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AND ISOLATIONIN TRANSPORTNETWORK
AGCESSIBILITY
EVALUATION

ISOLATION:
An indicator of:
the economic perfomance of transport networks
the distribution of benefits from transport improvements
the total benefits from a transport system change
the general appropriateness of a transport network
the spatial perfonnance of transport networks
the land use and urban or regional development effects of transport
system
changes.
The basis for an evaluation of alternative transport
developing priorities.

network changes and

The basis for an assessmentof the value of transport and land use policies on a
common scale.
The basis for a volume norrnalising factor allowing the strategic significance
roads with different volumes to be compared.
The basis for an urban land use model, particularly with respect to the effects
of transport changes.
The basis for an activity location model.
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OVERVIEW
Accessibilityis generally understoodto describethe easewith which a place may be
reachedfrom elsewhere. It is defined here as the easewith which person at a point
may gain access,via the transport system (or whatever modes or sub-systemsof it
are nominated), to all other places in a defined area, taking into account their
varying attractivenessand the perceived cost of getting to them. A location with
high accessibility will tend for most purposesto be more attractive than one with
low accessibilityand henceto be more highly valued.
This is not to say that accessibilityis the sole determinantof a location's value:
rather that it is one determinant- the one changedby action on the transport system
and land use arrangements. Thus changing the transport system or land use pattern
in such a way as to increasean area's accessibilitywill increasethat area's value
and attractiveness.
Thus it can generally be said that one way to promote regional or urban
developmentof an area is to increaseits accessibility. Taking an action which
reduces, relatively or absolutely, an area's accessibility will have social justice
implications, particularly if it is an area which is already suffering some other
disability.
Accessibility so defined can be seen to be a joint consequenceof the transport
systemand the distribution of activities (e.g. population or employment are simple
measuresof activity). A changein either the transportsystemor the distribution of
activitieswill changethe value of accessibilityand the value will changedifferently
for different places. Herein is the power of the concept in that the impact, on
regional or urban developmentor social disadvantage,of any changeto the transport
system (or any policy designed to change the distribution of activities) can be
measured. This power is enhancedif the accessibilitymeasurecan be expressedas
a measureof utility (or disutility) for in this form it is able to be inserteddirectly
into evaluationequations.

A Measure of the Transport-Induced Utility of Location
Accessibility deals with the samevariablesas feature in the trip distribution model
and can easily be calculatedas a by-productof it. Accessibilityat a point is the sum
for all other places of the quotient of its population (or other measure of size)
divided by a function of the cost of travel to that other place, the function being the
same impedancefunction as used in the trip distribution model. For a simple
gravity model it is population divided by travel cost squared summed over all
places. The author has shown that there is an inverse function of accessibility,
which he has called "Isolation," which is a proper measureof disutility. It can be
thought of as a properly weighted average travel cost for the place for which it is
the value of all travel in the defined study area.
Accessibility, or its partner Isolation, is thus a characteristicof a place defined by
the transport system and the distribution of activities. It also has included in its
definition the impedancefunction of the model used for trip distribution or, if no
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specific model has been calibrated, a generic function such as the simple gravity
model.
Plotting values for different places in contours can be enlightening. The plot can
give an overview of the relative performance of the transport system in various
areas. Inspection of the plot as though it were a contour representation of a
landform reveals a landscapewith holes of low Isolation around major centres,
valleys of transport corridors and ridges as areaswith relatively poor accessibility.
Sometimescontoursbecomevery close as in a cliff. This suggestsa complete lack
of a transportlink andlor a very rapid reductionin activity density. Areas on ridges
or beyond such barriers can often have their accessibility improved dramatically
with a new or more direct or improved link. If such areasare populated, the plot
may thus indicate where such effort could be worthwhile. Ridges or cliffs where
they should not be is a sure sign of an inadequacyin the transport system. Wide
areasof steady, smooth contours indicate stable areas where major improvement is
lesslikely to be required.

Transport Network Performance Indicators
More analytically useful are plots of changes in Isolation consequentupon any
change in the transport system. Such a plot shows clearly and unequivocally the
areal distribution of the impact of the change. The total value of the impact can be
calculated by multiplying the change in Isolation value at each point by the
populationat eachpoint. It is usually valuableto sum positive and negativeimpacts
separatelyprior to a final summation becausestrong or extensive negative impacts,
even if more than balanced by positive ones, are often pointers to an inadequate
proposal and certainly draw attention to a likely community backlash. The author
has used this sort of analysis powerfully in Adelaide, Canberra, Brisbane and
Toowoomba to assessthe effects of a range of different land use/transportscenarios.

