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URBAN STRUCTURE, GAS PRICES, AND THE
DEMAND FOR TRANSPORTATION*

Arthur J. Robson
David T. Scheffman

1. Introduction

What impact will an increase in the price of gasoline have upon
demand for transportation? In this paper, a single strategy for consumers
to reduce demand is considered--the-reduction of the length of the journey
to work. Such reduction involves a greater concentration on the residential
pattern. This is possible to a certain extent within existing structures
and to a larger extent if reconstruction takes place. This paper abstracts
from other strategies to reduce demand such as curtailing recreational
use of the automobile, switching to a smaller car, etc.

The response of total mileage driven to an increase in the cost per
mile is considered for an abstract residential city where all inhabitants
receive the same income. The analysis treats transportation not as a good
desired for its own sake, but rather as a good needed so that an individual
can consume space while retaining access to the place of employment. For
the sake of tractability, the total cost of transportation is assumed to
be small relative to the income of a typical individual. This is done
instead of limiting arbitrarily the class of utility functions considered.
The characteristics of an individual's demand for space are shown to
determine the response of total mileage to an increase in the cost per
mile. These results are derived under the assumption that there is a

boundary rent condition and hence a flexible overall radius. The assumption
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is made that rent is equally redistributed to all residents and hence forms
part of their income. Although this is more reasonable than supposing
there is a class of absentee landlords, there are usually analytic diffi-
culties. The problem is soluble in this approximate case, however.
Finally, a numerical projection is made for the effect of gasoline prices
on the demand for transportation. This is based on data for American

cities.

2. The Model

Consider an abstract model of residential location within an urban
area. (Similar models are studied by Mills [3], Solow [5], and Dixit [2],
among others.) The city is circularly symmetric and includes suburbs
surrounding a Central Business District (CBD). The city has an overall
radius of R and the CBD a radius of C, say. Any internal structure of the
CBD is neglected here. A1l household heads commute to the centre of the
CBD every working day. Circumferential travel is assumed unnecessary,
but radial travel costs t dollars per year per mile that the household

lives from the centre. A1l households have the same utility function
(1) u = u(s,z)

where s is residential space (in square miles) and z is a composite good
representing all other non-spatial commodities (in dollars). The utility
function is quasi-concave and s and z are taken to be normal. Each indivi-
dual has the same income of y dollars per year. The budget constraint for

a household locating x miles from the centre is

(2) y=r(x)s+z+t . x
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where r(x) is the rent at x in dollars per square mile per year, which is
as yet undetermined. For a given distance x and rent r(x), an individual
maximizes utility, (1), subject to his budget constraint, (2), over choice
of s and z. These optimum choices, s(x) and z(x), say, are functions of |
the net income at x, y - tx, and of the rent r(x). The utility attained is

a function of y - tx and r(x):
(3) V- V(y - tx; r(x))

where this is the indirect utility function. (This approach was originated

by Solow [6].) The indirect utility function has the property that

Vely - tx; r(x))
®) s(x) = - V=t r(x)

What about choice of x by a household? Competition ensures that households
with the same income attain the same level of utility (r(x) adjusts to make

this true). Hence
(5) V(y - tx; r(x)) =V
where V is independent of x, but undetermined so far. Equation (5) implies

' Vo(y - tx; r(x)) ¢
(6) ri(x) =t V.(y - tx; r(x)) " s(x)

The land available for residents and the total population determine
the level of utility, V, reached by all households. Suppose, for convenience,
that a constant fraction of arc, a, is allocated to residences. A more
general assumption causes no particular difficulties, but the fraction of

land used by residences is usually not far from constant in real cities.

v
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(The remaining fraction of arc might be used for roads, or it might be water
if the city is on the coast.) If the number of households 1iving between X
and x + dx is n(x)dx, equality between land supplied and demanded between x

and x + dx implies
(7) n(x)s(x) = 2 ax
Suppose that the total population of the city is N households, so

R ROV (y - txs r(x))

(8) N = Ic n(x)dx = - 27 a Jc X vr*y G T X)) dx

Since r(x) is determined by (5) in terms of V, (8) determines V, if the
overall radius R of the city is given. However, it is realistic to assume
that R is determined by a boundary rent condition. If the value of land in
some alternative use, say agriculture, is fixed at r*, and the residential

rent function r(x) declines with x, competition ensureé that
(9) r(r) = r*

Suppose each household head makes A round trips to the centre each
year. The total mileage driven by all households in a year is
R R V. (y - tx; r(x))

- _ 2
(10) D=2A IC n{x)xdx = -4 Aa IC X~ { Vr(y TR 3)) } dx

where r(x) satisfies (5) and (8).

The key relationship from the point of view of the present paper is
the dependence of D upon t, the per mile cost of transportation. In full
generality, this problem is somewhat intractable. One approach would be

to 1imit the utility function to be Cobb-Douglas, for example. The

~—
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approach adopted here, however, is to retain a general utility function,
but to consider an approximation for small t. Then 1ight is shed on the
general characteristics of demand for space which are relevant. A further
approximation, for convenience only, is to assume that the radius of the
CBD, C, can be neglected in comparison with the overall radius, R. D is

given to first-order approximation as

(11) D= D* + tD,

and the percentage change in D for a small change in t, near t = 0, is

. D
(12) @mm[l gg] ot
D “ts0 LD dtJ At = prat
To evaluate D*, consider the case t + 0. There is a rental value
for alternative use of the land of r*, as before. The optimum choices

for s and z follow from (4):

V.(yr*)

(13) s* = - V;T?:F;T s Z¥ =y - r¥s*

which are independent of x. Equality of land supplied and demanded

determines R*:

V (y; r*
(14) raR* = Ne* = - N s 1)
Vyly; r¥)
Hence D* is
(15) ox = drhaR*>

3s*
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Consider now evaluation of Dt' The following first-order

expressions hold,

(16) s(x) = s* + tst(x)

= R*
R=R*+ th

and
r(x) = r* + trt(x)

From (6) in this case,

1

a7) r(x) = - &5

The boundary condition, (9), implies

(18) rt(R*) =0
so that

R* -
(19) re(x) = =5

and rent rises as the cost per mile, t, rises.

