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A computable general equilibrium model of urban land use is developed with
land allocated to houses, production, and roads. Traffic congestion and employ-
ment location are endogenous. Consumers choose job and home locations and
want to shop everywhere. Without scale economies in shopping, production is
dispersed with rent, wage, commodity price, and net density gradients all peaking at
the center of the space. When scale economies in shopping are strong relative to
the cost of traffic congestion, dispersion becomes unstable. Multiple equilibria
emerge as production agglomerates into a number of centers. Our algorithm tests
the stability of equilibria and finds perturbations that set off transitions to other
equilibria. The number of centers trades off the benefits from agglomeration
against those from access. With stronger agglomeration, there are fewer and bigger
centers and utility is higher with fewer centers. With higher congestion, the
number of centers increases and utility is higher with more centers. Q 1996 Aca-

demic Press, Inc.

1. INTRODUCTION

A weakness in urban economic theory is that it has relied too heavily on
the monocentric city model.2 A single job center runs counter to the
evidence that has accumulated in the empirical literature on employment

1 w xThis paper is based in part on Kim 23 , Ph.D. dissertation of the second author,
completed under the supervision and direction of the first author. The authors thank Richard
Arnott, Ping Wang, and Ken Small for their stimulating comments and questions, and also
the referees and editor of the journal for comments regarding the exposition.

2 w x w xSee Wheaton 39 and Berry and Kim 7 for critiques of the monocentric paradigm.
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subcenters.3 But, the Achilles’ heel of the monocentric model is that it
fails to explain that job location}even in a single center}is not exoge-
nous but depends on other determinants of urban form.4

The monocentric model has been difficult to jettison because of its
simplicity. Would an alternative polycentric model be too complex and
intractable? A reasonably tractable polycentric model can be based on the
assumption that production and residential uses can occur everywhere in
an initially featureless space but become interdependent by the consump-
tion-related travel decisions of consumers and the interindustry linkages
among firms. Consumers value access not only to jobs but also to shopping
centers and producers value access to other producers, to labor, and to
customers. The location of production and, hence, of jobs is endogenous as
is the location of residences and, hence, of labor. The model presented
here determines conditions under which employment, like residential land
use, is dispersed throughout the urban space and a set of conditions under
which it clusters into a discrete number of subcenters. The monocentric
city arises as the total clustering of jobs.

This paper is related to three separate lines of research in the literature.
First are partial equilibrium analyses of cities with two job centers, by

w x w x w x w xWhite 40 , Wieand 41 , Sullivan 34 , Sivitanidou and Wheaton 30 ,
w x w xHelsley and Sullivan 19 , and Usowski 35 , in which the locations of the

two centers are given. In our treatment, there are no prespecified locations
or numbers of subcenters, and our model is a fully closed general equilib-
rium spatial economy.

Second are models which do not prespecify any centers but derive the
result that rent gradients and land use densities peak around the most
accessible place in the urban space. To our knowledge, the first such

w x w xmodels were developed by Karlqvist and Lundqvist 22 and Beckmann 6
w xwho examined interactions among households; and Solow and Vickrey 31 ,

3 There are two recent windows into this empirical literature. The first is the July 1991
special issue of Regional Science and Urban Economics on the ‘‘Causes and Consequences of
the Changing Urban Form,’’ which includes articles by Giuliano and Small on Los Angeles
w x w x w x14 , Mieszkowski and Smith on Houston 26 , Dowall and Treffeisen on Bogota 11 , and

w xShukla and Waddell on Dallas]Fort Worth 29 . See also the prior papers by Peter Gordon
w x w xand Harry Richardson, e.g., 15 and Gordon et al. 16 . The second is the January 1993

special issue of Geographical Analysis on ‘‘The Multinodal Metropolis’’ which contains
w x w x w xarticles by Waddell et al. 37 , Hoch and Waddell 20 , Waddell and Shukla 38 , Archer and

w x w xSmith 5 , and Waddell 36 .
4 w xLowry 25 recognized that retail employment location directly depends on the distribu-

tion of customers but assumed that basic employment was insensitive to the distribution of
Ž w x w x w x.population. Other authors see Steinnes and Fisher 33 , Steinnes 32 , and Boarnet 8 have

tested empirically the idea that employment and residential location are interdependent.
w xWaddell 36 presents estimates of a nested logit model of households’ joint workplace and

housing choices.
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w xand Borukhov and Hochman 9 who examined contacts among firms. The
central peaking derived in these papers follows from the assumption that

