change (Transport and Infrastructure Council 2016)

The net benefit is computed by adding benefits B and C before subtracting unperceived costs D. Category A
benefits do not apply as the TBhC project does not include infrastructure or service improvements. The total
benefits are attributed to the population through an estimate of the percentage of car users who make the
change such that the total benefits for population N with a diversion rate of p is given by:
Total Benefits = N.p. (B+C –D)

Equation 1.

Equation 1 has been coded into a user friendly multi-sheet Excel spreadsheet. The input-output page is the
main page users will operate when using P-RAM. Users enter program details on the nature of the project,
the target population and the estimated cost through the use of drop down menus. The economic benefit
indicators are presented on the same page as illustrated in Figure 2

Figure 2: P-RAM Input-Output page
PATREC recognises that this is a broad brushed approach to appraisal and continued effort should be made
to refine the parameter estimates applicable to Perth. To this end a detailed developer manual and eleven
training videos were created to allow agencies to peer under the hood and make changes that are specific to
each project. PATREC included two separate pieces of analysis that required customisation of P-RAM. The
first is delivering a TBhC program with an infrastructure construction project (Section 3) and the other is an
evaluation of land use and density measures for the Bayswater station precinct (Section 4).

PATREC: Rapid Appraisal Model (P-RAM)
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Project Impact Statement
The project is aimed at the following research questions:
RQ1: What is the standardised evidence based method should the transport portfolio use to appraise specific
travel plans for new developments and VTBC projects in order to prioritise TDM funding?
Outcomes
Software, reports manuals and support videos officially delivered 19th June 2017. However, software
was in use by DOT over the course of 2017:
 P-RAM Software delivered as a spreadsheet.
 A website https://444987364.wixsite.com/patrec-uwa/pram was provided to house a
definitive version for DOT to share with members of Traffic Demand Management Senior
Officer’s Working Group (TDMSOWG) - GOAG
 Technical report on methodology (APPENDIX 2.1)
 The Software User’s Manual (APPENDIX 2.2
 Software Developer’s Manual APPENDIX 2.3
 Thirteen short training videos addressing the use and the development of the modes were
made available at available at https://444987364.wixsite.com/patrec-uwa/p-ram-trainingvideos
 Workshop on method and use of P-RAM delivered to DOT/DOP & PTA July 24 2017
Support to the travel behaviour team at DOT, April-June 2017.
 Spreadsheet used by DOT to develop the business case for your move central Your Move
Central, to appraise the benefits of a travel behaviour change program delivered in the Perth
CBD and surrounding area.
 Economic evaluations were supplied for an evaluation of over 20 workplace programs. Whilst
useful to inform the process the final results were not report to the funders of Healthy
Workers Initiative. The results are not provided in this technical report and can be made
available on request (David Wake is the current custodian of the summary analysis).
Impact on travel behaviour due to density and land use mix for a railway station precinct
 Economic appraisal of land use density and mix as well as station accessibility Bayswater
Station APPENDIX 4.1
 Software developed for DOT and submitted to industry mentor, Clair Thomson.
 Software User Manual APPENDIX 4.2
 Results presented to CEED annual seminar September, 2017
 Paper Accepted CAITR, 2017
Work discussed or proposed but not delivered upon
Extension of PRAM to support travel plans for new commercial developments (other than workplace
programs).
 Travel plans for new commercial developments are not defined in a way that an economic
appraisal tool could be readily applied. It was decided in March 2017 that a way forward was
to identify two policies that could be included in in the documents as any specific tool and it
was agreed that the project include:
a. Active transport facilities at the local level
b. Parking policy / supply and pricing for centres
Some initial work has been done in the area by a PATREC research assistant. A model has
been prepared, but I am not confident that it is ready for release. I have chosen to not report
the initial work here.

RQ2: How would a transport agency assess the benefits of travel plans for new developments and TBhC
programs when included as a component of supply-side projects including roads, railways and bike
paths?
PATREC: Rapid Appraisal Model (P-RAM)
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Outcomes




P-RAM has been use to appraise the benefits for demand management proposals for
Forrestfield-Airport Link and Metronet projects Yanchep Rail Extension and Thornlie Line
Extension.
An evaluation of Mandurah Living Smart Program is provided in Section 3 of this report
Workshop on method and use of P-RAM for appraising infrastructure accompanying TBhC
programs was delivered to DOT/DOP & PTA July 24 2017.

RQ3: What is the standardised evidence based method should the transport portfolio use to monitor and
evaluate specific travel plans for new developments and VTBC projects in order to account for TDM funding
as well as make subsequent funding decisions?
Work discussed or proposed but not delivered upon
During the course of the project PATREC team 3 discussed the possibility of drawing on the Transport Data
Hub (PATREC Projects 4.1 and 4.2). Some initial ideas were discussed but as the discussion progressed the
application of observing travel behaviour changes through Smart Rider data, traffic monitoring counts and
broader economic indicators (such as occupancy rates of commercial properties in the CBD) appeared to be
a major project on its own. Work on RQ3 has not been progressed and will be put forth as a research proposal
for 2018/2019 as a joint outcome of Projects 3 and 4. In addition the proposal will address the support for
Project 1 (Phase 2) on developing business cases for railway precinct development.

PATREC: Rapid Appraisal Model (P-RAM)
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1

INTRODUCTION

Travel demand management (TDM) is the application of any instrument or set of instruments aimed at
relieving congestion and improving system reliability without having to supply additional road or significant
public transport infrastructure (e.g. heavy rail, light rail or rolling stock)1. Travel demand management is a
key strategy for the alleviation of traffic congestion, whilst providing a complement of viable and affordable
travel options. This project sets out the development of a tool to assist in the identification and appraisal of a
targeted suite of TDM instruments that will be necessary for Perth and Peel over the coming decades as a
means of managing congestion.
Travel patterns (or demand) are determined by the availability of transport infrastructure and services, the
location of places, and people’s need to access goods and services. A variety of initiatives including policies,
programs, services or products that address transport demand are grouped under the term ‘Travel Demand
Management’. By influencing whether, why, when, where and how people travel, TDM measures can
contribute to the following changes in travel behaviour:


modal shift – more people choosing to walk, cycle, use public transport, carpool, or use other means
of access;
trip reductions – more people choosing to telework, shop online or conduct personal business by
telephone or internet;
driving reductions – more drivers making fewer trips by car, particularly to closer destinations; and
time and route shifting – more drivers changing the time or route of their driving trip to avoid traffic
congestion.





The methods described in this report borrow from the Australian Transport Assessment of Policy Guidelines
(ATAP, 2016) and focus on the modal shift component of travel demand management.

1.1

Background

Travel demand management (TDM) is the application of any instrument or set of instruments aimed at
relieving congestion and improving system reliability without having to supply additional road or significant
public transport infrastructure (e.g. heavy rail, light rail or rolling stock)2. Travel demand management is a
key strategy for the alleviation of traffic congestion, whilst providing a complement of viable and affordable
travel options. This project sets out the development of a tool to assist in the identification and appraisal of
a targeted suite of TDM instruments that will be necessary for Perth and Peel over the coming decades as a
means of managing congestion.
The project follows on from “Congestion abatement through travel demand management, Phase 1”, PATREC.
PATREC identified approximately 70 TDM instruments used in different countries around the world (Babb et
al. 2015) and reviewed potential frameworks for appraisal and evaluation (Smith et al. 2015), the main
outcome being that a review of economic benefits was identified as a gap. A follow up report on TDM
measures and their economic benefits was undertaken by Ian Wallis and associates (Wallis, 2016). The report
identified 21 TDM instruments under nine broad categories of TDM measures:

Babb C., and Smith B (PATREC) 2014, Congestion abatement through travel demand management, Phase 1: Review of instruments
and tools, Report B: Review of TDM appraisal and evaluation tools, Author, Perth, viewed 13 February 2015,
http://www.patrec.uwa.edu.au/announcements/congestion-abatement-through-travel-demand-management
1

Babb C., and Smith B (PATREC) 2014, Congestion abatement through travel demand management, Phase 1: Review of instruments
and tools, Report B: Review of TDM appraisal and evaluation tools, Author, Perth, viewed 13 February 2015,
http://www.patrec.uwa.edu.au/announcements/congestion-abatement-through-travel-demand-management
2

PATREC: Rapid Appraisal Model (P-RAM)
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1.
2.
3.
4.
5.
6.
7.
8.
9.

Road use prioritisation
PT information and payment systems
Travel plans and travel behaviour programs
Active transport facilities
Organisational / institutional change
Flexible transport options
Parking policy / supply and pricing
Public transport time of day pricing
Road pricing

The Department of Transport (DOT) prioritized five TDM instruments and reported these in Transport @ 3.5
million:
1.
2.
3.
4.
5.

Travel plans and travel behaviour programs
Active transport facilities
Parking policy / supply and pricing
Time of day pricing on public transport
Road pricing

The project follows on from the “Congestion abatement through travel demand management, Phase 1”,
PATREC. PATREC identified approximately 70 TDM instruments used in different countries around the world.
A selection of TDM measures was given priority in the Perth and Peel @3.5 million transport plan:







Travel plans required for new developments
Travel behaviour change programs
Walking and cycling infrastructure
Parking strategies
Public transport time of day pricing
Road user pricing reform

These measures are to be complemented by:




Mass transit priority measures to increase access to Perth’s strategic centres and through-growth
corridors.
Improved real time public transport information for passengers.
Encouraging workplaces to be flexible with staff hours as well as promoting teleworking.

In addition to the priorities given in Perth and Peel @3.5 million, a number of TDM measures that warrant
further research were identified in preliminary reports. These include:






Flexible and staggered work and school hours as well as encouraging teleworking.
The impact of car sharing, ridesharing and ride sourcing models on congestion.
Considering ways to promote public transport user-involvement in the provision of real time
information as well as other service development initiatives.
Identify strategies to promote unbundled parking and its impact on ridesharing.
Research on the regulatory barriers to implementing unbundled parking.

The PATREC 2016-17 research project three will concentrate on travel plans for new developments - these
may include parking policies – as well as the Department of Transport’s (DOT) flagship travel behaviour
change (TBhC) program, Your Move.

PATREC: Rapid Appraisal Model (P-RAM)
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1.2

Aims and Objectives

The project introduces a high-level decision support tool to assist the appraisal of TDM policies and projects
related to travel plans for new developments and Travel Behaviour Change programs. The PATREC rapid
appraisal model (P-RAM) supports economic benefit cost assessments of a rough order of magnitude for
TDM initiatives. P-RAM may be used to assess the benefits of included TDM measures as a component of
capital expenditure on transport infrastructure. The program will compare a TDM adjusted benefit cost ratio
(BCR) to the standing infrastructure only BCR. The aim is to provide a decision-making structure that allows
the benefits of TDM projects to be measured in a consistent way and examined on their own, or as being a
component of capital expenditure. The tools developed by this project aim to enable a quick and low-cost
decision.
The project is aimed at the following research questions:
RQ1: What standardised evidence-based method should the transport portfolio use to appraise specific
travel plans for new developments and TBhC projects in order to prioritise TDM funding?
RQ2: How would a transport agency assess the benefits of travel plans for new developments and TBhC
programs when included as a component of supply-side projects including roads, railways and bike paths.
RQ3: What standardised evidence-based method should the transport portfolio use to monitor and evaluate
specific travel plans for new developments and TBhC projects in order to account for TDM funding as well as
make subsequent funding decisions?
The scope of work in delivering the study is as follows:


Develop a prototype rapid appraisal model for analysis of standalone travel plans for new
developments and TBhC programs, as well as when these TDM measures are delivered as a component
of infrastructure projects, to test:
o

robustness to appraise a variety of TDM instruments;

o

ease of use and accessibility to practitioners;

o

the level of acceptance by practitioners.



Develop a method to monitor and evaluate the effectiveness of travel plans for new developments
and TBhC programs against the metrics reported at the appraisal stage.

1.3

Deliverables

Aligned with RQ1




Deliverable 1: A Report outlining the agreed methodology to appraise specific TDM projects based on
a rough-order-of-magnitude cost estimate and benefit calculations that make use of parameters
sourced from the Australian Transport Assessment and Planning (ATAP) guidelines, 2016. However,
the project will assess whether some adjustment is required to diversion parameters based on local
evidence.
Deliverable 2: An Excel based rapid appraisal model will be delivered. In the longer term the model
may be shared with local government and other stakeholders at which stage a web based application
will be developed.

PATREC: Rapid Appraisal Model (P-RAM)
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Deliverables
Software, reports manuals and support videos officially delivered 19th June
2017. However, software was in use by DOT over the course of 2017:
 P-RAM Software delivered as a spreadsheet.
 A website https://444987364.wixsite.com/patrec-uwa/pram was provided to
house a definitive version for DOT to share with members of Traffic Demand
Management Senior Officer’s Working Group (TDMSOWG) - GOAG
 Technical report on methodology (APPENDIX 2.1)
 The Software User’s Manual (APPENDIX 2.2
 Software Developer’s Manual APPENDIX 2.3
 Thirteen short training videos addressing the use and the development of the
modes were made available at available at
https://444987364.wixsite.com/patrec-uwa/p-ram-training-videos
 Workshop on method and use of P-RAM delivered to DOT/DOP & PTA July 24
2017
Support to the travel behaviour team at DOT, April-June 2017.
 Spreadsheet used by DOT to develop the business case for your move central
Your Move Central, to appraise the benefits of a travel behaviour change
program delivered in the Perth CBD and surrounding area.
 Economic evaluations were supplied for an evaluation of over 20 workplace
programs. Whilst useful to inform the process the final results were not report
to the funders of Healthy Workers Initiative. The results are not provided in this
technical report and can be made available on request (David Wake is the
current custodian of the summary analysis).
Impact on travel behaviour due to density and land use mix for a railway station precinct
 Economic appraisal of land use density and mix as well as station accessibility
Bayswater Station APPENDIX 4.1
 Software developed for DOT and submitted to industry mentor, Clair Thomson.
 Software User Manual APPENDIX 4.2
 Results presented to CEED annual seminar September, 2017
 Paper Accepted CAITR, 2017
Work discussed or proposed but not delivered upon
Extension of PRAM to support travel plans for new commercial developments (other
than workplace programs).
 Travel plans for new commercial developments are not defined in a way that an
economic appraisal tool could be readily applied. It was decided in March 2017
that a way forward was to identify two policies that could be included in in the
documents as any specific tool and it was agreed that the project include:
c. Active transport facilities at the local level
d. Parking policy / supply and pricing for centres
Some initial work has been done in the area by research assistant Junzhe Yang.
A model has been prepared, but I am not confident that it is ready for release. I
have chosen to not report the initial work here.

PATREC: Rapid Appraisal Model (P-RAM)
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Aligned with RQ2


Deliverable 3: Develop a comparative model to assess the benefits gained by implementing TDM
measures or packages in conjunction with new road, public transport or active transport projects.
The evaluation criterion will be the difference between the economic appraisal of the infrastructure
without the TDM initiative and the economic appraisal when the TDM initiative is included as a
component of the capital expenditure.
Deliverable 4: Customise the RAPID APPRAISAL MODEL to appraise TDM projects delivered as a
component of new transport infrastructure spending.



Outcomes

P-RAM has been use to appraise the benefits for demand management proposals for
Forrestfield-Airport Link and Metronet projects Yanchep Rail Extension and Thornlie Line
Extension.

An evaluation of Mandurah Living Smart Program is provided in Section 3 of this report

Workshop on method and use of P-RAM for appraising infrastructure accompanying TBhC
programs was delivered to DOT/DOP & PTA July 24 2017.

Aligned with RQ3


Deliverable 5: A Report outlining the agreed methodology to monitor and evaluate travel plans for
new developments and TBhC programs. The proposed method will consider the ATAP 2016
recommendations for evaluation, as well as adapting these to a Perth context.
Deliverable 6: The RAPID APPRAISAL MODEL to include a post-implementation evaluation module
that allows for observed transport behaviour changes to be inputted and for a direct comparison
against the original estimates.



Work discussed or proposed but not delivered upon
During the course of the project PATREC team 3 discussed the possibility of drawing on the Transport Data
Hub (PATREC Projects 4.1 and 4.2). Some initial ideas were discussed but as the discussion progressed the
application of observing travel behaviour changes through Smart Rider data, traffic monitoring counts and
broader economic indicators (such as occupancy rates of commercial properties in the CBD) appeared to
be a major project on its own. Work on RQ3 has not been progressed and will be put forth as a research
proposal for 2018/2019 as a joint outcome of Projects 3 and 4. In addition the proposal will address the
support for Project 1 (Phase 2) on developing business cases for railway precinct development.

1.4

Structure of the Report

Section 2 outlines the method used to rapidly appraise travel demand management initiatives. It also details
the logic behind the PATREC Rapid Appraisal Model (P-RAM). Section 3 is an application of P-RAM to
estimating the economic benefits provided as part of a travel behaviour change program (TBhC) when said
program is delivered in contemporaneously with the completion of a major infrastructure investment. In the
first part a post implementation evaluation of the Mandurah Living Smart program is provided to outline the
method. The other two pieces of work are appraisal for the MetroNet stations of Thornlie and Yanchep.
Section 4 provides an application to the appraisal of landuse measures for an existing railway. A method for
incorporating Perth’s Strategic Transport Evaluation Model (STEM) to estimate diversion rates is outlined.
Conclusions are given in Section 5. The appendices contain full version of the original reports summarised in
this technical report.

PATREC: Rapid Appraisal Model (P-RAM)
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2
2.1

P-RAM: APPRAISING TRAVEL BEHAVIOUR PROGRAMS
PATREC Rapid Appraisal Model (P-RAM)

The PATREC Rapid Appraisal Model (P-RAM) is an Excel-based software package that evaluates the economic
(and social) costs and benefits of travel behaviour change (TBhC) initiatives. The model was developed using
the methodology outlined by the Australian Transport Assessment and Planning (ATAP) guidelines.
The design of P-RAM was initiated as response to the WA Department of Transport’s request to develop a
software tool to evaluate the impact of demand-side travel behaviour change (TBhC) initiatives. The P-RAM
is used to undertake cost-benefit appraisals following the guidelines set out by ATAP. According to ATAP all
costs and benefits (internal, external, perceived and unperceived) can be defined by a per trip or per
kilometre unit cost. Based on this it is possible to appraise TBhC initiatives from purely an economic
perspective and output a cost benefit ratio in dollar terms. The model only reports on costs and benefits due
to mode diversion. The travel behaviour programs are not appraised in their potential to reduce the number
of trips, changes to routes or drivers’ changes to schedule (time of departure or linking trips).
P-RAM efficiently conducts this cost benefit analysis by converting an input consisting of the TBhC program
type and a few other key parameters, and outputting a benefit cost ratio (BCR) and net present value (NPV).
A full report on the methodology used by P-RAM is reported in APPENDIX 2.1: ‘PATREC Rapid Appraisal
Model Cost Benefit Analysis Summary’.

2.2

Economic Analysis Framework

The P-RAM appraisal identifies the economic and social benefits of travel behaviour change programs. Social
benefits are benefits to the whole of the target population, not just the individual mode changers, and
include: decongestion, less pollution, reduced accidents and increased physical well-being. In accordance to
ATAP these social benefits are estimated in monetary terms through unit costs to provide an overall
economic benefit.
According to the ATAP, benefits and costs of TBhC initiatives fall into the four following benefits. Generally,
TBhC programs aim to encourage users to switch from private transport to public or active transport modes.
This assumption is used to describe the four types of benefits/costs below:





Category A: Benefits to the existing users of public and active transport modes being targeted by the
program.
Category B: Benefits to the new users of public and active transport.
Category C: Benefits resulting from the avoidance of unperceived costs associated with private
transport.
Category D: Unperceived costs (or benefits) to the new users of public transport.

The framework for TBhC program appraisal via cost-benefit analysis is presented in Figure 2.1.

PATREC: Rapid Appraisal Model (P-RAM)
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Cost-Benefit Analysis

Project Benefits

Perceived Benefits

Not
applicable
to TBhC
programs

Category A:
Perceived Benefits to
existing public/active
transport users

Project Cost

Unperceived Benefits

Category B:

Category C:

Category D:

Perceived Benefits to
new users
public/active
tranpsort

Benefits stemming
from the avoidance of
unperceived costs of
private transport

Unperceived Benefits
to new users of
public/active
transport

Figure 2.1: Framework for TBhC program appraisal via cost-benefit analysis
Source: Adapted from Australian Transport Assessment and Planning Guidelines: Travel Behaviour Change (Transport
and Infrastructure Council 2016)

In the event of an improvement to the infrastructure or operations for public or active modes, Category A
benefits are afforded to existing travellers on these modes. TBhC programmes are not delivering
improvements to the supply of transport and as such Category A benefits are not relevant.

2.3

Travel Demand Impacts

Diversion rates are the changes in mode shares between the base case and the project case. ATAP guidelines
provide default diversion rates represented as percentage point changes in mode shares that were sourced
from studies undertaken in Western Australia, Victoria and New Zealand.
ATAP guidelines state that the diversion rates strictly derived from a survey of TBhC participants are more
likely to be over-estimated due to a non-response bias from those whose travel behaviour did not change.
The guidelines suggest the target population for household projects should include the total population
(households) in the area affected by the travel behaviour change project. For workplace and school based
projects the population is the targeted workforce or student population, specifically,




Household or community based initiatives: diversion rates apply to the whole population in the area
targeted by the program3.
Workplace travel plans: the target population refers to the total workforce (number of employees)
at the workplace covered by the travel program.
School/tertiary travel plans: diversion rates apply to the staff and students in the targeted school
area.

3

Household TBhC programs are thought to contact all households within a target region. ATAP diversion rates account
for both the likelihood that a household will accept the invitation to become a participant and their travel behaviour
change.
PATREC: Rapid Appraisal Model (P-RAM)
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P-RAM uses the diversion rates provided by the ATAP guidelines as outlined in APPENDIX 1.1. These diversion
rates also appear to have been referenced in the Department of Transport’s Travel Demand Management
Plan Transport @ 3.5 Million. However, in Transport @ 3.5 Million some travel contexts have been omitted.
2.4 Economic Analysis Procedure
As detailed in Section 2.2, benefits to each user can be broken into four categories. They are recapped below
 Category A: existing public transport or active transport user benefits
 Category B: perceived benefits to travellers switching from car
 Category C: benefits due to avoiding unperceived costs for travellers switching from car
 Category D: unperceived costs related to public or active transport that are incurred by travellers
who switch from car.

Figure 2.2: Effect of TBhC initiatives with reference to the benefit/cost categories defined by ATAP
Source: ‘Figure 1: Categories of costs associated with a car trip’, Australian Transport Assessment and Planning
Guidelines: Travel Behaviour Change (Transport and Infrastructure Council 2016)

Figure 2.2 describes a scenario where a traveller switches from car use to public transport as a result of a
TBhC initiative. It is assumed that the traveller accounts for the perceived costs, out-of-pocket cost and travel
time, and chooses the lower cost of the two alternatives. The intent of the TBhC initiative is to make the
traveller aware of the unperceived costs. After the initiative, category B benefits are shown by the difference
in perceived costs and category C benefits are due to avoiding unperceived costs associated with car travel.
However, there remain unperceived externalities associated with public transport and these are accounted
for by subtracting category D costs. The net benefit is computed by adding benefits B and C before
subtracting unperceived costs D. Category A benefits do not apply as the TBhC project does not include
infrastructure or service improvements. The total benefits are attributed to the population through an
estimate of the percentage of car users who make the change such that the total benefits for population N
with a diversion rate of p is given by:
Total Benefits = N.p. (B+C –D) Eq 1.
The scenario describes a TBhC that informs travellers about internal unperceived costs associated with car
driving. Alternatively, the purpose of the TBhC may be to demonstrate that the perceived costs for the non-
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chosen alternative (e.g., public transport) are not as high as the traveller had thought. Whilst the appearance
of Figure 2.2 may be different the essence of the Total Benefits calculation is unchanged.
Based on the definition of diversion rates and the breakdown of benefits above, the appraisal procedure for
travel behaviour change initiatives is described in Figure 2.3. The key points in project appraisal are:


Project inputs
o Project type (household/community, workplace, school)
o Targeted population
o Effected days per year
o Appraisal period
o Program cost
o Assumed effect on transport (low, medium, high) – ATAP diversion rates are provided for
each level of impact

Appraisal
o Calculate total benefits per year per head
o Calculate total benefits per year
o Sum benefits over appraisal period using discount rate
o Sum program cost (straight from input + any maintenance costs per year)
o Calculate BCR and NPV
 Calculation of costs and benefits
o Source diversion rates and trip lengths (both ATAP standard)
o Calculate cost per km per trip for each mode type (car as driver, car as passenger, PT, cycle
and walk)
o Based on diversion rates and the costs per km per trip for each mode type, calculate benefits
from avoided car trips and benefits of public/active transport
 From the theory this is category C and D benefits per head
o Calculate mode changer benefits based on ATAP provided per trip benefit
 From the theory this is category B benefits per head
o Sum category B,C and D benefits to obtain benefits per head per trip
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Define the Travel Behaviour Change initiative

‘Supply’ or
‘Demand’

Diversion
rate

Effect days
per year

Targeted
population

Project type

Number of
trip per day

Trip
length

Project cost (initial
and follow-ups)

Unit cost per
trip

If ‘hard’
measures

Resource cost corrections, and
externality benefits per trip

Perceived generalized
benefits of current
users per head

Mode changer
benefits per head

Resource cost corrections, and
externality benefits per head

Targeted
population

Annual Benefits of Travel
Behaviour Change initiative for
the targeted population

Effect days
per year

Project cost (initial and
follow-ups)

Benefit-cost Ratio & Net present value

Figure 2.3: Cost benefit analysis procedure adopted by P-RAM

The model outlined in Figure 2.3 has been coded into a user friendly multi-sheet Excel spreadsheet. The
input-output page is the main page users will operate when using P-RAM whereby the user can enter
program details through the use of drop down menus and view the economic benefit indicators on the same
page as illustrated in Figure 2.4
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Figure 2.4: P-RAM Input-Output page





The details of the model are presented in the main report listed as APPENDIX 2.2.
A user’s manual and developer’s model are provided as APPENDICES 2.2 and 2.3.
The model is found at https://444987364.wixsite.com/patrec-uwa/pram (Appendix 2.4)
Training videos are available at https://444987364.wixsite.com/patrec-uwa/p-ram-training-videos
(Appendix 2.5)

2.5 References
Department of Transport (2016a) Transport @3.5 million. Perth Transport Plan for 3.5 million people and
beyond, Department of Transport: Perth, available at http://www.transport.wa.gov.au/projects/perthtransport-plan-for-3-5-million.asp.
Department of Transport (2016b) Transport @3.5 million, Technical Report: Travel Demand Management
Planning Department of Transport: Perth, WA available at http://www.transport.wa.gov.au/projects/perthtransport-plan-for-3-5-million.asp.
Wallis, Ian (2016) WA Department of Transport Assessment of Travel Demand Management Instruments,
Report for Planning Department of Transport: Perth, WA
Transport and Infrastructure Council (2016). Australian Transport and Planning Guidelines, M5 Travel
Behaviour
Change,
available
at
https://atap.gov.au/mode-specific-guidance/travel-behaviourchange/files/m5_travel_behaviour_change.pdf
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3

APPRAISING AND EVALUATING TDM ALONG WITH
INFRASTRUCTURE SPEND

This section discusses the appraisal of a TBhC programme to complement urban railway infrastructure
projects. Incorporating P-RAM into the general infrastructure investment appraisal provides a
comprehensive analysis of the project value. The framework of infrastructure project appraisal along with
P-RAM is presented in Figure 3.1.

