Davidson Transport Consulting

AUSTROADS
PROJECT N.RSM.9702

DEVELOPMENT OF ASSESSMENT T ECHNIQUES AND
TOOLS FOR RURAL ACCESSIBILITY

FINAL REPORT

By
Peter M B Davidsonse (Hons)

Ken B DavidSONBE ME PhD FCIT FIEAust RPEQ

11 June
1999

Davidson Transport Consulting, C/- Peter DavidsonsTilting
70 Moola Rd Ashgrove Q4060 ACN: 062 069 649



Davidson Transport Consulting

ABSTRACT

Current approaches to national road network plammngenerally focus on links
and corridors in themselves and do not allow thgeasment of each link as a
component of the network as a whole. They do rmtige any means to assess
the quality of the network or the value of chanigei$. This document describes a
study done by Davidson Transport Consulting fortAuagls to demonstrate the
effectiveness of accessibility based techniquesdtonal network planning.
Further, it reviews the matter of devising accefisitbased network performance
measures which can help assess networks in terspeoific policies. (e.g. for
particular economic, social or regional developmeuntcomes).

Accessibility of one place to all other places isiaction of the size and
distribution of the other places and of the cosgetting to them. It thus combines
in a single statement one point’s view of the lagd pattern and the transport
network that serves it. Any change in either ghiinge the value of accessibility
at every point. Accessibility can be shown to Ibeeasure of the expected utility
that people enjoy from the pattern of activitieaitable to them, reduced by the
level of transport costs. In addition, changes aaessibility reflect changes in
consumer surplus.

This document describes how the basic accessihikgsure can be used to
construct a wide variety of performance indicattirat can be targeted to
particular policy objectives. It then describes traional road network model
constructed to test the techniques and shows tbie bacessibility profiles
developed using the model. Two performance indligelbts are given, one
showing the degree to which the network approaehnesealised network, where
every location is directly connected, and one shgwe effectiveness of the
network in serving a particular location.

The network model is used to test and evaluateHppothetical road projects -
two small national highway improvements in Victpaad two large national
projects — the Pacific Motorway Upgrading and thhegmsed Outback Highway
between Cairns and Perth. This model is used tesssand compare the overall
benefit of each of these projects and the footprifitoenefits, allowing the
relative benefits received by each state as a te$uhese projects to be shown.

Finally, the accessibility technique is used tolesgthe reliability of access for
remote communities. This is done through a cas#ystuNorthern Queensland
where road flooding regularly isolates communitigsps showing the impact of
a variety of flooded conditions are provided, ahd bverall impact of flooding is
presented. A hypothetical project aimed at reducosyl flooding is examined,
and its impact compared with other types of roaojguts.
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1. Introduction

1.1.Background

In December 1996, Davidson Transport Consulting@Pmade a proposal to
Austroads for the development of a network stragiuation method. This followed
from a recognition that current approaches to nekyptanning focus on links and
corridors in themselves and do not allow the assestsof each link as a component
of the network as a whole. Nor do they provide amgans to assess the quality of the
network or the value of changes to it. The propass to extend to a national level
the work that DTC did for Queensland TransportfRoma Pilot Project, and to
review the matter of devising accessibility basetivork performance measures
which can help assess networks in terms of spquifices. (e.g. for particular
economic, social or regional development outcoriiég) basic approach of the DTC
proposal was incorporated into the project Bristied by Austroads on the 27th of
October 1997. The Brief was extended to inclugedi#velopment of tools to assess
the role of roads in servicing remote communitiegias intended that that these could
be used at a project level and eventually incotedranto the standard project
evaluation procedure. Davidson Transport Consultiag awarded the contract, and
this document is the final report for this project.

1.2. Objectives

The major objective of this work has been to dgvelod test network assessment and
evaluation tools that both measure the performahtee overall network against
defined criteria, and allow projects to be assegséerms of overall network quality.
The focus has been on developing techniques arfidl egeenputer tools for the
assessment, and then to prove these tools by agplyem to a test national network,
and later to a particular remote area.

1.3.Review of the Concepts of Accessibility

In broad terms, accessibility is a way of measutireggbenefits enjoyed from a set of
activities given a set of costs associated witbratting with those activities. So, for
example, a location will have high levels of acdafit/ to shopping if a wide range

of quality shopping experiences are availablelatatransport cost. The accessibility
will be reduced if either the transport costs iases or the quality or number of shops
in the area decreases. Thus accessibility proddesfied indicator of both the
transport and the land use system. In fact, bynebiteg the definition of transport costs
it is possible to produce accessibility indicatibrat take into account not only a
variety of transport modes, but also non-traveian® such as tele-shopping. In this
way accessibility can be used as an integratedatali of the performance of the
whole system.

In the formulation used by DTC, accessibility iratiors are based on well understood
and widely accepted economic theory, and the Egiations have been
independently developed by different researchesedban a number of different
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approaches. It is possible to show that accedyilslia valid measure of utility (based
on random utility theory), and that changes in asit®lity are a measure of changes in
consumer surplus (based on supply and demand evasihs)*

Accessibility based indicators provide an ideaitstg point for examining a wide
range of issues. Accessibility issues can obviobslgonsidered directly. Equity can
be considered by looking at the distribution ofralpas in accessibility broken down

by any geographical or socioeconomic grouping. &acessibility is a measure of
benefit, and changes in accessibility are a measfurkanges in consumer surplus, the
ratio of accessibility improvements to project dgstorrelated with the direct Benefit
Cost Ratio (BCR) of a project or policy. Finallizetconsideration of the factors that
determine mode share are implicit in the calcutetiof multi-modal accessibility, and
the basic equations that express behaviour in reeldetion are identical to those that
are used in the preparation of accessibility ingica

In summary, the advantage of the accessibility @gogr is that it provides insight into
many of the issues driving transport policy in ategrated, unified mannerhe
accessibility approach can thus be used as a genelasis for comparison —
allowing a wide range of very different visions tde compared in a consistent
manner. As far as we are aware, it is the only todhat can do this.

Accessibility theory allows the formulation of angge of different measures that have
value as indicators of different aspects of a sutlijansport network’s performance or
as means to compare alternative operations onetteeork. These measures arise
through one or both of the two basic ways accdggibheory allows a network to be
described - in terms of the utility it confers asdhe surface occupied by the network,
and in terms of those geographic or topologicalities of the network which
accessibility analysis reveals. The measuresitdrer absolute or comparative values
and may express a field value at a point (a paiat profile) or a network total.

Accessibility of one place to all other places fsiaction of the size and distribution
of the other places and of the cost of gettindnéort. It thus combines in a single
statement one point’s view of the land use patechthe transport network that
serves it. Any change in either will change thrigaf accessibility at every point.

To be valuable, a measure of accessibility needsfl@ct perceptions and behaviour.
Transport planning models seek to reflect the stangs: for this reason, accessibility
modelling can easily be set up to be an adjunttwsport modelling and to use the
same parameters. Indeed, there is a sense in atigssibility is a kind of inverse of
trip distribution and the elements of accessibititgasures closely resemble those
found in trip distribution functions.

The measures described below are either simplerggelbigal relationships which are
easy to calculate in the context of accessibilipdelling or are based on a particular
measure of accessibility which we have developée. dritically important feature of
the measure is that it is also a measure of uslig so can be used directly in
evaluation. Itis also the basis of other dessmgpand evaluative indicators.

1 See Section 2.4 for more details.
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Accessibility needs to be set up so as to be ‘tofies activity that can be measured
and “from” or applied to a population whose siz&nswn.

Accessibility is always “to” some demographic andause value or type of activity. It
could be to employment or some segment of employrpepulation, a measure of
the size of a particular type of activity such etai floor space or primary school
enrolments, or even the simple existence of an daynguch as a hospital or a service
station or a particular franchise.

Accessibility at a place is enjoyed by the wholeydation of that place or whatever
aspect to which the particular “accessibility "t relevant or important. This is a
size measure. Thus accessibility could be of metgpemployment or to people (the
elements of the measures being used for the ndtehaork analysis part of this
study) or some specific measure such as accessitfiimedical centres to trained
medical support staff or of McDonalds stores tméggers likely to be interested in
casual employment (specific measures like thiswseful for detailed analyses of
which the isolated areas part of this study is>am®le).

The choice of definition of population to which theasure is relevant and activity to
which accessibility is being determined dependyg wauich on the purpose to which
the measure is being applied. To return to theicaédentre example, accessibility
analysis could be used to assist its locationrieehways:

1. Tofind a place where there is a large populatibose accessibility to
existing medical centres is low, so as to miningigmpetition or ensure
need: the activity measure is medical centressiteemeasure is
population.

2. To find a place with high accessibility to potehthents: the activity
measure is population, perhaps population in ceege groups.