Ž .each unit of economic activity consumer or a firm interacts with all
others.5 This drives them to bid up prices and increase densities in the

w xaccessible locations. Papageorgiou and Thisse 28 developed a version of
these partial equilibrium models with both firms and households. In their
model, central peaking occurs by forcing consumers to visit each firm.

w xFujita and Ogawa 13 introduced the presence of non-pecuniary externali-
ties in production arising from the proximity of firms to one another. They

w xfound multiple equilibria. Fujita 12 also showed that purely pecuniary
interactions between consumers and firms also lead to non-monocentric
patterns under monopolistic competition.6

Third are articles in the literature which explain the formation of
agglomerations endogenously as a tug-of-war between positive externali-
ties from the co-location of economic agents and the costs of interaction

7 w xamong agents at different locations. Papageorgiou and Smith 27 demon-
strated that when positive externalities from concentration are strong
relative to the negative externality of interaction at a distance, the uniform
distribution of activity becomes unstable. They did not examine exactly
what occurs when such a threshold of instability is reached. This was taken

w xup by Anas 1, 3 who explained how agglomeration and city formation
evolve over time in a simple general equilibrium economy with a closed
labor market and positive externalities in localized production. He showed
that the uniform distribution of activity is unstable at the early stages of
growth when activity concentrates in one or several places. Population
growth eventually exhausts scale economies from concentrated activity and
centers become uniformly distributed.

This paper is organized as follows. Section 2 describes the model
structure by considering the competitive partial equilibrium of the con-
sumer, the firm, and the transport sector and then combines these into a

Ž .general equilibrium formulation which has three central features: a

5 For example, Beckmann’s model is of a city with only households who make social visits
to one another. Boruckov and Hochman’s model is of a CBD as a collection of firms that
interact with one another.

6 ŽThe Fujita and Ogawa model is partial equilibrium: labor and product markets and so
.wages and commodity prices are exogenous, transportation does not take up land and

Ž .transport costs are exogenous and there is rent leakage i.e., landlords are absentee .
7 w xThe model of Harris and Wilson 17 is a good example of the attention to endogenous

agglomeration among non-economists. Although their model does not include prices and
does not have a transparent economic structure, it does illustrate the basic insight by
generating multiple subcenters the number of which is determined by a trade-off between
scale economies and transportation costs.
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interindustry trade directly links the locations where the various commodi-
Ž .ties are produced; b the shopping trips of consumers connect the loca-

Ž .tions where commodities are produced and sold; and c traffic congestion
determines the cost of travel which results from commuting, shopping, and
interindustry freight. Scale economies in shopping are then introduced into
this basic model.

Section 3 presents numerical solutions for two cases of the general
model for a bounded linear city where only one commodity is produced. In
the first case, there are no scale economies in shopping and no interindus-
try trade. An equilibrium land use pattern is determined in which produc-
tion and residences are dispersed throughout the linear city. Rent, wage,
and commodity price gradients peak at the center of the linear space as do
land use densities, traffic volumes, and land allocation to roads. This case

w xis examined more extensively in Anas and Kim 4 .
In the second case, scale economies in shopping are introduced. The

resulting multiple equilibria are examined. If these scale economies are
sufficiently powerful relative to the level of congestion in travel, the
dispersed production pattern becomes unstable and monocentric or poly-
centric concentrations of production emerge as alternative equilibria un-
der the same parameter values. Sufficiently large perturbations in the
distribution of productive activity will jog the urban system from one
polycentric equilibrium to another. The number of centers trades off
benefits from agglomeration against benefits from accessibility to centers.
For example, when traffic congestion is high a larger number of centers
reduces average travel cost and, hence, increases accessibility but at the
expense of less agglomeration in production. Conversely, when the level of
congestion is sufficiently low, the complete concentration of production
Ž .monocentric equilibrium gives the highest welfare.

Section 4 ends with a road map of further applications of the model.

2. STRUCTURE OF THE MODEL
Ž .Space is divided into differentiated locations zones . The zones are

linked via the usual link]node network and all travel between zones takes
place on a minimum network path. In our general model, there are a
predetermined number of industries which can locate in any subset of
zones. Production in each industry takes place by using labor, land, and
any subset of the commodities as intermediate inputs. Technology is
constant returns to scale. Hence, the number of firms is indeterminate but
aggregate industry output is determinate.