Cost-Benefit Analysis

Project Benefits

General benefits of
infrastructure
project

Project Costs

Benefits of travel
behaviour changes
due to infrastructure
project

Figure 3.1 Infrastructure appraisal and P-RAM for TBhC appraisal
Generally, benefits resulting from TBhC initiatives fall into the following three types of benefits, which are
based on the assumption that TBhC programs aim to encourage users to switch from private transport to
public or active transport modes.








Category A: Perceived benefits to the new mode users of public and active transport. Due to the
infrastructure investment, the improvement of public transport service benefits the mode changers
in travel costs savings and travel time savings.
Category B: Unperceived benefits of the mode changers gained from the prior modes used, including
car driving and car sharing. In the context of shifting travellers from private vehicles to public
transport, this part covers the unperceived cost savings for car (vehicle maintenance, car
depreciation, etc.) and the car crash cost savings and externalities.
Category C: Unperceived costs/benefits to the new mode users of public and active transport. As a
complementary of category A, this part accounts for the resource cost corrections and externalities
of public and active transport.
Category D: Benefits of the existing users of public and active transport. With the improvement of
public transport facilities through infrastructure investment, current users gained generalized cost
savings which include travel cost, travel time and comfort.

Categories A, B and C apply to measure the economic benefits for the infrastructure investment and travel
behaviour initiatives. While category D is mainly derived from the infrastructural investment, existing user
benefit is the major benefit component in infrastructure appraisal.
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The new railway project would largely improve current public transport user benefits by reducing travel time
and increasing journey length reliability and trip comforts, which are measured by Category D. It would also
induce the mode shifts for car drivers and passengers to public transport. These benefits are calculated
through categories A, B and C.
P-RAM mainly measures the mode changes before and after the travel behaviour change initiative with the
infrastructure completion. Thus the benefit components in travel behaviour project evaluation include
categories A, B and C.
Comparability
The benefits due to the infrastructure investment are expected to dominate the overall benefits when
considering construction and a TBhC programme. Secondly, the time scales over which benefits accrue are
much longer for infrastructure than for TBhC. The steering committee have chosen a four year planning
horizon for TBhC projects, however the benefits for the railway are calculated over thirty years.
Confidentiality and Consistency
At the time of writing this report PATREC had not received authority to report the cost and benefit
calculations for the Yanchep or Thornlie line extensions. Whilst some aggregate figures were supplied on the
total cost and annual benefits, there was insufficient detail to be sure that any analysis undertaken here
would be consistent with DOT internal appraisals. The estimates are used for estimates of the contribution
of the travel behaviour program to the total costs and total discounted benefits. However, the reported
percentages are rounded and therefore robust to a large range of total costs and benefits. In due course,
these released figures may be added to the technical report.
3.1 Economic Analysis of a TBhC Program Delivered with an Infrastructure Project
Railway Investment Appraisal
The benefits of infrastructure investment appraisal account for the project-specific mode changes before and
after the project. The calculation of travel behaviour after the construction of the railway and the accrued
benefits was undertaken as a project within DOT. The Strategic Transport Economic Model (STEM) was
enhanced to provide economic cost and benefit analysis for railway investment. Due to confidentiality the
results cannot be shown here.
Travel Behaviour Change Appraisal
The appraisal of the TBhC programme to complement the infrastructure spend is undertaken using P-RAM
without considering the interaction effect of both improving public transport services and promoting
demand. This allowed the appraisal to be done using P-RAM with small adjustments to reflect the target area
for each program. The decision to simplify the analysis and treat the TBhC program as ‘any other’ program
was due to the following factors.



The steering committee agreed that implementing TBhC appraisal on the STEM platform and
recalibrating the transport model before and after the estimated effects of the program was an
impractical approach.
Primary research on travel behaviour changes (i.e., travel behaviour surveys) was out of scope. ATAP
recommendations would be used. The Mandurah rail Your Move program (Department of Transport
n.d.) evaluation is the only available evidence for the project to draw on.
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3.2 Modifying P-RAM for Infrastructure Case Studies
The important components for TBhC appraisal are the diversion rates, the target population, trips per day
and the trip types and length.

There is no evidence to suggest that the projects will have different diversion rates. The default ATAP
diversion rates are used in the appraisals for Thornlie and Yanchep. While it is possible to compare
the results from the Mandurah case study presented herein, the before and after surveys served as
inputs to the ATAP determination of diversion rates and the comparison is somewhat circular.

The target population refers to the households contacted. ATAP appraisal standards for household
based TBhC programs assume that every household in the catchment is contacted. However, this
was not the case for the Mandurah case study. The appraisals for Thornlie and Yanchep will be based
on a similar sized project as occurred in Mandurah.

Survey results suggest the average trip numbers for the households residing in Mandurah are 2.9
trips per day.

The trip lengths do have an impact on the appraisal. Like Mandurah, the Thornlie and Yanchep
average length for trips being replaced by the new railway are expected to be longer than the
averages given in ATAP.
3.3 Evaluation of Living Smart, Mandurah 2008
In conjunction with the Mandurah rail line extension, the WA Department of Transport delivered a demand
management program in the City of Mandurah entitled Living Smart Households (Department of Transport,
2010). The project encouraged a variety of voluntary behaviours in terms of household travel, energy, water
and waste choices. Delivered to 10,000 households, the cost of the Living Smart initiative allocated to
achieving transport outcomes was $1.1 million. This section outlines the evaluation of the Mandurah case
study as reported in Social Data Australia (2010) and applies the ATAP valuation guidelines to give an estimate
of the discounted benefits, and reports a BCR.
The default diversion rates represent a mid-point between the upper and lower bound presented by ATAP.
The upper bound is formed under the assumption that every household in the community make the changes
that are observed by households undertaking the survey. The assumption for calculating the lower bound is
that individuals in the target population who do not participate make no change in their travel behaviour and
that they have average mode share prior to the implementation of a TBhC project.
3.3.1 Diversion Rates
The diversion rates are estimated by way of a before and after survey of travel patterns (Social Data Australia,
2010). A post program survey of the travel behaviour of 660 participant households is reported in Table 3.1
along with the pre-program survey completed by a sample of 490 households. However, it is not clear how
many of the households completed both travel surveys. In addition a baseline sample completed household
travel surveys before the opening of the railway line, but these households were not resampled in the Living
Smart survey. Further details of the method and results are available at Social Data Australia (2010).
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Table 3.1: Change in trips per person per year, diversion rate after rail line introduction and after Living
Smart Households in Mandurah (Source Social Data Australia, 2010)

Modes
Walk
Cycle
Motorcycle
Car driver
Car passenger
All
public
transport
TOTAL

2007
before
rail
(n=580)
Trips/pn/
pa
76
23
6
608
261

2008
after rail
(n=553)
Trips/pn
/pa
82
24
8
601
245

22
995

35
995

Relative
change
before /
after rail
Change
%
8.4%
4.9%
34.0%
-1.1%
-6.0%

2010 after
Living Smart
Households
(n=660)
Trips/pn/
pa
97
25
4
570
251

Relative change
with rail and
Living Smart
Households
Change
%
18.3%
4.2%
-50.0%
-5.2%
2.4%

59.9%

46
993

31.4%

Diversion rate
due to Living
Smart
Intervention
Change
%
1.53%
0.11%
-3.40%

Defaulted
diversion
rate from
ATAP
Change
%
1.3%
0.9%
-3.1%

0.65%
1.11%

-0.5%
1.4%

*For calculation simplicity, motorcycle is combined with car driver.
The diversion rates, presented in the column second in from the right of Table 3.1, are calculated by the
change of reported mode shares in the before and after samples the Living Smart interventions. These values
are of similar magnitudes to the ATAP parameter guidelines. Whilst this may seem comforting, two issues
should be noted.



Firstly, it is our understanding that the ATAP guidelines took into account the Mandurah case study in
the meta-analysis to arrive at their parameter value recommendations.
Secondly, the Mandurah case survey (Social Data Australia, 2010) did not include a control group and
it is possible that the shifts from car use can be attributed to observing the longer term travel behaviour
changes which are known to be more elastic that short term responses. Additionally, some of the
observed behaviour change may be due to public transport supply measures such as better bus
services due to decisions made services to act as feeders to the railway.

Comment: ATAP guidelines suggest “If TBhC project proponents and analysts have [their own] diversion
rates, supported by sound evidence, that they consider would be more applicable for their particular project,
these may be used instead of the default rates.” (Transport and Infrastructure Council 2016, p22). However
the guidelines go on to say that “The default diversion rates are based on mid-points between upper and
lower bounds.” (Transport and Infrastructure Council 2016, p22). The upper bound is formed under the
assumption that every household in the community make the changes that are observed by household
participating in the program. The assumption for calculating the lower bound is that individuals in the target
population who do not participate make no change in their travel behaviour and that they have average
mode share prior to the implementation of a TBhC project. The rationale for ATAP’s mid-point default is that
there will be information spill-over or word of mouth dissemination. It would appear that the Mandurah
Living Smart results in Table 3.1 pertain only to participants who were willing to respond to the survey. A
direct application of these parameters would be to assume that non participants make an equal behavioural
adjustment. Hence, these represent an upper bound. However, it should be noted that the measured
diversion rates do not differ greatly from ATAP’s default or mid-point diversion rates. To provide some
balance the evaluation will also be reported under the assumption of the lower bound diversion rates.
To provide some insight into the method the next section guides the reader through the intermediate
calculations for each of categories A – C. Category D benefits apply to the benefits due to the construction of
infrastructure or other public transport service improvements. The tables are presented under the
assumption of the estimated diversion rates from the Living Smart survey. After presenting the net benefits
and CBR using the estimated diversion rates, a second scenario under assumed low diversion rates is
presented.
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3.3.2

Computation of benefits

Category A Benefits: Table 3.2 represents the perceived benefits for car drivers and car passengers
when they divert to public transport and active modes. The benefits are due to direct and perceived
costs accrued due to a car trip being avoided. The attributed benefit to each mode reflects both
the proportion of participants who switch the specific mode (diversion rate) as well as the assumed
length of the trip being replaced. Category A trips include only the out of pocket costs of the trip. The
vehicle ownership, depreciation and maintenance are considered below as category B benefits.
Table 3.2 Average mode changer benefit per day of the target population
Diversion rate

Attributed
benefits

Diverted trips
per day

Total Benefits
per annum

Car driver or passenger to PT

1.11%

$0.39

322

$45,625

Car driver or passenger to cycle

0.11%

$0.03

32

$365

Car driver or passenger to walk

1.53%

$0.38

444

$62,050
$107,675

Category B Benefits: Unperceived benefits resulting from the avoidance of unperceived costs associated with
private transport, including car drivers and car passengers, are presented in table 3.3. Unperceived costs
include the direct costs associated with vehicle ownership as well as indirect costs or externalities.
Table 3.3 Direct Benefits from avoided car driving trips per day
Benefits from car driver
trips change to

Diversion rate

Total cost per trip

Diverted trips
per day

Total Benefits
per annum

Public transport trip

-1.11%

$3.62

322

$425,224

Cycle trip

-0.11%

$1.57

32

$18,338

Walking trip

-1.53%

$0.76

444

$123,166

Car Passenger

+0.65%

$0.34

188

$67,474

Sub total

-3.40%

$634,201

Category C Benefits: Table 3.4 represents the unperceived cost to new users of the public or active modes.
These benefits include the health benefits of active transport as well as the private contribution to funding
public transport and delaying infrastructure projects.
Table 3.4 Benefits of trips undertaken on public transport and active modes
Benefits from car driver trips
change to

Diversion rate

Diverted trips per
day

Total benefits

Benefits per
day

Public transport trip

1.11%

322

$3.00

$352,000

Cycle trip

0.11%

32

$3.36

$39,000

Walking trip

1.53%

444

$2.90

$470,000

Sub total

2.75%

$861,000

3.3.3 Benefit Cost Analysis
The total annual benefit to the households in the targeted region is presented in table 3.5. At the assumed
diversion rates the benefits per person of $160 p.a. gives a total annual benefit of $1.6 million. In 2008 dollars
that cost of the program was reported to be $1.1 million. This is adjusted to $1.3 million in 2016 dollars using
the Reserve Bank’s estimates of inflation.
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Table 3.5 Total benefits of the Live Smart Household initiative per year
Benefit from
perceived mode
changer
Total benefits per day

$108,000

Benefit per person
Total benefits per year ($’000)
Cost of the Living Smart
program (2016 dollars)

Resource cost corrections, and externality benefits
Unperceived benefits from averting
a car trip
$634,000

Benefits of trips on public
transport and active modes
$861,000

$160 per year
$1,600
$1,310

The BCR and the NPV presented in Table 3.6 are calculated at a discount rate of 7%. The cost is allocated to
the first year of the project and the benefits are accrued over four years after the program has been
implemented. Using the Living Smart diversion rates (as given in Table 3.1) the BCR is over four (4.2:1). The
contribution of the benefits is $3.9 million. PATREC cannot find an evaluation of the Mandurah Railway
infrastructure component. However, an earlier appraisal gives the estimated BCR of 3.3:1 and an NPV of
$1,427 million (Lawrence et al., 2004). The cost estimate at the time of construction was $960 million. After
converting to 2016 dollars and under these assumptions the program delivered 0.2% of the benefits for 0.1%
of the cost. Assuming that the response to the program was limited to the participants in the program then
this reduces to parity; delivering 0.1% of the benefits for 0.1% of the costs.

Table 3.6 Calculated NPV and BCR of the project with discount rate Discount rate = 7%
BCR

Assumed four
year effect
4.2

NPV($’000)

3,900

BCR

1.70

NPV($’000)

900

Diversion rate
Survey Results

ATAP Guidelines:
Low

3.4 An Appraisal of Yanchep Railway Extension Project
Transport portfolio in WA proposed the infrastructure investments for Yanchep Rail Extension Project and
Thornlie line extension to improve the public transport service in Perth. To strengthen the influences of
extended railway in encouraging mode shifting to public transport, travel behaviour change initiatives may
be implemented. The benefits are calculated and the sensitivity analysis is provided accordingly.
The calculation relies on the following assumptions and statements.





Targeted area: Yanchep, Mindarie-Quinns Rock-Jindalee, Butler-Merriwa-Ridgewood (31 zones in
STEM) with population 126,813 in 2031, sourced from MULFS. However, cautions are needed as the
targeted population in travel behaviour change initiatives are unclear in Yanchep project. The
following calculations are based on the assumption of 10,000 and 50,000 targeted population.
City scale: ATAP guidelines make a distinct between large city (population>=1 million) and small city
(population<1 million) by the population size.
Diversion rates are quantitative estimates of the changes in mode shares between the Base case and
the Project case. Increases in mode share are indicated by a positive diversion rate, whilst a negative
rate implies decreased mode usage. The applications here employ the default standard values of
household programs sourced from ATAP guidelines.
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Averaged daily trips: Averaged 3.03 trips per day (source: STEM output). Using targeted 31 zones as
the origins and all 610 zones as destinations, overall trip numbers per day are extracted from STEM
outputs with the aggregation of seven different trip purposes. Then averaged daily trip number is
calculated through overall trip numbers divided by population in targeted area.
Averaged trip lengths for each mode (car driving, car passenger, PT, Cycling and walking) are
presented in Table 3.7 (Source: STEM output). The calculation of averaged trip length involves
extracting and aggregating trip distance and number of trips of targeted areas from origin-destination
matrices. Cautions are needed as initial trip lengths of public transport is much higher (38.07) than
the car driving (13.09), thus the conservative adjustment is made to change PT travel length to 20 km
per trip.
Table 3.7 Averaged Trip length (km per trip)
Standard




Car as driver
13.09

Car as passenger
11.16

PT
20.0

Cycling
4.10

Walking
2.02

Appraisal length: four-year period are applied and the benefit commences from the second and
afterwards years when TBhC initiatives implement.
Discount rate: the central discount rate 7% is employed in P-RAM (Source: IA standard)

Based on the assumptions stated above, Table 3.8 represents annual benefits four-year benefits gained from
TBhC initiatives. The detailed calculation steps are similar to the Living Smart Households- Mandurah case in
section 3.1.
Table 3.8 TBhC initiatives benefits of Yanchep rail extension project
Size of the
program
Based on an
outreach of
10,000

ATAP Default

$247.20

Discounted
benefits over 4
years
$’000
$6,600

ATAP Low

$80.50

$1,400

Diversion rate

Benefit per
year per head

The benefits of $6.6 million represent just over 0.3% of the total discounted benefits for the railway.
Assuming it can be delivered for a cost of $1.3 million, the TBhC program represents less than 0.2% of the
undiscounted cost estimate for Yanchep construction and TBhC. The benefits of the program appear to be
largely due to the long distance of travel and in particular the journey to the CBD. This is apparent in the low
diversion rate scenario, where the benefits per head drops dramatically with the lower estimates of trips
being shifted from driving. The contribution of the program would be less than 0.1%. The effectiveness of
the program appears to be critical to securing an overall benefit.
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3.5 An Appraisal of Thornlie Railway Extension Project
Benefits of TBhC initiatives are prepared as top-up benefits for infrastructure investment appraisal of
Thornlie line extension project. Similar calculation procedures are conducted as follows.






Target area: Murdoch-Kardinya, Canning Vale and Forestdale Harrisdale & Piara Waters (13 zones in
STEM) with population 127,210 in 2031, sourced from MULFS and the recommendations from
Deloitte consultancy.
City scale: ATAP guidelines define a large city with more than 1 million populations while a small city
is the one with less than 1 million residents.
Diversion rate: default standard diversion rates are used in P-RAM to capture the change of travel
behaviours before and after the initiatives implementation.
Averaged daily trips: 3.38 trips per day.
Averaged trip lengths for each mode (car driving, car passenger, PT, Cycling and walking) are
presented in Table 3.9 – note, PT trip length is adjusted from 17.40 kilometres to 11.50 kilometres.
Table 3.9 Averaged Trip length (km per trip)
Standard

Car as driver
9.82

Car as passenger
8.26

PT
11.50

Cycling
5.80

Walking
2.32

Benefits analysis of TBhC initiatives in Thornlie line extension are presented in Table 3.10
Table 3.10 TBhC initiatives benefits of Thornlie Line Extension project
Size of the
program
Based on an
outreach of
10,000

Diversion rate

Benefit per year
per head

ATAP Default
ATAP Low

$261.00
$83.90

Discounted
benefits over 4
years
$’000
$7,100
$1,400

The benefits of $7.1 million represent just under 0.3% of the total benefits for the railway. Assuming it can
be delivered for a cost of $1.3 million, the TBhC program accounts for a little over 0.2% of the of the
undiscounted cost estimate for Yanchep construction and delivering a TBhC. Assuming the low diversion rates
the benefits would account for approximately 0.1%.
Thornlie’s higher benefit per head when compared to the other cases presented here is due to the greater
number of daily trips reported in STEM. These estimates were made based on the population forecasts
(MLUF) and the estimated travel patterns after the new line had been in operation for some 10 years. This
highlights a cautionary note that these preliminary evaluations should be re-examined as better data comes
to hand.
Department of Transport (n.d.) Living Smart Households- Mandurah results, document supplied by Gary
John no longer available on the internet.
Social Data Australia (2010) Mandurah Living Smart Households: Project Evaluation. Report Prepared to
Department of Transport, WA. December 2010
Transport and Infrastructure Council (2016). Australian Transport and Planning Guidelines, M5 Travel
Behaviour
Change,
available
at
https://atap.gov.au/mode-specific-guidance/travel-behaviourchange/files/m5_travel_behaviour_change.pdf
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4

DENSIFICATION AND LAND USE MIX AT RAILWAY STATIONS

This section represents a summary of the project. The full paper is found in APPENDIX 4.1. The guide to
replicating the method is given in APPENDIX 4.2.
Within the backdrop of Perth & Peel @ 3.5 Million, the primary impetus for this project was to address the
following research proposition: determination of transport, economic and social benefits of achieving density in
railway precincts through assessment of likely diversion rates. This was outlined as deliverable 4.5.7 in the
Travel Demand Management Implementation Program (Draft) where PATREC was assigned the project lead.

4.1

Objectives

Based on the research question two main objectives were devised; the first to determine the relationship
between travel behaviour and density. Density was interpreted as both residential (population) density and
land-use/employment density. The relationship between density and travel behaviour needed to be
quantified in terms of diversion rates. From the literature review it was clear that these diversion rates cannot be
determined empirically and vary greatly from location to location. Given this reality, it became an ancillary goal
to devise and document a relatively simple, repeatable method to determine diversion rates such that the
process could be replicated for future stations of interest. To test out this method, Bayswater Station was
chosen given the current planning in place to develop the station into a TOD precinct.
The second main objective is related to determining the economic benefits of changing travel patterns. Often
referred to as a rapid appraisal, the developed framework was designed to provide preliminary estimation of
costs and benefits associated with a travel behaviour policy. This involves approximating the costs and
benefits related to each transport mode. Factors such as congestion, pollution, accident costs, health
benefits, fuel costs and vehicle maintenance should be considered. From this analysis, the determined
diversion rates can be interpreted in economic terms for easier comparison between scenarios. As a whole,
the concept of rapid appraisal is under-utilised with government often quickly committing to expensive, indepth business cases. Hopefully this project gives merit to rapid appraisal as a worthwhile preliminary step in
the decision-making process.

4.2

Methodology

STEM (Strategic Transport Evaluation Model) was used to estimate diversion rates. Modelling a TOD on STEM
involves selecting the zones surrounding the station to represent its precinct. In concurrence with DoT and
other PATREC work a precinct is defined by a radial distance of 1.6km from the station, equating to an area of
~8km2. In the case of Bayswater; 4 zones covering roughly 8.8km2 were selected. Importantly the centroid
distance, the distance used to represent the average accessibility of residents and employment to the station,
for all four zones were less than 1km. This is an ideal representation of a precinct.
Representing scenarios of densification required manually adjusting the population and employment input
for each of the four zones defining the precinct. Running the model with these varied population and
employment inputs yields outputs including; total trips, mode shares as well as the proportions of each trip
type. Diversion rates were obtained by comparing mode shares to the base case (2021) and scenarios of
densification. Only trips to and from the four zones selected were of interest; network wide effects were
negligible given the scale of densification.
Four principle scenarios were run, based around 20% or 50% increases in population and employment as
presented in Table 4.1. Population densification was separated into two situations. The first increased
population and total vehicles by the same percentage resulting in constant vehicle ownership rates. The
second scenario increased population with no change in vehicles representing falling vehicle ownership. It is
acknowledged that in practice that the change in total vehicles is some proportion of population change
however this was beyond the scope of this research. Instead both extremes were considered accepting that in
reality what eventuates is some compromise of the two.
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Table 4.1: STEM densification scenarios
Scenario
0
1
2
3
4

Description
No change in population or employment (2021)
20% increase in total population
20% increase in total employment
50% increase in total population
50% increase in total employment

Label
2021 Base
P20
E20
P50
E50

To assess the impact of accessibility, two additional iterations of each scenario were simulated. These
involved reducing the centroid distance in each of the four zones whilst applying some densification
(population or employment) policy. The first halved the centroid distance (denoted as ½ distance in results
tables) representing medium accessibility and the second reduced centroid length to 100m (denoted as
100m) to represent ultra-high accessibility. For residential densification or commercial development this
would mean construction of new buildings closer to the station. Changing centroid length also improves
accessibility for the existing population/employment. Achieving this cannot be done by physically moving
infrastructure but instead by indirect methods including park and ride, feeder buses etc.
The second objective of this project was to determine the economic benefits of density in railway precincts
using the estimated diversion rates. To do this, the Australian Transport and Planning (ATAP) guidelines were
used to create an Excel spreadsheet to streamline the calculation. These guidelines had been previously used
on other PATREC research projects, namely for the assessment of benefits regarding travel behaviour change
programs. As the guidelines were framed for this type of TDM strategy, some key changes had to be made
to the procedure to adapt it to density and land-use. One major adjustment made for this research was the
removal of costs from the analysis. Unlike travel behaviour change programs, the associated costs of density
are harder to quantify thus it was decided that the analysis would be limited to the benefit side. Like the
modelling methodology it is hoped that this spreadsheet can be used in the future and as such the
spreadsheet prepared still has inputs for cost for the purpose of future cases.