3. To find a place where it will be easy to attracalified staff: the activity
measure is the population with certain qualificasio

It is generally in land use and location analyks,the above example, that very
disaggregate activity and size measures are Useghalyses focussed on the
transport system, more global variables are useld asi population for size and
employment or population for activity. Howeveaipurpose is to study how well the
transport system serves industry or particular stries then industry-specific
variables should be used.

Contrary to popular understanding, it needs torbphasised that analyses of this type
are of particular value in settled areas becausieeofubtlety and finesse with which
alternatives can be differentiated and the footmirbenefits determined.

Accessibility analysis comes into its own wheretie@re usual gross indicators fail to
differentiate. Thus this type of analysis wouldabéts most useful in places like
Victoria and in other established areas with gawdi @mprehensive road networks
where impacts of change are likely to be small.
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2. The Theoretical Basis for The Indicators 2

2.1. Accessibility — Some Possible Definitions

Accessibility is a term that has been applied toous different characteristics of the
land use and/or transport system. Accessibiliglhigays understood to be the ease of
getting to something, and the various uses ofafra tiffer in the types of things that
can be reached. At the most operational level,ssto#ity can refer to the physical
ease with which various elements of the transpatiesn can be reached. At this level,
accessibility is primarily a design issue (seesiemple Ryan and McNally(1995) -
“Accessibility of Neotraditional Neighbourhoodsgnd often there is a focus on
people with disabilities, or particular emphasispoiblic transport. In order to prevent
confusion, many people refer to this as accessgr#tian accessibility (for example
Replogle (1992) — “Bicycle Access to Public Tranmsaton: Learning from Abroad”).

Accessibility can also be used to describe these sarts of access issues, but at a
system-wide or policy level. Tyler (1993) uses tidwen accessibility to refer both to
the physical ease of getting onto vehicles, anal this availability of transport system
as a whole:

“In recent years, the term accessibility has beenaerned with the access
to elements of the transport system (for exampleehicles), with an
emphasis on certain sectors of the population€f@mple, the elderly or
the mobility impaired). Accessibility, howeveralso a matter of
accessibility to the transport system as a whaighis context,
accessibility includes not only the consideratidmccess to vehicles -
step heights, hand rails, seating arrangementssandn — but also the
consideration of transport system in terms of tand space from the
perspective of the user. The term accessibilitylmoonsidered in a wider
context than is often accepted, and should inctod#ers of frequency,
network design, interchange policy, safety and.dog important to stress
that this perception of accessibility includesthi aspects of the current
understanding of the term.”

This interpretation of accessibility is still comaed with obtaining access to the
transport system, not to the activities that cangaehed by the transport system. But
the transport system is only a means to an endpalydeally exists to let people
reach other activities, as this is the reason treael. It is possible to have a transport
system that is highly accessible, ie. it providésgh level of access, but which does
not allow people to easily reach the places to wihey want to travel. The only way
of measuring how well the transport system sereeple’s needs is to consider not
only the transport system, but also the distributbactivities that can be reached by
the transport system.

2 Some of the material presented in this sectiet éippeared in Davidson Transport
Consulting’s report to WA’s Department of Transpamt“The Development of an
Accessibility Measure for the Transport Portfolia998.
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To avoid confusion, we will refer to the lower Iéweeaning as access, and reserve the
term accessibility for the combined land use/trantsgescription. Much of the

literature seems to adopt this practice, with amall number of papers using the
term accessibility to describe what we would catless, and only one paper using
access to describe what we would call accessipMartinez(1995) — “Access: The
transport-land use economic link”.

Since 1959, there have been a number of paperspedlon accessibility, each with a
slightly different focus, and many with alternativeeasures and definitions of
accessibility. Although there is some variety ia theasures of accessibility, there is
broad agreement as to its meaning. Following election of definitions or
descriptions of accessibility taken from the litera.

“..accessibility is a measurement of the spatiatdbution of activities
about a point, adjusted for the ability and theidesf people or firms to
overcome spatial separation.” (Hansen, 1959)

“Accessibility, according to a definition proposeyg Dalvi(1978), denotes
the ease with which any land-use activity can laehed from a location
using a particular transport system.” (Koenig, 1980

“..accessibility, or the ease with which locatiooisinterest can be reached
for desired interaction.” (Helling, 1995)

“..itis “some generalised measure of ease ofrat&on”(Harris,1966).

“Accessibility is a characteristic which can be pessed by both a point in
space, or a region (i.e. it can be point specificroegral, the latter being a
summary measure of the individual accessibilitiesligpoints in a region);
which can be considered at various levels of agatieg (e.g. accessibility
to a particular activity or to all activities; byre mode or all modes);
which may be measured in terms of a number ofrdiftattributes (i.e.
time, money and other level of service charactesstuch as comfort,
frequency, safety etc.); and which is perceiveféihtly by different
individuals (for example, travel time is valued mbighly by some people
than by others).” (Peacock, 1993)

“Accessibility typically refers to the ease withialindesired destinations
may be reached and is frequently measured as aidunaf the available
opportunities, moderated by some level of impedaiisgeemeier, 1997)

“A powerful aspect of the accessibility concepthiat it combines in a
single, simple measure the relevant characteristith of the land use and
the transport system. Thus any change in eithéesywiill, in general,
lead to a change in accessibility at every poirthimi the are of the
system.” (Davidson,K , 1977)

“Accessibility is concerned with the opportunityattan individual has to
partake of a particular activity or set of acti@s. It is not concerned with
behaviour, but with the opportunity, or potentiaat people at a particular
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location have of interacting with different typddand use.” (Davidson, P
and Pretty, 1990)

From these, and other papers, it is possible td the following properties of
accessibility

» Accessibility is concerned with both the land usd the transport system, and
provides an integrated way of measuring changegher system.

» Accessibility considers the desirability of travett the actual travel that
occurs. It is thus concerned more with the poténfitravel, and accessibility
can be determined for areas even when no onethees.

» Accessibility is calculated with respect to a parar set of activities and a
particular set of travel costs. Accessibility is @@ activity set and BY a
transport system.

» Different individuals may experience different agsibility because their
choice set may be different, their perception efrletwork costs may be
different, and their preferences may be different.

» Accessibility may be improved by decreasing théso§interaction, or by
providing new activities. Either of these changdivave a positive (or zero)
effect on accessibility.

2.2.Explanation of Terms

On the following pages, a number of different astdmbty indicators will be

examined and critiqued. The descriptions inclugeform of equations used to
determine the indicators. All of the equationslaased on the same type of input data,
and so a consistent set of variables are usedjefirted as:

A A Measure of the number of attractions at a paldicdestination.
Depending on the type of accessibility measurs,¢buld be the
number of employment opportunities, the total tdtlaor area or the
number of primary school enrolments.

P A measure of the size of the market in zone ie@ftopulation is
used, but for specific accessibility indicators evauld use a measure
of the market being considered. For example, ieasibility to
primary schools is being considered, then the Riegawould reflect
the number of primary school students in an area.

Ci A measure of the cost of interaction between loodtand j. This is
usually the travel time or generalised cost (actoat plus the cost
equivalent of time).

Tjj A measure of the extent of interaction betweentioos i and j. This
is usually the number of person trips betweenalations on an
average day, or over the year. Sometimes otheruresamight be
used, such as the tonnes of freight being moveddsst the
locations, or the number of shopping trips.
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Three types of accessibility indicators are congidédelow. All of them provide an
indication of accessibility, but differ in the typ@&d unit of numbers that they
generate.

Xi An attractiveness based accessibility measuoante seen as
measuring the effective number of attractions tiaat be reached. It
Is an increasing measure of accessibility, buthasinits of
attractions measure rather than the units of eogt accessibility is
the equivalent of 10,000 jobs)

Yi A cost based accessibility measure (or a disptiieasure). Low
values indicate high accessibility, and the meabkaseunits of cost
(e.g. average cost is 38 minutes or $7.50/trip)

Ui A utility based accessibility measure. High valirelicate high
accessibility, and the measure has units of cdstiware equivalent
to the units of benefit (e.g. the benefit of liviagthis location is
$35/day).

2.3. Early Accessibility Work — Hansen Accessibilit y

Accessibility type indicators have long been used aeasure of the performance of
the transport system, and as a basis for explatnmgport behaviour and urban form.
At first very simple indicators were used, suchrasel time or distance to a particular
point (often the CBD in urban studies). An exangdléhis type of indicator comes
from the work of Colin Clark (1951) who found a at¢ige exponential relationship
between urban density and distance from city centre

In 1959 Hansen proposed a more sophisticatedatuatithat has probably been the
most widely used (and misused) accessibility indicdn its original formulation, it
used a power function

Xi=2 (A Ty")
This form was used because transport attractionse@s as analogous of gravity, and
in fact the power function used is often the ineesquare of gravitational attraction.