Ž .Commodities of the same class i.e., outputs of the same industry
produced in different locations are product variants but commodities of
the same class produced in the same location are undifferentiated. This
assumption means, in effect, that product differentiation is caused directly
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by locational differentiation.8 There are possibly many producers in the
same location, hence pricing of each commodity is competitive at each
location but varies among locations at equilibrium. Commodities are sold

Ž .to shoppers and to other firms as intermediate inputs at the sites of their
production.9

We consider a single consumer type but we allow idiosyncratic taste
heterogeneity for work]home location choices. Consumers supply labor to

Ž .the firms at some location, buy land for homes at some location, and
travel from home to shop at all locations, buying their demanded quantities
of each differentiated good at each location. This pattern of shopping
occurs because the consumer considers goods purchased from each loca-
tion as essential commodities.10 One unit of a single commodity is pur-
chased per each shopping trip made. Consumers also determine their
leisure demands and choose their work]home location pair.

Land is required for housing and for production, but also for roads
which are designed to accomodate shopping and commuting trips and the
shipments of intermediate commodities. Travel is congested and thus the
money and time costs of travel are endogenous as functions of the
allocation of land to roads.

All markets clear so that wages, rents, and commodity prices are
determined at each location and land is allocated to roads in such
quantities that the congestion tolls collected from all traffic traversing a
zone just cover the rental value of the land in roads. All rents are
redistributed equally among the households. Our notation is as follows.
We will normally use i to denote the residential use of a location, j the use
for employment, and k the use for shopping. However, when no conflict is
implied among these three uses we will use i to denote a zone. We will use
r s 1 . . . R to denote the commodities.

2.1. The Consumer

The consumer takes as given the distribution of employment and the
shopping locations. Consumers are price takers in all markets and take as
given all transport costs and travel times. The consumer chooses the pair

Ž .of work]home locations j, i , the size of the residential lot, leisure hours,
labor hours, and the shopping trip pattern.

8 The assumption means, for example, that two McDonalds’ located at different places are
treated as supplying variants of the same ‘‘commodity’’ even though the underlying commodi-

Ž .ties excluding the location attribute are identical.
9 Because production sites and shopping sites are identical we will normally refer to them

as shopping sites when discussing consumer behavior and as production sites when discussing
firm behavior.

10 ŽIn the context of footnote 8, this means also that each consumer will want over a period
.of time to visit each McDonald’s.
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The correct way to solve this problem is to recognize that it decomposes
into a two-stage problem. Suppose that the work]home location pair is
chosen, then consumer choices of land, leisure and shopping trips should
be determined in an inner stage maximization subject to the budget
constraint which is conditional on the cost of commuting. In the outer
stage, the consumer compares the optimized utilities for all work]home
pairs and chooses the best.

Ž .In the Cobb]Douglas utility function given below by 1 , we assume that
the taste coefficients a , b , and g are identical across consumers andr k

Ž .that Ý a q b q g s 1 homogeneity of degree one . The most strikingr k r k
Ž .feature of 1 is that making shopping trips to each location is, as a matter

of taste, an essential activity.11 Z is the quantity of the r th commodityi jr k
purchased at production zone k at price p per unit. It is also the numberr k
of shopping trips made by a worker, employed at j, from the home zone i

Žto zone k to purchase commodity r. q is the lot size of the consumer ati j
.home zone i , and L is the leisure time of the consumer. r is the renti j i

for land at i, and w is the hourly wage at j. H is the total hours availablej
Žfor work, leisure, and travel per period, and ¨ is the work days or one-way

. Ž .commutes per period year . t is the money cost of one-way travel from iik
to k. T is the total travel time per period. g is the one-way travel timei j i k
of a shopping trip from home zone i to k, and 2¨ is the number of
commutes per period. D is a rent dividend and u are idiosyncratic utilityi j
constants.