4.4 Findings
4.4.1 Residential Density and Accessibility for Departing Trips
Improving the accessibility of existing residents (without densification) in a precinct creates significant
favourable shifts in travel behaviour (Table 4.2). This is the effect of replacing existing trips with alternatives
to car use. It is recommended that while new residential developments create some increase in public
transport, accessibility improvements for existing residents should not be overlooked as a travel behaviour
policy. Given the physical and geographical limitations of existing residential make-up accessibility
improvements have to be created through means other than purely proximity. This may include the park and
ride facilities, quality of footpaths, grid road networks and feeder bus services
Table 4.2: Improved accessibility for outgoing trips without densification.
Accessibility
No change in
Pop. (Base)

½ distance
100m

Car
(driver)
-0.90%
-1.59%

Car
(passenger)
-0.19%
-0.39%

Public
transport
0.47%
0.82%

Active
transport
0.62%
1.16%

Discounted
yearly benefit
$806,982
$1,469,357

Increasing residential density around railway stations (Table 4.3) reduces car use and increases public and
active transport. Vehicle ownership influences the degree of diversion away from car use however increased
car-pooling largely negates these variations. Density related trip behaviour is based on the amount of new
trips created by the new population. If densification occurs at the existing level of accessibility found within
a region, the travel impacts can be described as relatively minor where at best a 50% increase in population
only creates a 5% increase in public transport mode share.
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Table 4.3: Population increase with no change in accessibility
Population
P20
P20
P50
P50

Standard
Standard
Standard
Standard

Total
Vehicles

Car
(driver)

Car
(passenger)

Public
transport

Active
transport

Discounted
yearly benefit

Increase
Constant
Increase
Constant

-0.15%
-0.40%
-0.48%
-1.10%

-0.03%
0.87%
-0.10%
1.90%

0.000%
0.16%
0.09%
0.52%

0.19%
0.00%
0.50%
0.00%

$105,182
$59,550
$509,381
$410,670

A possible explanation for the limited impact of densification around a station is the induced effect of
congestion with existing residents. An ideal strategy to avoid this is to concentrate newer developments
closer to the station giving new residents greater incentive to use public transport. The results of this strategy,
represented by densification with reduced centroid distance on STEM, showed more efficient reduction in
car use and transition towards public and active transport.
4.4.2 Commercial Activity and Accessibility for Inbound Trips
Commercial activity has the effect of attracting trips to the precinct. Commercial development at the existing
accessibility levels (Table 4.4) within Bayswater experienced a diversion towards car use for inbound trips.
Active transport mode share declined implying majority of these new trips are coming from outside the
precinct.
Table 4.4: Commercial development with standard accessibility
Commercial
Development
E20
Standard
E50
Standard

Car
(driver)
0.60%
1.42%

Car
(passenger)
-0.40%
-0.96%

Public
transport
0.05%
0.11%

Active
transport
-0.24%
-0.57%

Discounted
yearly benefit
-$ 67, 443
- $ 177,817

Improving accessibility within the station without commercial development (Table 4.5) created favourable
shifts including reduced car use and increased public and active transport. This is due to the replacement of
existing trips with more accessible public transport. The increase in active transport suggests internal car
trips have been substituted for walking or cycling. The major implication is that commercial activity has more
influence on those outside the region whilst accessibility is more influential for internal trips.
Table 4.5: Improved accessibility for inbound trips without commercial development
Accessibility
No change in
Emp. (Base)

½ distance
100m

Car
(driver)
-0.65%
-1.23%

Car
(passenger)
-0.30%
-0.60%

Public
transport
0.26%
0.44%

Active
transport
0.69%
1.39%

Discounted yearly
benefit
$424,953
$818,456

This proposition is confirmed when combining commercial development with improved accessibility. Even
with improved accessibility to the station, individual car use increases indicating the attraction of car trips
from regions further away and of presumably poor accessibility to public transport. Overall this is a reflection
of general network wide accessibility.
This should not discourage land use development. Rather it advocates that public transport accessibility must
be improved throughout the network to enhance the effectiveness of land use policy. It must also be
acknowledged that this research is confined to the economic benefits of purely travel choice. Local economic
benefits from attracted trips to the region are not measured. These localised benefits would justify
commercial development in the short run while network accessibility improves over the longer term,
enforcing the merit of land use policy.
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4.5 Recommendations for Improvement
While the project was largely successful, some limitations in methodology were encountered particularly
regarding the use of STEM.
The ability to physically separate existing and new population/employment on STEM would potentially
provide more accurate insight. This would allow for clearer modelling of a new population concentrated
closer to the station, separate from the existing population with lower accessibility. Creating another centroid
within the zones of interest would likely be the method to achieve this.
Presently, STEM is rather limited in modelling scenarios of simultaneous densification of population and
employment; hence they were not included in this process. Travel decisions of inbound trips are
predominantly based on employment variables while departing trips are dictated by population. Any
response between both population and employment variables are not heavily considered, thus this is an area
for future investigation.
Addressing vehicle ownership also had some complications. Based on the setup of STEM, dwellings were
used to control vehicle ownership. This resulted in adverse effects on active transport inconsistent with
common transport theory. If vehicles were a separate input in the population demographic matrix this would
alleviate the issue and provide clearer indication of the effect of vehicle ownership.
Finally the economic appraisal framework could be further improved. While it was not a major focus of the
study but rather a simple tool developed for comparison, a more rigorous framework would provide more
accurate insights. Only the basic ATAP resource costs were adopted for this study however consideration of
a wider range of mode specific costs and benefits would enhance the appraisal.
4.6 Future Work
To conclude, the method developed in this study was successful in achieving the project objectives. It is
recommended that a similar analysis is carried out on another station to verify the observed impacts.
Simulating densification on a more established TOD may be worthwhile to discern how an existing TOD would
respond in comparison to a low density, low patronage station such as Bayswater.

5

CONCLUSIONS

5.1 Summary
This technical report outlined an approach to economic appraisal that adopts the national guidelines. A tool
was provided to the Department of Transport which delivered benefits to the department on a number of
business case appraisals and program evaluation exercises. A detailed set of user and developer instructions
were provided in report and video formats. An introductory and training workshop was delivered to
interested parties from the Transport Portfolio. PATREC undertook a number of appraisals and evaluations
(Bayswater application to travel impacts on land-use and combining with STEM outputs for Yanchep and
Thornlie) to test the model and to develop capabilities on how to modify the software product for TDM
initiatives that were not anticipated in the scope of the national guidelines. The relevant methods and
capabilities have been documented in this technical report or as a developer manual.
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5.2 Positioning P-RAM in a Culture of Appraisal and Evaluation

The primary focus of this report is to outline the appraisal approach and to highlight P-RAM and its
application. However, the appraisal component sits within a broader decision-making framework that
commences with the identification of priorities for the transport system framed as strategic or policy
directions. These directions set the agenda for the appraisal and assessment efforts and inform the appraisal
team of what nature of TDM projects are to be considered. At the appraisal stage an estimate of travel
behaviour response is used to determine an anticipated effect on the performance of the transport system
and subsequently the value of any benefits incurred. The assessment compares projects and helps prioritise
projects in terms of their net benefits. While the assessment is limited to a recommendation, the decision is
a commitment of funds to implement the project.
The effect of the TDM project is played out in the transport system in much the same manner as is modelled
by the TDM appraisal. At the primary level travellers respond to the incentives or penalties introduced by the
TDM instrument, in turn these choices affect the performance of the network and this change in performance
yields the benefits to the affected parties. Whether or not the TDM project has the desired effect – meets
the anticipated targets forecasted at the appraisal stage – is only known through some form of measurement
in the change of the system’s performance. At the appraisal stage, specific metrics to be monitored need to
be considered. Post implementation a monitoring phase needs to be undertaken. Evaluation is a comparison
between the anticipated benefits and the realised benefits.

Monitoring and Evaluation
Appropriate performance metrics are established prior to program implementation and monitoring is the
mechanism of measuring the performance of the network in relation to those metrics. Evaluation is the
comparison of the observed performance with the expected outcomes reported at the appraisal phase.
Feedback to strategy and policy direction setting and appraisal is critical to reinforce or alter TDM approaches
on the basis of evidence of actual achievements of TDM initiatives on the ground.
Monitoring and Evaluation is more than an afterthought or a post project review. Evaluation is an integral
part of TDM projects and programs. Each project has specific policy objectives and appropriate performance
measures should be developed in order to decide project’s achievement towards the policy objectives.
Establishing appropriate performance measures prior to program implementation will provide practitioners
with consistent and accurate results. Depending on the chosen performance measures and supply of data
through project monitoring, the evaluation can take many forms from simple calculations to complex
transport models. It is however essential that practitioners allow an adequate amount of time for the project
to fully develop before they evaluate the possible changes in individual travel behaviours or impacts on the
existing transport system as a result of its implementation. The cyclic nature of TDM projects indicates that
once a project is evaluated, the practitioner should go back to planning stage to either improve or alter the
TDM project using the information gathered during the evaluation stage or use the information for future
TDM projects.
The second stage of this project should address the need to formalise a monitoring and evaluation strategy.
The proposed method may adapt ATAP recommendations to a Perth context, making use of available
secondary data sources (e.g., Smart Rider and cycle counters) to calibrate targeted follow up surveys.
Following the ATAP, 2016 guidelines a monitoring and evaluation method should consider:
1)
Passive data collection: GPS devices or smart phone applications be used to record VKT. PATREC
researcher A/Prof. Doina Olaru has commenced a research agenda on evaluation wearables to
record travel activity as well as biological indicators.
2)
Panel surveys with replenishment should be considered to track changes in behaviour in the short,
medium and longer term. Social Data Australia (2010) presented a method that did not include
adequate control. When writing this report I was concerned that the estimates of diversion rates
were subject to ‘response bias’ – whereby people engaged in the TDM program are those who
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3)

4)

6

provide responses to the survey. A more robust method should be adopted that
make take into account research of passive data collection and secondary data sources.
In essence the monitoring program should extend beyond participants to nonparticipants within the program delivery zone
– accounting for diffusion effects – and outside the program delivery zone - acting
as a control group.
At least one ‘after’ survey to be conducted 12 months after the follow up survey to limit
the effect of seasonal variations. If longer term behaviour is being monitored the
surveys should occur at 12 month intervals.
Secondary data sources to be used to verify or supplement the household surveys.
Further work should consider making use of the data management infrastructure
developed by PATREC Project
4. The project will also determine if ongoing surveys for the purpose of monitoring and
evaluating travel plans and VTBC programs can be replaced by system data such as
Smart Rider, Smart Parker, cycle and pedestrian counts, road traffic counts.

APPENDICES

APPENDIX 2.1

PATREC RAPID APPRAISAL MODEL (P-RAM)

APPENDIX 2.2 P-RAM USER MANUAL
APPENDIX 2.3

P-RAM DEVELOPER MANUAL

APPENDIX 2.4

P-RAM WEB INTERFACE VERSION and PASSWORD PROTECTED EXCEL
MODEL available at
https://444987364.wixsite.com/patrec-uwa/pram

APPENDIX 2.5

P-RAM TRAINING VIDOES available at
https://444987364.wixsite.com/patrec- uwa/p-ram-training-videos

APPENDIX 4.1

EVALUATING THE ECONOMIC BENEFITS OF DENSITY AND LAND USE
AROUND RAILWAY STATIONS THROUGH THE ASSESSMENT OF TRAVEL
BEHAVIOUR

APPENDIX 4.2

P-RAM AND LAND USE: DEVELOPER MANUAL

PATREC: Rapid Appraisal Model (P-RAM)

Page | 31

32 of 158

APPENDIX 2.1

PATREC
RAPID APPRAISAL MODEL (P-RAM)
COST BENEFIT ANALYSIS SUMMARY

By
Thrivek Vijayakumar, Ying Huang,
Brett Smith and Tyler Smith
PATREC
University of Western Australia

33 of 158

Table of Contents
1.

Introduction to P-RAM .................................................................................................................... 4
1.1

What is P-RAM and how is it applied? ................................................................................... 4

1.2

Future applications of P-RAM ................................................................................................ 4

2.

Application of P-RAM to Travel Behaviour Change Projects .......................................................... 5
2.1

What are Travel Behaviour Change Projects ......................................................................... 5

2.2

TBhC and other TDM Strategies ............................................................................................. 5

2.3

Appraisal overview ................................................................................................................. 5

3.

Economic analysis framework ........................................................................................................ 7

4.

Travel demand impacts – diversion rates ....................................................................................... 8

5.

Benefits of TBhC initiatives ........................................................................................................... 10
5.1

Economic theory .................................................................................................................. 10

5.2

Mode Changer Benefits ....................................................................................................... 11

5.3

Examples of Benefits identified by ATAP ............................................................................. 13

5.4

Summary of Benefits and BCR in Transport @ 3.5 Million .................................................. 13

6.

Economic analysis procedure ....................................................................................................... 14

7.

P-RAM and its user interface ........................................................................................................ 16
7.1

Input-Output page ............................................................................................................... 16

7.2

Calculation Steps page ......................................................................................................... 16

8.

Future Development and Recommendations............................................................................... 19

9.

References .................................................................................................................................... 20

PATREC: Appendix 2.1

Page | 2

34 of 158

Table of Figures
Figure 1: Travel behaviour change and its fit with travel demand management strategies.................... 6
Figure 2: Framework for TBhC program appraisal via cost-benefit analysis............................................ 8
Figure 3: ATAP default diversion rates adopted in P-RAM .................................................................... 10
Figure 4: DoT's Transport @3.5 Million diversion rates ........................................................................ 10
Figure 5: Effect of TBhC initiatives with reference to the benefit/cost categories defined by ATAP...11
Figure 6: Mode changer benefit (Category B) rates outlined by ATAP .................................................. 12
Figure 7: ATAP identified benefits to be appraised in cost benefit analysis of TBhC programs ............ 13
Figure 8: Cost benefit analysis procedure adopted by P-RAM .............................................................. 15
Figure 9: P-RAM Input-Output page ...................................................................................................... 16
Figure 10: Step 2, P-RAM identifies appropriate trip lengths ................................................................ 17
Figure 11: Step 1, P-RAM identifies the appropriate diversion rates .................................................... 17
Figure 12: Step 3, calculation of each mode's per trip and per km costs .............................................. 17
Figure 13: Calculation of Category C benefits ....................................................................................... 18
Figure 14: Calculation of Category D benefits ...................................................................................... 18
Figure 15: Calculation of Category B benefits and summation of total benefits ................................... 18
Figure 16: Steps 5-7, calculation of population wide benefits and appraisal of program ..................... 19

PATREC: Appendix 2.1

Page | 3

35 of 158

1 Introduction to P-RAM
1.1. What is P-RAM and how is it applied?
The PATREC Rapid Appraisal Model (P-RAM) is an Excel-based software that evaluates the economic
(and social) costs and benefits of travel behaviour change (TBhC) initiatives. The model was
developed using the methodology outlined by the Australian Transport Assessment and Planning
(ATAP) guidelines. ATAP details a procedure by which TBhC initiatives can be appraised by looking at
their impact on diversion rates and the subsequent per trip or per km costs and benefits of the new
mode share breakdown. A more in depth look at how this appraisal is carried out is conducted later
in this report. Projects can be appraised over a long term period using a discount rate and the final
output of most interest is the Cost Benefit Ratio (CBR).

1.2. Future applications of P-RAM
While P-RAM was initially developed to appraise demand side travel behaviour change initiatives, it
can be modified to appraise other TDM strategies of interest to the Department of Transport and
Department of Planning. These could include;
Travel benefits of investment in parking and active transport infrastructure
Infrastructure investment is generally considered a supply side measure as it generally has a direct
impact on users’ transport costs. However, with accurate estimation of the diversion rates, the CBR
of investment in such infrastructure can be assessed.
Travel Plans for New Developments
Closely related TBhC programs are travel plans for new developments. Travel plans are a package of
actions to encourage safe, healthy and sustainable travel options to and from specific sites or
locations. They are typically implemented at large precincts like hospitals, universities, sporting
venues and shopping centres. Travel plans may be required as part of the planning approval process
for proposed sites like the ones listed above. They can be appraised in a similar fashion to TBhC
initiatives through the calculation of diversion rates and eventually cost benefit analysis.
Land use and density surrounding railway precincts
Transit oriented development (TOD) is another travel behaviour concept whereby the density and
infrastructure surrounding transport precincts have a direct impact on travel behaviour. By
assessing the impact of density and land use on diversion rates an evaluation of the viability of
existing and future railway stations can be made.
TBhC programs delivered as strategic asset management for new public transport infrastructure
projects
P-RAM can be developed to measure the impact of supply and demand side travel behaviour
measures implemented in unison.
More generally, the fundamentals behind P-RAM are such that with some modification (to inputs,
diversion rates, costs) it can be used to support business cases and evaluate all TDM strategies
outlined in Transport @ 3.5 Million.

PATREC: Appendix 2.1

Page | 4

36 of 158

2. Application of P-RAM to Travel Behaviour Change Projects
2.1. What are Travel Behaviour Change Projects
Travel behaviour change (TBhC) initiatives are measures that encourage voluntary changes in
personal and private travel behaviour with the aim of increasing public transport demand, reducing
the need to travel and dependence on private cars, and increasing physical activity.
An important distinction to make is the difference between supply and demand measures. Supply
side measures have a direct impact on travellers’ generalised costs (includes financial, time and
quality). Demand measures affect behaviour without affecting costs, rather inducing a different
response to cost. TBhC initiatives are education based with no physical impact on travel costs.
Expansive TBhC initiatives can be implemented as a combination of demand and sypply side
measures, for example a school travel plan may encompass an upgrade of pedestrian crossings in
conjunction with the implementation of a walking school bus program.
Australia Transport Assessment and Planning (ATAP) concentrates on the following four travel
behaviour change projects: Community-based initiatives, Household-based initiatives, Workplace
travel plans and School travel plans. The following sections of this report will detail how ATAP
appraise such projects, with specific reference to how that has been adopted in P-RAM.

2.2. TBhC and other TDM strategies
The design of P-RAM was initiated as response to the WA Department of Transport’s request to
develop a software tool to evaluate the impact of demand side travel behaviour change (TBhC)
initiatives. The rapid appraisal model is used to undertake cost-benefit appraisals following the
guidelines set out by ATAP. The logic behind the model may be adapted to provide analysis across all
travel demand management (TDM) strategies listed in Transport @ 3.5 Million policy documents.
See Table 1 for a listing of the TDM strategies.

2.3. Appraisal overview
According to ATAP all costs and benefits (internal, external, perceived and unperceived) can be
defined by a per trip or per kilometre unit cost. Based on this it is possible to appraise TBhC
initiatives from purely an economic perspective and output a cost benefit ratio in dollar terms. The
costs and benefits stem from diversion rates in transport mode shares. These diversion rates are also
outlined by ATAP and have been sourced from transport data in multiple cities. P-RAM efficiently
conducts this cost benefit analysis by converting an input consisting of the TBhC program type and a
few other key parameters and outputting a benefit cost ratio (BCR) and net present value (NPV). A
more thorough explanation of diversion rates and unit costs is covered in the next section (Section 3).
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Travel Demand Management
Transport @3.5 million
Strategies

Travel plans for
new
developments

Parking
strategies

Walking and
cycling
infrastructure

Travel behaviour
change
programs

Public transport
time of day
pricing

Road user
pricing reform

Definition

Package of
actions to
encourage safe,
healthy and
sustainable
travel options for
specific
organisations

Mechanisms that
result in more
efficient use of
parking facilities.

Infrastructure
that providing
safe and
enjoyable routes
and facilities to
encourage
walking/cycling

Use education,
information and
market based
approaches to
induce voluntary
mode shifts.

Introduction of
peak/off peak
pricing for public
transport to
influence travel
behaviour.

Pricing to
manage road
user demand by
charging a usage
fee based on
time, distance
and location.

Examples

Zoning

Supply
constraints –
parking caps

Partial
segregation of
traffic

Travel planning

Surcharge for
travel during
peak periods

Cordon pricing

Levies

Separation of
pedestrians and
cyclists

End of trip
facilities
Pedestrian and
bicycle access
Ride share
vehicle parking
Convenient bus
stops

Incentives to use
alternative
modes
Unbundled
parking

Personalised
marketing
Ride share

End of trip
facilities

School and
workplace
initiatives

Expanding
pathways

Community
initiatives

Free or
discounted
during off peak
Appropriate
education to
increase
awareness

Distance and
time based
charging
Tolls
Electronic road
pricing

Improved bike
routes to PT
facilities

Travel Behaviour Change
Techniques
Community-based
initiatives

Household-based
initiatives

Workplace Travel
Plans

School Travel Plans

Figure 1: Travel behaviour change and its fit with travel demand management strategies

Source: Adapted from Travel Demand Management, Transport @ 3.5 Million (Department of Transport and
Public Transport Authority 2016)
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3. Economic analysis framework
The P-RAM appraisal identifies the economic and social benefits of travel behaviour change
programs. Social benefits are benefits to the whole of the target population, not just the individual
mode changers, and include: decongestion, less pollution, reduced accidents and increased physical
well-being. In accordance to ATAP these social benefits are estimated in monetary terms through
unit costs to provide an overall economic benefit.
According to the ATAP benefits and costs of TBhC initiatives fall into the following four following
benefits. Generally, TBhC programs aim to encourage users to switch from private transport to
public or active transport modes. This assumption is used to describe the four types of
benefits/costs below

Category A: Benefits to the existing users of public and active transport modes being targeted
by the program. These benefits only exist with supply side travel behaviour measures whereby the
user experiences a tangible decrease in costs. For demand side measures like TBhC initiatives there
is no change in perceived costs for existing users so this benefit is negligible. When P-RAM is
modified for infrastructure projects this category will be applicable.

Category B: Benefits to the new users of public and active transport. The mode changers
gain perceived benefits when comparing travel cost, travel time and trip comfort before and after
the project implementation. These benefits are perceived benefits, the difference between
perceived and unperceived benefits will be expanded in Section 5, however it should be noted
that a major function of TBhC initiatives is to enlighten users of unperceived costs (examples include
road tolls, vehicle maintenance and ownership costs) to influence their travel behaviour.

Category C: Benefits resulting from the avoidance of unperceived costs associated with
private transport. Mode changers may not realize (perceive) all the internal savings (vehicle
operating costs, vehicle maintenance, road tolls etc.) made when switching transport modes, thus a
resource cost correction (RCC) is induced. Also the avoidance of external costs such as reduced
congestion and pollution come under this category as an external benefit from avoiding private
transport.

Category D: Unperceived costs (or benefits) to the new users of public transport. Similar to
Category C, this part also covers resource cost corrections and externalities. An example here
could be increased accident risks for cyclists.
The framework for TBhC program appraisal via cost-benefit analysis is presented in Figure 2.
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Cost-Benefit Analysis

Project Benefits

Perceived Benefits

Not
applicable
to TBhC
programs

Category A:
Perceived Benefits to
existing public/active
transport users

Project Cost

Unperceived Benefits

Category B:

Category C:

Category D:

Perceived Benefits to
new users
public/active
tranpsort

Benefits stemming
from the avoidance of
unperceived costs of
private transport

Unperceived Benefits
to new users of
public/active
transport

Figure 2: Framework for TBhC program appraisal via cost-benefit analysis

Source: Adapted from Australian Transport Assessment and Planning Guidelines: Travel Behaviour Change
(Transport and Infrastructure Council 2016)

In the event of in the event of an improvement to the infrastructure or operations for public or
active modes, Category A benefits are afforded to existing travellers on these modes. TBhC
programmes are not delivering improvements to the supply of transport and as such Category A
benefits are not relevant. However, often TBhC projects will be delivered in parallel with the delivery
of new infrastructure or services and Category A benefits should be estimated in addition to the
application of P-RAM.

4. Travel demand impacts – diversion rates
Diversion rates are quantitative estimates of the changes in mode shares between the Base case and
the Project case. Increases in mode share are indicated by a positive diversion rate, whilst a negative
rate implies decreased mode usage. Diversion rates should sum to zero except in the case where
some portion of trips are avoided altogether as a result of a TBhC initiative. Following ATAP, this
model ignores the avoided trips. ATAP guidelines provide default diversion rates represented as
percentage point changes in mode shares that were sourced from studies undertaken in Western
Australia, Victoria and New Zealand.
ATAP guidelines state that the diversion rates strictly derived from a survey of TBhC participants are
more likely to be over-estimated due to a non-response bias from those whose travel behaviour did
not change. The guidelines suggest the target population for household projects should include the
total population (households) in the area affected by the travel behaviour change project. For
workplace and school based projects the population is the targeted workforce or student population.
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Specifically,

Household or community based initiatives: diversion rates apply to the whole population in
the area targeted by the program1. As per ATAP, diversion rates can be categorised into low or
high impact to reflect the scale of the program, this has been incorporated into P-RAM.

Workplace travel plans: the target population refers to the total workforce (number of
employees) at the workplace covered by the travel program. Diversion rate of public transport is
highly dependent on two scenarios: with or without public transport service improvement.
Each scenario has three levels (Low, Medium and High) of impact on transport mode share.

School/tertiary travel plans: diversion rates apply to the staff and students in the targeted
school area. Due to the age of students in primary and secondary schools, there is no
diversion rate for the mode share of ‘car as driver’. The diversion rate for public transport is
substantially smaller in the primary school plan than other two school plans while the walking
diversion rate is much higher.
P-RAM uses the diversion rates provided by the ATAP guidelines as given in Figure 3. These diversion
rates also appear to have been referenced in the Department of Transport’s Travel Demand
Management Plan Transport @ 3.5 Million. However, in Transport @ 3.5 Million some travel
contexts have been omitted. The DoT diversion rates for workplace travel plans shown in Figure 4
correspond to “medium workplace travel plan with PT service improvements” provided by ATAP.
School travel plan diversion rates appear to be a weighted average of primary school and secondary
school diversion rates listed in ATAP guidelines, whereas ATAP provides rates for all scenarios and all
levels (low/medium/high).

1

Household TBhC programs are thought to contact all households within a target region. ATAP diversion rates
account for both the likelihood that a household will accept the invitation to become a participant and their
travel behaviour change.
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Figure 3: ATAP default diversion rates adopted in P-RAM

Source: Australian Transport Assessment and Planning Guidelines:
Travel Behaviour Change (Transport and Infrastructure Council 2016)

Figure 4: DoT's Transport @3.5 Million diversion rates

Source: Travel Demand Management, Transport @ 3.5 Million (Department of Transport and
Public Transport Authority 2016)

5. Benefits of TBhC initiatives
5.1. Economic theory
As detailed in Section 3, benefits to each user can be broken into four categories. They are recapped
below





Category A: existing public transport or active transport user benefits
Category B: perceived benefits to travellers switching from car
Category C: benefits due to avoiding unperceived costs for travellers switching from car
Category D: unperceived costs related to public or active transport that are incurred by
travellers who switch from car.
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Figure 5: Effect of TBhC initiatives with reference to the benefit/cost categories defined by ATAP

Source: ‘Figure 1: Categories of costs associated with a car trip’, Australian Transport Assessment and Planning
Guidelines: Travel Behaviour Change (Transport and Infrastructure Council 2016)

Figure 5 describes a scenario where a traveller switches from car use to public transport as a result
of a TBhC initiative. It is assumed that the traveller accounts for the perceived costs, out-of-pocket
cost and travel time, and chooses the lower cost of the two alternatives. The intent of the TBhC
initiative is to make the traveller aware of the unperceived costs. After the initiative, category B
benefits are shown by the difference in perceived costs and category C benefits are due to avoiding
unperceived costs associated with car travel. However, there remain unperceived externalities
associated with public transport and these are accounted for by subtracting category D costs. The
net benefit is computed by adding benefits B and C before subtracting unperceived costs D. Category
A benefits do not apply as the TBhC project does not include infrastructure or service improvements.
The total benefits are attributed to the population through an estimate of the percentage of car
users who make the change such that the total benefits for population N with a diversion rate of p is
given by:
Total Benefits = N.p. (B+C –D) Eq 1.
The scenario describes a TBhC that informs travellers about internal unperceived costs associated
with car driving. Alternatively, the purpose of the TBhC may be to demonstrate that the perceived
costs for the non-chosen alternative (e.g., public transport) are not as high as the traveller had
thought. Whilst the appearance of figure 5 may be different the essence of the Total Benefits
calculation is unchanged.

5.2. Mode Changer Benefits
As stated, Category B benefits represent the perceived benefits of mode changers. As these benefits
are perceived they generally comprise factors such as travel time, comfort and out-of-pocket
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transport expenses (ticket fares, fuel, parking etc.). The combination of these can be difficult to
quantify for each case and thus ATAP has developed standardised rates. The basis for this is the
downward sloping demand curve whereby increases in benefits (decreases in costs) induce a larger
demand, or in this case a larger change in mode share. As shown below, ATAP has developed a set of
relationships between per trip benefits and the percentage change in mode share induced. They
reflect the per head, per trip savings in cost required to induce a certain percentage change in mode
share, i.e. for a population-wide 1% change from car use to public transport on average users would
require a benefit per trip of $0.35. This is an average, meaning some would make the change for less,
whilst some would require a larger per trip benefit to make the mode change. These values have
been proposed by ATAP based on a 2004 ATRF (Australian Transport Research Forum) paper and
TravelSmart analysis done by Victorian Department of Infrastructure in 2006.