The following question must now be answered:

Who owns the city's

land? Does rent reappear as income of individuals resident in the city or

js it lost to a class of absentee landlords? To treat y as fixed is to

implicitly adopt the absentee landlord assumption.

Redistribution of rent

is a more reasonable assumption, and then changes in aggregate rent will be

reflected in changes in per capita income, y. A further advantage of the

approximation made is that the redistribution of rent introduces no

particular difficulties, as noted before.
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Suppose then rent is redistributed to residents. An individual's
income y is
(20) y=y+LN

where y is a fixed component and L is the total rent. Hence in addition

to the first-order approximations of (16),

L* + tL

L t

y*E oty

y

and
(21) Yy = Lt/N

When the city shrinks, for example, ownership of the land converted is
retained by residents of the city. Then L includes payments for the use

of this land, so

R
L = 27a l xr(x)dx + na(R*2 - Rz)r*
0
and
R*
(22) L, = 2na I xrt(x)dx
0

since two other terms cancel. However, using (19) for rt(x).

L =1raR*3

t 3s*

and hence

(23) v, = R¥/3
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2

since Ns* = maR*®, Differentiating (4) with respect to t, and using (19)

and (23) it can be shown that

(24) sy(x) = Bere[-Jav § 22
where
(25) (aS + g aS ) > 0

is the absolute value of the slope of compensated demand for space. Hence
st(x) < 0 and space per capita declines as t increases. Now from (8)

since N is fixed, it follows that

- _R* as* _ _, os*

(26) Ry P Lo - %5y}
so the radius shrinks as t increases. Finally it can be shown that]

D E

t . _ S,r
where

r* 3s*
Esor = 5% ar > 0

S,y s* dy
_ r¥s*
KS =5

In other words, cities that are physically large or have low per

capita incomes tend to exhibit a high percentage decline in mileage driven
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as the price of gasoline rises. However, cities with the same radius and

per capita income, but different populations, exhibit the same percentage

decline in total mileage. As to individual characteristics, a high income
or price elasticity of demand for space is reflected in a high percentage

decline in mileage. On the other hand, the greater the fraction of income
spent on space, the smaller the percentage decline in mileage driven.

What is the order of magnitude of the change in mileage driven
predicted by the model for an increase in the price of gasoline? As long
as the direct expenditure plus time cost for transportation is small in
relation to the budget of the typical individual, the model applies. If
the price of gasoline increases, the increase in the cost per mile will
be proportional.

Consider then estimates of the parameters involved in (26).

Suppose that the city has a radius of 20 miles and family income of
$12,500. Assume the price and income elasticities of dehand for space
are unitary. (This is roughly consistent with estimated elasticities
for housing as in De Leeuw, 1971. Also Muth, 1971, assigns unitary
elasticities for purposes of prediction in spite of lower estimated
values.) The crucial parameter is then the fraction of income spent

on space per se. Muth (1971) believes that the fraction of housing
expenditure going to land is near 0.10, for new units. The Census suggests
that the fraction of income spent on housing is about 0.15, so the
fraction of income spent on space is 0.015. Consider then a 10 cents
per (U.S.) gallon increase in the price of gasoline, and suppose each
household makes 250 round-trips to the centre per year, in an automobile

getting 16 miles per gallon. Then (26) implies

=

B}ﬁat = - 8.38%
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This, then, is the predicted percentage change in mileage occurring after
residential relocation has taken place. Although it is a reasonably

substantial effect it would take a long time to fully obtain.

3. Conclusions

The paper investigates how residential relocation reduces demandA
for transportation when the price of gasoline rises.

An abstract model of residential location is considered where
identical residents had identical incomes. Assuming that the budget
share of transportation is small, a formula is derived for the percentage
decline in total mileage as a result of an increase in the cost per mile.
Rent is redistributed to the residents. The percentage decline in total
mileage is greater, the more elastic demand for space is either with
respect to rent or income. The percentage decline is less, however, the
larger the budget share of space, or the larger the per capita income.
The percentage decline is independent of population, per se, but is
larger, the larger the radius of the city. Using reasonable estimates
of the parameters involved for a SMSA of radius 20 miles, it is shown
that the model implies roughly an 8% long-run reduction in mileage, for
a 10 cent a gallon increase in the price of gasoline. This large effect

arises from the small estimated share of space of income.
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FOOTNOTES

*A grant from Genéral Motors Corporation is gratefully acknowledged.

The views presented, however, are solely the authors'.

]Under the assumption that rents are lost to a class of absentee
landlords, or that income y is fixed, the corresponding formula can be

shown to be

% m f‘ziﬂ.;
D 4y KS S»Y

which is close to (27) for small values of Ks‘
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