Comparative Evaluation of Transport Network Changes
Effects of transport infrastructure projects are generally measured principally
through the impacts on the users of the system: the traffic benefits from reduced
total road user costs as experiencedby existing and attracted traffic are usually by
far the most important components of project evaluation. Yet such an approach
causessome problems, particularly in evaluating the benefit of generatedtraffic,
and particularly in the longer term when such traffic increasestravel costs to all
users. The whole issuecan be looked at in a totally different way.
Considerthis: when a transportimprovementoccurs, the only beneficiariesare the
existing property-ownerswhose propertiesget an immediate gain in accessibility.
The gain is either enjoyed by the owner personallyor capitalisedso a new buyer
pays for the improvement in accessibilityin the purchaseprice or incorporatedin
increasedrent payments. Thus public investment in infrastructure can be seen as
simply a transferto thoseproperty-ownerswhosepropertiesgain in accessibilityand
the magnitudeof the value transfer increaseswith the magnitudeof the accessibility
improvement.
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This has some very important equity implications, but for our purposeshere it is
important becauseit signals an alternative way to measurethe benefits of transport
infrastructureimprovements. BecauseIsolation is expressedin disutility terms, this
transfervalue is linearly relatedto the reduction in Isolation which the improvement
causes. If Isolation is seen as measuring locational disutility, ail increase in
accessibilityis a reduction in Isolation or locational disutility and so indicatesan
increasein the utilitv of the location.
There are thus two ways of looking at the value of transport improvements: traffic
cost reductions and improvementsin locational utility. These measuresare not
additive but may be complementaryor alternatives. We believe that Isolation
reduction alone covers more of the total than traffic benefits alone. The difficulty
with Isolation at this stage is in determining its "exchangerate." Without this it
cannot be used directly in calculating benefit-cost ratios but it can be used in
ranking alternatives. It is possible that Isolation could be expressedin normal
monetaryterms: say money units per head per day by multiplying Isolation at each
point by the number of trips produced per head at each point per unit time and
multiplying this by the value ascribed to travel time or to the generalisedcost
measurein which Isolation is expressed. (This has not actually been done in a
formal study to date but initial indicationsare promising.)
Relative, and possibly absolute, benefit-cost evaluation of alternative network
changescan be obtainedby comparing the total reduction in Isolation (Sum of the
product of Isolation reduction of each zone and its population) consequentupon
eachalternative.with its cost.
Further evaluative insight may be obtained from an examination of the footprint of
Isolation reduction benefits. This is obtained by drawing contours of Isolation
change induced by each alternativeor by one alternativeagainst another. By this
meansa plot of the distribution of areaswith eachsize of gain and loss is obtained.
Where land use impacts are relevant, these too can be included in the evaluation as
discussed
below.

Land Use Impacts of Transport Change
Because transport investment affects accessibility, it changes relative locational
values of propertiesor areasor regions. It thus changesthe developmentpotential
of places both absolutelyand relatively. Improving accessibilitycan therefore be
used as an instrument to foster regional or urban development or to redress any
socialjustice inequitiesin a particular area. A particular expressionof this effect is
a relationship the author has developedbetween Isolation and equilibrium urban
density. Empirical studiessuggesta linear relationshipbetween Isolation and the
logarithm of density. This relationshipcan be used as the basis for a model to
predict the urban land use effects of transport system or activity distribution
changes. A similar effect would be expectedat a regional scale but a specific
relationship has not so far been suggested. However the lack of a specific
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relationship should not preclude Isolation being used powerfully in a regional
context to assessthe regional developmentor social justice impacts of alternative
transport proposals. Clearly regional developmentor social justice objectives can
be fostered simply by ensuring that transport network investmentprogrammes have
as one outcomea relative increasein accessibilityin such target areas.
Similarly if particular land use outcomesare being sought, this type of analysis
would indicate to what extent transport network alternativesand/or land use changes
elsewhere would foster (or act against) the achievement of a particular land use
outcome.

Activity Location Model
Isolation can be used as a basis for an activity location model. By calculating and
plotting profiles of Isolation to the activity in question,areasof poor accessibilityto
the activity are disclosed. Various sizellocation scenarios for extra sites for the
activity can be tested for their effect in overcoming the deficiencies. Activities
amenable to location by such analysis include primary or secondary schools,
shopping centres or any other distributed community facilities. Conversely, the
by looking at the activities' accessibilityto
size of their marketscan also be assessed
population or those segmentsof it of interest (such as children of primary school
age if the activity is a primary school).