It was later generalised to the form

Xi=% (A f(Cy))
where f(G ) is an impedance function, such as that useldeigtavity component of a
four-step model.

There is no theoretical justification for this apach, but it can be seen as derived
from two common sense considerations (from Koe8g0)

a) The total number of opportunities may be consideed crude proxy
for the satisfaction provided at the chosen destinawhere the wider the
range of choice among opportunities, the higheptiobability of finding a
good one for fulfilling a given trip purpose or ee

b) The impedance function f(Ereflects the obvious feeling that a nearby
destination should have a higher weight than a teraone. An exponential
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impedance, for instance, seems satisfactory amiiits as one, a destination at
zero distance and as zero, a very distant destinati

The main problem with the Hansen accessibility xndethat it is not a linear measure
of utility. This is hinted at by examining units thie indicator — with an inverse square
law the units are jobs/mirfassuming that accessibility to employment is fein
calculated based on travel time). This is not & oiha utility measure — which would
normally be stated in minutes or dollars. The gjeannits also show that the indicator
is not very meaningful — the numbers that it getesraannot be simply understood
and it is impossible to guess what sort of randesimbers might arise.

2.4.Theoretical Foundations

Recognising the lack of a theoretical basis foeasibility, a number of researchers
have considered the problem from first principlHsis effort began in the 1970’s and
two quite separate methodologies have yieldedaheesndicator.

The first approach was to consider classical ecantimeories of consumer surplus.
This was done by Neuberger in 1971, when he coreidde change in consumer
surplus (the benefit that a consumer receives aiguod above the price paid for it)
that results from a change in the distributionadte and activities. Based on the
assumption that people choose their destinatioordow to a standard gravity model
with an exponential deterrence function, Neubefgend that the variation in
consumer surplus over the whole city is equal ¢govidiriation in the value given by

Urotal = X0 Zi P In X;
Where
Xi = Zj Aj e'Cij’XO

The second approach was developed in various foynasnumber of researchers, and
may be called the Behavioural Utility Approach ari@om Utility Approach. This
approach is based on two prime assumptions (froemi{p 1980)

a) People associate a cardinal utility with each efdliernatives they are
facing (for example: with each available destinatitmavel mode, route ..) and
take the choice with the maximum utility to themiradividuals; and

b) It is not possible for a planner to evaluate alihaf factors affecting the
utility associated with each alternative by a giusttividual, and an
individual’s perception of utility may vary. Thtise cardinal utility can be
represented as the sum of a non-random comporzernthé predictable
factors) and a random component (for the non-ptablie and random factors).

By considering various distributions for the randeaniable, different models were
developed, including the Hivex model (Koenig, 19Z4¥l the Logit model
(Domencich and McFadden, 1975). When the expecike\of the maximum utility
was calculated, both of these models gave the sasnd.

Ui =X In (Ej Aj e_Cij/Xo)
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It can be seen that this is consistent with thaltésund by Neuberger, where the
system surplus S is just the sum of the maximuiityutif each location weighted by
the number of trips produced at that location

When the units of this measure are determined, dheyound to be the same as the
cost units — i.e. dollars or minutes. This, alonthwhe solid theoretical background,
shows that the utility based accessibility indicasoa linear accessibility measure.

Although this is the best overall indicator of agsibility, it is sometimes difficult to
understand exactly what the numbers mean. Theythavasual property of any
utility measure in that differences between uéBtare meaningful, but the absolute
values of the numbers have little meaning. In otdgaroduce easily understandable
numbers, a transformation initially developed byt&taand Clark (1970) and later
generalised by K. Davidson (1977) can be applidds fransformation was initially
applied to Hansen type accessibility indicatorgwaih inverse power function, and
was defined by

Xi=% (A T(Cy))=E A) (Y

Where Yi is a new measure, named network disutilitis also possible to apply this
transformation to the utility accessibility measueading to the following equation

Yi=Xp In(Z,- Aj) -U
From this equation, it can be seen that isolasommeasure of the additional cost
incurred because the activities are distributedrene a cost associated with reaching

them. Another way of seeing it is as an answeheaguestion “If all of the activity in
the system were located at a single point, hovafeay am | from that point?”

The problem with the isolation measure is thaait only be used when the total
amount of activity in the system does not changg.ifds very easily calculated from
the utility accessibility measure, and so it isye@suse whichever of the two measures
IS most appropriate.

In either the utility formulation or the isolatidormulation, this type of indicator has
been used to consider a wide range of issues imgjutbad investment evaluation
(Koenig, 1980, Neuburger, 1971), trip rates (KoetB80), land use/transport
interaction (K. Davidson, 1977), land prices (Pvidaon, 1990), car ownership
(Queensland’s ITFEM models, 1997), network planrand evaluation (Davidson and
Davidson, 1995) and equity evaluation (Strategaiddan Committee, 1994). It is also
implicit in many mode choice models, in particutae hierarchical logit model which
is widely used in advanced integrated transportetsod

For the remainder of this paper, the use of thedWwAccessibility” (with a capital)
means accessibility calculated according to thlgyuformulation. Where a more
generic meaning is sought, “accessibility” withthe capital is used.

2.5. The Problems with Using Total Travel Time asa n Evaluation Measure

Total travel times/costs are sometimes used asmplesiaccessibility measure, based
on the idea that locations that are well locatdtib@ those that have low total travel
time. The indicator can be determined by survewingstimating the average travel
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time for all people living (or working) in a givearea. An accessibility indicator for
the whole system can be made by estimating thettatael time/cost of all users or
the average travel time/cost. This type of indic&ased very often for the evaluation
of transport options, and in fact savings in traimak are often used as a justification
for transport expenditure.

The equation for the indicator is given by
Yi=Z; T;C; (for total cost)

Or
Yi=3 (TG ) / % (Ty) (for average cost)

This indicator is quite intuitive, but suffers freamserious problem — travel is a means
to an end, not an end in itself. By measuring tragst, we are measuring an input,
not an output; we are seeing only the cost compasfethe traveller’s decision, not
the basic motivating factors. As Koenig(1980) says

“The pathological properties of travel time (or ¢pas an indicator of welfare change
have been recognised for a long time (Neubergef11Poulit, 1974; Koenig, 1974;
Williams, 1976). It is easy to find cases wher@bwious improvement of transport
conditions might paradoxically be associated withigcrease in the mean or total
travel time. As an example, improving transportditans (by reducing travel time)
between a city centre and a suburban centre maytegaome inhabitants of that
suburban centre to give up a nearby shopping dastin in their suburb, and prefer
shopping in the more attractive city centre, evéh & higher travel time.”

“It might be said that the planner is put in thesg@mn of an accountant who has to
estimate the profit made from goods, of which fenmethe cost but not the selling
price.” (Koenig, 1975)

Another example of the problems with this approea be seen from a study of new
river crossings in Brisbane in 1986 (as part ofBhisbane Traffic Study). A transport
model was used to evaluate a range of possiblgdtatations, including one which
opened up an area that had, until then, been pserlyed. The model showed that the
people in this area were taking advantage of tldgbrto gain access to improved
shopping and recreational locations. When the gytstem travel time was examined,
it was found that their increased travel meant tihatoverall cost of travel from that
area had increased. But it was clear that the sifxkty of the area had actually
increased. The additional travel cost was more tffset by the benefits of being able
to access the more attractive locations.

A final example can be seen by considering thecetieadding a new regional
shopping centre to an area that previously had smigil local shops. The distance
that people travel to reach the new shopping cestbviously higher than the
distance they travel to use their local shops. Thiliey shift some of their shopping
to the new regional centre, their travel time foogping will increase. But again it is
clear that their accessibility has actually inceshsand they are travelling further to
gain access to a wider range of choices
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3. Accessibility-based Transport Network Indicators

3.1.Introduction

Starting with the basic concepts of accessibilégatibed earlier, it is possible to
construct a variety of indicators, each of whichegia different perspective on some
aspect of the land use/transport system. Someeqgidhsible indicators are presented
below.

It should be noted that all of these accessihititicators are focussed on analysing
the land use/transport system from the users pbwiew. They do not include
externalities because accessibility is based oreteaf user behaviour, and by
definition externalities are not considered in de@ptransport choices. The travel cost
estimates included in the model should be basedl afi the costs that users perceive,
and thus could include some allowance for safetgl,@erhaps environmental impacts.
It would be possible to calculate accessibilitywes based on the full social cost of
people’s travel, but then the model would be asegrthat people make their choices
to maximise the social good. This may be true toesdegree, but the usual
assumption is that people make choices to maxithiie own benefits.

The consideration of user benefits should be coaetbwith a consideration of the
other impacts of transport/land use options, indgdocial, environmental, financial,
and transport agency issues.