Figure 6: Mode changer benefit (Category B) rates outlined by ATAP

Source: “Table 7: Mode changer perceived net benefit values ($ per trip)”, Australian
Transport Assessment and Planning Guidelines: Travel Behaviour Change (Transport and
Infrastructure Council 2016)

From these rates, Category B benefits are calculated. The respective diversion rates are simply
multiplied by the per trip benefit required for a 1% mode change to obtain per head per trip benefits.
This is then extrapolated to total population yearly benefits by multiplying with trips per day, trip
days per year and the population size.
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5.3. Examples of Benefits identified by ATAP
So far the discussion surrounding benefits and costs has been from a theoretical perspective.
Below is a table providing actual examples of some of the benefits/costs impacted by TBhC
initiatives.
Internal Benefits and Costs
Travel time savings
Fuel
Private vehicle operating costs (excl. fuel)
Car ownership costs
Parking
Road tolls
Cycle operating costs
Public transport fares

Perceived
Perceived
Unperceived
Unperceived
Perceived
Unperceived
Perceived
Perceived

Included in
P-RAM








External Benefits and Costs
Decongestion
Road system benefits – reduced maintenance and capacity strain
Accident cost savings – car
Accident costs – cycle/walk
Accident costs – public transport
Environmental externality (pollution) reductions
Health (fitness) benefits of active transport

-



-

-







Others – identified by ATAP but not yet quantified
Reduced community severance
More sustainable land use/urban form
Community cohesion
Improved security/safety to the community
Less dependence on fossil fuels
Viability of local shops and businesses
Synergy with other marketing initiatives

Figure 7: ATAP identified benefits to be appraised in cost benefit analysis of TBhC programs

5.4. Summary of Benefits and BCR in Transport @3.5 Million
To put these benefits/savings into monetary terms the Travel Demand Management Plan Transport
@ 3.5 Million (Transport and Infrastructure Council 2016) report provided the following
assessments for the projected impact of the three TBhC initiatives:
 Household travel plans yield per capita per year benefits of $145 (standard diversion
rates) or $45 (low diversion rates). These per capita benefits are experienced by all in
the target population not just the mode changers. Considering the case for low diversion
rates, a cost benefit ratio of 7 is obtained indicating a very solid return on investment.
 Assessment of workplace travel plans revealed the potential for a BCR of 26 by the year
2050 - $36.4m benefit for $1.4m investment. This is largely stemming from a 9% decrease
in private car use and 30%, 13% and 11% increases in public transport use, cycling and
walking respectively by 2050.
 Assuming a third of schools participate, an indicative assessment for the impact of a
school based travel behaviour change program projected benefit cost ratio of 6.4.
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6. Economic analysis procedure
Based on the definition of diversion rates and the breakdown of benefits above, the appraisal
procedure for travel behaviour change initiatives is described in the following chart. As indicated in
Figure 2, key points in project appraisal are






Project inputs:
o Project type (household/community, workplace, school)
o Targeted population
o Effected days per year
o Appraisal period
o Program cost
o Assumed effect on transport (low, medium, high) – ATAP diversion rates are
provided for each level of impact
Calculation of costs and benefits
o Source diversion rates and trip lengths (both ATAP standard)
o Calculate cost per km per trip for each mode type (car as driver, car as passenger, PT,
cycle and walk)
o Based on diversion rates and the costs per km per trip for each mode type, calculate
benefits from avoided car trips and benefits of public/active transport
 From the theory this is Category C and D benefits per head
o Calculate mode changer benefits based on ATAP provided per trip benefit
 From the theory this is category B benefits per head
o Sum category B,C and D benefits to obtain benefits per head per trip
Appraisal
o Calculate total benefits per year per head
o Calculate total benefits per year
o Sum benefits over appraisal period using discount rate
o Sum program cost (straight from input + any maintenance costs per year)
o Calculate BCR and NPV
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Define the Travel Behaviour Change initiative

‘Supply’ or
‘Demand’

Targeted
population

Project type

Diversion
rate

Number of
trip per day

Effect days
per year

Trip
length

Project cost (initial
and follow-ups)

Unit cost per
trip

If ‘hard’
measures

Resource cost corrections, and
externality benefits per trip

Perceived generalized
benefits of current
users per head

Mode changer
benefits per head

Resource cost corrections, and
externality benefits per head

Targeted
population

Annual Benefits of Travel
Behaviour Change initiative for
the targeted population

Effect days
per year

Project cost (initial and
follow-ups)

Benefit-cost Ratio & Net present value

Figure 8: Cost benefit analysis procedure adopted by P-RAM
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7. P-RAM and its user interface
7.1. Input-Output page

Figure 9: P-RAM Input-Output page

The input-output page is the main page users will operate when using P-RAM. As detailed in Section
6, the required inputs are listed with options housed in drop down menus. The major outputs of
concern are the BCR and net benefit, which are found at the bottom of this page as seen above.

7.2. Calculation Steps page
As the name suggests, this page is where all the major calculations of benefits and the program
appraisal takes place. How this page is coded is more of concern to future developers as opposed to
users, but going through each section of the page can be helpful for users to understand how the
appraisal is done.
Below is Step 1 of the appraisal process. P-RAM identifies which set of diversion rates are required
for the calculation based on the input. As seen in the Figure below, the appropriate program
Household/Community based initiative – Standard is highlighted in green.
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Figure 11: Step 1, P-RAM identifies the appropriate diversion rates

Step 2 is the calculation of trip lengths. Like diversion rates these are also ATAP provided and again
appropriate row and column are highlighted in green. These trip lengths are required for calculating
costs that are defined on a per km basis

Figure 10: Step 2, P-RAM identifies appropriate trip lengths

Step 3 is the calculation of each mode’s per trip and per km costs. This is done using ATAP provided
unit costs for variables such as congestion, accident costs, environmental costs etc. All of which vary
based on the city size and travel times.

Figure 12: Step 3, calculation of each mode's per trip and per km costs
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Step 4 is calculating the net benefits per trip per head. This requires summing the Category B, C and
D benefits as shown below. Figure 13 shows the benefits due to avoided car trips; per trip and per
km costs are taken directly from Step 3.

Figure 13: Calculation of Category C benefits

The next Figure shows the calculation of Category D benefits, being those from the replacement
trips (public and active transport).

Figure 14: Calculation of Category D benefits

The final part of Step 4 is the calculation of mode changer perceived benefits, or Category B benefits.
Also shown in the Figure below is the summation of benefits. That final value is the total benefits per
head per trip.

Figure 15: Calculation of Category B benefits and summation of total benefits
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Step 5 is the calculation of total benefits per year per head. This is done by multiplying the per trip
per km benefit from Step 4 by the amount of trips per day and trip days per year. Step 6 extrapolates
that benefit to the whole population. Step 7 is where the final appraisal takes place and the key
outputs are determined. The total project cost and benefits are cumulated over the appraisal period
with the use of a discount rate and the net benefit is determined. The BCR is also calculated and
displayed on the input-output page.

Figure 16: Steps 5-7, calculation of population wide benefits and appraisal of program

8. Future Development and Recommendations
Based on analysis and the practicality of the model, PATREC proposes the following areas of further
development.
Breakdown of Costs
Currently, as per ATAP guidelines, P-RAM includes a total Program Cost. It is not clear whether the
ATAP meant for this figure to be an upfront capital investment or an aggregate cost over the life of
the program. Future versions of P-RAM may include upfront costs and ongoing maintenance costs,
whereby the latter will be discounted appropriately.
Presentation of Benefits
Currently the model has two outputs, the BCR and the total net benefit (in dollar terms). To better
represent the impact of a TBhC initiative a suggestion would be to output a benefit and cost per
head per year. This was the approach taken in examples given in Travel Demand Management Plan
Transport @ 3.5 Million.
Further consideration of diversion rates
As per the ATAP guidelines, diversion rates and program costs are independent. This essentially
means that benefits per year per head are fixed for each program type and assumed effect. Pending
further research and data analysis, a more realistic model could account for the relationship
between the intensity of the program investment (i.e., spend per head) and diversion rates.
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1 Introduction
Travel behaviour change (TBhC) initiatives are measures that encourage voluntary changes in personal
and private travel behaviour with the aim of; increasing public transport demand, reducing the need
to travel and dependence on private cars, and increasing physical activity.
The PATREC rapid approval model (PRAM) allows the end user to appraise TBhC projects using the
Australian Transport Assessment and Planning (ATAP) guidelines (http://atap.gov.au/). The model is
designed to provide cost-benefit information to inform the feasibility assessment of a Travel
Behaviour Change (TBCh) intervention. In addition the model may be used to evaluate implemented
projects by using observed travel changes to calculate the diversion rates. However, as with all
models, the results are only as good as the data inputted; continued development on systems to
evaluate transport policy is a much larger issue than that addressed here.

1.1

Objectives

This manual is designed to guide users of the Excel based rapid approval model step by step run
through the implementation of the model for project appraisal. Please note that any adjustment of
the parameters within the model, as may be necessary to evaluate a project or to customise an
appraisal based on local knowledge, is not discussed nor encompassed in this manual. A separate
Developers Manual is provided for ‘power users’ of the model.

1.2

Source of Modelling Logic: ATAP Guidelines

The PATTREC rapid appraisal model (PRAM) follows the logic and uses the parameters given in the
ATAP guidelines. Keeping to the national standards and adjusting the parameters only when there is
sound evidence to do so was agreed to by the Congestion Policy team at DOT. The layout, styling,
dynamic user inputs, labels and parameter names are unique to the PRAM.
For a complete treatment of the Australian Transport Assessment and Planning (ATAP) guidelines for
M5 Travel Behaviour Change are available at http://atap.gov.au/mode-specific-guidance/travelbehaviour-change/index.aspx . However, a briefer document outlining how the ATAP guidelines were
adapted to TBhC programs as detailed in “Travel Demand Management: Transport @3.5 Million”

1.3

The PRAM Excel Workbook

The rapid appraisal model is housed on two worksheets the Input-Output worksheet and Calculation
Steps worksheet. The remainder of this manual addresses each worksheet in full allowing the user to
walk through the model, its calculations and assumptions.
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2 Input-Output Worksheet in PRAM
When opening the Excel file, the first view should be the “Input-Output” worksheet (Figure 1).
n.b. inputs may be different to that seen in Figure 1. This is not a concern as each appraisal will select
from a menu of inputs

Figure 1: Input-Output sheet
Hint: If you do not see the opening “Input-Output” screen click the tab that is highlighted in Figure 2
below.

Figure 2: Input-Output tab highlighted

2.1

What is the Input-Output sheet used for?

The input-output sheet allows the user to input details on the nature of the project. ATAP guidelines
permit broad classifications of the type of TBCh project, the target group (workplace, education centre
or community) and the broader context (small or large city). These inputs are updated by the user in
the “calculation input” table. Some cells require a numerical input and others make use of drop down
menus are available and these are explained below.

2.2

Enter numerical data

Enter numerical project details by typing directly into the cell. For example, click on the cell next to
the population label in the “calculation input” table, type in the value of “25 000” and click enter.
Notice that the values in the green highlighted output table change (the output value may differ to
those displayed in Figure 3a as there is more than one input used to arrive at the net benefits).

2.2.1

Error Messages

An error message is displayed if the entry is not valid. For example, if you now enter a non-numerical
value into the same cell, the output will display an error. To test this, type a random word e.g. “test”
into the population input cell and click enter. You should now see the error message “Waiting for
Assumed effect on transport or other error” displayed in both the output cells and highlighted in red.
Under these circumstances the message is referring to “other error”. “Waiting for assumed effect on
transport” will be addressed in Section 2.3 (using drop-down menus).
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The expected outputs for a correctly entered value and incorrect value are shown in Figure 3.

(a)

(b)
Figure 3: Corresponding output for (a) Numerical (b) Non-numerical population input

2.2.2

Information on Permitted Values

For all manual entry inputs, extra information is available by clicking on the input labels. For example,
if you click on the cell labelled “Population”, a message will pop up telling you that a number is
required. Figure 4 highlights the additional information on data integrity for manually updated cells.

(a)

(b)

(c)

Figure 4: User guiding information for (a) Population (b) Discount rate (c) Trips per day
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2.3

Entering Project Details Using Drop-down Menus

The second type of input is in the form of a drop-down menu. To select from a drop-down menu
simply select a cell with a drop-down menu option (seen by a small square appearing next to the
selected cell). For example, click on the cell next to the “Trip type” label followed by the small square
next to the cell and it should expand the list of drop down options, as seen in Figure 5.
Click to expand
drop down options
Option currently
selected
Figure 5: Trip type drop down menu
Figure 5 shows all the options for the “Trip type” input. To select, simply hover over the option you
wish to select and click (the option will be highlighted in blue) as seen in Figure 5.
Like manual entry inputs, the output table will change depending on the options you choose. For all
drop-downs you do not need to worry about whether the input is numerical or nominal as that has
already been defined for you.

2.3.1

Error Message (2)

In Section 2.2 the error message “Waiting for Assumed effect on transport or other error” was related
to data integrity rules for numerically entered values. The message “Waiting for Assumed effect on
transport” refers to the relationship between “Program type” and “Assumed effect on transport”.
Different program types have different assumed effects on transport. In the background PRAM
populates the drop-down items for assumed effect when the user selects a program type. When that
occurs no item is selected and the program is waiting for the assumed effect on transport. A reminder
note is provided when the user selects the input cell for Program Type as shown in Figure 6.

Figure 6: Program type message reminded

2.4

Calculated Days per Year

A separate table is provided for the “Calculated days per year” which is neither part of the input nor
the output table. This value, like all values in the calculation steps section (discussed later in this
manual) is taken from ATAP and is calculated based on the program type and the assumed effect on
transport. This value is included for your information and convenience allowing you to see how many
days is used for calculation purposes and how this value changes depending on certain parameters.
For example, if you select the “Program type” input and click on “Household/Community based
initiative” -- remembering that you MUST now change the “Assumed effect on transport” – change
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the assumed effect to Low, the “Calculated days per year” should be 365 (Figure 7 (a)). Repeat this
again but this time change “Program type” and “Assumed effect on transport” to Primary school travel
plan and fixed respectively, and you should now see the “Calculated days per year” change to 190
(Figure 7 (b)). The assumed number of days for work place TDM projects is 230 days.

(a)

(b)
Figure 7: Calculated days per year for program type and assumed effect on transport selected as (a)
Household/Community based initiative and Lo” (b) Primary school travel plan and fixed

2.5

The Output Table

The output values are also included on the “Input-Output” sheet. They display the final estimated net
present values and BCR summaries for the project appraisal. The values are computed by a series of
steps housed in the “Calculation Steps” worksheet. A benefit cost ratio BCR of above 1 (one) will
correspond to an NPV of zero implying the return on investment is (estimated to be) at least as high as
the discount rate used in the model. The results provided support a business case, but other factors
may need to be considered. Figure 8 provides the economic indicators for an appraisal of a project
requiring an investment of $300,000 per annum. Over the ten year period the discounted accrued
net-benefits are estimated to be over $2.5 million and the economic BCR exceeds 2. For many TChB
projects the BCR may be a lot higher given the relatively low cost of the interventions when comparing
to infrastructure investments.
Output
Click here

Benefit cost ratio
Net benefit

2.06
$2,686,682

Figure 8: An example of model outputs
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2.6

…and a Couple of Other Things

The “Input-Output” page contains two green buttons saying “Click here”. If you click on these cells, a
pop up message will appear with some guidance or relevant information regarding the adjacent cell(s).
These messages can be seen in Figure 8 below.

(a)

(b)

Figure 8: “Click Me” pop up information/message for (a) Calculated days per year (b) Benefit cost
ratio
Finally, below the Output table is a row highlighted yellow with the text “Click to see Calculation
steps”. This is a hyperlink which directs you to the second sheet of the Excel model, the “Calculation
steps”. Click to test this link.

Click to see calculation steps
Figure 9: hyperlink to ‘calculation steps’ worksheet
This concludes the walkthrough of the first worksheet.
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3 Calculation Steps
3.1

Navigation

The second sheet in the Excel based model is the “Calculation Steps” tab. Following from the first part
of this walkthrough a view like that displayed in Figure 9 should be seen
n.b. the rows highlighted and thus colours seen may vary from Figure 9, and will be addressed and
checked in an example to come

Navigation section
with links to each step

Figure 9: Start of “Calculation Steps” page
The navigation section contains a set of hyperlinks which will redirect you to the given steps in the
calculation process. E.g. clicking on the hyperlink “Step 2: Collate Trip Length” will redirect you to Step
2.

3.2

Model calculation steps

Each of the major calculation components in this model are grouped together into a step, easily
identified by a yellow shaded heading row detailing the number and title of the step as seen in Figure
10.

Figure 10: Distinguishable row highlighted step number and title for Step 1 (same format for all steps)
The whole processes constituting seven chronologically ordered steps which are used to distinguish
major portions of the calculation as seen in Figure 10
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3.3

Input related formatting

Whilst the data used is not original the way the data is displayed and conditionally formatted is, and is
best visualised through an example. Upon navigating back to the Input-Output sheet via the navigation
bar, enter the data exactly as illustrated in Figure 11 below.

Figure 11: Example data to be entered
Examining the “Assumed effect for each mode of transport” table in Step 1 of the “Calculation Steps”
sheet, there should only be one row highlighted, whilst the rest of the rows are greyed out seen in
Figure 12. This highlighted row corresponds to the program type enter in Figure 11.

Figure 12: Row highlighted matches user Program type input in Figure 11
Some program types, like the one selected, have multiple rows in the “Assumed effect for each mode
of transport” table, with each row having a unique label and set of diversion rates for the various
modes of transport, as seen below in Figure 13.
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Figure 13: Two matches for given program type
Multiple rows, for a given program type, represent the different “Assumed effect on Transport” hence
the differing diversion rates. E.g. upon changing the “Assumed effect on Transport” from Low to
Standard (keeping all other values the same as Figure 11). the row selected has now changed from the
row with diversion rate “LOW” at the end to the row with diversion rate “STANDARD”, as seen in
Figure 14.

Figure 14: Change in highlighted row due to changed “assumed effected on transport” input
The modelled is designed to reflect, via conditional formatting, the specific inputs entered by the user.

3.4

Input related formatting (2)

Conditional formatting, where possible, applies to all tables in the “Calculation Steps” sheet. This can
be seen through another quick illustration. Upon navigating back to the “Input-Output” page enter the
following inputs (ensuring all other inputs are kept the same as in Figure 11)
o
o

Trip Type:
City Size:

Secondary school
pop > 1 million

Next, located the table titled “Default average trip lengths (km)” in Step 2 of the “Calculation Steps”
sheet. Again, it should be noted that the relevant inputs and their values are highlighted dark green as
seen in Figure 15.
n.b. the light green represents all the data for the given input whilst the dark green represents only the
relevant data i.e. the intersection of the given inputs

Figure 15: Step 2 table, where Trip type, city size and travel time are set to secondary school, pop > 1
million and peak respectively

PATREC: PRAM Appendix 2.2

Page | 12

64 of 158

3.5

Miscellaneous

Like the “input-Output” sheet every table in the “Calculation Steps” sheet has a “Click here” button
that can be clicked on to gain additional information about the data within a given table as well as a
simplistic summary of the calculation steps used to obtain some of the results displayed. A sample of
three randomly selected buttons can be seen in Figure 16 below.

Figure 16: “Click here” random sample of display messages

3.6

Final calculation outputs

The final calculation step, Step 7, should contain a table like that found in Figure 17.

Discount Cost
Discount Benefit
Figure 17: Step 7 Final Cost Benefit table
The last row of the table (highlight green) contains the Discount Cost and the Discount Benefit,
corresponding to the circled values in Figure 17. The difference between these two values represents
the Net Benefit based on all the given input values, whilst the ratio between the Benefit and Cost
produces the Net Cost-Benefit ratio. Both the difference and the ratio are displayed in the Output
table on “Input-Output” sheet, and constitute the desired output values due to all the calculation
steps. This concludes the walkthrough of the “Calculation Steps” page.
As a last note, remember that you cannot edit anything within the “Calculation Steps” page, due to the
fragile nature of the equations and mathematics used. These privileges are reserved for Developers
only.

PATREC: PRAM Appendix 2.2

Page | 13

65 of 158

4 Lists
The last and final sheet is the “Lists” sheet, which contains the relationships needed to create the
drop-down menus in the input screen. Fortunately, this is not something the user need to look at or
understand, and is covered in more detail in the Developers Manual.

5 Conclusion
You should now have a broad understanding of the relationships that exist between the two main
pages, the “Input-Output” page and the “Calculation Steps” page, as well as an understanding of how
to view and use them. Both pages are designed to accommodate various input values, both
mathematically and visually, with many helpful hints such as the “Click here” buttons. Again, it should
be noted that the content and data required to conduct the calculations is not original content,
instead it uses values and figures already presented by Australian Transport Assessment and Planning
(http://atap.gov.au/).
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1 Introduction
Travel behaviour change (TBhC) initiatives are measures that encourage voluntary changes in personal
and private travel behaviour. These changes aim to reduce the need for travel that is dependent on
the use of private vehicles, whilst increasing demand for public transport and physical activity.
The PATREC rapid approval model (PRAM) allows the end user to appraise TBhC projects using the
Australian Transport Assessment and Planning (ATAP) guidelines (http://atap.gov.au/). The model is
designed to provide cost-benefit information to inform the feasibility assessment of a Travel
Behaviour Change (TBhC) intervention. In addition the model may be used to evaluate implemented
projects by using observed travel changes to calculate the diversion rates. However, as with all
models, the results are only as good as the data inputted; continued development on systems to
evaluate transport policy is a much larger issue than that addressed here.

1.1

Objectives

This manual is designed for the maintenance, adaptation and development of the PRAM. Its primary
purpose is to explain, via a detailed walkthrough, the way users interact with the model and the steps
required to change the user interface. Additionally, explanation of existing methods shall be provided
in full. It should be noted that the user manual familiarity is assumed as prior knowledge. If this is not
the case please consult the user manual before reading and/or attempting the examples in this
manual.

1.2

Source of Data

During the construction of this model all data was obtained via the ATAP website. As such, the layout
of the excel spreadsheets, styling, dynamic user inputs and various labels and parameter names are all
original whilst the numerical data and the relationships within the model is content that belongs to
the Australian Transport Assessment and Planning.

1.3

The PRAM Excel Workbook

The rapid appraisal model is housed on three worksheets; Input-Output, Calculation Steps and Lists.
The remainder of this manual provides a walkthrough of each worksheet in full. The figures seen may
differ depending on the version of excel used and/or the operating system used to run the model. The
functions of the model should however remain largely the same irrespective of this variance.
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2 Input-Output Worksheet in PRAM
When opening the Excel file, the first view should be the “Input-Output” worksheet (Figure 1).
N.B inputs may be different to that seen in Figure 1.

Figure 1: Input-Output sheet
Hint: If you do not see the opening “Input-Output” screen click the tab that is highlighted in Figure 2
below.

Figure 2: Input-Output tab highlighted
This worksheet is where users will be able to input given parameters, as well as view the overall costbenefit ratio as an output. This is the only worksheet in the PRAM where users can input parameters,
as the other two worksheets are for viewing calculations. As such, most of the document is locked to
prevent any accidental corruption of necessary calculations.

2.1

Protecting and Unprotecting the model

As a developer, the first thing to understand is how to protect/unprotect each respective sheet, as
well as the complete workbook. Protecting the document helps to preserve the integrity of the model
from any form of corruption.

2.1.1

Unprotecting workbooks/sheets

Whilst users can click on any cell in the Input-Output sheet, notice that only cells D5 – D14,
corresponding to the user inputs, “Population” down to “Trips per day” can be edited. This protection
can be tested by clicking on a locked cell and trying to edit it (e.g. Population label). If the sheet is
protected, the following error message should be displayed.
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Figure 3: Error Message received when trying to edit/change locked cells
As a developer, the range of values that are locked and unlocked can easily be changed. Initially the
workbook and the sheet itself will be protected by a given password. To unprotect both, click Review
on the top navigation ribbon. In the Changes group, find the options; “Unprotect Sheet” and “Protect
Workbook” as seen in Figure 4, below.
Review Ribbon

Protect/Unprotect options

Changes Group
Figure 4: Option to protect/unprotect the sheet and workbook via the Review ribbon
Click on the “Unprotect Sheet” option, which should result in a pop up menu prompting you for a
password, as seen in Figure 5.

Figure 5: Password required menu to unprotect a sheet
Enter the password Test (case sensitive) and click “OK”. The sheet is now unprotected and anything on
the “Input-Output” page can now be edited. Test this again by editing the Population label. It should
be noted that unprotecting the workbook is conducted the same way, instead this time clicking on the
“Protect Workbook” option in the Review ribbon.

2.1.2

Protecting workbooks/sheets

It is highly recommended that following any changes all developers re-protect the workbook and
relevant worksheets before allowing users to use the PRAM. This is required as it not only ensures that
the model can be consistently and efficiently maintained, and also prevents users accidentally or
intentionally editing the relationships and calculations required for the proper working of the PRAM.
The process of protecting the workbook/sheet is similar to the process of unprotecting, with some
noticeable differences. The first difference is choosing which cells to lock and which cells to leave
unlocked. By default protecting a worksheet locks every cell on the sheet, thus the developer must
determine which cells to leave unprotected for user inputs. To do so, first ensure the sheet is
unprotected, then click on the Review ribbon, go to the changes group, and select the option “Allow
user to edit ranges” (Figure 6). This will result in a popup as seen in Figure 7.
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Figure 6: Allow users to edit range option in Review ribbon

Figure 7: Pop up after clicking “allow users to edit range” option
This window (Figure 7) will display all the cells the user will be able to edit when the sheet is locked
and can easily be modified by clicking the “Modify” button and reselecting a new range. To add
another range, simply click the “New” option. Both the Modify and New options will result in another
pop up menu seen below.

(a)

(b)

Figure 8: Menu to (a) add new (b) modify range of values user can edit
The range intuitively represents the range of cells that a user can edit. The title whilst optional is used
to identify the name of the given range, and for a sheet that has multiple ranges, it is recommend to
give each range a title. The password is also optional, however to avoid confusion, it is recommended
to leave this blank (i.e. no password required) as editing these ranges in the first place requires
unlocking of the sheet which itself should already be password protected.
Lastly when re-protecting the sheet and workbook, navigate to the Review ribbon, and in the Changes
group, click on the option you wish to protect. This will result in another pop up menu, which allows
the developer to customise exactly what functions become prohibited when the worksheet is
protected. The default options used for this model are shown below in Figure 9.
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Figure 9: Customising the protection of a sheet
Again, a password is optional however highly recommended. Thus, enter the password “Test” into the
password box and click “OK” (N.B you do not have to enter the same password as before. It can be any
password you want, given you are can remember it when unprotecting). This will then result in another
pop up box, asking you to reconfirm your password, as seen in Figure 10.

