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It is generally recognisedthat accessibility from an areato transport
facilities is inverselyrelatedto thedensityof provision, a point which can
be demonstratedmathematicallyfor regular networks (Hay, 1973, Pp.
36-37; Melut andO’Sullivan, 1974;Evans,1985),andhadlongbeforebeen
noted empirically for irregular networks (e. g. Jefferson 1929).This reía-
tionshipholds truefor linearfixed networks(e. g. roads)linear servicenet-
works (e. g. busservices)and for point facilities (e. g. air ports).

It is less widely recongnisedthat u, for a given areathe costs of pro-
vision are linearly related to the density of provision the resulting
equation

C ~ bL E
L

(where C = total social cost of the system
E = level of provision
a and b areconstants)

can be differentiated to yield a least total social cost ievel of provision
where

a 2.

b

The coefficient a in this equationreflects the numberof trips madeand
the costsof moving to the networkin agiven time period while b reflects
the costsof providing networkover the sameperiod(including a sum for
servicing capital costs and maintenance).Tbis derivation was usedby
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Howe (1971)and subsequentlyby Rayner(1980) and Hay (1982) to spe-
cify regressionrelationshipsbetweennetworkdensityandpopulationva-
riablesin developingcountriesandcanbe seenas a post hoc rationalisa-
tion of dic results reported by Taaffe, Morril and Gould (1963). Even if
the simplifying assumptionsare relaxed the samebasic forms emerge
from the differentiation.

A secondconsequenceof the density/accessibilityrelationshiprefers
to the provision of scheduledservices(3. g. busnetworks). Jf an operator
hasa fixed capacity(vehicle¡km/day)thereis an inverserelation between
the densityof servicesin spaceand the frequencyof servicesin time (Bly
and Oldfield, 1974).Por4w userof thoscservicesthisbecomesan inserve
relationship betweenaccesscosts and waiting times (becausejust as ac-
cessis inverselyrelated to densityso waiting times are inverselyrelated
to frequency). II total user cost (U) is seen as related to these two
components

X 3.
L

wherex is a coefficient for thecost of access(per unit of distance)and y
is a coefficient for costs of waiting (per unit of time), it too can be diffe-
reniÁatedlo given an optimal network length where

4.

y

It cari be shown that this is achievedwhen accesscosts equal waiting
costs.Workman (1985) has shown tliat the samerelation is true for a va-
riety (>1 regularnetworks. Empirical studieshaveshown that thcsereía-
tions ton hold in practice, though the variancesin irregular networksare
naturally highcr than those for regularnetworks.

The two argumentsput forward aboyecan be combined to establish
the optimal allocationof public servicecapacitytoan areaassumingthat
thecapacity soallocatedwill be usedwith 11w optimal nadeoff between
networkdensityand servicefrequencyfor a uniformly distributedpopu-
lation. The first step is to derivethe solution for optimal network length
(given capacity,1) as

5

If this is substitutedin the equation

Pa
C=—+PbL 6.

L

C=j4ab y 7.
T

then
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where P is a measureof trip making (at its simplest Population,but it
could be aweightedvalueto takeinto accounttrip makingpropensities).
The total cost to usersand providerswould then be given by;

4ab +cT 8.

Y T

which can be differentiatedto give minimum total cost when

T= j4abP2 9.
3 e

The consequencesof thesehighly simplified mathematicalrelations-
hipsfor geographicalstudiesof accessibilityare two-fold. First, if it is in-
tentedto look for statisticalassociationsbetweennetworkprovisionand
other variables(population,costsof accessetc.) theseequationssuggest
a specificationof variableswhich is not intuitively obvious: for example
equation2 aboyewould suggestan associationbetweennetwork provi-
sion and the squareroot of population (see Howe, 1971) while equation
9 suggetsan associationbetweensheduledserviceprovisionandthecube
root of population. The secondconsequencerefers to the assessmentof
equity or fairnessin network provision. It will be evident thai theseop-
timal networkswill not meeteitherof the two criteria commonly adop-
ted for equity in provision. On the onehandthe optimal networkswill in
generalshow much greatervariationsin provision than a poliey of equal
accessfor alí, on the otherhand they will in generalshow less variation
than would be expectedundera policy of making provisionsimply pro-
portional to population.
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