3.2. Presentation Methods
All of the indicators below that give a value fach zone can be shown in two ways

» contours of equal value of the indicator
* a coloured thematic plot, where each zone is celbbased on its indicator value

The contour plots can be more revealing, but tlieynauch more difficult to produce,
as they must be manually drawn. (Software does exjgroduce contours
automatically, but they are generally based onrapions that work well for
landscapes but not as well for accessibility corgathich can have significant
discontinuities and strange boundary conditionk)s Teport uses thematic plots for
the presentation of the indicators. Whichever wegytare drawn, the plots can be
considered as a landscape, with mountains of Imdicator values and valleys of low
indicator values. The topographic features of tlo¢ gre more easily seen on a
contour map.

3.3. The accessibility field or profile

Accessibility has a specific value at every pomaidesignated region covered by a
transport network and the land-use pattern it sendeny change to any part of either
the transport network or the land use patternahiinge the value of accessibility at
every point. This profile of accessibility valuberefore has the characteristics of the
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physics notion of a field (e.g. it is quite closalyalogous to a gravitational field or a
magnetic field) and can be analysed using simpar@aches.

3.3.1. Indicator 1: Plot of Accessibility (or Plot of Network Disutility)

The first indicator of network performance is signtiie plot of the Accessibility field
strength. To an experienced observer the plotsgeav very useful qualitative picture
of the land-use/transport-network system. Fongxta:

Broadly, population centres show as peaks, cosidsrridges, barriers or
areas between routes as valleys, and areas winesg eoute would always
make a big difference as “cliffs.”

This “cliff” effect at some barriers is particulgnelevant when looking for
new bridge sites across rivers: the bigger theedifice between
Accessibility values on each side, the greateirtipact a new crossing
would have on the side with lower value (this doesnecessarily mean a
bridge there would give the greatest overall impraent to accessibility -
there are better indicators for that and they mtr@duced below).

Travel tends to be perpendicular to contour lines.

Areas of equal Accessibility tend to have similavelopment densities.
Areas of influence of centres can be seen easily thhe boundary between
them the point of lowest Accessibility. This camdbserved for competing
small centres and competing large centres.

It is also possible to plot network disutility, Inat than accessibility. The plot will look
exactly the same, except that the values are redensd offset by a constant factor
(see Section 2.4 for a discussion of this). Digutplots can be more useful because
the numbers are easier to interpret — they correspmtravel costs. All of the
discussion about the topography of the map adevatitl, except that the landscape
has been inverted so that hills have become vadlzys

3.3.2. Indicator 2: Total Accessibility and Averag e Accessibility

This is calculated by multiplying the accessibikilyeach point by the population at
that point and adding. Average Accessibility isedetined by dividing the Total
Accessibility by the total population. When usengtility approach to accessibility,
total Accessibility is the location utility of theystem.

Average Accessibility can be used to compare tfec®feness of different networks
or the same network over time. A greater averadgevindicates improvement.

3.3.3. Indicator 3: Change in the Accessibility fi  eld or profile

A change in the Accessibility field is brought abby a change in the transport
network or the land use system or both and thig#atdr, because it represents change
in utility, shows the footprint of the distributiarf the benefits and dis-benefits.

Knowing the footprint of the benefits and dis-betsedf various magnitudes is
extremely useful when assessing the effects obpgsal to undertake work which
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will change the network, and may also be useddesasthe relative merits of
competing proposals. Because it shows the fodtpfibhenefits, this indicator can be
used to assess the distributional effects andyequisocial justice implications of a
proposal or program. These are particularly ingdrtvhere the project or program is
in pursuit of, or needs to be signed off regardjogernment policy of a distributional
nature, for example one that favoured regional ldgveent.

3.3.4. Indicator 4: Change in Total Accessibility =~ — Benefit Footprints

Change in Total Accessibility is measured by eithdstracting Total Accessibility of
the existing network from that for the proposabgrsumming the product of the
change in Accessibility at a point by the populati that point.

A simple efficiency way to choose between altereafpiroposals or network
development programs is to compare the changeahAacessibility which each
produces.

This indicator can be determined in nominated pblways to evaluate how well it
meets any government distributional policies. &mample the policy may be to
concentrate infrastructure benefits in a particdipressed or disadvantaged area: the
relative impact of proposals on that area can hgaéi assessed if this indicator is
calculated for both the subject area and the balanea for each proposal.
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3.3.5. Indicator 5: Change in Total Accessibility per unit cost

Calculate this by dividing Change in Total Acceg#ibby the total cost of the
proposal or program. It is valuable where proposalprograms of different total cost
are being evaluated.

If the stage is reached where money values camnitenpthe locational utility
measured by Accessibility, this value simply becsitiee Benefit Cost Ratio for the
proposal.

In any case, the most efficient proposal or progisathe one with greatest
Accessibility gains per dollar, or the most effitiprogram is the one composed of
the set of projects which sum to the program atloosand which produce the greatest
sum of accessibility gains.

If there are significant differences in the econoiiies of projects, or the sequencing
of benefits, then further analysis would be reqliva a “whole of life” basis.

3.4. Network Effectiveness

If the above indicators are being used to assesguélity of alternative changes to the
network and its relationships with land use, Netwbgffectiveness indicators attempt
to address the overall quality of the network sngeographical context.

No transport network can serve all travel desier$aotly but the amount by which it
fails to do so can be a useful way to study antiegisietwork and to identify
fundamental areas of weakness. So the Networktaféness indicators seek to make
various comparisons between a network as it issagelographically perfect network.

A geographically perfect network is defined as omehich any trip can be made on a
straight, flat smooth route at 100km/h unimpedeather traffic. For analysis
purposes a perfect network is constructed by assumperfectly straight (in
geographic terms, a great circle line) route betwesech pair of zone centroids and
that the cost of travel along that notional rosteetermined by assuming flat smooth
unimpeded travel at 100km/h. Provided zone ceadgrbave geographic coordinates,
the determination of inter-zonal trip costs forlsacnetwork is straightforward.

3.4.1. Indicator 6: Plot of Network Quality

The ratio of Accessibility by the existing netwddkAccessibility by the perfect
network calculated at each point and plotted asld With contours of equal value of
the ratio, or as a thematic plot.

This shows how well the network actually serveshgamint compared to how well it
would be conceptually possible to serve that pointmaking this comparison, the
point’s actual location is taken as a given assigéographical relationship to every
other point. By using Accessibility as the basisdomparison, the size of each point
Is also taken into account as a given weightedrdaug to established travel
behaviour. So the actual quality of the transpettork is isolated as the only
variable. Of course there could be good reasopdor network quality in some
areas, for example where there are significantsazegered by rugged mountains or
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where major barriers affect the directness of Igdsa In other areas there will be no
such reason.

The plot will show which areas are relatively wedkved by the network and which
are relatively poorly served. Any consistent regiarend to poor quality that is not
explained by the difficulty of the topography shibsliggest a need for a network
review in the region with a view to improving lirdgas.

A goal of road authorities could be to developrbed network in such a way as to
make the network quality as uniform as possibie @.flat landscape in the plot). The
effect of different infrastructure development mam options or alternative link
inclusion options on this indicator would give valille choice-making guidance.

3.4.2. Indicator 7: Average Network Quality

Summing the product of population and the netwarlity ratio and dividing by total
population will give an average value of networlaliy. This could be done for the
whole network or for sub-areas of it - such aseStar metropolitan and non-
metropolitan regions.

The average value for the network is perhaps th& faadamental performance
indicator for the transport network and can betptbbver time as a true indicator of
whether the network is improving in its qualitysarvice to the changing land use and
population distribution pattern.

The average value for sub-areas can be used fioypEvelopment and to assess
performance against policy goals. For exampleQbmmonwealth Government
would presumably be interested to ensure thatifferehce in average between States
was as low as possible. Commonwealth and Stater@ments may wish to develop
policies regarding particular regions if low valwedghe indicator were recorded in
them.

3.4.3. Indicators 8 & 9: Activity-Specific Network Quality Distribution
and Averages

To the extent zone-by-zone activity data can batified or developed, it would be
possible to develop Network Quality indicators particular activities, such as
particular industries.

One network cannot serve different types of adgéisiequally well if they are
differently distributed. It may be necessary tckmahoices between different types of
activities (say, for example, serving the tounnstustry against serving the
manufacturing industry because both have diffepatterns of activity destination).
This indicator would enable the current situatiomé assessed and the effect of
alternative programs on each identified activitypeodetermined.

Note that changes in Accessibility are indicatorsithemselves. With the above
Network Effectiveness indicators, changes will becalar to changes in
Accessibility so separate indicators are not necesy. It is the profile and values
between regions which are important here.
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3.4.4. Indicator 10: Plot of Network Directness

A Network Directness map may be constructed fora@rmsen point by simply
calculating for each other point the ratio of treevél cost from the subject point via
the network to the travel cost via the ideal nelwwand then plotting the values.