Figure 10: Confirm password pop up menu
As before, protecting the workbook is similar, however there are fewer options when determining
what is protected. The default options used in this model are shown below.

Figure 11: Protect workbook options
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Tip: given the model is/will be maintained and adapted by one or two people, it is recommended that
the SAME password is used to protect the sheet and workbook on every tab. This way the likelihood of
forgetting passwords is mitigated.

2.2

Editing text and labels

Editing labels and text is simple given the sheet and workbook are both unprotected. If the latter is not
the case, follow the steps above to unprotect the sheet you are trying to edit. Also note it is crucial
that you check that changes to text or values when editing do not affect/break the output of the
model. This can be checked by ensuring that the Net benefit and Cost-Benefit ratio remain constant
for constant input parameters. This step is a crucial in ensuring the reliability and integrity of the
model.

2.2.1

Editing pop up help messages

From the user manual, developers should be aware that there are two types of help messages. The
first allows users to gain information on the type of input expected by clicking on the input labels (for
manual entry inputs only), seen in Figure 12.

(a)

(b)

(c)

Figure 12: User guiding information for (a) Population (b) Discount rate (c) Trips per day
The second help message comes from “Click here” buttons, which once clicked display a message with
some guidance and/or relevant information regarding the cell(s) adjacent to the given button. Some
examples from the user manual are:

(a)

(b)

Figure 13: “Click here” information/message for (a) Calculated days per year (b) Benefit cost ratio
Creating and editing these messages is relatively straightforward. First ensure that the sheet is
unprotected. Next, navigate to the Data tab and locate the Data Tools group (Figure 14).
Data Tab

Data Validation

Data Tools Group
Figure 14: Data Tools group in the Data ribbon
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To create new messages and/or edit existing messages, select the Population label (which already has
a message), and then click on the data validation tool. You should be presented with the following
menu (a).

(a)

(b)

Figure 15: Data Validation menu (a) when open (b) Input message
Using the top navigation menu in this new window, navigate to the “Input message” tab seen in Figure
15(b). A checkbox will be displayed along with two input boxes; one for a title and one for a message.
Checking the checkbox means that the message will be displayed whenever a user selects the given
cell (in this case the Population label cell). The title represents the title of the message and will be
displayed in bold. The other tabs in the data validation menu can be ignored, since they are not used
in this model.
The “Click here” buttons are created the exact same way as the label prompts. Simply format a cell
with the desired text and colour scheme, as the functionality is independent of such formatting. Next
go on the Data ribbon and click on the data validation tool. Navigate to “input message”, ensure the
top checkbox is checked, enter text/message and an optional title, finally click “OK”. This should create
the desired message on the selected cell. It should be noted that this process is replicated throughout
the Calculation Steps sheet as well.

2.2.2

Editing conditional formatting

Conditional formatting is used to indicate and/or highlight important information or sources of error
based on user inputs. This can be shown by recalling the following example from the user manual.
Click on the cell next to the population label in the calculation input table, type in the value of “25
000” and click enter. Notice that the green highlighted values in the output table change. Instead,
enter a non-numerical value (e.g. test) into the same cell as before; the output should display the error
message “Waiting for Assumed effect on transport or other error” in both the output cells, both of
which should be highlighted in red as seen in Figure 16.
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Figure 16: Corresponding output for Numerical (top) and Non-numerical (bottom) population input
Not only are the values different in both (a) and (b) but so too are the colours. This section will look at
how the developer can change and determine the conditional colouring of cells.
Changing the format of a cell or range of cells based on a given condition or value is called Conditional
Formatting. To use conditional formatting, first ensure the sheet is unprotected and then navigate to
the Home ribbon, and then the styles group, as seen in Figure 17 below.
Home Ribbon

Conditional Formatting

Styles Group
Figure 17: Conditional formatting tool within the Home ribbon
To apply conditional formatting first, select the cell or range of cells to which you wish to apply the
formatting. Next, click on the conditional formatting tool and scroll down and click “New Rule…” from
the menu shown below.

Figure 18: Conditional Formatting options
Once selecting “New Rule…” a new window titled “New Formatting Rule” should pop up, as shown in
Figure 19.
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Figure 19: New Formatting Rule menu
The rule type used is “Use a formula to determine which cells to format”, highlighted in blue as per
Figure 19. Below is an input box where the developer is required to provide a rule, as this will serve as
the condition. The condition is the value/equation that must evaluate to TRUE for the formatting to
apply. The formatting button determines what happens to the contents of the cell given the condition
is TRUE. To change the formatting click on the format button seen in Figure 19. This will result in a new
pop up menu shown below.

Formatting
options

Figure 20: Conditional Formatting - Format menu components
Use this menu to format the colours, border, style and type of a cell. Looking at an example now, the
conditional statement used to make the output cells on the “Input-Output” page red is;

=IF ($D$20="Waiting for Assumed effect on transport or other error", TRUE, FALSE)
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Figure 21: Conditional formatting and equation used to make output cells red on error
It should be noted that the default colour of the output cells is set to green so that whenever the
above condition is not satisfied (i.e. FALSE), the cells are green by default. If the condition statement is
true, the conditional formatting will override the existing formatting of the cell(s) and display them in
red (see Figure 16). Another way to view Figure 21 is to simply select one of the output cells (or both
at once since they share the same conditional formatting), select the conditional formatting tool again,
and this time scroll down to “Manage Rule”, where you will be directed to the following menu.

Figure 22: Conditional Formatting - Manage Rules
From here click “Edit rule” to edit the rule or simply double click on the rule to be edited. Note that if
no rules exist for a given cell, Figure 22 will appear blank. Deleting a rule is similar, click on the rule and
simply click the “Delete Rule” button. If a rule is accidently deleted click the cancel button at the
bottom of the window. Notice when the menu is re-opened the deleted rule will have been restored.
Note cancel simply ignores all changes you have made, whereas OK confirms all the changes. Lastly
once all conditional formatting is done, be sure to re-protect the sheets/workbook on which changes
have been made.
Tip: It is important to note whenever you create a new set of conditional formatting conditions or edit
existing ones, that you test them. Namely, evaluate the conditions for both TRUE and FALSE to ensure
that the conditional formatting it working as desired. Doing this will help ensure the correctness of the
model, as well as help mitigate minor typing and/or grammatical errors in newly created/edited
formulas
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2.3

Input-Output Equations

Equations are the building blocks of excel and thus it is assumed that developers have some prior
knowledge when it comes to entering and using basic excel equations. It should be noted that many of
the equations used throughout the model, especially those in the Calculation Steps page, are based on
the calculation guidelines provided by ATAP. There are also equations (mostly conditional formatting
equations used in the “Input-Output” worksheet) that do not originate from ATAP and have been used
for the convenience of the users. The “Input-Output” page consists of only three equations, one for
the calculated trips per year and two for the two output cells. The calculated trips per year is simply
assigned a value based on the values associated with the given program type using a simple “if”
statement. E.g. Household/Community based initiative with a low assumed effect on transport
corresponds to 1.1 (this value will be explained in Lists section of this manual). Thus, if the program
type value is 1.1, then calculated trips per year are 365. Figure 23 shows the equation used to
calculate the trips per year and again is based upon the data used by ATAP.

Figure 23: Calculated days per year “if” statement
The output equations, shown below, are very similar in structure, differing only in how they are
calculated.

Figure 24: Output cell equations for Cost-Benefit ratio (top) and Net benefit (bottom)
As the name implies the IFERROR function simply means that if there is any error, e.g. #DIV/0!, #REF!,
#VALUE! etc. then the value of both cells will be set to the given number of in this case the string
(message) “Waiting for Assumed effect on transport or other error”. This error value can be changed
however, the conditional formatting of this cell is based on this exact output string. i.e. if changes to
such values/messages are required, it is crucial to check and/or change the subsequent formatting
and/or equations as well. This stands for the entire model due to the nature of its complexity.
n.b. if the changed do affect the output of the model in any way, ensure these changes are desired and
if so, that the document is protected once again.

2.4

Editing hyperlinking to calculation steps

As per the user manual, users have the option to quickly navigate to the “Calculation Steps” page
using a link at the bottom of the “Input-Output” page, as seen below in Figure 25.

Figure 25: Hyperlink to Calculation Steps page
To edit this hyperlink simply right-click on the cell containing the link and click the “Edit hyperlink”
option as seen in Figure 26 below.
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Figure 26: Right click menu to edit hyperlink

Name of select link

Figure 27: Edit hyperlink menu
The following window should appear (Figure 27). The value/name currently highlighted in Figure 27
refers to the name of the cell to which it is hyperlinked. To confirm this, click “Cancel” and then click
on the hyperlink normally, where you will be redirected to the following cell in the Calculation Steps
page.
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Cell Name

Cell Value

Selected Cell

Figure 28: Redirected location after clicking the “Input -Output” hyperlink
Note that the name of the cell (circled on the far left in red above) in Figure 28, matches the name in
the hyperlink menu seen Figure 27. Thus, to create a hyperlink, the developer must first name the
hyperlink’s destination cell. To do so select the cell and type in the desired name for the cell/range of
cells in the Cell Name box (Figure 28) and click enter (See section 3.2 Name manager for more). Next
select a cell you wish to place a hyperlink in, navigate to the Insert ribbon and locate the Links group,
as seen in Figure 29 below.

Insert Ribbon

Hyperlink tool

Links Group

Figure 29: Inserting hyperlinks within in Insert ribbon
To create a hyperlink that links between the sheets in the model, select the second option “Place in
this document” as seen in Figure 27. Next enter the “text to display” as the text in which the user will
see with the link embedded, and then simply click on the “Defined name” that matches the name of
the destination cell and click “OK”.
N.B. Hyperlinks can be made to reference cell names such as “A1” however for readability and to
improve maintenance it is recommended that all hyperlinks be given a specific name.
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3 The Calculation Steps Worksheet
The largest worksheet contained in the PRAM is the Calculation Steps. As per the user manual, this
sheet is broken up into a series of methodologically ordered steps all of which work to sequentially
evaluate the net benefit and overall cost benefit ratio. The calculation steps page can be broken into
three main categories: hyperlinks, multiple stage conditional formatting and equations, all of which
have already been explored previously in this manual.

3.1

Calculation Steps hyperlink navigation

As detailed in the User manual, the top of the “Calculations Steps” page consists of a navigation
section, containing a list of hyperlinks to every step in the calculation progress, as seen in Figure 30.

Navigation section
with links to each step

Figure 30: Navigation section at top of Calculation Steps page
As mentioned previously, to create a hyperlink, first you need to name the destination of the cell you
wish to be directed to. Next select a cell you wish to place a hyperlink in, navigate to the Insert ribbon,
and locate the Links group (Figure 29). Click on the hyperlink tool, and select the second option “Place
in this document” on the left. Enter the “text to display” as the embedded text you wish the user to
see then click on the “Defined name” that matches the name of the desired destination cell and click
“OK”. For a more detailed breakdown on hyperlinking refer to 2.4 Editing hyperlinking to calculation
steps above.

3.2

Name manager

The Calculation page also has an additional list of hyperlinks found in the first table of Step 1.

Figure 31: List of hyperlinks for different program types
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These hyperlinks are created in the exact same way as previously discussed. The difference here is that
each hyperlink is directed to a range of cells instead of just one cell. For a developer, recalling that it
was recommended that every hyperlink destination be given a name, it should be noted that a
potential problem may arise. An example is the case with the Calculation-Steps page, where multiple
links lead to multiple names, all of which can be hard to remember let alone manage. Fortunately,
excel has a built-in tool called “Name Manager” which helps manage all of these names across all
sheets with the model.
To find this tool, click on the Formula ribbon, and locate the “Define names section” (Figure 32). Next
click the “Name Manager” tool and the window shown in Figure 33 will pop up.
Review Ribbon

Protect/Unprotect options

Changes Group

Figure 32: Name manager tool - Formula ribbon

Figure 33: Name Manager menu
This menu can be used to create, edit and delete names within the model. Developers can also see all
the existing names, their values and most importantly the range of cells to which they apply. Below is
an example that will walk through the steps of creating, editing and deleting given names.
Given the “Name Manager” menu is still open, click on “New” and the following menu should appear.
Fill in the menu as seen below.
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Figure 34: Create new name menu (Name Manager)
Ensure that the name is Test and it refers to “=“Calculation Steps”!$A$1” click “OK”. Now note the
newly created name in the list of names menu (Figure 35).

Figure 35: Newly created name in the list of names menu
To edit this name, make sure it is selected in the above menu, then click the “Edit” button. A menu like
the one shown in Figure 34 will be displayed. Change the name from “Test” to “Random” and click
“OK”. Now observe the newly edited name in the list of names.
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Figure 36: Edited menu (Top) and edited name in the list of names menu (bottom)
To double check that creating a “New” or “Editing” an existing name has successfully worked, click on
a named cell, and check in the top left-hand corner that the cell is named appropriately; in this
example check to see that A1 is now called “Random”.

(a)

(b)

Figure 37: Name of cell (a) before (b) after being named
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To emphasise this point, click on the “Calculation Steps” title at the top of the page and notice its cell
name is “CalcSteps” as previously noted in this manual. By looking through the list of names in the
“Name Manager” menu, find the name “CalcSteps” and again confirm that it is assigned to the
“Calculation Steps” title cell.
Lastly to delete a name, open the “Name Manager” menu, and simply select the name from the list of
names provided and click “Delete”. Excel will prompt a confirmation which, if desired, click “OK” to
delete the selected name.

Figure 38: Deleting name confirmation pop up
Again, to ensure the name to be deleted has in fact been removed, review the list of names in the
Name Manager. Test the deleting function by deleting the name “Random” still assigned to cell A1
(given you did the example above).

3.3

Multiple stage conditional formatting

For this walkthrough, the previous section 2.2.2 Editing conditional formatting in the manual is
assumed prior knowledge. The next step is about understanding how to use multiple conditional
formats for a given cell/range of cells. As previously mentioned, the condition is the value/equation
that must evaluate to TRUE for the formatting to apply and thus the formatting button determines
what happens to the content of the cell give the condition is TRUE. It is also important to remember
that the conditional formatting will override any existing formatting of the cell(s) it applies.
This will be demonstrated by a brief example. Start by looking at the first table of Step 1 (Figure 39).

Figure 39: First table in Step 1 - Calculation Steps
This table can be broken up into three main formats. The first uses colour scales to highlight the rows
in the table a different colours depending on the value of the cell. The second highlights the individual
row of the “Diversion rate” column in green to reflect the user input, and the third highlights all the
non-related diversion rate rows in grey.
To set the first colour scale, click on the home ribbon, navigate to the “Styles group” and click on the
conditional formatting tool. You will see an option called “Colour scale” which will expand and give
you a list of options, as seen in Figure 39 below.
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Figure 40: Conditional formatting colour scales menu
You can either select one of the options displayed or click on the “More Rules” option. For the table
shown in Figure 39, a displayed option was chosen which shades colours on a spectrum from red to
green and was applied to all the values from the “Car as driver” to the “Walking” column. This range
essentially assigns red to negative numbers and then an increasing scale from orange to yellow to
eventually green as the number becomes more positive. Thus, numbers in the middle will be
highlighted various shades or orange and yellow, as again seen in Figure 38. It is important to note
that this conditional formatting applies to the selected range of cells as a default (i.e. it applies all the
time as the condition for it is always TRUE). Therefor the only way to remove the conditional
formatting is to remove the formatting rule itself, which has previously been discussed.
Next, click on one of the cells in the table shown in Figure 39, and navigate to its conditional
formatting. Note that there are two rules that apply to it, as seen in Figure 40 below.

Figure 41: Conditional formatting applied to each row of table
By inspecting the figure above, you should note that the first formatting condition applies to only one
row in the given table. Double click on this condition to view the formula and formatting options.
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Figure 42: Second formatting clause to highlight given row grey
Recall that the condition must evaluate to TRUE for the formatting to apply. It can be seen from the
above formula that the only time it will evaluate to false is when “Lists!$E$3=$B$21”. When this is the
case, the cell will no longer be formatted grey, instead it will be formatted with the colour scales
shown previously. For all other cases the condition will evaluate to TRUE and the cell will be formatted
grey.
With prior knowledge of Excel the formula in Figure 42 should be somewhat intuitive, whereby the
“Lists!$E$3” refers to cell E3 in the “Lists” page and B21 refers to cell B21 in the current page. The
“Lists” page is used to store and map the user inputs, and hence “Lists!$E$3” simply refers to one of
the user inputs, specifically the program type (See 4. The Lists Worksheet for more).
The third and final formatting used in the table shown in Figure 38, is highlighting the individual rows
of the “Diversion rate” column green. This formatting follows a similar approach to the previous
example with minor changes to the formula and formatted colour (green not grey).

3.4

Formatting cells

Another feature to note from the “Step 1” table is that what the user sees in the “Diversion rate”
column is not the same as the numerical value of the cell that appears in the formula bar. For
example, looking at the cell in the first row the user sees "1.1 Household/Community based initiative LOW", whereas this cell actually has the value 1.1. The value 1.1 is used for calculations, whilst the text
displayed is for ease of use for users. To change the message users see, right click on the given row
and click “Format Cell”. The following menu should appear (Figure 43).

PATREC: PRAM Appendix 2.3

Page | 23

89 of 158

Custom Type

Custom Category

(a)

(b)
Figure 43: (a) Format cell option (b) Format cell menu

See that the category selected is “Custom” and its type is the value/string the user sees. To change
this simply edit the “Type” to display the desired message and click “OK”. Similarly, to replicate this
process somewhere else in the model, first enter the real value of the cell, then right click to format
the cell, choose the desired format and click “OK”. Double check by noting whether the custom name
is shown in the cell, however the real value is shown in the formula bar when the cell is selected
(Figure 43).
Actual Cell Value

Displayed value
Figure 44: Displayed value and actual value of formatted cell

3.5

Calculation Steps Equations

Majority of the equations in this model are housed in the calculation steps sheet, and hence given the
size of the model, there are too many equations to walkthrough in this manual. It is assumed that as a
developer you have a basic understanding of Excel formulas and can intuitively use Excel’s function
help tool to deduce an unfamiliar function. The function help tool is located is to the left of the
formula bar (Figure 45).
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Function helper

Figure 45: Function helper button
Clicking on this button will result in the following menu being displayed
n.b. the function you see may vary from the figure below

1
2
0
5
6

Figure 46: Function helper menu
which contains all the functions available in Excel. Click on one to investigate, and note at the bottom
of the menu a summary of what the given formula does will be provided. Once selecting a desired
function click “OK”. A new window “Function Arguments” will pop up breaking down all the arguments
and their respective types. An example of the “VLOOKUP” formula is shown below.
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Figure 47: Function helper breakdown of the VLOOKUP formula
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Tip: for formulas that reference “Defined names” or other cells in the model, be sure to understand
what the cells being referenced represent. This will not only help when it comes to understanding the
variety of formulas used throughout the model, but also understanding the model in its entirety.

4 The Lists Worksheet
The third and final worksheet is the “Lists” sheet which contains the relationships needed to create
the drop-down menus in the Calculation Inputs table in the Input-Output sheet. The Lists worksheet
consists of two types of tables; green and blue. Green tables represent the values obtained by the user
in the “Input-Output” page as well as the respective values and numbers used for calculation
purposes. Blue tables contain the list/keys used to make the drop-down menus used in the “InputOutput” page. Thus, if changes need be made, the blue tables can easily be altered so that these
changes can be reflected in the drop down menus found on the “Input-Output” page.

4.1

Creating drop-down menus

Creating drops-down menus in Excel is relatively straightforward; all that is needed is a list of options
and a cell in which to place the drop-down menu. For the current model, both already exist. The
“Lists” page, as per its name, contains the list of options needed for every drop-down menu, and the
“Input-Output” page contains the drop-down menus themselves. Whilst it may seem logical to group
these two pages together, they have deliberately been split so that user and developer information
may be separated. This makes the everyday use of the model more user friendly and simplifies the
maintenance of the model.
For illustration purposes, we will look at how the Trip Type drop-down menu is created. First it should
be noted that there is a blue table on the “Lists” page corresponding to the desired options for the trip
type drop-down menu (Figure 48).

Figure 48: Trip Type options for drop-down menu (blue table)
n.b. These options used and their corresponding numbers (as seen above) are not original, they have
been selected to reflect the results obtained by ATAP.
Now that a list of options has been established, a drop-down menu can be created. First navigate to
the “Input-Output” page and click on the Trip Type input box. Next go to the Data ribbon, and locate
the Data Tools group and finally the Data Validation Tool, as seen below.
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Data Tools Group
Figure 49: Data validation tool - Data ribbon
Clicking on Data validation will result in following menu.

Figure 50: Data validation menu (setting tab)
Recall that Data validation was used to create pop up messages for various labels as well as the “Click
here” buttons. Now however, data validation will be used to create the drop-down menus. To do so,
first select the Setting tab at the top of the data validation menu. Next, under the “allow” option
ensure that the option “List” is selected and that the two checkboxes, “ignore blank” and “In-cell
dropdown” are BOTH checked, as seen in Figure 50. Next, select the source as the list of values (Figure
48) that corresponds to “Trip type” in the “Lists” page and click “OK”. It should now be seen that the
newly created drop-down menu in Figure 51 (below) matches the first column of the table in Figure
48.

Figure 51: Trip type drop-down menu and all its options

This process is replicated to create the drop-down menus for City size, Travel Time and Program Type.
The only exception is the drop-down for the “Assumed effect on transport” since the options for this
variable change depending on the Program type selected. This is seen on the “Lists” worksheet
whereby the Program type’s list of options has an additional column “ProgramLookup” (Figure 52),
which using specific formulas, is used to look up and provide a unique set of options of “Assumed
effect on transport” options for each Program type (Figure 52).
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Figure 52: Program type list (top) and Household/Community based initiative list and drop-down
(bottom)
Whilst setting up these additional lookup tables is crucial, it is also important to understand, as
previously stated, that instead of using a range of static cells to determine the options for the
“Assumed effect on transport” drop-down variable, these options are generated dynamically. To see
how, click on the “Assumed effect on transport” input cell and then the Data validation tool, resulting
in the following window:

Figure 53: Data validation - Assumed effect on transport menu
From here it can be seen that the equation used to create the list of options is;

=INDIRECT(VLOOKUP(Lists!$B$3,Lists!B5:C11,2,0)&"List")
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Developers need to be familiar with the VLOOKUP function as it is used throughout this model.
VLOOKUP performs a vertical lookup by searching for a user input or data entry in the first column of a
lookup table and returning a secondary value from another column in the lookup table.
In P-RAM, the assumed effect on transport will depend on the type of TDM program. For example an
evaluation of a household TBhC program allows for a “low” or “high” impact on travel choices, but the
school program only has one assumed effect – “fixed”. VLOOKUP populates the options for the
assumed effect on transport by identifying the appropriate table in the “Lists” page. The INDIRECT
function is used to change the reference lookup table without having to change the formula each time
a user selects a different program type.
Lastly it is recommended that the function help tool is consulted for more guidance on the arguments
and functionality of these formulas (3.5 Calculation Steps Equations).
Tip: To create or extend existing drop-down options simply make a new table or append to an existing
table the options you wish to be in the given drop-down. When extending existing drop-downs make
sure that you ALSO change the data validation “source”, to extend the range and include the newly
added options. Also, make sure the relevant names associated with each group of choices is updated as
well to encompass any changes. Lastly, to delete a drop down simply open the data validation for the
given cell and click “Clear all”.

4.2

Manipulating user inputs

This section focusses on the green tables in the “Lists” page and the various formulas used to obtain
values corresponding to the inputs by users and values which are used throughout the calculations.
The first thing that should be noted is that every green table corresponds to one drop-down menu in
the “Input-Output” page, except for Program Type, which as discussed determines the drop-down
options for the assumed effect on transport (due to the latter’s dependencies on the former). Thus,
the “Lists” page is also responsible for looking up the matching numerical values for the nominal drop
down options selected by the user.
This is done using a two-column method, where the first column of the given green table is simple a
reference to the user inputs and the second column uses MATCH and INDEX (Excel formulas) to lookup
the corresponding value in the blue options list table. An example of the Travel time is shown below

Figure 54: (Top) User input (Bottom) Two-Column Method
As before, the assumed effect on transport table is an exception (labelled diversion rate), with respect
to the formula used.

=IFERROR(INDEX(INDIRECT(VLOOKUP(B3,B5:C11,2,0)&"Num"),MATCH(D3,INDIRECT(VLOOKUP(B3,B5:C11,2,0)&"List"),0)),"AwaitingInput")
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Figure 55: Formula to determine the value of the given program type based on it diversion rate
Whilst daunting at first, this formula can be broken up into the IFERROR, INDIRECT, INDEX, MATCH and
VLOOKUP formulas, all of which should already be familiar. If not, it is recommended that the function
help tool is consulted for more guidance on the arguments and functionality of these formulas.
Moving on, it should be noted that the &"Num" and &"List" in Figure 55 are simply concatenate to the
end of the given answer. For example, if the answer is HC then concatenating &"Num" to it would
make it HCNum. Likewise concatenating &"List" would make it HCList. This is very important because
the List and Num labels are fundamental to how the dynamic “Assumed effect on transport” dropdown menu and calculation of its corresponding values work. This is illustrated in Figure 55 below.

Figure 56: Assumed effect on transport multiple option columns with Num and List column labels
From Figure 56 it is no coincidence that the column labels of the shown tables contain “Num” or “List”
at the end of them. In fact, these names are used to reference the range of rows/values in the given
columns, i.e. all the rows in the HCNum column are collectively called HCNum, which was done using
the Name Manager function (3.2 Name manager). To check this is the case, select all the rows in the
HCNum column and check the name assigned to this range of cells. The expected result is as seen in
Figure 56 below.

Figure 57: Expect name for HCNum
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Likewise, all the rows in the HCList column are collectively called HCList.

Figure 58: Expect name for HCLIst
The formula in P-RAM make use of cell names throughout, if the developer changes the names or
naming conventions in the spreadsheet it is important to make the relevant change in the “Name
manager” which is found on the Formula ribbon.

5 Future Development
Throughout this manual, a lot of focus has been on good practices regarding the maintainability,
readability and correctness of the model. These aspects are important to keep in mind moving forward
and should be considered whenever adaption to the model is undertaken. As a final recommendation,
a copy of the model should be made and stored in a safe location as a backup. This is to prevent any
error arising due to of alteration of the model, likely due to the sensitivity and overlapping nature of
many relationships within the model. Lastly whilst this manual is detailed it does not cover every
scenario or situation that may be encountered in the future, thus it is encouraged that developers
maintain consistent practices in regards to the model, and seek the help of many of Excel’s inbuilt
functions as well as online resources where needed.