VoAe SPli"l t'{Jtl '
Strategic Comparison of Traffic Volumes in Different Areas
Although it is tempting to assertthat the economicsignificanceof a road is closely
associatedwith its traffic volume, most of us feel intuitively that a low volume road
in a sparselysettled area can have strategic significancewhich could surpassthat of
some very busy roads in metropolitan or other high density areas. For reasonsthat
are not yet completely clear, it appearsIsolation may be able to be used as a
multiplier of traffic volumes to normalise them for comparison of their strategic
significance. By this meansvolumes on busy near-metropolitanhighways can be
brought to the same scale for strategic significance purposes as volumes on low
volume roads in low density areas. This approach may also be able to be
interpretedas an indicator of under- or over-developmentof a route. This concept
needs testing in a wide range of locations. Initial work which multiplied actual
volumes by Isolation squaredgave normalisedvalues which varied by a factor of
only an extreme of 1.6 along the complete lengths of Queenslandhighways which
had been assessedas being of the highest level of strategic significance despite
volume variations of up to 100 fold (Warrego, and New England National
Highways when equatedwith the Bruce Highway just north of Brisbane).

Summary
Isolation, &n expressionof accessibility in utility terms, can thus be used in a
number of ways to measureand comparethe performanceof transport networks:
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to assessthe general quality of the network in serving an area and to indicate
areas of network weaknessby using a topographic analogy in studying the
Isolation contours
to check spatial impacts of proposals or to develop effective proposals to
meet specific spatialobjectivesgenerallyof a regional developmentor social
justice nature: any changein a network element(e.g. any road construction
project) will change Isolation profiles. A change in Isolation at a point
means there is a change in the utility or value bestowed by the transport
system to a community or landholderat that point. Every potential project
thereforehas a different profile of utility gifting. For example, socialjustice
can be promoted by ensuring this utility gifting is spread among the
community in equitableways, and especiallyby ensuringthat disadvantaged
communities gain relatively more than others. The appropriate way to
distributethis increasein utility is clearly a political question. This approach
simply allows the distribution of benefitsof particular works programmesto
be determined. Similarly regional developmentcan be selectivelypromoted
by ensuring utility increases are concentrated in areas where increased
developmentis sought
as one way to measure the economic value of proposals or to develop
proposalswhich maximiseeconomic impact: since Isolation is a measureof
locationaldisutility, an improvementin accessibility,which correspondsto a
reduction in Isolation or locational disutility, is a measureof the economic
impact of a proposal to an individual. Summing the effect over all
individuals or all those in target groups (for example, a particular industry)
is a measureof economicimpact to that group or the whole community
as the basisfor a model to assessthe urban land use impactsof changesin an
urban transport system through an empirically derived equilibrium
relationshipbetweenIsolation and urban density: a changein Isolation will
changethe equilibrium density and set in train pressureswhich will tend to
move the density to the new equilibrium value. Areas for growth and blight
are thus identified and the new equilibrium value suggestedwhich then
allows future populationsto be estimatedor given future populationsto be
distributed
as the basisfor locationoptimisationof community facilities (such as schools
and shopping centres)and to assesstheir markets
as the basis for a normalisingparameterwhich allows direct comparisonof
the local significanceof traffic volumesbetweenwidelv different areas.
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THEORYAND DERIVATION
This is describedin the first attachedpaperand is outlined in the sectionbelow.

CONCEPTUALBASIS
Accessibility
It will readily be agreedthat communitiesbuild transport facilities for the purpose
of making individuals and organisationsaccessibleto each other and that an
important factor in location decisions is the accessibility of a location to other
locations of interestor importanceto the locater.
The accessibilityprovided by a transportsystemwill vary from location to location
and will depend upon its structure, its relationshipto the pattern of land use, the
amount of traffic using it and its efficiency in handling that traffic. A change in any
of thesedependentelementswill changethe accessibilityat each location.
Since the provision of accessibility is a principal purpose in the construction or
operationof transport facilities the quality of the accessibilityprovided may be an
appropriate way to evaluate the effectivenessof those facilities. Further, since
accessibilityat a location is a determinantin location decisions,the effect on the
land use pattern of particular transport arrangements may thus be able to be
inferred.
Successin such an approachwould overcomethe major problems of the traditional
approach to transport planning: the difficulty in evaluating the relative merits of
alternative proposals and the lack of feedback from the transport proposals to the
land use assumptionson which they were based.
Although the concept of accessibilitymay be seen in many different ways, it is
suggestedthat, for the purposes of testing alternative transport and land use
arrangements,it should as far as possiblebe defined so as to require only the use of
data which is readily available, robust and able to be predicted with maximum
confidence.
The following definition fulfils theserequirements:

xi

where Xi

- IS3f(c1)