Network directness maps are useful to demonst@tewell the network serves each
significant point and to identify whether there arg regions significant to that point
which the network serves badly. It will generdily found that networks provide
metropolitan areas with good links to all regions provide very patchy service to
other centres. The need for new or upgraded dimssmay be revealed by such
analysis.

3.4.5. Indicator 11: Volume Normalising Factor

When trying to decide on routes which are of corapke significance in a strategic
sense, it is easy to allow traffic volume to ovegivh the consideration and to over-
represent busy roads in developed areas at thesxé highly strategic routes in
isolated areas.

High accessibility is associated with high develepirdensity and typically high
volumes. Conversely, low accessibility is ass@datith isolation, low density and
low traffic volumes. The most highly strategic t®in an isolated area may have
traffic volumes far lower than the most insignifit@ollector street in a high-density
area.

It has been found that dividing actual volumes lansen’s accessibility produced
normalised volumes which were effectively identiocaér the whole lengths of major
highways running between high density and isolareas. A similar relationship is
confidently expected to be found with some functbthe utility-based Accessibility
and this is being explored.

Use of volume normalising factors is valuable itedmining a large-scale strategic
network in that it allows roads in widely differeigpes of regions to be compared in
terms of normalised traffic volume as one determird strategic significance.
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4. The National Accessibility Model

4.1.Background

As part of this project, Davidson Transport Coniaglhas developed a computer
representation of Australia’s road network. Thisvwek is designed to include all of
the roads that are significant for non-local traaeld thus includes all of the National
and State Networks, and many significant local sodthe network includes data on
travel speeds provided by each of the Australiaa ruthorities. There is some
variation in the speed data included in the maaekome states were only able to
provide posted speed and other states could neiderany speed data at all. There is
undoubtedly scope for refinement of the data innisvork, but we believe that the
data quality is sufficient to allow the techniquese demonstrated and to provide
insight into the effects of network changes.

It should be noted that the speed data for nonruglb@as in Western Australia was not
available when the network was being constructed,s® the network currently
assumes all roads in WA have speeds of 100km/Is. Witlimake WA appear better
than it is and will perhaps reduce the impact ofgmts such as the Cairns-Perth
“Outback Highway” option. However, the results the rest of the country will be
largely unaffected.

For this initial analysis of the national road netly both the activity and size variable
will be population. Using it as the size varialleommon in all types of general
analysis but using it as the activity variable reetedbe justified. Here it is justified on
the grounds that it is a reasonable surrogatellftyes of attractive activity in towns
or regions where the study area is large and wibeed travel is not a significant
component. It s particularly justified in thaistthe only variable readily available in
a consistent form across the whole of Australiapufation data is available down to
the Collector’s District level and is commonly aggated at the SLA (statistical local
area) level which is a convenient starting poimtzone definition for a national
network. Acceptable predictions of population als® available at the SLA level.

At this stage of the analysis, the surrogate usettdvel cost will simply be travel
time. For later projects it may be possible to sitdte some better measure that relates
to link quality, depending on availability and catency of data.

4.2.Plot of Accessibility Field (Indicator 1)

Figure 1 shows the profile of accessibility desedlabove as Indicator 1. The plot
shows network disutility rather than accessibiliiyt as discussed in Section 3.3.1 the
two plots are almost identical (as long as the wotanges are chosen consistently).

4.3. Plot of Network Quality (Indicator 6)

Figure 2 shows the plot of Network Quality. As dissed in Section 3.4.1 this
indicator measures how close the network is talaalinetwork, expressed as a
percentage. The higher the number, the betterdtveank is, with a value of 100%
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meaning that the network serves the areas neeslslliaas is possible given that it is in
that location.

The plot shows that generally the network servesieds of capital cities quite well,
but that outside the cities the quality varies sigantly. Most of Victoria is very

good, with the exception being those areas affdayeitie Snowy Mountains.
Tasmania and New South Wales have greater aréaw gjuality away from the large
urban centres. Queensland has a well served ca@astglbut with a significant drop in
quality in the southwest corner of the state. Tloetihern Territory is well served in
the north, and South Australia is well served mdbutheast corner of the state.
Almost the entire coast area of Western Austradis dvery high level of network
quality, but the eastern regions of the state atesm well served.

4.4.Plot of Network Directness (Indicator 10)
Figure 3 shows the Network Directness measure fwi#de’s CBD.
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Figure 1 : Base Network Disutility
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Figure 2 : Network Effectiveness
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Figure 3 : Network Directness (Adelaide)
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4.5.Use of Accessibility to Explore the Effect of Two Simple Network
Changes

4.5.1. Description of Options

In order to test the ability of the accessibilifjpaoach in evaluating road network
changes, two similar network improvements were gsegd. The two changes were
chosen so as to represent projects of similar aostconsisted of a reduction in the
travel time along two sections of road. The twdises of road selected for analysis
were
The Goulburn Valley Highway, North of Sheppartorotigh to Cobram
(total length 56.5 km)

The Western Highway Southeast of Horsham througstaavell (total
length 54.9km)

Each of these sections of road had their traves tieduced in turn by 20%, a
reduction in travel time of about 6 minutes. Figudeand 5 show the resulting
footprints of the benefits. The benefits show tieréase in accessibility at each
location as a result of the road improvement. éf diptions had included some
worsening of conditions, the plots would show sdowations with a negative benefit,
but for this analysis both options are simple inveraents.

4.5.2. Benefit Footprints (Indicator 4)

The benefit footprints reveal that the options serery different areas. The Goulburn
Valley Highway improvement leads to improvementaodessibility within Victoria,
but an even more significant improvement in NSWe a@heas affected even reach up
into Queensland, with very minor improvements as\fiarth as Carpentaria (although
at this distance, the network disutility is redubgdonly half a second). It is
interesting to note that the option has more effe@outhern Queensland than it does
in Northwestern Victoria, which is largely unaffedt

The Western Highway improvement has most effetaiwestern Victoria, and it
extends into the Southern areas of South AustrBfia.rest of Victoria is largely
unaffected, and none of the other states receiydanefit at all (apart from a very
small improvement in the Northern Territory justthoof its border with SA and one
area in WA).
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Figure 4 : Benefit Footprint (Goulbourn Valley Hwy, Shepparton)
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Figure 5 : Benefit Footprint (Western Hwy, SE of Hasham)
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From a comparison of the benefit footprints, it@ms that the Goulburn Valley
Highway option has a more significant impact, afidcis a wider area than the
Western Highway Option. By weighting the acces#ibimprovement in each area by
the population of that area, it is possible to makeecise evaluation of the total
influence of each option. In addition, it is pos$sito perform this analysis on a state-
by-state basis to determine the extent to which state benefits from the options.
The results of these calculations are shown inighke below.

The use of population as a weighting factor foreastility seems reasonable, but it is
also possible to weight by other attributes. Fstance, if we were concerned with the
effect that a particular option might have on dertadustries, we could weight the
accessibility change to that industry by the tetaé of that industry in each area.

Alternatively, equity issues could be explored inging the distribution of total

benefits broken down by income. If we were tryiogletermine the total potential of
accessibility improvements, we might weight therdes by area. This is also shown
in the table below.

Goulburn Valley Highway
North of Shepparton

Western Highway

Southeast of Horsham

Distribution

Total Benefit

Total Benefit . Reduction in : Distribution of | Reduction in
) of Benefits , (Change in . , Total System Cost
(Change in Total State's Total Benefits State's Total
Between Total System (hours x persons)
System Cost) System Cost Between States] System Cost
States Cost)
NSW 171,710 43% 0.0086% - 0% 0.0000% 33,230,379
VIC 195,716 48% 0.0143% 38,322 34% 0.0028% 22,739,710
QLD 32,211 8% 0.0018% - 0% 0.0000% 29,501,922
SA 182 0% 0.0000% 72,597 65% 0.0105% 11,513,608
WA - 0% 0.0000% 16 0% 0.0000% 16,703,468
TAS 409 0% 0.0001% 110 0% 0.0000% 6,021,441
NT - 0% 0.0000% 793 1% 0.0004% 3,519,443
ACT 3,779 1% 0.0034% - 0% 0.0000% 1,857,450
404,006 100% 0.0054% 111,838 100% 0.0015% 125,087,421
Accessibility Changes Weighted by Area
Goulburn Valley Highway Western Highway
North of Shepparton Southeast of Horsham
Total Benefit Dlstrlbutlpn Reduction in Total Ben(_eflt Distribution of Reduction in
) of Benefits , (Change in ) , Total System Cost
(Change in Total State's Total Benefits State's Total
Between Total System (hours x sq km)
System Cost) System Cost Between States] System Cost
States Cost)
NSW 70,343 72% 0.0171% - 0% 0.0000% 6,875,770
VIC 11,367 12% 0.0123% 3,482 8% 0.0038% 1,536,268
QLD 15,598 16% 0.0009% - 0% 0.0000% 27,487,822
SA 152 0% 0.0000% 25,466 61% 0.0024% 17,633,986
WA - 0% 0.0000% 1,798 4% 0.0001% 50,515,761
TAS 143 0% 0.0003% 13 0% 0.0000% 941,858
NT - 0% 0.0000% 11,238 27% 0.0007% 28,570,862
ACT 24 0% 0.0026% - 0% 0.0000% 15,863
97,627 100% 0.0012% 41,997 100% 0.0005% 133,578,188
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A number of interesting conclusions can be drawmfthese tables. Firstly, the
conclusion drawn from the maps is confirmed — tloelGurn Valley Highway option
leads to a much greater increase in accessilility the Western Highway option. A
comparison of the total benefits shows that thet Gption is almost four times as
effective as the second, and would reduce Austsatiigal transport burden by
0.015%? (It should be noted that the numbers in the tabéeproper linear measure of
the benefit of accessibility changes and the waat of travel, but the values of the
numbers are not directly meaningful at this stéiggould be possible to make them
more meaningful by scaling the total system cost taore meaningful measure — such
as the total annual travelling cost. However, aféms were done, it should be
remembered that the measures reflect changes utilitye of travel, not changes in
travelling cost. This is a fairly subtle distinaticand is explained more thoroughly in
2.5 - The Problems with Using Total Travel TimeaasEvaluation Measure.)