6 Conclusion
Developers should now have an in-depth understanding of the relationships that exist within and
between the worksheets that make up this model, as well as an understanding of how many
developer tasks are carried out. Whilst visually separated, it is important to remember the dependent
nature of the pages within the model and to take proactive steps in ensuring changes do not affect nor
break the output and correctness of the model. Lastly, it should again be noted that the content and
data required to conduct the calculations is not original content; instead it uses values and figures
already presented by Australian Transport Assessment and Planning (http://atap.gov.au/).
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Abstract
Estimates predict Perth’s population will reach 3.5 million by the year 2050. Major government
resources have been committed to accommodate this growing population into the existing transport
and infrastructure network. A focal point of this has been to optimise the public transport system
and increase the attractiveness of alternatives to car use through the promotion of transit oriented
developments.
Transit oriented developments (TOD’s) are a transport and planning paradigm characterised by
compact, high density, lifestyle communities which promote public and active transport whilst
decreasing the need for cars. TOD’s are often found in the immediate surrounds of high patronage
railway stations where a multitude of land uses are all within close proximity. This study investigates
two major components of TOD’s, residential density (population) and commercial activity
(employment), with the principle aim of providing greater understanding of their relationship with
travel behaviour.
The Department of Transport’s Strategic Transport Evaluation Model (STEM) is used to model travel
choices of local residents and visitors to Bayswater Station, a low density station in the Perth
network. Scenarios of densification and commercial development are simulated with varying levels
of accessibility to the station with the impact on total trips, trip type and mode choice the main
focus of analysis. A rapid economic appraisal is then applied to these results to provide objective
assessments of the different densification scenarios.
Results suggest that population densification near a station has the effect of decreasing car use and
increasing public transport for trips departing the region. A second avenue of research investigates
how vehicle ownership affects the relationship between density and travel behaviour. A lower level
of vehicle ownership has a greater impact on public transport ridership but also induces more car
passenger trips. Travel benefits of densification are exacerbated when development occurs closer to
the station, highlighting the benefits of accessibility. Improving accessibility without densification
was also found to be very effective in reducing car use and promoting public and active transport.
This suggests that policy should not only focus on new residential developments with good
accessibility (proximity) to public transport but look for indirect methods to improve accessibility for
existing residents.
Commercial development has the effect of increasing car use and decreasing active transport for
inbound trips to the region. Increased commercial activity attracts trips, luring visitors from further
away locations with likely poorer accessibility to public transport. If new commercial activity is
concentrated closer to the station this effect is countered slightly by increased rail patronage;
however the rise in car use is still significant. This mechanism is a reflection of the network wide
accessibility. The trip attraction generated by land use is constrained by accessibility to public
transport outside the region. This advocates improving accessibility to public transport around all
stations, much like the residential density scenarios previously discussed.
Based on the results of this study, the publicized benefits of transit oriented development planning
around railway stations are largely supported. Through economic appraisal these benefits can be
quantified for means of comparison. The method development conducted in this research was
successful meaning this analysis can be repeated for other stations of interest.
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1. Introduction
1.1. Context
Estimates suggest Perth’s population will reach 3.5 million by the year 2050 (Department of Planning
2015). In response the Department of Transport and the Department of Planning have been
assessing how this growing population can be efficiently incorporated into the existing transport and
infrastructure networks. This materialised in the publication of Perth and Peel and 3.5 million which
among other strategies, addresses how the Government envisions the interaction between transit
oriented developments, public transport and car dependency.
Transit oriented developments (TOD’s) are a transport and planning paradigm characterised by
compact, vibrant, liveable communities with jobs, services, amenities and recreational facilities all in
close proximity to a mass public transport facility (Nasri & Zhang 2014). The intended result is
increased use of public and active transport whilst decreasing reliance on private vehicles. TOD’s are
often found in the form of railway precincts, typically an area contained by a 1-2 kilometre radius
from the station itself (Day and Cervero 2008). This is typically the upper bound for a precinct with
ideally the residents living closer such that they are within walking distance of transit facilities
(Carlton 2009).
Investigating the relationship between TOD’s and travel behaviour has been ongoing. Interest has
also extended to being able to quantify the associated costs and benefits with some degree of
accuracy in the form of a rapid appraisal framework. The purpose of this research is to explore both
propositions; the travel behaviour effects of TOD’s and the economic valuation of these effects.
Government bodies such as the Department of Transport and Department of Planning can use these
findings to assist in providing a preliminary understanding of a precinct’s viability for development,
assisting the decision whether to proceed with an in depth business case.

1.2. Problem Statement
There are two clear criteria which this study addresses, the first being the relationship between
density and travel behaviour. Majority of research in this field is based on studies conducted in Asia
and the United States, yet Australia has embraced TOD’s development strategies in most major cities
(Curtis 2012). Tailoring the research to the Perth context is a major focus of this study to enhance
the useability of the research for State Government. While most existing research is generalised to
depict a typical TOD with existing high density and patronage, this research is more directed towards
understanding how low density and low patronage stations respond to densification and land use
development.
The second problem this research will address regards estimating the economic benefits and costs
that result from changes in travel behaviour. This should include assessing the impact of factors such
as pollution, congestion and health benefits as a result of changing travel patterns. Minimal
literature exists specifically regarding economic evaluation of density and land use policy. Appraising
these policies will require adapting the current literature on the economic evaluation of other types
of travel behaviour strategies.
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1.3. Aims
Based on the above, there are two clear objectives. The first is to estimate the travel behaviour
impacts of higher population densities and commercial development in and around railway
precincts. The second objective is to develop a framework which can be applied to these results to
provide an economic appraisal of the travel behaviour implications. Combining these two will allow
for the objective comparison of the economic benefits of densification and land use development in
railway station precincts. To undertake this research and address these issues, Bayswater Station will
be used as the case study. Reasoning supporting the selection of Bayswater will be covered in
Section 4.

1.4. Significance of Study
The findings of this research will have useful applications for both the transport and planning sectors
of government. Population growth is clearly on the agenda of state and local governments with
concerns over congestion and crowding on public transport services arriving and departing the CBD
during peak periods (Department of Transport 2017). The government sees transit oriented
developments as a way of reducing vehicular traffic, improving public transport ridership outside of
the CBD as well as alleviating the stress on the at capacity railway services arriving and departing the
CBD during peak periods (Department of Transport 2017). Local governments have already begun
addressing the development of their own stations, while on a state level the whole network is being
considered for development under the proposed ‘Metronet’ project (City of Bayswater 2017).
This research fits nicely within this framework advocating or confirming the benefits of policy
initiatives regarding density and land use around railway stations. While these benefits are
somewhat well known given the existing research, the methodology adopted through this study will
be valuable to state policy makers for future analysis. To date, the Department of Transport has not
used its model to conduct station specific analysis similar to that completed in this study. Based on
the results, and detailing of methodology this process can be easily replicated by Department of
Transport modellers for future station developments. Likewise the rapid appraisal framework is a reusable tool which the government can make use of in the future. As a whole, the concept of rapid
appraisal is under-utilised with government often quickly committing to expensive, in-depth
business cases. Hopefully this project gives merit to rapid appraisal as a worthwhile preliminary step
in the decision making process.

PATREC: PRAM APPENDIX 4.1

Page | 10

108 of 158

2. Literature Review
2.1. Existing Knowledge and Related Research Areas
The first portion of the literature review is concerned with investigating the existing research areas
related to transit oriented developments. General synopsis of broader related areas such as
residential self-selection will also be discussed.
2.1.1. Transit Oriented Developments
As a policy initiative TOD’s were most pronounced in the 1990s and subsequent decades both in the
United States and Asia (Sung & Oh 2011). The research community has somewhat varied on the
definition of TOD’s however as Nasri and Zhang (2014) acknowledged. Most theoretical definitions
proposed include common elements such as compact mixed-use development patterns, pedestrianfriendliness and being well served by a nearby transit facility (Belzer & Autler 2002). The most
comprehensive theoretical definition describes a TOD neighbourhood as one consisting of a major
public transit station surrounded by high density development containing a mixture of residential,
employment, shopping and civic uses with gradually lower density spreading outward from the
station (Holmes & Hemert 2008). Due to their potential to increase transit ridership and reduce
vehicle miles travelled (VMT); TOD’s are popular among city planners and land developers (Nasri &
Zhang 2014).
2.1.2. Land Use
Strongly linked to TOD’s is the concept of land use. Land use refers to the amount, quality and
spatial distribution of facilities and amenities including access to jobs and shops as well as health,
social and recreational facilities (Geurs & van Wee 2004). Curtis and Mellor (2011), identify land use
as the relative proportions of business categories including; office/business, retail, recreation,
health, utilities and manufacturing. Land use is often measured using an entropy index which scales
from 0 (homogenous) for rural areas or suburban subdivisions to 1 for diverse city centres (Liu,
Erdogan, Ma et al. 2013).
2.1.3. Accessibility
Accessibility refers to the ease of reaching goods, services, activities and destinations, which
together are called opportunities (Litman 2008). It is important to clearly define the boundaries of
the railway precinct itself to allow land use and density variables to be accurately identified. Curtis
and Mellor (2011) suggest a precinct is contained by the area surrounding a station within 5-10
minute walk. Day and Cervero (2008) postulated that a 1km radius provided the most reasonable
definition of precinct size based on a study conducted in China in which survey results indicated that
employment and transport access was optimal in this proximity, before tapering significantly.
Acknowledging that precinct size varies from city to city, this project will need to assume a figure for
the Perth context.
2.1.4. Urban Design
Urban design can be described as the way in which natural (topography, vegetation) and built
(buildings, roads, plazas) elements in a particular space relate to one another (Saelens, Sallis & Frank
2003). Particular aspects of urban design that often get linked to TOD’s include walkability and grid
layout. Among other residential preferences walkability showed to be a strong factor in choosing
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where to live and also choosing to use alternatives to private transport (Huang, Cao, Cao et al. 2016).
Post WWII suburbanization saw an increase in unconnected street networks (cul-de-sacs) which
unlike grid networks reduces walkability and connectivity by increasing the distance between
destinations (Badland & Schofield 2005). As a result, recent urban planning has returned to
connected grid networks particularly in the immediate surrounds of the railway station as this
strongly incentivises walking within the precinct (Cervero 2007).
2.1.5. Relationship between TOD’s and Travel Behaviour
The actual relationship between land use and travel behaviour is somewhat debated, with several
schools of thought emerging. Cervero (1993) suggests that the nearby presence of a railway station
alone is significant enough to encourage transit use irrespective of land use quality. This implies that
at some level of accessibility (proximity) to a station; land use and other factors may have little
bearing on travel decisions. The more common view taken by academia is that all else being equal,
higher residential and employment densities around transit stations lead to higher transit ridership
(Tumlin & Millard-Ball 2003). It is also suggested that the type of trip is significant specifically as it
pertains to work vs. non-work trips. Non-work trips are significantly affected by the degree of mixeduse, residential and retail densities. Examples include shops, restaurants and recreational amenities
whereby ideal TOD implementation promotes access to these facilities by public transport or foot
(Arrington & Cervero 2008). In contrast, work trips are less responsive (Lund, Cervero & Wilson
2004). Despite all these perspectives it is generally acknowledged that land use and density affect
travel behaviour and the aim of this research is to gain an understanding of this as it pertains to
Perth.
2.1.6. Residential Self-Selection
Residential self-selection describes the scenario where people decide to live in a transit
development based on their pre-existing attitude towards public transport use. This implies that the
effectiveness of TOD’s in changing peoples’ travel behaviour can be overstated. Quantitative studies
show that self-selection accounts for about 40% of the mode choice decisions for generated trips in
California (Cervero 2007). As Chatman (2005) clarifies, the effects of self-selection are only pertinent
for those who would identify as pro public transport which in itself is a subjective criterion to satisfy.
Studies conducted on residents in California before and after moving to a TOD location found; 56%
of those who used transit to get to work were already transit users prior to relocating, while among
those who previously drove to work, 52% switched to transit after relocation (Cervero 1994).
Residential self-selection is not a direct focus of this research but it is important to acknowledge its
relevance to TOD’s particularly when interpreting model scenarios.

2.2. Estimating Travel Behaviour Patterns
To complete the objectives of this project, this section of the literature review will analyse the
methods used to quantify the relationship between TOD variables and travel behaviour. In this
context travel behaviour refers to changes in choice of transport mode. For the purpose of this
research, particularly the appraisal process, diversion rates were identified as the most convenient
measure of changes in travel behaviour. Diversion rates are quantitative estimates of changes in
transport mode shares between the base case and some alternate scenario (ATAP 2016). Diversion
rates provide an outlook on how all modes of transport are simultaneously affected by a policy.
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2.2.1. Household Surveys and Travel Diaries
Household surveys and travel diaries are a common primary means to investigate travel behaviour.
This usually involves segmenting the population to correlate a dependant variable such as number of
trips or miles travelled to independent variables such as income, costs, land use (population density,
employment mix) and sociodemographic (race, gender, age) factors (Boarnet & Sarmiento 1998).
Similar approaches are adopted in Boarnet and Crane (2001) and Day and Cervero (2010). Survey
data is sorted using a mixed-effect regression model to determine the probability coefficient relating
the independent variables to travel behaviour (Nasri & Zhang 2014). While this data is localised,
often small sample sizes leave this method prone to a host of response biases.
2.2.2. Elasticity Analysis
To combat such biases elasticity analysis combines the outputs of several primary studies. Elasticities
are dimensionless measures of sensitivity between pairs of variables and are the most widely used
measures of travel behaviour in economic and planning research (Ewing & Cervero 2010).
Ewing and Cervero (2001 & 2010) conducted a meta-analysis of numerous primary studies to
compile a comprehensive list of travel behaviour elasticities. They concluded that vehicle use is
negatively related to population density (� = −0.04) and land use mix (� = −0.09). Walking
is positively related to population density (� = 0.07), job density (� = 0.07) and land use mix
(� = 0.15). Finally public transport is positively related to population density (� = 0.07), job
density (� = 0.01) and land use mix (� = 0.12). These elasticities concur with the existing
understanding of TOD’s whereby more diverse land use along with higher population and job
densities lead to
reduced car use and increased walking and public transport usage. Quantitatively, Ewing and
Cervero themselves caution against using these values as anything more than rough estimates given
the variability from location to location. Similar to the output from survey and travel diary studies;
elasticities provide a one dimensional relationship between a variable and some travel behaviour
measure (trips, PT use, miles travelled etc.). However, due to the dimensionless nature of elasticities
it relatively easy to compare how two variables (e.g. VMT and transit use) respond to the same
stimulus (e.g. density) this is a step closer towards diversion rates and getting a better understanding
of how policy affects all transport modes.
2.2.3. The Four Step Model
The limitation of empirical methods to describe travel behaviour such as travel surveys and elasticity
is that they cannot describe how all transport modes react to some stimulus simultaneously. Doing
this requires estimation of diversion rates determined via simulation of a whole city’s transport
network to understand the wider network effects across a whole region.
The four step model operates on a regional scale dividing a city into zones where trips depart and
arrive (Liu et al. 2013). The four steps are trip generation, trip distribution, mode choice and route
choice (McNally 2007). Trip generation involves the creation of trip origins and destinations for a
given purpose (education, work, shopping etc.). Generated trips are a function of land use and
household demographics. In the distribution step, origins and destination pairs are matched using a
gravity model factoring in measures of travel impedance such as travel time and generalized costs
(McNally 2007). Transport mode and route are then assigned to each trip, simulating daily traffic.
Diversion rates are estimated by comparing transport mode shares before and after densification.
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A four step model is readily accessible as the Western Australian Department of Transport uses such
a model to forecast and simulate travel scenarios. The Department’s model is called STEM (Strategic
Transport Evaluation Model) and is purpose built for Perth. STEM has a history of also being used in
conjunction with universities for research purposes thus making it ideal for this study.
On evaluation of the methods discussed in the literature review, STEM is best suited to investigate
how density and land use scenarios affect travel behaviour. Factors that supported this decision
included; STEM being uniquely tailored to Perth, direct output of diversion rates providing a network
wide outlook on travel behaviour and access to the model through the Department of Transport.
2.2.4. Economic Appraisal
Relatively speaking the existing research on appraising the economic benefits of density and land
use is rather limited. While the relationship between density and travel behaviour has been
investigated, measuring the benefits has predominantly been qualitative. The 2016 Transport and
Infrastructure Council report Australian Transport Assessment and Planning Guidelines: M5 Travel
Behaviour Change (commonly referred to as ATAP guidelines), is a document prepared to outline a
framework to appraise travel behaviour change programs. Travel behaviour change (TBhC) programs
are a sub-set of travel demand management measures that use education, information and
marketing to encourage voluntary changes in private travel behaviour (ATAP 2016). The overall
objective of TBhC initiatives is to reduce the need to travel, reduce dependence on private vehicles
and increase physical activity (ATAP 2016).
The framework described in these guidelines takes a set of diversion rates created by a policy
scenario and calculates the economic benefits for a given time period. The calculation requires
standardised inputs such as average trip lengths, resource costs and factors for on/off peak travel.
ATAP guidelines include average trip lengths and trips per day in peak and off peak hours based on a
combination of survey data from studies conducted in Australia and New Zealand. ATAP also provide
unit rates to quantify per trip or per kilometre costs and benefits for factors including; congestion,
accident costs, travel time savings, car ownership costs and pollution. The framework can be
organised to calculate benefits for successive years (at a discounted rate) and if investment costs are
included a benefit to cost ratio can be calculated.
This framework proposed by ATAP is ideal for this study as it has been tailored to Australia and New
Zealand. It has also been adopted in other research conducted by PATREC in collaboration with the
Department of Transport evaluating travel behaviour change programs including Travel Smart and
Your Move. For these reasons a far less rigorous literature review is needed for this part of the
study, with the methodology proposed by ATAP suitable for this research. Inherently some minor
issues arise when translating the appraisal from travel behaviour change initiatives to densification
and land use policy, Section 3.2 will discuss how they were addressed.
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3. Methodology
The aim of this study is to estimate travel behaviour changes due to density and land use policy then
based on those estimates provide an economic assessment of the associated benefits. Section 3.1
details the method to arrive at the estimates of travel behaviour and Section 3.2 covers the
economic appraisal procedure.

3.1. Strategic Transport Evaluation Model (STEM)
3.1.1. Background
STEM (Strategic Transport Evaluation Model) is the Department of Transport’s four step forecasting
model. It is uniquely designed for Perth and has been calibrated to forecast travel in the present and
also for projected transport networks in the years 2021, 2031 and 2051. The future networks are
designed based on projected rail and road networks as well as estimates for demographic and land
use variables such as employment and population.
The model divides Perth into 472 zones with each zone containing its own characteristic
demographic, population and employment breakdown based on census data. Characteristic
employment and population determines zone size such that high density areas (e.g. CBD) are
segmented into small zones and sparsely populated regions are covered by zones of larger area.
STEM is a simplified representation of spatial patterns where a zone centroid is used to calculate the
distance between a zone’s inhabitants and infrastructure with key nodes such as railway stations.
This has the effect of confining the residential and commercial population within a zone to a single
point. This point, referred to as the zone centroid, is typically the geographic centre of the zone. All
STEM trips originate and arrive at these centroids thus four step models like STEM are most accurate
when the region is segmented into as many zones as possible to accurately represent the spatial
distribution of population and employment.
Based on the literature review and discussions with the Department of Transport; a reasonable
catchment area for a Perth railway station precinct is approximately 8km 2, derived from a radial
buffer distance of 1.6km. Theoretically this is depicted by a circular region about the station located
at the centre point. To idealise this on STEM a number of zones of roughly equal total area can be
used to identify the catchment population.
3.1.2. Modelling Densification and Commercial Development
Within STEM, two key inputs are the population and employment density for each zone.
Employment is broken into 15 categories whilst population is defined by several demographic
factors including dwellings, labour force, children and total population. A full list of the variables
used to define employment and population can be found in Appendix A.
Simulating residential densification involves adjusting the population inputs on STEM. To represent
variations in effectiveness of TOD’s two extreme scenarios were looked at:
1. Increase in population with same percentage increase in vehicles.
2. Increase in population with no increase in vehicles.
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Typically TOD’s would exhibit lower car ownership than non-TOD neighbourhoods as residents selfselect their location to take advantage of accessibility to public transport. The degree to which this
occurs is beyond the scope of this research, instead the two extreme scenarios are considered. The
first is where the incoming population move in with little intention of changing their travel
behaviour; hence the number of vehicles rises with population. The second, depicting ideal TOD
execution is where the new population arrive without increasing the number of cars in the region.
Interpreting both results involves acknowledging that the situation in reality is some compromise of
both alternatives.
It should also be noted that modelled increases in population are purely arbitrary. Ideal analysis
would proportionally decrease the population in all other zones besides the zones in the region of
study to preserve population equilibrium. As the increase in population is relatively small (~10,000
people) the proportional decrease in the other 450+ other zones would be insignificant, therefore
this step can be ignored.
To simulate commercial or land use development a similar process is undertaken this time with zone
employment. For the purpose of this study, employment and its 15 categories are adapted as a
proxy for land use. While each of the 15 employment categories may induce varying travel effects, a
simplified approach was adopted where all 15 categories (and thus total employment) were
increased such that the proportions of each type remained constant. This simulates a generic
increase in commercial activity in the precinct. More specific policy simulations can involve
individual employment categories being adjusted.
3.1.3. Simulation
Running the model simulates trips for the whole network. Based on the scale of changes made in a
localised area, the effect on travel will predominantly be confined to the station of interest.
Particular attention is paid to mode shares before and after which yields diversion rates. STEM also
provides other outputs including total trips and trip type (work, education, shopping, non-home
based, other) which will also be useful inputs for the economic appraisal.

3.2. Economic Appraisal
The second objective is to conduct an economic appraisal of density and land use policy by valuing
the private and external benefits associated with the estimated travel behaviour changes. This
process will quantify externalities such as pollution and congestion, as well as private benefits
including reduced accident costs and improved physical health. The purpose of economic appraisal is
to allow for easier comprehension of the relative effects of different densification scenarios. As
expressed in the literature review, the framework for the appraisal was closely adapted from the
Australian Transport and Planning (ATAP) guidelines.
3.2.1. Australian Transport and Planning Guidelines
Australian Transport Assessment and Planning are a government body who provide a
comprehensive framework for planning, assessing and developing transport systems and initiatives.
Commonly referred to as ATAP guidelines, these frameworks have been developed for numerous
policy tools including travel behaviour change (TBhC) programs. Examples of TBhC initiatives include
walking school buses, carpooling incentives and workplace cycle plans. While TBhC initiatives and
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density/land use policy are inherently different travel demand management measures; the
guidelines provided by ATAP can be adapted to appraise such policies. The following sections will
succinctly outline the appraisal methodology proposed by ATAP with specific focus on how it can be
adapted to this study.
3.2.2. Diversion Rates
Diversion rates are the most crucial input into this appraisal. ATAP guidelines provide default
diversion rates for travel behaviour change programs represented as percentage point changes in
mode shares that were sourced from studies undertaken in New Zealand and Victoria, Australia. For
this research new diversion rates must be estimated for density and land use policy, the
methodology for this can be found in Section 3.1.
3.2.3. Resource Costs
The grounds for ATAP’s appraisal are found within the notion that individuals’ benefits and costs can
be defined on a per kilometre or per trip basis. Each transport mode has associated costs and
benefits and with the help of diversion rates net benefit can be cumulated quite intuitively. To
streamline the calculation, ATAP group all the benefits/costs and attach them to their relevant
transport mode. A table of these values has been included in Appendix B. Costs considered include
pollution, congestion and vehicle maintenance for car trips. Examples of benefits are reduced
pollution and health improvements for walking and cycling trips. These resource costs have been
devised through meta-analysis of previous travel behaviour policies in Australia and New Zealand.
With more accurate or area specific data these parameters can be adjusted. For this study, these
standardised ATAP values were used.
3.2.4. Trip Lengths
To round out the calculations inputs, trip lengths are required to convert per kilometre costs into
useable values. ATAP has provided all the trip lengths based on trip type and peak/off-peak
designation. The table of trip lengths is included in Appendix C. Trip lengths are based on Australian
and New Zealand data, more region specific figures may be employed however this study adopts
ATAP’s values.
3.2.5. Appraisal calculation
The process of combining the above elements to complete the appraisal is a straightforward
process. Using the diversion rates, benefits are accrued via switching to favourable modes (active or
public transport) or by avoiding costs associated with non-favourable modes (car use). This process
yields the benefit per head, per trip which is then extrapolated to the rest of the population. A
worked example of this appraisal process is included in Appendix D.
3.2.6. Applying ATAP to Density and Land Use
A few key differences between TBhC initiatives and densification policy presented challenges while
adopting the methodology. Other deviations from the framework were made on the basis of
precinct specific information being known allowing generic ATAP estimates to be replaced with more
accurate simulation data. The major examples of this are discussed below.
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3.2.7. Trip Type
With TBhC initiatives it is extremely clear which type of trip (work, education, other) is affected by
the policy as the program itself (workplace, school, household) has an intended target. With density
and land use, all trip types are affected which complicates the calculation process. To overcome this,
appraisal calculations are completed for each trip type and then cumulated based on a weighted
average of trip type proportions. Trip type proportions are a STEM output. Table 1 shows how
STEM’s trip types match up with their ATAP equivalents.
Table 1: Comparison between respective STEM and ATAP trip type categories.

STEM

ATAP

Work

Commuting

School (P+S)

Primary + Secondary

Tertiary

Tertiary

NHB (non-home based)
Shop

Other

Other

3.2.8. Extrapolating Benefits for the Whole Population
ATAP’s appraisal calculation produces per trip per head benefit from which yearly benefit is
extrapolated through multiplication with some scaling factors. As shown in Figure 1 (left), ATAP
suggest doing this via multiplication by individual trips per day, trip days per year and population.
Individual trips per day and population are used to approximate total trips per day. Total daily trips
to and from the target region are a STEM output, thus the two scaling parameters can be replaced as
shown in Figure 1 (right). This improves the accuracy of the appraisal and makes the method more
regions specific.
Figure 1: Comparison of equations used to calculate total population benefit per year.

ATAP guidelines

Method adopted for this research

Population benefit per year

Population benefit per year

=
Benefit per trip per head
×
Individual trips per day (ATAP)
×
Trip days per year (ATAP)
×
population

=
Benefit per trip per head
×
Total trip per day (STEM)
×
Trip days per year (ATAP)

3.2.8. Analysis of Costs and Benefits
To derive useful indicators like cost to benefit ratio ATAP suggest comparing total benefit to the cost
of implementing the TBhC policy. However, there is significant uncertainty in estimating the policy
costs of residential densification and commercial development. Administrative and planning costs of
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densification are difficult to quantify and vary significantly depending upon policy settings,
government priorities, the physical environment, local population, stakeholder groups and project
parameters. Further complicating matters is the land cost which may actually be recorded as income
for government when they release land to developers for residential and commercial development.
To avoid diluting the results this research limits its analysis to the benefit side of the appraisal. The
economic appraisal results featured in Section 5 are equivalent to discount yearly benefit which is
the average benefit per year based on a discount rate of 5% applied over 10 years.