....(1)

accessibilityat zone i

sj

a measureof activity at zonej

Cij

the perceivedcost to the traveller of travel between zones i and j

f

a travel impedance function designed to reflect known travel
characteristics,e.g. a gravity model
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It will be seenthat this definition allows the accessibilitymeasureto reflect both the
pattern of land use through the activity variable S and the quality of the whole
transportsystemthrough the travel cost variable C. Becauseaccessibilityhere is a
summationof products of activity and an inverse function of the cost of getting to
them, nearbyactivitieswill figure far more prominently than distantones. However
in principle, any changeto either land use or transportwill be reflected in a change
in every zone's accessibility measure, again closer changes having the greatest
effect.

kolation: a measure of the utility of location
The author showedthat a particular transformationof this definition of accessibility
is a measure of utility and hence may be used directly in evaluation. This
transformation is called Isolation and is defined so that it is the travel cost from
zone i to a hypothetical zone with the same total number of activities as the whole
urban areaand which producedthe samevalue of accessibility:

xi
where Yi

(?sj)
hence Yi

tsjf(C,j)

_

(?Sj).f(Yi)

....(2)

Isolation at zone i
total study areaactivities : Sr

r'r-!l
'

sr'

....(2a)

and it may be thought of as a properly weighted averagetravel cost for all travel in
the area included in all zones (i.e. with total activities Sr) which takes full account
of the perceived impedanceto travel reflected in the travel impedancefunction.
Isolation then is a proper measureof the perceivedimpedanceof gaining accessto
all the activitiesthe region has to offer so it can be thought of as a disutility attached
to that location and is thus referred to as location disutility. It will be noted that it
is a function of the pattern of land use, the quality of the transport system and the
size of the city; it is thereforeas rational as it is simple.
This is not to say of course that it comprehendsall the factors which give a location
value - intrinsic environmentalmerit is not included at all. Furthermore different
activities or opportunitieswill be perceivedin quite different ways and individuals
will respond differently to particular patterns of activities and opportunities.
Neverthelessit is contendedthat the measureis capableof representingthose aspects
of value or utility which will change with changesin the transport system or the
land use pattern, so that changesin the location disutility which will result from
them are proper basesfor their evaluation. Furthermore, although individuals will
respond differently, the effect on the community as a whole will be properly
reflected since value dependson average rather than specific responsesand in any
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case is the result of the pattern of individual choiceswhere individuals presumably
act to maximisetheir own utilitv.
Every transport/landuse combination will have its own characteristicpattern of
locational disutility distribution.
Comparing the patterns for alternative
combinationsthus gives a basisfor evaluationof the alternatives. This can be done
both on the basis of metropolitan averagesand on the basis of the effect on a certain
region or socio-economicgroup. Thus if an appropriatetransport strategy for a
particular problem region is being sought, the pattern of location disutility changes
within that region can be determined for each alternative and a scheme formulated
which distributesthe benefits in the most desiredway. Alternative strategiescan be
evaluatedon the basisof finding the largestincreasein utility (decreasein disutility)
per dollar spentor finding the strategywhich maximisesthe increasein utility for a
given budget.