The inner stage maximization problem is

Maximize U s Ý a ln Z q b ln q q g ln L q u 1Ž .i j r k r k i jr k i j i j i j
w Ž .xq , L , Z N i , ji j i j i j

subject to:

Ý Z p q 2 t q r q q 2¨t s w H y T y L q D. 2Ž . Ž .Ž .r k i jr k r k ik i i j i j j i j i j

Ž .The budget constraint, 2 , may be rearranged to express the expenditure
of full economic income:

Ý Z p q 2 t q 2w g q r qŽ .r k i jr k r k ik j ik i i j

q 2¨ t q w g q w L s w H q D. 29Ž .Ž .i j j i j j i j j

11 In a more general formulation, consumer tastes could be modeled using the C.E.S. utility
Žfunction. This approach would allow us to specify a preference for variety see Dixit and

w x.Stiglitz 10 without imposing the assumption that travel to all locations is an essential
activity. This becomes important when the urban space grows spatially. Then, with

ŽCobb]Douglas tastes, consumers would never visit the new locations since these do not
.enter the utility function and are thus inessential . With C.E.S. tastes, consumers can decide

endogenously which places to visit and which not to visit, and since a taste for variety is
implied they will in fact choose to visit all locations including the new ones. In our current
formulation, the number of locations is fixed and, hence, the use of the C.E.S. over the
Cobb]Douglas does not add much generality.
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Looked at this way, the consumer has full income w H q D and spendsj
this on the RI consumption goods, on land for a home, on commuting, and
on leisure. Leisure and travel are ‘‘bought’’ at the opportunity cost of time,
which is the wage rate, by working less and thus foregoing potential

Ž .income. Equation 29 also shows the full price of trips. For a two-way
shopping trip, the full price is p q 2 t q 2w g , and for a one-wayr k ik j ik
commute it is t q w g .12 Total travel time is calculated asi j j i j

T s 2¨g q Ý 2 g Z , 3Ž .i j i j r k ik i jr k

where 2Z is the number of one-way shopping trips per period.i jr k
Consumers are equal owners of all the land in the economy. Hence,

aggregate land rents are redistributed as the rental dividend, D. Letting N
be the exogenous number of consumers and A the amount of land ini
zone i, the dividend is

D s Ý A r rN. 4Ž . Ž .i i i

Ž .The terms u in 1 are idiosyncratic taste constants for work]homei j
Ž .zone pair j, i which, unlike the rest of utility, obtain different values for

each consumer. We will return to the role of these below when we discuss
Ž .the outer stage maximization. In the inner stage, since j, i is given, the

u are given constants.i j
Because of the Cobb]Douglas utility, maximization will give the usual

demand functions with unitary own-price and income elasticities and zero
cross-price elasticities with the utility coefficients measuring the constant
cost-share of each commodity. These cost-shares are the portion of full
income net of commuting allocated to land, leisure, and each commodity.

Ž .Full income net of commuting for the work]home pair j, i is w H yj
Ž .2¨ t q w g q D.i j j i j
For each commodity r purchased in zone k, the demanded quantity of

that commodity and the demanded number of shopping trips are

w H y 2¨ t q w g q DŽ .j i j j i j
*Z s a . 5Ž .i jr k r k p q 2 t q 2w gr k ik j ik

The quantity of residential land demanded at i is

w H y 2¨ t q w g q DŽ .j i j j i j
*q s b . 6Ž .i j ri

12 ‘‘Full income’’ means the value of all dividends plus the value of the total time
endowment. A ‘‘full price of a trip’’ is the delivered price of a unit of the commodity
purchased on that trip plus the value of the time spent on the trip.
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The leisure demanded is

w H y 2¨ t q w g q DŽ .j i j j i j
*L s g . 7Ž .i j wj

The optimized or indirect utility can now be found by plugging the
Ž . Ž . Ž .demands given by 5 ] 7 into 1 and simplifying. We get

*U s ln w H y 2¨ t q w g q D y Ý a ln p q 2 t q 2w gŽ . Ž .i j j i j j i j r k r k r k ik j ik

y b ln r y g ln w q u . 8Ž .i j i j

Ž .Equation 8 gives the maximum utility possible conditional on the prior
Ž .choice of the work]home location pair j, i .

The best work]home pair is found in the outer stage maximization by
Ž .comparing the indirect utilities of all j, i pairs. At this stage, consumers

choose differently because the idiosyncratic taste constants for work]home
location pairs differ among consumers and are distributed randomly among
them. Hence, consumer choices will be determined up to a choice proba-
bility. To derive a workable model, we will resort to multinomial logit
choice probabilities. These are13

exp lVŽ .i j
C s ,Ý C s 1. 9Ž .i j i j i jÝ Ý exp lVŽ .s m sm

C is the joint probability that the consumer chooses a home at i and a jobi j
at j. Note that l links the dispersion of consumer choices to the variance
of the idiosyncratic tastes. At one extreme, as l ª `, taste heterogeneity
vanishes and all consumers choose identically. In this case, the C whichi j
corresponds to the highest non-idiosyncratic utility goes to unity and all
other C ’s go to zero.14 Therefore, for all work]home pairs to be choseni j
at equilibrium, when l is infinite, rents, wages, commodity prices, and
travel times and costs must adjust in such a way that the non-idiosyncratic