4. Application to Bayswater Station
With no prior history of the proposed method being used, a significant portion of the simulation
time was devoted to proof of concept. This process also addressed a secondary goal of this research
which was to devise a method that can be repeated by Department of Transport analysts on any
future station of interest. Based on the run times associated with STEM one station was analysed in
depth.
The station chosen for analysis was Bayswater Station situated on the Midland line. According to the
Bayswater Town Centre Structure Plan (BTCSP); planners envision the eventual evolution of the
Bayswater Town Centre into a mixed use centre based around the Bayswater Train Station and the
established retail areas (City of Bayswater 2017). Upgrades to Bayswater station have also been at
the centre of discussion at state level with large sums already pledged for the development of the
station as part of ‘Metronet’ (Lim 2017). As the focus of contemporary TOD planning at both local
and state government levels, Bayswater station was an ideal fit for this study.
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4.1. STEM Overview of Bayswater
The area surrounding Bayswater station that can be described as its precinct is contained in the four
STEM zones 201, 202, 204 and 205. From STEM, the total area is around 8.8 km 2; slightly larger than
a typical precinct (~8km2) defined in Section 3.1.1. More importantly, the centroid distances are all
less than or equal to 1 kilometre which is an ideal representation of a TOD community. The model
used was the 2021 edition; the other alternative was 2011 which was deemed too dated. The
baseline inputs for the 2021 model are summarised in Table 2.
Table 2: Characteristics of STEM zones used to represent Bayswater precinct.

Zone

Area (km2)

Centroid distance (km)

Total population

Total employment

201

2.17

0.84

4018

514

202

2.09

0.64

5882

906

204

2.68

0.89

3694

1292

205

1.90

0.99

4369

635

Figure 2: Bayswater Station and surrounding zones (201, 202, 204, 205). Source: STEM, DoT WA.

Figure 3: Superimposed STEM representation of Bayswater precinct. Adapted from Google Maps.
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Figure 3 shows the layout of Bayswater Station and its surrounding zones superimposed onto Google Maps. Zone
boundaries are typically defined by major roads or waterways as the seen above.

4.2. Policy Scenarios
4.2.1. Principal Scenarios
To inspect the travel behaviour response of Bayswater to densification changes, four principal
scenarios were tested. These scenarios included 20% and 50% increases in total population and total
employment in addition to the 2021 base scenario. Combined scenarios of both population and
employment change were not considered to prevent complicating the analysis and obscuring the
underlying correlation between density and travel behaviour.
The magnitude of densification (20%, 50%) was chosen in conjunction with the Department of
Transport as they represent reasonable future targets achievable within the next 10 years as
predicted by STEM. Considering the time each simulation takes to reach convergence the following
principle scenarios were settled on.
Table 3: List of simulation scenarios to be run on STEM.

Scenario

Description

Label

0

No change in population or employment (2021)

2021 Base

1

20% increase in total population

P20

2

20% increase in total employment

E20

3

50% increase in total population

P50

4

50% increase in total employment

E50

A comparison between Table 3 scenarios and the projected population and employment figures
predicted by STEM has been included in Appendix E.
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4.2.2. Adjusted Centroid Scenarios to Model Accessibility
STEM uses zone size and centroid location to represent spatial patterns. Based on zone size and
centroid location; people and employment in Bayswater are approximately within 800m to 1km of
the station. This is how STEM reflects the existing level of accessibility. Another avenue of research is
to observe the effect of improving the accessibility of residents and commercial activity to the
station. This can be done by manually reducing the centroid distances on STEM. Improvements in
accessibility such as this are also an indirect method of increasing density by concentrating
population and employment in a closer radius about the station.
Two variations of accessibility were tested. The first involved halving the existing centroid lengths
reflecting medium density. This reflects a scenario where average accessibility to the station is
around 400 to 500m. This is a feasible short term scenario and likely the accessibility already
experienced in higher density areas of Perth.
The second variation reduced all centroid distances to 100m. This reflects ultra-high density and
accessibility. Practically speaking, this scenario is near unfeasible without multi storey residential
towers and commercial buildings located right beside the station. The purpose of testing an
unrealistic scenario like this is to exaggerate the effect of accessibility and observe the impact. Some
extremely high density cities with sound railway systems may exhibit accessibility close to this
scenario. The variations in accessibility are summarised in Table 4.
Table 4: Centroid distance variations to simulate accessibility.

Initial

½ distance

100m

Zone

Centroid distance (km)

Centroid distance (km)

Centroid distance (km)

201

0.84

0.42

0.10

202

0.64

0.32

0.10

204

0.89

0.445

0.10

205

0.99

0.495

0.10
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5. Results & Discussion
This purpose of this section is to analyse the travel impact of residential density and commercial
activity surrounding railway stations. The analysis is also extended to the effect of accessibility on
departing and incoming trips.

5.1. Residential Density and Accessibility
5.1.1. Accessibility
Both residential density and accessibility influence mode share patterns of trips departing a region.
Table 5 shows improvements in accessibility without densification. The diversion rates are obtained
from STEM simulations of reduced centroid distance without population change. Note the centroid
lengths (½ distance, 100m) are not physical indicators of proximity to the station but rather the
model’s representation of enhanced accessibility. From these results moderate and large
accessibility improvement decisively reduces both types (driver and passenger) of car use while
increasing public and active transport. Reduced travel by car contributes to significant economic
benefits; primarily due to lower congestion and pollution externalities. Achieving such gains in
accessibility in practicality is relatively complex. While new developments can be physically built
closer to stations, accessibility of existing residences needs to be indirectly improved. This may be
through park and ride facilities, feeder bus services, better footpath quality or grid road networks for
better connectivity.
Table 5: Effect of accessibility on departing trips.

Car
(passenger)
-0.19%

Public
transport
0.47%

Active
transport
0.62%

Discounted
yearly benefit

½ distance

Car
(driver)
-0.90%

100m

-1.59%

-0.39%

0.82%

1.16%

$1,469,357

Accessibility
No change in
Pop. (Base)

$806,982

Table 5 shows mode share diversion rates for scenarios of no change in density with improved accessibility (reduced
centroid length). These diversion rates and the total trips to the region (both from STEM) are the primary inputs into the
appraisal framework to determine yearly benefit.

5.1.2. Densification
Two scenarios were analysed regarding the impact of residential density. One involved increasing
population and the numbers of vehicles proportionately (constant vehicle ownership per person),
while the second increased population and held vehicles total constant (decrease in vehicle
ownership per person). Table 6 shows results for P20 and P50; 20% and 50% increases in population
respectively. This densification was simulated on STEM using the standard centroid distances
implying that new residents experience the existing level of accessibility available in Bayswater.
Table 6: Densification scenarios including effect of vehicle ownership.
Total
Car
Car
Population
Vehicles
(driver)
(passenger)

Increase

-0.15%
-0.40%
-0.48%

-0.03%
0.87%
-0.10%

Public
transport
0.000%
0.16%
0.09%

Constant

-1.10%

1.90%

0.52%

P20
P20

Standard
Standard

Increase
Constant

P50

Standard

P50

Standard
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transport
0.19%
0.00%
0.50%

Discounted
yearly benefit
$105,182
$59,550

0.00%

$410,670

$509,381
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Table 6 shows diversion rates and yearly benefit for two scales of densification (P20, P50) with two different approaches
to vehicle ownership. Total vehicles either increase proportionally to population or do not increase at all. Total vehicles
increasing with population simulates constant vehicle ownership rates while the alternate implies decreasing ownership
in the region. Accessibility (standard) was not altered for these simulations.

Compared to the accessibility results in Section 5.1.1, the impact of densification at current levels of
accessibility is quite subdued. Expectedly, individual car use declines more with lower vehicle
ownership. This impact is somewhat countered by the rise in car-pooling trips. In this scenario public
transport increases slightly, whilst the change in public transport is negligible if vehicle ownership in
the region is unchanged after densification. Comparing P50 to P20, travel behaviour does not
linearly vary with scale of densification, rather displaying increasing returns for larger densification.
This is also reflected by yearly benefit.
Due to the intricacies of STEM some unexpected results were observed regarding active transport
for scenarios of densification without increasing vehicles. Holding the number of vehicles constant
on STEM required the number of dwellings to remain unchanged. By increasing the population, the
assignment of residents to household types is altered which resulted in negative diversion rates for
active transport. This is inconsistent with common understanding of density. Conservatively, the
diversion rate was overwritten to a value of zero. It is acknowledged that zero or any (positive)
outputted number is likely underestimating the increase in active transport, and therefore the yearly
benefit. Regardless this is not a major issue as the primary focus is on how density impacts individual
car use and public transport.
Increasing population without adjusting the spatial distribution of new dwellings (i.e. densifying
without improving accessibility) has minor impact on travel patterns. An explanation may be the
development of congestion between new residences and the station dampening the travel response
of the new inhabitants. To improve this, it is suggested that the new dwellings are concentrated
closer to the station such that accessibility improves without the creation of congestion.
5.1.3. Combining Accessibility and Densification Strategies
As demonstrated, enhancing accessibility is more effective in changing travel patterns while
densification is limited in impact if accessibility is not improved. Table 7 shows indicative diversion
rates and benefit for a combined accessibility and densification strategy. The modelled scenarios
represent improved accessibility (dictated by ½ distance centroids) for existing residents along with
new residential development in closer proximity to the station. Table 7 only shows medium
accessibility improvement (½ distance) as it is most feasible in the short term. Simulation results for
larger accessibility enhancements (100m) have been included in Appendix F. Developments such as
this would require the construction of multistorey towers to achieve the right concentration around
a station thus making implementation less practical in the shorter term. If such accessibility is
achieved; the reduction in car use and subsequent increase in public transport is approximately 50%
greater in magnitude than the comparable scenario in Table 7.
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Table 7: Predicted outcomes for combined densification and accessibility strategy.

Population/Accessibility
(P20)
Increase in
½ distance
vehicles
No increase
½ distance
in vehicles
Population/Accessibility
(P50)
Increase in
½ distance
vehicles
No increase
½ distance
in vehicles

Car
(driver)

Car
(passenger)

Public
transport

Active
transport

Discounted
yearly benefit

-0.98%

-0.19%

0.46%

0.71%

$1,006,303

-1.39%

0.65%

0.75%

0.00%

$1,091,443

Car
(driver)
-1.36%

Car
(passenger)
-0.29%

Public
transport
0.54%

Active
transport
1.10%

Discounted
yearly benefit

-1.93%

1.72%

0.99%

0.00%

$1,374,473

$1,692,205

Table 7 shows projected diversion rates and benefit for a combined densification and accessibility policy. Accessibility
improvements would be experienced by both existing and new residents. This is achieved by locating new residents
closer to the station in new dwelling developments whilst indirect methods would be needed to enhance accessibility for
existing residents.

Table 7 indicates promising outcomes where switching from individual car use to public transport
appears to be the main source of benefit. Compared to Table 5 and 6, the combined effect of
densification and enhancing accessibility is clear. Benefit to the existing population is based on utility
gained from switching an existing car trip for a newly more convenient alternative. The new
residents generate new departing trips of their own. Due to proximity these residents have greater
transit access than the existing residents resulting in diversion away from car use. The combined
effect of this mechanism for existing and new residents creates larger economic benefit as observed
in Table 7 relative to benefit shown in Table 5 and 6.

5.2. Commercial Activity and Accessibility
5.2.1. Commercial Development
While residential densification has the effect of generating departing trips from a region, commercial
development in the vicinity of a railway station attracts trips to the region. Table 8 depicts 20% (E20)
and 50% (E50) increases in commercial activity. This commercial development is modelled at the
existing level of accessibility to the station.
Table 8: Commercial development scenarios.

Commercial
Development
E20
Standard
E50

Standard

Car
(driver)
0.60%
1.42%

Car
(passenger)
-0.40%
-0.96%

Public
transport
0.05%
0.11%

Active
transport
-0.24%
-0.57%

Discounted
yearly benefit
-$ 67, 443
- $ 177,817

Table 8 shows how increased commercial activity in Bayswater affects the travel patterns of incoming trips. Negative
yearly benefit suggests the shift in mode shares have induced more unwanted externalities (pollution, congestion) than
benefits.

Most noticeable is the negative value obtained for yearly benefit, or a disbenefit. This is driven by
increases in individual car use and decreases in active transport for inbound trips. Public transport
increases but does so insignificantly relative to the change in total car use. The reduction in active
transport is understandable if majority of the generated trips are from outside the region. By
inference, intra-zonal or local trips are less affected by commercial activity. The larger conclusion is
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that more diverse and vibrant commercial centres attract those from outside the region more than
they encourage locals to take advantage of their precinct’s facilities. Intra-zonal trips are more likely
influenced by accessibility which will be explored in Section 5.2.2.
This greater influence on outsiders is explanation for the observed diversion rates. These diversion
rates suggest the existing accessibility in Bayswater is not conducive to public transport. Commercial
activity creates new trips into the region but based on the current access between the commercial
hub and the station visitors appear to prefer to arrive by car. This suggests that commercial activity
may induce unwanted travel patterns if the commercial centre is not accessible by public transport.
It is worth noting that accessibility is a factor both inside and outside the region however for
planning purposes only internal can be controlled.
5.2.2. Accessibility and Commercial Development
As expressed, accessibility appears to limit the effectiveness of commercial development both on
local residents and attracted visitors. Table 9 shows the effect of moderate (½ distance) and large
(100m) improvements in accessibility for 3 scenarios. Two scenarios include commercial
development (E20, E50) and the other solely depicts improving the accessibility of existing
commercial activity.
Table 9: Combined commercial development and accessibility scenarios.

Commercial Development/
Accessibility
No change in
Emp. (Base)
E20

Car
(passenger)
-0.30%

Public
transport
0.26%

Active
transport
0.69%

Discounted
yearly benefit

½ distance

Car
(driver)
-0.65%

100m

-1.23%

-0.60%

0.44%

1.39%

$818,456

½ distance
100m

-0.68%
-0.98%
-1.24%

0.33%
0.51%
0.41%

0.35%
1.09%
0.08%

$295, 139
$723, 638

½ distance

0.00%
-0.62%
0.76%

100m

0.13%

-1.53%

0.60%

0.80%

$638,569

E50

$424,953

$93,252

Table 9 compares pure accessibility improvements with no change in commercial activity with two scenarios of combined
commercial development and accessibility improvement. The purpose of this is to highlight how accessibility
improvements and commercial development produce opposing travel patterns.

The diversion rates for the base case indicate that improved accessibility without commercial
development creates extremely favourable diversion rates. Large decreases in car use and increases
in public and active transport alternatives result in a considerable yearly benefit. Without
commercial development the amount of inbound trips does not change. Existing inbound car trips
are exchanged for public transport. The increase in active transport implies internal trips made by
car are also replaced. This effect is rather intuitive and shows that accessibility improvements are
efficient in influencing favourable shifts in travel behaviour for existing trips. In practice, achieving
improved accessibility of commercial precincts without physically altering the spatial layout of
existing infrastructure is difficult. Therefore, planners must look to new commercial developments
with better physical proximity to railway stations as a more feasible strategy.
The results in Table 9 for E20 and E50 indicate the projected impact of new commercial
development accompanied by enhanced accessibility. In application this would involve construction
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of facilities such shops, restaurants, offices etc. in closer proximity to the station. The results show
favourable movements in public and active transport however total benefit is less than the scenario
where no commercial development takes place. This is driven by the effect on individual car use. The
diversion rate for individual car use appears to be working against the comparable negative
diversion rate from the base case. This mechanism is similar to what was encountered in Section
5.2.1 where newly generated trips are attracted to the region predominantly by car. The findings
from Section 5.2.1 implied this was perhaps mainly due to the existing accessibility within the region.
Based on Table 9, it can be deduced that some of this may be attributed to network wide
accessibility outside the region. This advocates improving network wide accessibility to railway
stations so that newly generated trips to TOD’s represent a more favourable mode share.
Increasing car use on inbound trips may also be a reflection of the power of trip attraction whereby
the quality of land use improvement may be such that new trips are attracted from further away
locations with increasingly poorer access to public transport. An extreme example is a sporting
venue; due to the attractiveness of land use people go out of their way to overcome poor
accessibility on departure. This is often in spite of excellent public transport access on the
destination end.
Importantly, this should not discourage commercial activity for a number of reasons. As Table 9
shows, combined car use (including car-pooling) is still negative and contributes to the yearly
benefits estimate. Additionally this appraisal only quantifies travel benefits. Local economic benefits
created by attracting people to the precinct are not measured however certainly give merit to
commercial development. In the longer term it is fair to expect that with improved network wide
accessibility, commercial development will generate more favourable shifts from car use to public
transport than indicated by the results in Table 9.
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6. Conclusions and Recommendations
Based on the results of this study, the publicized benefits of transit oriented development planning
around railway stations are largely supported.
Increasing residential density around railway stations has the effect of reducing car use and
increasing alternatives. Vehicle ownership influences the degree of diversion away from car use
however increased car-pooling largely negates these variations. Density related trip behaviour is
based on the amount of new trips created by the new population. If densification occurs at the
existing level of accessibility found within a region, the travel impacts can be described as relatively
minor.
Improving the accessibility of existing residents in a precinct creates significant favourable shifts in
travel behaviour. This is the effect of replacing existing trips with alternatives to car use. Thus it is
recommended that while new residential developments create some increase in public transport,
accessibility improvements for existing residents should not be overlooked as a travel behaviour
policy. Given the physical and geographical limitations of existing residential make-up accessibility
improvements have to be created through means other than purely proximity. This may include the
park and ride facilities, quality of footpaths, grid road networks and feeder bus services.
A possible explanation for the limited impact of densification around a station is the induced effect
of congestion with existing residents. An ideal strategy to avoid this is to concentrate newer
developments closer to the station giving new residents greater incentive to use public transport.
This was shown to produce better outcomes from densification.
Commercial activity and accessibility have competing effects on inbound trips to a region. Improving
accessibility to the existing commercial hub creates favourable shifts in public and active transport.
The number of inbound trips do not change implying existing trips have substituted away from car
use. Some of these are likely internal trips within the precinct evidenced by increased active
transport. These are all favourable outcomes, but difficult to achieve without physically altering the
spatial layout of existing infrastructure.
Increased commercial activity creates an increase in inbound trips by car along with decreasing
active travel while public transport increases by an insignificant amount. This suggests majority of
new trips are being attracted from regions further away and of presumably poor accessibility to
public transport. This should not discourage land use development. Rather it advocates that public
transport accessibility must be improved throughout the network to enhance the effectiveness of
land use policy. It must also be acknowledged that this research is confined to the economic benefits
of purely travel choice. Local economic benefits from attracted trips to the region are not measured.
These localised benefits would justify commercial development in the short run while network
accessibility improves over the longer term, enforcing the merit of land use policy.
To conclude, the method developed in this study was successful in achieving the project objectives.
It is recommended that a similar analysis is carried out on another station to verify the observed
impacts. Simulating densification on a more established TOD may be worthwhile to discern how an
existing TOD would respond in comparison to a low density, low patronage station such as
Bayswater.
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6.1. Suggestions for Improvement of Future Work
While this research was largely successful in achieving the outlined objectives some relevant
limitations have been noted, majority of which relate to STEM and its capabilities.
The ability to physically separate existing and new population/employment on STEM would
potentially provide more accurate insight. This would allow for clearer modelling of a new
population concentrated closer to the station separate from the existing population with lower
accessibility. This would likely involve creating another centroid within the zones of interest.
Presently, STEM is rather limited in modelling scenarios of simultaneous densification of population
and employment; hence they were not included in this process. Travel decisions of inbound trips are
predominantly based on employment variables while departing trips are dictated by population. Any
response between both population and employment variables are not heavily considered, thus this
is an area for future investigation.
Also mentioned was the effect of vehicle ownership. Based on the setup of STEM, dwellings were
used to control vehicle ownership. This resulted in adverse effects on active transport inconsistent
with common transport theory. If vehicles were a separate input in the population demographic
matrix this would alleviate the issue and provide clearer indication of the effect of vehicle
ownership.
Finally the economic appraisal framework could be further improved. While it was not a major focus
of the study rather a simple tool developed for comparison, a more rigorous framework would
provide more accurate insights. Only the basic ATAP resource costs were adopted for this study
however consideration of a wider range of mode specific costs and benefits would enhance the
appraisal.
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Appendix
APPENDIX A: STEM Variables for Population and Employment
POPULATION
Dwellings
Population
Kids
Schoolers
Labour force
Table A1: List of population input

Employed residents

variables in STEM.

Blue collar residents
White collar residents
EMPLOYMENT
Agriculture
Mining
Manufacturing
Utilities
Construction
Wholesale
Retail
Transport
Communications
Finance
Table A2: List of 15 employment

Public administration

category inputs in STEM.

Education
Health
Welfare and other
Entertainment and
recreation

Total employment
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APPENDIX B: Table of Resource Costs
Large cities (pop > 1 million)
Peak

Mode of
Transport

Car driver

Off peak

Other cities (pop < 1
million)
Peak

Off peak

per km
VOC RCC

0.0

0.0

0.0

0.0

Net congestion externality

42.5

11.5

11.5

0.0

Accident externality

8.7

8.7

8.7

8.7

Environmental externality

6.2

6.2

6.2

6.2

Total per km

57.4

26.4

26.4

14.9

Trips to/from CBD

200.0

50.0

100.0

25.0

Trips to/from other destinations

50.0

0.0

25.0

0.0

VOC RCC
Net congestion externality

0.0
21.3

0.0
5.8

0.0
5.8

0.0
0.0

Accident externality

4.4

4.4

4.4

4.4

Environmental externality

3.1

3.1

3.1

3.1

Total per km
per trip

28.8

13.3

13.3

7.5

Parking RCC
Total per trip

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

Accident costs

0.0

0.0

0.0

0.0

Environmental costs

0.0

0.0

0.0

0.0

Total per km

0.0

0.0

0.0

0.0

-300.0
-300.0

-300.0
-300.0

-225.0
-225.0

-225.0
-225.0

per trip
Parking RCC

Total per trip
per km

Car passenger

per km

PT passenger

per trip
Fare resource cost correction
Total per trip
per km
Cycle

Walking

Accident costs

0.0

0.0

0.0

0.0

Health effect
Total per km
per km

-73.0
-73.0

-73.0
-73.0

-73.0
-73.0

-73.0
-73.0

Accident costs
Health effect
Total per km

0.0
-145.0
-145.0

0.0
-145.0
-145.0

0.0
-145.0
-145.0

0.0
-145.0
-145.0

Table B1: Mode choice specific resource costs from ATAP.
The above table of resource costs form an important part of the appraisal process. Each transport
mode has relevant costs and benefits assigned in per trip or per kilometre terms. The values are
taken directly from the ATAP guidelines. These values are tailored to Australia and NZ however if
more accurate or area specific data is available it can be substituted. Note this is a table of costs
where negative numbers indicates a benefit, all values are in cents.
Source: Transport and Infrastructure Council, 2016. Australian Transport Assessment and Planning Guidelines:
M5 Travel Behaviour Change. Canberra: Commonwealth Department of Infrastructure and Regional
Development, 2016. Print.
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APPENDIX C: Table of Trip Lengths
Trip Type

Commuting

Other trips

Primary school

Secondary school

Tertiary Institution

Mode of Transport
Car driver
Car passenger
PT
Cycle
Walk

Large cities (pop >1 million)
Peak
Peak
Off-peak
To/from
Other
All
CBD
14
12.5
11
13
11.5
10
18
17
15
7
7
7
2
2
2

Other cities (pop < 1 million)
Peak
Peak
Off-peak
To/from
Other
All
CBD
12
12
7.5
11
11
7.5
13
13
9
5
5
4.5
2
2
2

Car driver
Car passenger
PT

10
9
12

10
9
12

8
7.5
11

10
9
10

10
9
10

7.5
7.5
8.5

Cycle
Walk
Car driver
Car passenger

5
2
0
0

5
2
0
4

4.5
2
0
4

5
2
0
0

5
2
0
4

4.5
2
0
4

PT
Cycle

0
0

11.5
2

11.5
2

0
0

10
2

10
2

Walk
Car driver
Car passenger
PT
Cycle
Walk

0
0
0
0
0
0

1
7.5
7.5
11.5
3
1.5

1
7.5
7.5
11.5
3
1.5

0
0
0
0
0
0

1
7.5
7.5
11.5
3
1.5

1
7.5
7.5
11.5
3
1.5

Car driver
Car passenger
PT

0
0
0

12.5
11
17

12.5
11
17

0
0
0

10
10
12

10
10
12

Cycle
Walk

0
0

4
1.5

4
1.5

0
0

4
1.5

4
1.5

Table C1: Trip type specific trip lengths from ATAP.
The above table provides standardised trip lengths for the appraisal calculation. As seen in Appendix
B many resource costs are defined in per kilometre terms. To execute the calculation, trip lengths
are required to estimate costs. The trip lengths above are from the ATAP guidelines and are again
tailored to Australia and New Zealand. They have been defined in terms of five trip types which can
be related to the trip type outputs provided by STEM. These figures are generic and can be
substituted for more station specific data however this project utilises these standardised values.
Source: Transport and Infrastructure Council, 2016. Australian Transport Assessment and Planning Guidelines:
M5 Travel Behaviour Change. Canberra: Commonwealth Department of Infrastructure and Regional
Development, 2016. Print.
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APPENDIX D: Example of Benefit Calculation
The benefit calculation involves the summation of the individual benefit categories, where category
A is ignored. The benefits are calculated in per trip per head terms and then extrapolated to the
whole population.
As per the ATAP guidelines the benefit categories are as follows.
 Category A: benefits to existing users (active or public transport)
 Category B: perceived benefits to mode changers (private transport to public/active)
 Category C: avoidance of unperceived costs from previous mode (private transport)
 Category D: unperceived benefits/costs of the new mode (public/active)
The best way to describe this process is through an arbitrary example. With the given data below;
Diversion
Rates

Car as
passenger
-1%

Car as driver
-3.0%

Trip Type
Car driver
Car passenger
PT
Cycle
Walk

PT

Cycling

Walking

1.8%

1.0%

1.2%

Trip length (km)
10
9
12
5
2

Mode

Cost ($)
per km

0.31

per trip

0.14

per km

0.16

per trip

0.00

Mode changer benefit per 1%

Benefit ($)

per km

0.00

Car driver to PT

0.35

per trip

-3.00

Car driver to cycle/walk

0.25

per km

-0.73

per trip

0.00

per km

-1.45

per trip

0.00

Car driver

Car passenger

PT

Cycle

Walk

Additional data
Trips per day
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Days per year

230

Target population

15,000

Table(s) D1: Input variables for example appraisal calculation.