Isolation as an indicator of land use intensity
The above concepts give a way of evaluating specific transport and/or land use
proposals in terms of movement efficiency. They do not addressanother major
difficulty in transport planning, that of predicting the likely effect of transport
changes on the pattern of land use. This requires a further extension of the
ity concept.
accessibil
If, as stated above, a determinant of location is accessibility, then it would be
expected that highly accessible locations would have the more intensive
development,or at least that property values would, other things being equal, be
higher with higher valuesof accessibility. Of coursein the long term, this amounts
to the same thing: high property values lead eventually to more intensive
developmentbecauseof a desireto maximisereturnson investment.
Many researchershave found relationshipsbetweenresidentialdensity and distance
from the city centre. There are two problemswith theserelationships- they do not
take account of land uses other than residential and they do not hold for multicentred cities or those with dispersed activity patterns. However since these
relationshipshave a certain respectabilityand intuitive logic, it may be possible to
build on them in such a way as to overcomethe difficulties mentioned; initially by
ensuringthey reflect the quality of the transportsystemrather than just the distance
to the city centre (thus making them sensitiveto transportchanges).
Presumablytheserelationshipsworked becausemost activity was concentratedat the
city centreand they were reflecting the utility of being close to activities. The same
conceptshould thereforebe appliedby relating densityto Isolation. It can easily be
shown that if all activity was in the city centre Isolation would equal travel cost to
the city centre. Hence replacingdistanceto the city centrewith Isolation would not
change the nature of the relationship but would allow it to cope with modern
dispersedcities, to be based on travel cost rather than distanceand therefore to be
able to reflect transport network changes.
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wouldalsobe moreusefulif it took accountof employmentas well
The relationship
wasthereforedevelopedwhich
density. A combineddensitymeasure
as residential
attemptedto reflectthe relativedensityperceptioneffectof one worker comparedto
oneresident.
Typical relationshipsinvolving distanceto the city centre show that it has a negative
exponentialrelationshipwith density and the same formulation has been proposed
for Isolation. This meansthe logarithm of density is linearly relatedto Isolation.
Data from a number of cities have been used to validate the linearity of the
relationship. They also suggestthat it may be universal in the sensethat the same
parametersof the linear equation may apply to all cities. The consistencyof this
relationship together with evidence that areas tend to change with time in such a
way as to move towards the line suggestthat it representsan equilibrium condition.
An equilibrium between accessibilityand land use would clearly be a long term
phenomenon and one which would be affected by many other factors including
intrinsic environmentalmerit and, in the short term, by planning controls. Cities
generally changemore quickly than the adjustmentstowards equilibrium can occur
so the existence of an equilibrium condition is not likely to be demonstrated
frequently. It must therefore be a somewhat ephemeral concept which is hard to
define but that difficulty should not detract from its importance. In calibrating the
relationship it was encouraging to note that London, an old stable city,
correspondedvery closely to it whereasmore rapidly changingAustralian cities had
a lower conformancebut in expectedways.
If the equilibrium exists then there must be some financial mechanismfor bringing
it about. An area which is not in equilibrium would have, by virtue of that
conditiotr, o utility or disutility the capitalisationof which would tend to move the
area towards the equilibrium. Hence an area with too low a density for its
accessibilityshould have a premium on property valueswhich, over time, will tend
to generatemore intensiveland use. Conversely,an areawith a density too high for
its accessibilitywill have depressedproperty values which may then be manifest in
the problems of a socially disadvantagedareaor in eventualdepopulationor blight
if other factors or initiatives do not correct the disequilibrium in the meantime.
This utility has been called density utility or disutility and is calculated as the
difference between actual Isolation and the Isolation suggestedby the equilibrium
line for the area's actual densitv.

Mathematically
this is expressed
as:
Z
where

_ y^

K_ logD
p

Z

densitydisutility

K

the interceptof the equilibriumline

....(3)

the slopeof the equilibriumline.
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Density utility (negativeZ) would therefore suggestthat an area is ripe for more
intensive development. Density disutility suggestsoverdevelopmentand possibly
the need for transport improvements or increasedlocal employment to correct the
situation.
A conclusionof this approachis that the greater the value of Z, either positive or
negative, the greater will be the pressure on the area to change (to decay or
develop). While this is generallytrue, there are often other reasonswhy an area is
more or less highly developedthan its accessibilitywould suggest. This is because
there is some other element selectively adding to or detracting from an area's
locational value. If this element has a value sufficient to cancel out the density
disutility, the areacould be in developmentequilibrium.
Density disutility will be affected by changesin transport and/or land use. It may
therefore be appropriate to check proposalsfor their effect on equilibrium: with
proposalswhich tendedto reducedisequilibriumgenerallyregardedas preferablein
this context. An increase in disequilibrium will lead to more rapid change
(independentof growth) with all the public infrastructureand private costs which
that entails. It also has equity effects in that those with the greatestcommand of
resourcesare able to act to take advantageof the disequilibrium at the expenseof
thosewith little or no commandof resources.
Following through theseconceptshighlights the conclusionthat changesin transport
or land use certainly changepatterns of accessibilitybut those changesare in effect
capitalised by existing property owners. Thus expenditure of public funds on
transport improvement results in a transfer of value to those property owners whose
accessibilityis increasedand little else. Transport proposalsshould therefore be
tested to determine the distribution of these benefits so that, over time, they are
distributed fairly. This of course is a political matter and the value of analysis
basedon theseconceptsis that it allows the distribution of benefits from proposals
to be clearly identified by decisionmakers.
This approachsuggestswhat the equilibrium land use intensity should be for any
level of Isolation and provides a measureof the utility or disutility conferredby any
transportor land use change. This is all that is neededfor evaluation. To createa
model to predict land use changesover time which result from transport change
requires an allocation model.
Golding's intervening opportunities model
(referenced as Golding & Davidson 1970 in both attached papers) would provide
this. This would allow any level of population increaseto be allocatedaccordingto
the pressuresfor growth and decay suggestedto be created by the magnitude of
densityutility or disutility.
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APPLICATIONS
& EXAMPLES
1. GeneralAppropriatenessof a transport netWork
See Isolation diagramsin Figures 1 (Queenslandmajor roads network), 2 (Brisbane
1986network),and 6.1 (Adelaide1977network).