An examination of the distribution of benefits bgte shows that the two options have
quite different beneficiaries. Almost half of thertefit of the first option is received

by people living in Victoria, with New South Walesceiving 43%, Queensland
receiving 8% and the remainder split between Tasareamd the ACT. The second
option is most significant in South Australia, wieceives two thirds of the benefit,
with most of the remainder going to Victoria.

It is interesting to note that even though botlthefoptions are within Victoria, the
majority of benefits are received outside of Viaolf the interstate benefits were
excluded from the evaluation, a different conclastould result. This is not the case
here, as even within Victoria the first option igrsficantly better.

When the benefits are weighted by area, a diffgpenitire emerges. NSW receives
72% of the benefit of the Shepparton option, andépsland now receives more of the
benefit than Victoria —16% as opposed to 12%. Trdgates that the option has more
potential for improving conditions in NSW and Quskamd than Victoria, it just
doesn’'t have much population in the areas affedtbd.same is true for the second
option, where more land is improved in NT than ioturia, but in areas with little
population.

The analysis also shows that even within a matue#;developed network, changes
can have far reaching effects. Without the uséefaccessibility analysis described
here, it is difficult to see how these effects colok evaluated.

% The column “Reduction in State’s Total System Cisstalculated by dividing the Total
Benefit of the option by the Total System Cost.
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4.6. Use of Accessibility to Explore Two Major Road Proposals

One of the major roles for a National AccessibiMpdel is to allow the testing of
National projects. As a further demonstration ef éffectiveness of the technique, two
major projects have been evaluated — the upgradfitite Pacific Highway and the so
called “Outback Highway” option, improving the caation between Cairns and
Perth. Figures 6 and 7 show the benefit profilethese options, and the following
table shows the results on a state by state basis.

Accessibility Changes Weighted by Population

Cairns to Perth Pacific Motorway
(via Winton, Alice Springs, Uluru,Leonora) 110 kph along entire route
Total Benefit Bfg";‘:f'l‘:g Reduction in | Total Benefit | Distibution of [ Reductionin |1 yo oo
(Change in Total Between State's Total |(Change in Total Benefits State's Total (hours)
System Cost) States System Cost | System Cost) |Between States] System Cost
NSW 8,544 0% 0.0004% 73,292,988 70% 3.6760% 33,230,379
VIC 17,214 1% 0.0013% 963,025 1% 0.0706% 22,739,710
QLD 1,049,717 54% 0.0593%) 28,789,390 28%) 1.6264% 29,501,922
SA 57,149 3% 0.0083% 121,345 0% 0.0176% 11,513,608
WA 541,051 28% 0.0540% - 0% 0.0000% 16,703,468
TAS 405 0% 0.0001%)| 16,891 0% 0.0047%) 6,021,441
NT 271,877 14% 0.1287% 748 0% 0.0004% 3,519,443
ACT - 0% 0.0000% 1,100,952 1% 0.9879% 1,857,450
1,945,956 100% 0.0259%| 104,285,339 100% 1.3895% 125,087,421

From this analysis we can see that the Pacific Matg shows total benefits about 65
times as great as the Outback Highway. In simpét-benefit terms, if the Pacific
Motorway cost less than 65 times as much as thba@ktHighway, it would produce
a better economic result. However, the benefitsldvbe very differently distributed
and this difference in benefit distribution would likely to be relevant in a full
evaluation.

It should be noted that these evaluations are baiseery simple representations of
these options — in both cases it is assumed thatgbed along the entire route will be
brought up to 110 kph (except in those areas ofWl&re the speed is currently higher
than 100). This may not be achievable for the Rabibtorway option. The results are
also dependent on the current travel speeds entdethe model. There is currently
some inconsistency between speed estimates imadiffstates, and this may skew the
results to some degree (giving more benefit ingrsiates that currently underestimate
speeds).
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Figure 6 : Benefit Footprint (Outback Highway)
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Figure 7 : Benefit Footprint (Pacific Motorway Upgrade)
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5. Development of Reliability Evaluation Model
5.1. Introduction

5.1.1. Objectives

In recent times there has been a move away fralanaards approach to road
investment towards a much more explicit calculabbbenefits and costs. But it has
been recognised that the standard economic apmeaet forth in the typical Cost
Benefit Analysis often ignore or undervalue theialdoenefits of road investment,
particularly in remote areas. These social benef#® indirectly included in the ideas
of minimum standards and community service oblayegi Now that these have been
replaced by the new analytical framework, there ieeed for their assessment
somewhere within this framework.

The steering group for this project identified abllity of access as a critical issue for
remote communities, particularly in areas wherelscae made impassable quite
frequently due to flooding. The major objectivetlut subproject has been to develop
and test procedures for evaluating the effectead reliability that take into account
the critical nature of some rural roads to the camities they serve. The goal has
been to develop a procedure that allows the tesfipgojects that improve the
reliability of access of rural communities withircansistent project evaluation
framework.

5.1.2. Outline of Procedure
There have been five tasks involved in this sulgmtoj

» Selection of a particular area for testing

* Collection and coding of road reliability data tbe area

* Preparation of an evaluation procedure

e Calculation of current reliability indicators

* Example of the evaluation of a particular roadatality project
Each of these tasks will be addressed in the fatigwections.

5.2. Methodology

This portion of the Rural Accessibility project walsvays intended to build on the
accessibility evaluation methods described in $acti These methods allow the
development of integrated performance indicatoas tdke into account transport and
land use. These indicators give an overall meastueach location of the benefits that
people enjoy from the other locations with whichythinteract. Given a particular road
network and a particular distribution of populatexmd employment, accessibility can
be used to find out the overall attractivenessaghdocation. And by changing either
the road network or the demographic system, aduéscan be used to find out the
effect of any land use or transport option.
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The way in which the accessibility theory can bedu® evaluate changes to road
reliability can be understood if a particular fleagl event is viewed as a road network
option, and then evaluated using the techniquesldegd earlier. Thus a major flood
can be analysed by determining which roads woulexXotuded from the network due
to flooding and calculating the new accessibilitstabution. By comparing the
accessibility in each location under the floodeddition with the accessibility under
normal conditions the effect of the flood can besdained.

In reality there are a huge variety of flooding mgethat occur, with different sets of
roads made impassable in various combinationsatise because of rainfall patterns,
catchments, topography and road surfacing. Thel deté complexity of these events
was obviously beyond the scope of this project, smd simplified set of flooding
events was used. But conceptually, there is nol@nmokvith broadening the approach
implemented for this project to a much better repngation of flooding conditions, as
long as for each flooding condition two things ¢enidentified

- the roads that would be affected by the flood, and

- the expected number of days per year that the ftoodition would apply
(this takes into account both the probability obiiling, and the expected duration
of road access problems)

The total effect of flooding can be found by takangaverage of the accessibility
under each condition, weighted by the probabilitthat condition applying on a
given day.

5.3. Selection of a Particular Area for Testing

In selecting the candidate area for testing théuati@an procedure, the following
characteristics were identified as useful.

* Alarge number of roads with reliability problems
* Arange of community types, including some rem@elated communities.
* Readily available data, and good contact with tiganisations holding the data

Through a consideration of these factors and dssonswith the steering committee,
the area chosen to test the new procedure was Rortkensland, specifically the areas
covered by Queensland Main Roads’ Districts 10 Eh{North Western and
Peninsula).