Benefit per trip per head
Benefits
from
avoided car
trips (-3.0%)

Diversion
rate (A)

Pro-rated
diversion
(B=A/ΣA*3.0%)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*B)

PT

1.8

1.35

12

0.31

0.14

3.86

$0.05211

Cycle

1

0.75

5

0.31

0.14

1.69

$0.012675

Walk

1.2

0.9

2

0.31

0.14

0.76

$0.00684

Sum

4.0 (ΣA)

3.0

$0.071625
(Category C)

Benefits
from
avoided car
passenger
trips (-1.0%)

Diversion
rate (A)

Pro-rated
diversion
(B=A/ΣA*1.0%)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*B)

PT

1.8

0.45

12

0.16

0

1.92

$0.00864

Cycle

1

0.25

5

0.16

0

0.80

$0.002

Walk

1.2

0.3

2

0.16

0

0.32

$0.00096

Sum

4.0 (ΣA)

1

$0.0116
(Category C)

Benefits of
replacement
trips

Diversion rate (A)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*A)

PT

1.8

12

0

-3.00

-3.00

$0.054

Cycle

1

5

-0.73

0

-3.65

$0.0365

Walk

1.2

2

-1.45

0

-2.90

$0.0348

Sum

4.0 (ΣA)

$0.1253
(Category D)
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Benefits to
Mode
changers

Diversion rate (A)

Per 1% benefit (B)

Benefits per trip (A*B)

PT

1.8

0.35

$0.0063

Cycle

1

0.25

$0.0025

Walk

1.2

0.25

$0.003

Sum

4.0 (ΣA)

$0.0118 (Category B)

Benefit per trip per head
Category B

$0.0118
$0.07165

Category C

$0.0116
Category D

$0.1253

Total

$0.22035

Table(s) D2: Example appraisal calculation.
Total yearly population benefit
Individual benefit per year = benefit per trip per head * trips per day * days per year
= $0.220 * 2 * 230
= $101.36
Total population benefit per year = individual benefit per year * population
= $101.36 * 15,000
= $1,520,415
The calculation essentially steps through the process of calculating Category B, C and D benefits. The
first two portions from the table above involve calculating Category C; benefits due to avoidance of
unperceived costs associated with car trips. Unperceived costs are those which mode changers are
not conscious of when choosing modes hence they include factors such as pollution and congestion.
The first section is for avoided car (driver) trips and the second for passenger trips. Both involve
proportionally assigning the negative car use diversion rates (-3%, -1%) amongst the three newly
adopted transport modes (PT, cycle, walk) based on the relative sizes of their (PT, cycle, walk)
diversion rates. Benefit due to replacement is then calculated for each of the three modes and
totalled.
The next portion of the table is concerned with Category D; unperceived benefits of the new
transport mode (PT, cycle walk). These benefits are unperceived as they are generally not
considered by mode changers when choosing mode choice. For this calculation, the positive
diversion rates for the new transport modes are directly applied to their respective resource costs.
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Category B benefits are calculated next for perceived benefits of mode change. This is the economic
benefit users believe to receive from mode change. Again the positive diversion rates for the
adopted transport modes are directly applied to the specified resource cost for mode change.
Summing these values (in yellow) give the total benefit per trip per head, from which total yearly
benefit for the population is obtained via multiplication with various scaling factors including
population and number of trips.
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APPENDIX E: Comparing proposed densification scenarios with STEM
projections
Population
201
202
204
205
∑

2011 base
4305
5842
3361
3690
17198

2021 base
4018
5882
3694
4369
17963

Growth from
2021

Employment
201
202
204
205
∑

2011 base
425
736
1592
460
3213

Growth from
2021

2021 base
514
906
1292
635
3347

2021 P20
4821
7058
4432
5242
21553

2021 P50
6027
8823
5541
6553
26944

2031 base
4298
7168
4545
5475
21486

2051 base
9072
11524
6191
7746
34533

20%

50%

20%

92%

2021 E20
616
1087
1550
762
4015

2021 E50
771
1359
1938
952
5020

2031 base
572
1001
1460
722
3755

2051 base
1018
1760
2268
1492
6538

20%

50%

12%

95%

Table(s) E1: STEM projections for population and employment compared to simulation scenarios.
STEM networks for the years 2031 and 2051 can be compared with the proposed increases in
population and employment. The 2031 and 2051 networks are based on projections for the rail and
road system as well as projected demographic and land-use factors such as total population and
employment. From this data, both scenarios of population growth (20%, 50%) will be reached by
2031 and employment growth by 2051. This suggests that the choice of 20% and 50% for simulated
densification scenarios are reasonable figures which can be reached in the foreseeable future.
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APPENDIX F: Densification with Large Accessibility Improvement
Population/Accessibility
(P20)
Increase in
100m
vehicles
No increase
100m
in vehicles
Population/Accessibility
(P50)
Increase in
100m
vehicles
No increase
100m
in vehicles

Car
(driver)

Car
(passenger)

Public
transport

Active
transport

Discounted
yearly benefit

-1.94%

-0.45%

0.94%

1. 46%

$2,113,112

-2.20%

0.40%

1.13%

0.67%

$1,819,484

Car
(driver)

Car
(passenger)

Public
transport

Active
transport

Discounted
yearly benefit

-2.14%

-0.50%

0.91%

1.73%

$2,790,329

-2.68%

1.49%

1.40%

0.00%

$2,286,918

Table F: Predicted outcomes for combined densification and accessibility strategy.
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1. Introduction
The purpose of this document is to detail the adaption of ATAP guidelines and the existing PATREC
Rapid Appraisal Model (P-RAM) to land-use policy and densification in railway precincts. Using the
framework outlined by ATAP for the appraisal of travel behaviour change (TBhC) initiatives and the
foundations from the existing P-RAM model an Excel spreadsheet has been developed to streamline
the appraisal process. Given the differences between TBhC programs and densification, some key
adjustments were made to the ATAP framework. This report will briefly recap the appraisal theory
proposed by ATAP and address the necessary changes made. A worked example will be stepped
through including the STEM methodology required to obtain the key inputs for the calculation.

1. Summary of ATAP theory
1.1. ATAP guidelines and TBhC initiatives
Australian Transport Assessment and Planning are a government body who provide a
comprehensive framework for planning, assessing and developing transport systems and initiatives
(ATAP website). Commonly referred to as ATAP guidelines, these frameworks have been developed
for numerous policy tools including travel behaviour change (TBhC) programs. Travel behaviour
change (TBhC) programs or initiatives are measures that encourage voluntary changes in personal
and private travel behaviour with the aim of increasing physical activity and public transport demand
whilst reducing dependence on private cars. Examples of such initiatives include walking school
buses, carpooling incentives and workplace cycle plans. In WA, Department of Transport run
programs such as YourMove and TravelSmart can be considered TBhC initiatives. Whilst TBhC
initiatives and density/land-use policy are inherently different travel demand management
measures, the guidelines provided by ATAP can be adapted to appraise such policies. The following
section will succinctly outline the appraisal methodology proposed by ATAP with further focus on
how it can be adapted to this study.

1.2. Total benefits theory
For a given scenario, ATAP specifies four categories of benefits. The four categories sum together to
the net benefit of a policy measure. Below are the four categories. These are best understood from
the perspective of a policy action aimed to encourage a switch from private transport to public or
active transport.





Category A: benefits to existing users (existing active or public transport users)
Category B: perceived benefits to mode changers (private transport to public/active)
Category C: avoidance of unperceived costs (changing out of private transport)
Category D: unperceived benefits/costs of the new mode (public/active)

In most instances, Category A benefits are not realised as existing users of public and active
transport do not perceive any improvement in generalised costs. These include; travel cost, time and
quality. For existing users of public and active modes, these benefits/costs can only be optimised via
major infrastructure improvements which ATAP suggests requires a whole different appraisal.
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Therefore for this appraisal methodology, Category A is ignored. Category B, C and D benefits are a
result of those users who, in response to a policy measure, voluntarily switch from private transport
to public and active transport. These benefits are the focus of the appraisal as they aggregate to give
the net benefit due to voluntary changes in travel behaviour.

1.3. Diversion Rates
Diversion rates are quantitative estimates of the changes in mode shares between the base case and
the project case. Increases in mode share are indicated by a positive diversion rate, whilst a negative
rate implies decreased mode usage. By convention, diversion rates should sum to zero. ATAP
guidelines provide default diversion rates for travel behaviour change programs represented as
percentage point changes in mode shares that were sourced from studies undertaken in New
Zealand and Victoria, Australia. To adapt these guidelines to this project new diversion rates relevant
to density and land use policy must be estimated. Section 4 outlines the methodology proposed to
do this.

1.4. Resource Costs
The grounds for ATAP’s appraisal are found within the notion that individuals’ benefits and costs can
be defined by per kilometre or per trip cost. To streamline the calculation, ATAP group all the costs
and attach them to their relevant transport mode. The ATAP table of resource costs used in the Excel
spreadsheet has been included in the Appendix. It has been devised through meta-analysis of
previous TBhC initiatives. With more accurate or area specific data these parameters can be
adjusted. For this study, these standardised ATAP values were used. Note that this is a table of costs
and that negative numbers represent benefits.

1.5. Trip Lengths
To round out the calculations inputs, trip lengths are required to compute these per km costs into
useable values. ATAP has provided all the trip lengths based on trip type and peak/off-peak
designations. The table of trip lengths is included in the Appendix. Lengths are based on Australian
and New Zealand survey data, more region specific data may be employed however for this study
ATAP values have been adopted.

1.6. Appraisal calculation
The process of combining the above elements to complete the appraisal is quite an intuitive process.
Using the diversion rates, benefits are accrued via switching to a favourable mode (active or public
transport) or by avoiding costs associated with a non-favourable mode (car use). This process yields
the benefit per head, per trip which can then easily be extrapolated to the rest of the population. An
example has been included in the Appendix.
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2. Applying ATAP to density and land use
There are few key differences between TBhC initiatives and densification policy which presented
challenges while adopting the methodology. Other deviations from the framework were made on
the basis of more information being known about the precinct being analysed allowing for generic
ATAP estimates being replaced with more accurate data. The major examples of this will be
discussed below.

2.1. Trip type
With TBhC initiatives it is extremely clear which types of trip (work, education, other) are affected by
the policy as the program itself (workplace, school, household) has a defined intended target. With
density and land use, all trip types are affected which complicates the calculation process. To
overcome this, appraisal calculations are completed for each trip type as though they were the only
trips affected and then in the final step the benefits are cumulated based on a weighted average of
the trip type proportions. Trip type proportions can be determined from the STEM output. Below is a
table showing how the STEM defined trip types match up with the ATAP equivalents.

STEM

ATAP

Work

Commuting

School (P+S)

Primary + Secondary

Tertiary

Tertiary

NHB
Shop

Other

Other
Figure 1: Comparison between respective STEM and ATAP trip type categories.

2.2.Population
From the ATAP framework, the target population is used to convert per head per trip benefit to
population benefit per year. This involves using ATAP averages of number of trips per day for each
trip type. However, STEM provides the total trips per day as an output so actual trip numbers can be
used for each trip type in the appraisal calculation. How these values are inserted on the input page
will be covered in Section 5. Below is a mathematical summary of the subtle difference. Essentially
total trips per day taken from STEM replace the ATAP estimation of population multiplied by
individual trips per day.
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ATAP guidelines

Method adopted for this research

Population benefit per year

Population benefit per year

=
Benefit per trip per head
×
Individual trips per day (ATAP)
×
Trip days per year (ATAP)

=
Benefit per trip per head
×
Total trips per day (STEM)
×

×

Figure 2: Comparison of equations used to calculate total population benefit per year.

2.3. Diversion rates
In the framework, diversion rates are recommended based on past experience with TBhC initiatives.
For the purpose of densification and land-use there are no existing diversion rates so they have to be
estimated. This is done using STEM and the methodology is described in Section 4.
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3. Diversion Rates and STEM
STEM is used to determine the appropriate diversion rates needed to appraise densification
scenarios. This process was applied to Bayswater station but can be easily repeated to assess the
impact on any station.

3.1. Identification of zones
The first step is to identify the STEM zones required to represent a station’s precinct. Because the
zones are varied in size and shape, some stations will have better fits than others. The aim is to
identify 3-4 zones that encompass the surrounding area of the station and equate roughly in area to
a precinct. Going off the 1-2km radius definition, any collection of zones of ~8km2 is ideal. From
STEM you can confirm the individual zone areas, for the Bayswater case shown below the four zones
(201, 202, 204 and 205) have a total area of 8.6km2.

Figure 3:
Station and
zones (201, 202,
Source: STEM,

Bayswater
surrounding
204, 205).
DoT WA.

Figure 4: Superimposed STEM representation of Bayswater precinct. Adapted from Google Maps.
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3.2. Increasing population and employment
Once the zones have been identified the next step is to simulate densification (population and
employment) scenarios. To do this on STEM we can increase population within the zones. To mirror
land use developments we increase employment which is also a zone characteristic. Both population
and employment are uniquely defined for each zone and stored in large Excel input files. To effect
the changes in population, we can simply alter the relevant characteristics for the zones of interest.
Below are the categories of employment and population stored within these input files. For the
employment scenario we increase all types evenly across the board. For population we do the same.
Not for population ideally you need to proportionally decrease the population in the remaining
zones to accurately represent a migration of people to the precinct being analysed. However
because the increases in population we are dealing with (20% of 20,000 people) we omit this step
and arbitrarily increase the population.

Abbreviation

Variable

DWLNGS

Dwellings

PRIPOP

Population

KIDS

Kids

SCHLRS

Schoolers

LABFCE

Labour force

EMPRES

Employed residents

BLCRES

Blue collar residents

WLCRES

White collar residents
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Abbreviation

Employment

Abbreviation

Employment

AGREMP

Agriculture

COMEMP

Communications

MINEMP

Mining

FINEMP

Finance

MANEMP

Manufacturing

PUBEMP

Public
administration

UTLEMP

Utilities

EDUEMP

Education

CONEMP

Construction

HTHEMP

Health

RETEMP

Wholesale

WELEMP

Welfare and
other

WHLEMP

Retail

ENTEMP

Entertainment
and recreation

TRSEMP

Transport

TOTEMP

Total

3.3. Running the model and results
Once the population and employment condition have been defined the model can be run. The
output we are concerned with is the daily trip breakdown for the four zones. In STEM you can
specify which zones you would like to analyse and it will return the daily traffic numbers for those
zones broken down into trip type and transport mode departing and arriving the respective zones.
By summing these together, you can determine total trips entering and leaving the precinct. Using
simple Excel computations, more share and trip proportions can be calculated. By comparing mode
share with the original daily traffic of the un-altered precinct you can deduce diversion rates. The
trip proportions and total number of trips are necessary inputs for the appraisal as well.
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4. Using the Spreadsheet
The general operation of the spreadsheet involves identification and input of parameters on the first
two tabs (input and calculation parameters). Calculations of benefits for each trip type are executed
on the ensuing tabs. Results are collated in the summary tab. For the purposes of operation only a
few tabs require user interaction. The input, calculation parameter and summary tab are all that
should concern the user.

Figure 5: Spreadsheet tabs.

4.1. Input tab

Figure 6: Input tab interface. Also includes major ouputs.

The two most important sections of the input page are indicated in red above. The first is total daily
trips. This is taken directly from STEM. On the top right you will notice the trip per day column is set
to all 1’s for all trip types. This is because we are using the exact trip output from STEM. Under the
ATAP framework, this would be changed to the ATAP standard trip per day values (3 commuting per
day, 2 work per day etc.) and the actual population would be used where we currently have total
daily trips. The method used above is more precinct specific whereas the ATAP formulation is more
generic.
The second major input is the trip proportions on the bottom right. These are taken from STEM and
the cells have been lined up such that the STEM defined trip types can be matched with the
equivalent ATAP ones.
The input outlined in orange is for refining the economics of the appraisal. Simple inputs such as
discount rate, appraisal period and costs (initial and maintenance) can be manipulated. Given the
nuances of cost estimation we decided to only focus on the benefit side of the calculation however
the cost side has been worked into the spreadsheet for future use.
Also in orange we have the net benefit and BCR outputs. These are for quick assessment however
more detailed analysis can be gleaned from the summary tab which will be covered below. The
remaining input, indicated in green on the top right does not need to be changed unless the
calculation is reverted to using population as an input rather than total trips. In this case the cells
F4:F7 need to be altered.
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4.2. Calculation Parameters
The calculation parameters page is where the rest of the calculation inputs are stored. The idea is
that the inputs are entered on this page and then any alterations will amend to the following tabs
used to calculate the benefits of each trip type. The three main things this page includes are
diversion rates, resource costs and trip lengths. Trip lengths and resource costs are taken directly
from ATAP, if more accurate data is available these can be edited on this tab and the changes will
reflect throughout the calculation. Diversion rates need to be changed from case to case. The way
they are designed in the spreadsheet is for them to be copy and pasted from STEM in cells C8:J8 and
they will correctly fill into cells C5:G5. The reason for this is STEM breaks down public transport into
three categories while the ATAP appraisal groups them all as one. Inputted diversion rates on this
tab will automatically populate on the corresponding tabs.

Figure 7: Diversion rate input on calculation parameter tab.

Figure 8: Resource cost table on calculation parameter tab. Only update if station specific data is available. Source: ATAP

Figure 9:
lengths on calculation parameter tab. Only update if station specific data is available. Source: ATAP
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4.3. Summary tab
The summary tab is where the results of the appraisals conducted for each trip type are collated.
Each trip type related tab produces benefit per trip per head which are collected on the summary
tab. This is then extrapolated to the whole population and weighted based on the trip proportions to
yield total yearly benefit. The two tables on the right are directly taken from the inputs tab.

Figure 10: Summary tab. For more in depth analysis of components of net benefit.

The bottom of the summary tab is for the cost benefit appraisal. Here the recently calculated total
yearly benefit is offset against the input costs and then discounted over the appraisal period of 10
years. The discounted yearly benefit is also included (in yellow), taking an average of the total
benefit over the 10 year period. This value was used throughout this project given the cost side of
the analysis was neglected.

Figure 11: Calculation of BCR and NPV. Discount rate must be provided, standard term of calculation is 10 years.
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Appendix
APPENDIX A: Table of Resource Costs
Large cities (pop > 1 million)

Other cities (pop < 1
million)

Peak

Off peak

Peak

Off peak

VOC RCC

0.0

0.0

0.0

0.0

Net congestion externality

42.5

11.5

11.5

0.0

Accident externality

8.7

8.7

8.7

8.7

Environmental externality

6.2

6.2

6.2

6.2

Total per km

57.4

26.4

26.4

14.9

Trips to/from CBD

200.0

50.0

100.0

25.0

Trips to/from other destinations

50.0

0.0

25.0

0.0

VOC RCC

0.0

0.0

0.0

0.0

Net congestion externality

21.3

5.8

5.8

0.0

Accident externality

4.4

4.4

4.4

4.4

Environmental externality

3.1

3.1

3.1

3.1

Total per km

28.8

13.3

13.3

7.5

Parking RCC

0.0

0.0

0.0

0.0

Total per trip

0.0

0.0

0.0

0.0

Accident costs

0.0

0.0

0.0

0.0

Environmental costs

0.0

0.0

0.0

0.0

Total per km

0.0

0.0

0.0

0.0

Fare resource cost correction

-300.0

-300.0

-225.0

-225.0

Total per trip

-300.0

-300.0

-225.0

-225.0

Mode of
Transport
per km

Car driver

per trip
Parking RCC

Total per trip
per km

Car passenger

per trip

per km

PT passenger

per trip
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per km
Accident costs

0.0

0.0

0.0

0.0

Health effect

-73.0

-73.0

-73.0

-73.0

Total per km

-73.0

-73.0

-73.0

-73.0

Accident costs

0.0

0.0

0.0

0.0

Health effect

-145.0

-145.0

-145.0

-145.0

Total per km

-145.0

-145.0

-145.0

-145.0

Cycle

per km

Walking

Table A1: Mode choice specific resource costs from ATAP.
The above table of resource costs form an important part of the appraisal process. Each transport
mode has relevant costs and benefits assigned in per trip or per kilometre terms. The values are
taken directly from the ATAP guidelines. These values are tailored to Australia and NZ however if
more accurate or area specific data is available it can be substituted. Note this is a table of costs
where negative numbers indicates a benefit, all values are in cents.

Source: Transport and Infrastructure Council, 2016. Australian Transport Assessment and Planning Guidelines:
M5 Travel Behaviour Change. Canberra: Commonwealth Department of Infrastructure and Regional
Development, 2016. Print.
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APPENDIX B: Table of Trip Lengths
Large cities (pop >1 million)
Trip Type

Commuting

Other trips

Primary school

Secondary school

Tertiary Institution

Other cities (pop < 1 million)

Peak

Peak

Off-peak

Peak

Peak

Off-peak

To/from
CBD

Other

All

To/from
CBD

Other

All

Car driver

14

12.5

11

12

12

7.5

Car passenger

13

11.5

10

11

11

7.5

PT

18

17

15

13

13

9

Cycle

7

7

7

5

5

4.5

Walk

2

2

2

2

2

2

Car driver

10

10

8

10

10

7.5

Car passenger

9

9

7.5

9

9

7.5

PT

12

12

11

10

10

8.5

Cycle

5

5

4.5

5

5

4.5

Walk

2

2

2

2

2

2

Car driver

0

0

0

0

0

0

Car passenger

0

4

4

0

4

4

PT

0

11.5

11.5

0

10

10

Cycle

0

2

2

0

2

2

Walk

0

1

1

0

1

1

Car driver

0

7.5

7.5

0

7.5

7.5

Car passenger

0

7.5

7.5

0

7.5

7.5

PT

0

11.5

11.5

0

11.5

11.5

Cycle

0

3

3

0

3

3

Walk

0

1.5

1.5

0

1.5

1.5

Car driver

0

12.5

12.5

0

10

10

Car passenger

0

11

11

0

10

10

PT

0

17

17

0

12

12

Cycle

0

4

4

0

4

4

Walk

0

1.5

1.5

0

1.5

1.5

Mode of Transport

Table B1: Trip type specific trip lengths from ATAP.
The above table provides standardised trip lengths for the appraisal calculation. As seen in Appendix
B many resource costs are defined in per kilometre terms. To execute the calculation, trip lengths
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are required to estimate costs. The trip lengths above are from the ATAP guidelines and are again
tailored to Australia and New Zealand. They have been defined in terms of five trip types which can
be related to the trip type outputs provided by STEM. These figures are generic and can be
substituted for more station specific data however this project utilises these standardised values.
Source: Transport and Infrastructure Council, 2016. Australian Transport Assessment and Planning Guidelines:
M5 Travel Behaviour Change. Canberra: Commonwealth Department of Infrastructure and Regional
Development, 2016. Print.
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APPENDIX C: Example of Benefit Calculation
The benefit calculation involves the summation of the individual benefit categories, where category
A is ignored. The benefits are calculated in per trip per head terms and then extrapolated to the
whole population.
As per the ATAP guidelines the benefit categories are as follows.
 Category A: benefits to existing users (active or public transport)
 Category B: perceived benefits to mode changers (private transport to public/active)
 Category C: avoidance of unperceived costs from previous mode (private transport)
 Category D: unperceived benefits/costs of the new mode (public/active)
The best way to describe this process is through an arbitrary example. With the given data below;
Diversion
Rates

Car as driver

Car as
passenger

PT

Cycling

Walking

-3.0%

-1%

1.8%

1.0%

1.2%

Trip Type

Trip length (km)

Car driver

10

Car passenger

9

PT

12

Cycle

5

Walk

2
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Mode

Cost ($)
per km

0.31

per trip

0.14

per km

0.16

per trip

0.00

Mode changer benefit per 1%

Benefit ($)

per km

0.00

Car driver to PT

0.35

per trip

-3.00

Car driver to cycle/walk

0.25

per km

-0.73

per trip

0.00

per km

-1.45

per trip

0.00

Car driver

Car passenger

PT

Cycle

Walk

Additional data
Trips per day

2

Days per year

230

Target population

15,000

Table(s) C1: Input variables for example appraisal
calculation.

Benefit per trip per head
Benefits
from
avoided car
trips (-3.0%)

Diversion
rate (A)

Pro-rated
diversion
(B=A/ΣA*3.0%)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*B)

PT

1.8

1.35

12

0.31

0.14

3.86

$0.05211

Cycle

1

0.75

5

0.31

0.14

1.69

$0.012675

Walk

1.2

0.9

2

0.31

0.14

0.76

$0.00684

Sum

4.0 (ΣA)

3.0

$0.071625
(Category C)
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Benefits
from
avoided car
passenger
trips (-1.0%)

Diversion
rate (A)

Pro-rated
diversion
(B=A/ΣA*1.0%)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*B)

PT

1.8

0.45

12

0.16

0

1.92

$0.00864

Cycle

1

0.25

5

0.16

0

0.80

$0.002

Walk

1.2

0.3

2

0.16

0

0.32

$0.00096

Sum

4.0 (ΣA)

1

$0.0116
(Category C)

Benefits of
replacement
trips

Diversion rate (A)

Trip Length
(C)

Per km cost
(D)

Per trip cost
(E)

Total cost
(F=C*D+E)

Benefits per
trip (F*A)

PT

1.8

12

0

-3.00

-3.00

$0.054

Cycle

1

5

-0.73

0

-3.65

$0.0365

Walk

1.2

2

-1.45

0

-2.90

$0.0348

Sum

4.0 (ΣA)

$0.1253
(Category D)

Benefits to
Mode
changers

Diversion rate (A)

Per 1% benefit (B)

Benefits per trip (A*B)

PT

1.8

0.35

$0.0063

Cycle

1

0.25

$0.0025

Walk

1.2

0.25

$0.003

Sum

4.0 (ΣA)
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Benefit per trip per head
$0.0118

Category B

$0.07165
Category C

$0.0116
Category D

$0.1253

Total

$0.22035

Table(s)
C2:
calculation.
Total
yearly
benefit

Example

appraisal

population

Individual benefit per year = benefit per trip per head * trips per day * days per year
= $0.220 * 2 * 230
= $101.36
Total population benefit per year = individual benefit per year * population
= $101.36 * 15,000
= $1,520,415
The calculation essentially steps through the process of calculating Category B, C and D benefits.
The first two portions from the table above involve calculating Category C; benefits due to
avoidance of unperceived costs associated with car trips. Unperceived costs are those which mode
changers are not conscious of when choosing modes hence they include factors such as pollution
and congestion. The first section is for avoided car (driver) trips and the second for passenger
trips. Both involve proportionally assigning the negative car use diversion rates (-3%, -1%)
amongst the three newly adopted transport modes (PT, cycle, walk) based on the relative sizes
of their (PT, cycle, walk) diversion rates. Benefit due to replacement is then calculated for
each of the three modes and totalled.
The next portion of the table is concerned with Category D; unperceived benefits of the new
transport mode (PT, cycle walk). These benefits are unperceived as they are generally not
considered by mode changers when choosing mode choice. For this calculation, the positive
diversion rates for the new transport modes are directly applied to their respective resource costs.
Category B benefits are calculated next for perceived benefits of mode change. This is the
economic benefit users believe to receive from mode change. Again the positive diversion rates for
the adopted transport modes are directly applied to the specified resource cost for mode change.
Summing these values (in yellow) give the total benefit per trip per head, from which total yearly
benefit for the population is obtained via multiplication with various scaling factors including
population and number of trips.
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