Figure 1: Queenslandkolation to
Populationwith Existingmajor
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Figure 1 shows the profile of Isolation to populationcreatedover Queenslandby its
existing major road network using a power impedancefunction with an exponent
value of 2.
The pattern takes into account all of Australia's population and reasonablelinkages
to it. In interpreting the pattern it should be rememberedthat orientation tends to be
perpendicular to contours facing lower values. Thus "valleys" are corridors,
"ridges" are areas of poor relative accessibility, "cliffs" are either major physical
barriers, a point where a new link would make a major difference or places where
developmentdrops very dramatically.
The Queenslandpatternreveals:
a generally reasonablepattern acrossthe state with sharp fall-offs limited to
the Cairns and Townsville hinterlands (marked A) and some areas in the
south east
there is a strong Brisbane - Mt Isa corridor (B) but no indication of a
Townsville - Mt Isa one (C)
there is also little evidenceof a corridor west from Rockhampton,certainly
beyond Emerald (D)
the southern inland has remarkable smooth contours but there is a growing
orientation towards major interstate cities to the south further west away
from the immediateinfluenceof Brisbane(at E)
the North and South Burnett are the only populated areas relatively
inaccessiblefor their location (F)
Queensland'scoastalcities, particularly Cairns, are remarkably successfulin
providing quite high local levels of accessibilitybut the effect of Cairns
drops off dramatically to the north and west (A).
Theseeffects are the product of both the road network and the settlementpattern so,
in assessingthe road network implications,one needsto bear in mind whether there
is population in place or in potential to benefit from new links that might be put in
place to overcome accessibilitydeficiencies. For example, an improved road west
from Cairns (A) would certainly spread the contours and reduce the location
disutility but that would only be valuable if there was already population there to
benefit or if the new link would be likely to generatea significant increase in
population. The only other areaswhich are on a Isolation "ridge" and which could
beneficially be reduced by road network improvements are the Burnett (F), north
from Mt Isa (at G), locally south west and north west of Brisbane(at E), south west
of Cairns (A) and, possibly, north west of Mackay (H). The diagram suggestsit
would be worth examiningthe network in theseareas.
This interpretation suggeststhere is not too much wrong with the state-wide road
network but more detailedanalysesof specific areasincluding local roads would be
neededto come to more local conclusions.
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Interpretations
for urbanareasare similar. Figure2 showsIsolationto employment
for Brisbanein 1986with ? powerimpedance
functionwith an exponentof 2.5.

Figure 2: Brisbanekolation to Employmentin 1986 n : 2.5
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A highlight of the Brisbane pattern is the way the river causespockets of reduced
accessibility. At such places,a new river bridge would overcomethe deficiency, so
such locationscould createsignificant local benefitsfor a new bridge. Bulimba (A
in Fig. 2) and Kenmore-Moggill (B in Fig. 2) areoutstandingexamples.
2. Spatial and Economic Performance of Urban or Regional Networks
The Isolation diagrams described above can be prepared for alternative proposed
networks as well as the existing one. The total location disutility or location cost
producedby a network can be determinedby multiplying the Isolation for each zone
by the size measurefor the zone and summing. Dividing by the total of the size
measuregives a value per size unit which allows broadercomparisons.
In the Brisbane Traffic study for example, mean location costs were calculated for
both population with its accessibility to employment and employment with its
accessibilityto population. Values of thesecorrectedfor changedtotal size values
were then compared with different future network/land use combinations as one
performancemeasure. See Figure 3. Similar calculationscan be done for network
alternativesfor a fixed land use. Comparing these gives a direct measure of a
network's generaleconomicperformance. If economicperformancewith respectto
certain activities, e.g. industry or a particular industry, is required for policy
reasons,the calculationscan be done just using size measuresrelevant to those
particular activities. The Adelaide work, examplesof which are shown in Figure
group 6, exemplifies this approach where location cost plots were done for a wide
rangeof industryand activity groups(e.g. Figures6.4 and 6.5).
3. Modelling the Urban Land Use effects of Transport Network Changes
The relationshipbetween density and accessibilityis shown for 1986 Brisbane in
Figure 4. Other examplesare in the attachedpapers.
The equationfor the relationshipbetweenIsolationto employmentand density is

ln(Dn+ cr.Du)
where

Dn andDu
Ero,
0,KandB

- K - (g/Erort'n)."