5.4. Collection and coding of road reliability data for the area

As mentioned above, the full detail of floodingteats was beyond the scope of this
work, and probably requires data that is not rgaaliailable. So a simplified
representation of flooding was used. Three floodingnts were considered, and the
roads that are made impassable under these everdgsdentified. Following advice
from the Main Roads Districts, the flooding eveiatsussed on regular floods, and did
not include floods that occur less frequently tbane per year. The effects of these
floods may be significant, but the more common [aoils were given priority because
they are generally more amenable to specific redhility improvement projects.
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The assumption was made that roads that were eectldgle to a minor flood were
also excluded from all other more serious floodgsDave a road classification
system with the following codes

1 Roads that are impassable only in severe floodimglitions (Rarely cause
problems)

2 Roads that are impassable in annual floods (Usuatlat least once
during each wet season)

3 Roads that are impassable even in fairly commonlémel flooding (Cut
multiple times each wet season).

4 Unsurfaced roads that are impassable after modexiate

The four events that were considered were
» Base unflooded condition - all road type included
* Annual floods (at least one per wet season) — eectype 2,3 and 4 roads

» Fairly common low-level floods (multiple per wetasen) — exclude type 3 and
4 roads

» Moderate rain — exclude type 4 roads

A request was sent to both of the Main Roads [Bistin the study area (North
Western and Peninsula) for maps that classifieddads according to the categories
listed above. This data was coded into the NatiNeavork Model prepared in Sub-
Project 1. The assistance provided by K.L.Williamamd Mark Agnew of North
Western District and David Hamilton of Peninsulatiict was appreciated.

5.5. Preparation of evaluation procedure

The evaluation procedure was implemented usingdhee Cyrus software that was
used for Sub-Project 1. The calculations were genylar, in that each flooding
condition was treated as a separate road netwaitognd accessibility profiles were
calculated using the standard equations.

The biggest problem was how to model transportscastier a flooded condition. It
seemed unreasonable to treat floods as thoughattemjutely isolate communities, as
generally there are other options, such as boaltplanmes. In fact the way in which
communities operate under flooded conditions i§ wemplex, and the impacts on
businesses and individuals can very significafrticularly in areas where flooding
is common, some people may arrange things sohibgitrhay not be very badly
affected by some road closures, whereas other @&alllose access to crucial
activities. Some businesses, particularly thosk p&rishable or time-critical goods or
services will be very sensitive to floods, and thess of accessibility may be very
expensive. An ideal system would take these fa@tdosaccount, varying the options
available to people and their perception of thestigat would be incurred.

If information on the varied patterns of resporséildoding were available then they
could be included in the model, but for this proj@simplified scheme was used. It
was assumed that roads that were flooded wereastllable, but the cost of using
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them was increased ten-fold. This is a simplifiead/ef dealing with the other non-
road based options, including the option of defgrtravel until the flood has cleared.
The increase in cost will ensure that when theeeo#tner road routes available, they
will almost always be used, and when no road roatesvailable the total transport
cost will always be very significant. This simplgheme also means that extensive
flooding will lead to much higher costs than loftabding, as more of the route will
be on the flooded roads, with their very high usest.

This simplified model certainly does not reflece tleality of people’s response to
flooding particularly well, but it demonstrates hawnodel of flooded situations could
be prepared and gives a starting point for theutations.

5.6. Calculation of current reliability indicators

The accessibility indicators for flooding conditgowere calculated and compared with
the base (unflooded) situation. Figures 10, 11Jhdghow the loss in accessibility due
to flooding under the three flooding events. Thesshow the percentage increase in
network disutility under the three scenarios, wheetvork disutility is as defined in
Section 2.4.

It should be noted that the footprints of effectsead further afield than the study area
(particularly into the Northern Territory) becadk®ded roads in the study area have
an effect on accessibility in other locations. Heere the impacts of roads that flood
outside the study area have not been includedsmibdel.

Figure 9 shows the overall effect that flooding basaccessibility. This is calculated
by taking a weighted average of the other accdsgiprofiles. The expected annual
duration of each of the different flood events wasmated, and the composite
accessibility was calculated according to the feilig equation.

Acomposite= (A1 X D1 + Ay x Do + Az x D3 ...) / [365.25 2(Dy) ]

Where

An = the accessibility value for flooding event n

Dn = the expected number of days per year for whi@nt n will be active

The following D values were assumed
D annual flood= 3
D common fiood= 10

D moderate rair= 40

It should be noted that these are not based orem@pyrical data but have simply been
assumed in order to demonstrate the procedurgould be easy to modify these
values to reflect better information, or for poli®asons. For example, if the policy
was to value more highly the effects of widespriéaading, then the D value for this
event could be increased.
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Figure 8 : Flooding Impact (Major Flood)
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Figure 9 : Flooding Impact (Medium Flood)
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Figure 10 : Flooding Impact (Minor Flood)
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Figure 11 : Flooding Impact (Annual Weighted Averag)
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5.7. Example of the evaluation of a particular road reliability project

In order to demonstrate how the procedures desteabeve could be used in project
evaluation, a simple road reliability project wasfulated and tested. The option that
was tested was one that improved the reliabilitthefGulf Developmental Road. This
road currently floods quite frequently (road flooglitype 3) and is the only access
road for a large area. As a test of the procediwes postulated that this road could
be improved so that it only flooded about once & yead flooding type 2). This
change was made in the model, and the accessitibiculated for the three flooding
events. (In fact this option only changes the agibdgy profile of the “fairly

common, low level flood” event, but for generalitie model recalculates all
accessibility profiles.) The composite accessipivas then calculated, and the change
from the base composite accessibility profile wiasted. The results of these
calculations are shown in Figure 8, which plotsitieeease in accessibility that results
from the reliability improvement option. This plstsimilar to the ones in the report of
Sub-Project 1 that show the benefit of road netvepéed improvements, and in fact it
is possible to perform all of the evaluation anafythat were presented in that report.

In particular, it is possible to calculate the @tepopulation-weighted user benefit of
the change, and disaggregate this benefit in ayy Wae following table shows the
total benefit of the option, and the breakdownhef benefits by Main Roads’ District.

Total Benefit Distribution of
District of Accessibility Benef_its _between

Improvement Districts

(in minutes)
North Western (District 10) 3,830 9%
Peninsula (District 11) 31,924 76%
Other 6,080 15%
TOTAL 41,834 100%

It should be noted that the benefit values showthérntable are directly comparable
with the benefit values shown in the previous regbus it is possible to compare
reliability options with other road improvement mpts, such as new roads or road
speed/quality improvements. Thus we can say tivaihgihe assumptions that we have
made, the upgrading of the reliability of Gulf Déy@mental Road has half the effect
of improving the section of the Western Highwaymigarsham in Victoria, described
in the last report, as it had a total benefit a2,000. The Outback Highway, as
modelled in Section 4.6, would give 46 times thedji¢, with a total benefit of
1,945,956 and the Pacific Motorway would lead tO@&mes more accessibility
benefit than the reliability improvement of the GDevelopmental Road.
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Figure 12 : Benefit Footprint (Gulf Developmental Rbad)
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All of these calculations are based on simplifiedresentations of each of the options
and depend on the simplifying assumptions madeth parts of this Project, and so
these results should only be taken as indicatiteetort of outputs that the
accessibility analysis can produce. However, itlbaiseen that the techniques
described are very powerful in that they allow divect comparison of very different
projects in different areas, within a single umfyiframework.

6. Possible Further Developments

6.1. Conclusions from the Current Project

The examples presented above, and in particulaavakiation of two simple road
network changes within Victoria and two major Natibprojects, demonstrate the
particular contribution that accessibility analys#) make to national network
evaluation.

Accessibility analysis provides a rigorous and csiest way of
determining those areas that are well served onyserved

measuring the quality of the road network in eagfaan a way that adjusts
for the inherent location of each area

prioritising network options and performing benfefiist evaluation

examining the distribution of benefits and disbé@sdfetween states,
industry groups and any other type of market segatien that is
appropriate

addressing network options, land use changes dity jgsues within a
single framework and evaluation any combinatiothete

calculating the contribution that each road makesational accessibility
profiles and thus determining an effective perfanoebased road
hierarchy

exploring network changes even within areas whagenetwork is mature
and well developed

It should be noted that all of the analysis wasedwithout the use of traffic volumes
or road quality information. The fact that meanirigesults can be obtained with only
basic network data shows the usefulness of theadethfull road condition data
(including surface type, roughness, terrain and/ttapacity) were coded and fed into
a user cost model then changes to these variatlgs also be considered.
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6.2. Data Requirements
There are four basic categories of data requireddoessibility analysis

1. Transport Cost — data required to calculate cdstaeel, including
description of the relevant transport networksy gssts etc.