Ž .utilities of all j, i pairs are equal at equilibrium. At the other extreme, as
l ª 0, idiosyncratic taste heterogeneity swamps the systematic parts of
utility, given by the V ’s, and consumers choose randomly so that eachi j
C s 1rI 2, where I 2 is the number of work]home pairs.i j

13 We assume, as usual, that the u ’s are i.i.d. according to the Gumbel distribution withi j
2 'w xE u s 0, variance s and dispersion parameter l s prs 6 . Then, letting the non-idio-i j

Ž . w xsyncratic part of indirect utility 8 be defined as V ' E *U , we derive the logit probabili-i j i j
w Ž . Ž .xties as C ' Prob. V q u ) V q u , for all s, m other than i, j . See, for example,i j i j i j sm sm

w xAnas 2 .
14 If two or more work]home pairs are tied for maximum utility, they are each chosen with

equal probabilities and all other pairs have zero probabilities.
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To summarize, we have derived the Marshallian demand functions
governing the consumer’s behavior together with the probabilities describ-
ing consumer dispersal among work]home pairs. It will be notationally
convenient for our discussion of general equilibrium to express these in
compact form as functions of wages w, rents r, and prices p, suppressing
the transport costs, the rent dividend and all other parameters15

*Z s Z w , p , *q sq w , r , *L sL w ,Ž . Ž . Ž .i jr k i jr k j r k i j i j j i i j i j j

C s C p, r , w .Ž .i j i j

2.2. The Firm

Given the location at which it operates, the firm is a price taker in the
output and input markets and takes the transport costs of its intermediate
inputs as given. Each firm decides how much labor and land and what
intermediate input quantities to demand from all other locations. We
assume that the firm uses as distinct inputs all the variants of the same

Žcommodity produced at different locations i.e., each product variant is an
.essential input in production . Because technology is constant returns to

scale, optimized profits are normal and there are no economic profits.
We specify the production function of a firm producing commodity r in

location j as Cobb]Douglas.16 Letting X be the industry output, M ther j r j
labor input, Q the land input, and Y the quantity of good s fromr j r jsn
location n used as an intermediate input, the production function is

X s M d r Q m rŁ Y f r sn , 10Ž .r j r j r j sn r jsn

with d q m q Ý f s 1. The firm maximizes its profit function withr r sn r sn
respect to each input quantity

Maximize p s p X y M w y Q r y Ý Y p q m t , 11Ž .Ž .r j r j r j r j j r j j sn r jsn sn s n j
w xM , Q , Yr j r j r j

where m is the passenger-equivalent quantity of a unit of commodity-ss
Ž .freight. The input demands conditional on output level which solve this

maximization are determined by the property that the production function
coefficients are the cost-shares of the corresponding input. The input

15 But, of course, transport costs and times and the rent dividend will be endogenous in the
general equilibrium, as we shall see.

16 Again, as in the case of the consumer, a C.E.S. production function would be more
general, but little is gained from using C.E.S., given the purposes of this paper.
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demands are

M s d p wy1 X , 12Ž .r j r r j j r j

Q s m p ry1 X , 13Ž .r j r r j j r j

y1
Y s f p p q m t X . 14Ž .Ž .r jsn r sn r j sn s n j r j

Because of constant returns to scale, costs increase linearly with output
Ž .i.e., marginal and average costs are equal and constant and the firm
makes zero profit at any scale of operation. From this property, the price

Žof the output can be expressed as a function of input prices including its
own price, since commodities can be used as inputs in their own produc-

.tion :

f r snd mr rw r Ł p q m tŽ .j j sn sn s n j
p s . 15Ž .r j d m fr r r snd m Ł fr r sn r sn

Ž . Ž .Hereafter, we abbreviate 15 as p s p w , r , p . Also, the conditionalr j r j j j
Ž . Ž . Ž .input demands given by 12 ] 14 are denoted as Q p , r , X ,r j r j j r j

Ž . Ž . 17M p , w , X and Y p , p , X .r j r j j r j r jsn r j sn r j

2.3. Transport and the Congestion Externality

We now turn to our partial equilibrium model of the transport sector.
One way to model the behavior of the transport planner is to assume that
the planar achieves a first-best optimum. In such a first-best optimum,
congestion is priced so that the expected utility level of the consumer is
maximized with any profits from road operations distributed to consumers
or any losses covered from the aggregate land rent. Such a model of
transport planning is strong in that it assumes knowledge of consumer
utilities. Furthermore, the issues which we wish to study in this paper
center around polycentricity and are not affected much by second-best
treatments of road planning.