....(4)

populationand employmentdensityrespectively
total employment
parametersto be set (in Eq. 3, p : F/Erort'")

.... (5)

Using the apparentuniversal value of these parameters,developed initially for
London:
ln(Dn+ 0.6.D8)

- 7 .1 - (27lE
ort"'t)."

....(6)

when density is number per kr', and Y in terms of time (minutes)and is calculated
with respectto total employmentusing a power impedancefunction with an n value
of 2.5. A typical plot is shown in Figure 4. Othersare in the attachedpapers. See
particularly page 1408 of the first paper.
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Note that total .*ploy*.nt
is an element of the slope parameter, and that the
universal value is the B rather than the p. tA corollary of this is that when
comparingacrosstime periods when an area has changedits size, Y values"inustbe
similarly adjustedto makethem comparable.l
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Alternativelowervaluesof K and b are sometimes
appliedfor Australiancitiesto
producea betterfit of existingdata. Suchsubstitutions
shouldbe appliedwith care
sincethe line seeksto represent
equilibriumratherthanthe existingtransitorystate.
This matterneedscarefulreviewin eachapplication.
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From these, profiles of density utility or disutility can be determined for each
network/land use combination and total values of density utility calculated. This
total value of density utility is an economic performance measureof sorts but it
could be argued that a network which minimised density disequilibrium (i.e.
minimised the absolute sum of positive and negative values of density utility) is
preferable because that most reinforces existing development patterns and
presumablymakesbest use of existing infrastructure. Of course, for equity reasons
the objective might be to minimise density disutility and if developmentis sought
density utility should be maximised. There is thus plenty of scope to use this
technique to produce indicators of performance of a wide range of different urban
developmentand socialjustice policies.
The distribution of density utility and disutility and the way network alternatives
change those distributions can similarly be used as an indicator of the network's
performancein furthering a wide range of possiblesocialjustice or equity or urban
developmentpolicies. Examplesof theseplots for Adelaide networks are shown in
Figures 6.3, for the existing network, and 6.8 for a trial network with a proposed
freeway. Thus the effectsof the freeway on land use equilibrium could be assessed.
This was particularly relevantbecauseat the time there was a large region of overdevelopment in the far south and it was important to determine the extent to which
the proposedfreeway would relieve it.
4. Assessingthe Regional DevelopmentEffects of Network Changes
There is no relationshipbetweendensityand Isolation in rural areasto correspondto
the urban casebecauserural density is determinedmore by the type of activity than
by location. Neverthelessit is still generally true that improving accessibilitywill
enhance development prospects for a range of reasons. [Its effect on reducing
transport costs overall is included in the type of analysesdescribed in Section 2
above.I Thus plots of changes in location disutility consequentupon transport
network changesare important indicators of performance for regional development
policies or goals. Areas targetedfor regional developmentshould record reductions
in Isolation with network improvementsresulting from investment. Similarly areas
of social disadvantagecan be helped by investment programs which result in
network improvements which deliver to such areas relative improvements in
accessibility.
5. Land use Modelling
Modelling the land use effectsof transportsystemchangesrequiresfirst an estimate
of the changeddevelopmentpotential causedby the transport change, then a method
to estimatethe total growth of the area over a given time period and finally a means
to allocate that growth into areaswith potential.
The Isolation-densityrelationshipgives a value of potential and its strength (by the
size of the density utility measure). It also gives valuesof negativepotential where
decay or loss of developmentis likely. An estimateof total growth over the area
will be made externally but it could in turn be influencedby accessibilityanalyses
over a larger area. Intervening opportunities concepts like that developed by
Golding and Davidson (op cit) would appearto offer a suitableallocation model.
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6. Activity Location
Figures6.4,6.5 and 6.6 show Isolationprofiles for variousemploymentgroupsand
community servicesin Adelaide. These reveal, for example, in Figure 6.5, areas
with poor access to schools. This information should be useful to authorities
responsiblefor planning school location. Alternative new school location patterns
(including proposedschool closures)could be postulatedand Isolation profiles for
those patterns prepared. Comparing the impacts of these different patterns on the
school population allows their effectiveness in serving that population to be
assessed.
7. Relative Public Transport Quality Distribution
By comparing Isolation provided by car with that provided by public transport, the
relative overall quality of public transport service can be seen. Since public
transport is rarely used for very short journeys, a more representativeresult is
obtained by leaving out intrazonal accessibility effects. Figure 6.2 gives an
example.
8. Normalisation of Volumes for Strategic Comparison of Rural Networks
This area has not been researchedbut it appearsthat accessibility may produce a
volume normalising factor which would allow the comparison for strategic
significance of rural roads in widely different areas. Figure 5 shows initial
calculation of the factor for Queensland. With this the reader can make
comparisonsamong known volumesand draw independentconclusions.