2. Market Size — a measure of the size of a given etabkoken down by some
suitable zoning system

3. Attractor Size — for any particular market a measafrthe size of attractors for
that market broken down by some suitable zonintgsys

4. Behavioural — parameters for a model of the wayhich people make their
modal choices, their willingness to travel etcobserved data that could be used
to calibrate these parameters.

This project was about proving a methodology antthdairly “basic” data was used.

1. Transport Cost - a network of nationally signifitaoads, with length and
average speed coded for each road

2. Market Size — Population by SLA
3. Attractor Size — Population by SLA

4. Behavioural — Model parameter x0 estimated basqgurevious experience in
urban modelling and tested to ensure sensibletsesul

The current model was developed to demonstratadétilness of the approach, and
there was concern at the outset that the projedtdze impeded by difficulties and
delays in obtaining data. For this reason, it wexsakd that the model would be based
on whatever data was available from each stateratanly minimal effort would be
spent on validating the data and ensuring its stersty. There was a high degree of
co-operation from Austroads member organisatiohjtbwas obvious once the data
had been compiled that there exists significanttian in the approaches to
estimating road speeds. Whilst the inconsistertbi@sare apparent at state borders
reduce the reliability of the model, it was fouhditt very useful results can still be
found using the unmodified data. However, it wolddvery desirable to have
consistent National road data. This would be doitle @-operation with the various
Austroads members.

Even though it has been shown that not a lot & taheeded to get meaningful
results, it would be necessary to improve the abel data set before the accessibility
methodology and model could be used in “real” situns.

Before the various Austroads members could usentibidel, there needs to be a clear
understanding of what its data needs are and fbg absociated in collecting that
data. Indeed, if there were to be a national medele core, standardised set of data
would have to be agreed upon by the states aritbtess.

Accessibility Report (Final Revised).doc 12/08/05 agP 41 of 49



Davidson Transport Consulting

6.3. Multi-Modal Issues

The extension of the existing National Accessipiltodel to include other modes
would require three new components
1. Arepresentation of the infrastructure and/or sergtructure of the other modes

2. Arepresentation of the costs incurred by useth@tystem, taking into account
the particular needs of certain users (eg. Spaekds of large freight vehicles)

3. A mode choice model

Multi-modal passenger models have been widely usedban modelling and the
basic theory of choice is the same. The choicaseth on a probabilistic comparison
of the costs of each of the alternatives. Onceldped, the model would be compared
against the observed mode shares.

The steering committee felt that the model shoel@xpanded to be multi-modal if it
is to be truly of value to Austroads member orgatiogsis. The multi-modal aspects to
be explored should cover both road-rail and roadaaid possibly road-sea.

6.4.Freight

In many ways, the movement of commaodities is funelataly more complex than the
movement of people. To start with, there is a widaety of participants in the
process — shippers, arrangers, carriers, recipamtslisposers of shipments. Also,
there is a wide variety of types of cargo, eaclnwitferent physical and economic
constraints. These cargo types are from a widetaoif different industries and
companies, with different operational styles arefgnences. To top it all off, the
whole system operates in an international econavhgye suppliers and markets
change, and new approaches, such as Just-In-Timefacduring or Internet order
and delivery systems are rapidly adopted by congsawnishing to remain competitive.

The comprehensive modelling of the whole freigtgtegn is obviously an extremely
difficult task, and accurate long-range forecastignpossible. Fortunately for most
transport planning evaluation, full details of {ei operation are not required. We
would propose that a simplified representatiorheffreight task would be used. One
possible approach is seen in Figure 13, whereritedbocategories of freight
movement are identified.
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Figure 13 : Likely Commodity Flows Through the Austalian Economy
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The basic driving forces behind each of these boadelgories would be identified (eg.
Area of irrigated land, international trans-shipineoints, manufacturing employees
etc). These driving forces would all be indicatofshe size of producers and markets.
In addition, the transport cost parameters wouldlbgtified for each of these
categories that would reflect the particular tramsponstraints of that movement.
This would included the factors that influence matleice and the trade-off that
businesses make between increased travel coshare@sed choice or market access.

Ideally, observed freight data would be used taetlgyand calibrate these parameters,
but in the absence of data a combination of judgeraed overseas data could be
used. In any case, the driving behavioural assumgtivould be clearly stated and
easily changed.

It is understood that Austroads is investigatirg plossibility of improving the range
and quality of freight data that it holds, and we@urage this process and would seek
to incorporate any applicable information. In tlhsence of local data, it may be
possible to use results gleaned from an analysigtaf from the United States. The
advantage of US data is that it is very comprelverand freely available, unlike
Australian data that can be prohibitively expensive

6.5. Risk Analysis

Any long term planning or evaluation should notelegon a particular prediction of
the future, but should be robust enough to be ggate under a wide range of
conditions. An assessment of the sensitivity of ainye indicators could be done by
performing the analysis under a range of possidlgrés. If it is possible to make
some assessment of the probability of each fueaagio, then all of the analysis
could report outcomes as probability distributions.

There is also a risk that inaccuracies in the moust lead to the wrong conclusions.
This risk is particularly significant given the lit@d availability of data in rural areas,
and the difficulty of ensuring consistency acrdsswhole of Australia. For this
reason, it would be useful if any future analysesevbased on multiple runs of the
model, with the basic network and land use param@ierturbed slightly each time.
The level of perturbation could be based on thelle’confidence in the data. The
final results could be based on the average of raghor could in fact be presented as
a distribution, allowing probabilistic statemertsie made (eg. Option A has an 80%
chance of leading to greater benefits than Optiowith a 20% chance of the benefit
being twice as big).

6.6. Evaluation of Policy, including Economic and R egional Development

One of the key advantages of an integrated evalu&tiol, such as the one described
in this document, is that a wide range of issu@sbsaconsidered in a unified
framework. Accessibility is an overall indicatortbe land use system and the
transport system and can be customised to focpauitular industries or market
segments. This makes it an starting point for tivestigation of transport’s impact on
economic and regional development.
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From its earliest days, accessibility has been aselmeans to understand
development patterns — particularly in urban ar@asarly as 1951, distance to city
centre (a simple urban accessibility measure) efased to urban density. Others have
developed similar relationships, notably Ken Dagrdg 1977 who developed a
relationship between urban density and centradityn¢dified form of the utility based
accessibility used in this project). Davidson pregmban equilibrium density that

exists at a given level of accessibility, and pladad that development was likely to
occur in those areas where the existing densitylovasr than the equilibrium density.
Further, by looking at those areas whose acceisgilnitreases as a result of any
proposed change to the system, one can identisethceas that are likely to develop.

As far as we are aware, no such relationships haga developed in rural areas, or at
a National level. However, it is reasonable to siggpthat similar relationships would
exist, and could be used to explore the impactngfroad network changes on
regional development.

It should be noted that even without formal relasioips between development and
accessibility change, accessibility analysis conéke a significant contribution to the
evaluation of projects against higher level pobyectives. It would do this through
its ability to develop performance indicators fage on particular market segments
and based on the requirements and opportunitidgabmarket.

For example, we might want to test the performarfceroad program against a
policy of improving the potential of mineral resesv This could be done by
identifying the size and distribution of economigaxtractable mineral reserves
across the state and determine the accessibilityese reserves to markets (including
overseas markets through the inclusion of portg)p®ducing an indicator of
accessibility weighted by size of mineral resewe would have a single value that
can be used to compare different programs agdiagtdlicy objective. As far as we
are aware, accessibility provides the only integgtdiasis for this type of analysis.

6.7. Future Directions

The following points were agreed to by the Steefognmittee as the desired future
actions coming out of this project —

* It was agreed that this project’s accessibility glqutovides a very appropriate
tool for evaluating rural road networks, perhapdvehan BCA.

* The assertion was made that this model should letanzed at a national level

* There is benefit in having a follow-on project thaiuld provide a more detailed
and realistic demonstration of the accessibilitydelo Four or five case studies
(one from each participating state or territory)ubbe used, with some form of
concluding “Austroads” overview and review of reasulAmongst other things,
these case studies could demonstrate the impa&etiations in data between
states and territories.

* An estimate should be prepared of the cost andteéffeolved in developing and
maintaining a national model.
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» Steps should be taken to agree to a minimal ndtaata set for this model.
» This model should be expanded to be multi-modakiture.

» This model should be examined to determine its sdopassessing the economic
and regional development impacts of transport gtftecture.

We believe that accessibility analysis, and inipalar the National Accessibility
Model prepared for this project could be of gres to Austroads and its member
organisations, both for project and program evaunatand for the evaluation of wider
policy questions. This project has brought the rhtmléhe point where its
effectiveness and use have been demonstratedyglthio date all of the options
tested have been hypothetical. There are stilifstgmt administrative issues that
need to be resolved, concerning data, model derveopand maintenance, but we
agree with the steering committee that the next sitwuld be to use the model for
more realistic and detailed analysis of real prisjec
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