COMPUTATION
& PRESENTATION
Techniquesfor computing accessibilityvalues and presentingresults are dependenton
rapidly changing computer technology. Basically, accessibilityvalues are calculable
from outputs of network analysisprograms. How zuch computation relatesto the
program dependson the program and the format of other datato which the
accessibilityvalues are to be related.
D etermining lntr azonal Accessibility
Because most interactions resulting in movement occur at short distances, and
becausetypical travel impedancefunctions show very low impedancebetween close
origins and destinations,accessibilityof a zoneto itself is usually very high. It thus
will be a major componentin the calculationof Isolation. Incorrect calculationwill
thereforelead to significanterrors.
Whether or not the processof calculationis difficult mathematicallywill dependon
the impedancefunction. For power functionsof the gravity model type, used in all
the examplesin this paper, the equationsare particularly messy with special cases
for n- 1 and n-2.
The approach for car travel is to assumethat there is a terminal time for use of a
car, the time taken to go to where it is parked and move it to the door. In dense
areas,someplacescould be accessedon foot in a shorterperiod and are assumedto
be so accessed. All other parts of the zone are assumedaccessedby car. To
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calculatethis the zone is assumedcircular and distancesradial at a fixed nominated
speed. Density is clearly an important determinantof intrazonal accessibility. It
determineshow close the nearestdestinationis, how many, if any are accessedon
foot and the number of destinations in each annulus of distance from the zone
centroid. A full discussionand derivation is reported in the Appendix to the first
attachedpaper. If other impedancefunctionsare used, a separatederivation will be
required for each. Short-cuttingthis processfor the car mode by using a simple
value needs to be done with great care because of its significance in the total
Isolation value. However, for public transport modes, a short-cut approach will
generallycausea lower value of error.
Commutation rules for Isolation
Isolationat a point cannotbe determinedby addition of components(e.g. interzonal
and intrazonalIsolation cannot be added to give the compositevalue. Component
accessibilityvalues can however be added. To produce compositeIsolation values,
go back to the accessibilityvalues,add them and then re-convertto Isolation.
Comparing Isolation values as an area grows
A component of Isolation is total number of activities in the study area (e.g.
population). As the area grows, equivalent Isolation values will increase. To
compareIsolation valuesfrom different periods, it is therefor necessaryto adjust for
changing area population. The adjustmentderives form the impedancefunction
used. For a gravity model with a power function, the equivalenceadjustment is
simply the inverse ratio of the populations(or other activity measure)raised to the
power used in the impedancefunction. Again, accessibility itself is comparable
acrossdifferent population totals without the correction necessaryfor Isolation.

CONCLUSION
The proven and potential usesof accessibilityand Isolation conceptsare extensive.
They range from measuresof transport network performance through measuresof
efficiency of land use/transportpatterns to land use prediction and service activity
location. Computation is becoming ever easier as computers improve. Once
understood, use of the concept provides remarkable understandingof the transport
network, its relationship to the area it servesand the effects on the area of transport
changes.
On a more general note, transport network modelling capability tends to be used
mostly for traffic forecasting. This paper gives examplesof how the network model
outputs can be applied to derive much more general indicators of network
performanceand network quality. There are others, some of which use Isolation
plots or values in conjunction with other model products to produce yet more
abstractindicators of network performance. Despite their abstraction,they are often
much more valuable than traffic volume forecasts in evaluating networks. Whilst
the traffic volume forecasts are essential for network element design, these
abstractions offer more insight into higher order network functions and provide
indicators of performance against higher order goals which Governments are
increasinglysetting for transportinvestment.
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