We model the transport planner, in more realistic terms, as a regulated
public authority. In the short run, given the fixed amount of land for roads
in a zone, the transport planner is required to levy a congestion toll on
each unit of traffic so that transportation is priced at its social marginal
cost. Also, the transport planner is required to compensate land owners in
a zone by paying the local market price for land taken for roads. While in

Ž .the short run with fixed land in roads the planner may not be able to
balance his budget, in long run equilibrium, road operations in each zone

17 Again, in these abbreviations, transport costs are suppressed for notational simplicity but
will be endogenous in general equilibrium.
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are required to break even and this is insured by the planner taking an
appropriate amount of land in each zone.18 Even though this behavior is
not first-best, we refer to it as ‘‘efficient,’’ since it has a strong qualitative
similarity to the first-best solution and differs markedly from actual
inefficient road planning.

There are three kinds of daily traffic flows originating at a zone i and
terminating at the same or another zone j. These, given below, are the

Ž . Ž .daily expected flows of commuters 16 , shoppers 169 and of passenger-
Ž . 19equivalent interindustry freight 160 :

wF s N C , 16Ž .i j i j

sF s Nr¨ Ý C Z , 169Ž . Ž .i j r s i s i sr j

fF s 1r¨ Ý m Y . 160Ž . Ž .i j r s s r js i

The total daily flow of traffic from i to j is found by summing the above so
that F 'wF qsF qfF . When i s j the flows are intrazonal.20

i j i j i j i j
We now turn to a specific geography. The I zones of the urban area are

rectangles of a narrow width and of unit length, arranged linearly as a
w xdiscretized version of Solow and Vickrey’s 31 ‘‘long narrow city.’’ We

number the zones consecutively from one end to the other as 1 . . . I. We
let g and t denote the travel time and monetary cost of traversing thei i
length of i. Intrazonal trips are assumed to travel half a zone length, and

Ž .trips terminating at a zone traverse half of it on average by the conven-
tion that all activities are uniformly spread within a zone.

Ž . Ž .Then, for intrazonal trips g s 1r2 g and t s 1r2 t , and for inter-i i i i i i
Ž .Ž . jy1 Ž .zonal trips from i to j: g s 1r2 g q g q Ý g , and t s 1r2i j i j ssiq1 s i j

Ž . jy1t q t q Ý t .i j ssiq1 s

18 As is well known, if the production function for road capacity is constant returns, then
the congestion toll just covers the land rent for each road segment. In the case of increasing
returns, there is a deficit and in the case of decreasing returns, a surplus.

19 Ž . Ž .Note that the flows 16 and 169 are constructed by multiplying the total number of
Ž .travelers N, with the probability that the traveler will choose home]work pair i, j ; and in

Ž .160 also multiplying by the number of shopping trips and appropriately summing over all
Ž .industries and work locations. Division by ¨ converts annual shopping trips to daily. In 160

multiplication by m converts commodity flows to passenger equivalent units.s
20 From an empirical standpoint adding commuting, shopping, and freight flows is inappro-

priate since these flows will differ sharply by time of day. However, in this theoretical model
we suppress trip-timing and pretend that all travel occurs simultaneously. It is equally simple
to pretend that each type of travel is segregated in time from the others. The case where they
overlap is the most difficult to treat.
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The total flow traversing the edge zones i s 1 or I is

F s F q Ý F q F . 17Ž .Ž .i i i j/ i i j ji

For an internal zone 2 F i F I y 1, it is

iy1 Iyi

F s F q Ý F q F q 2 F q F , 179Ž .Ž . Ž .Ý Ýi i i j/ i i j ji iyj , iqk iqk , iyj½ 5
js1 ks1

� 4where the term in ? is the through-traffic crossing the zone and is
multiplied by 2 because through traffic crosses the entire zone.

Now we turn to congestion. Suppose that traffic capacity K in zone i isi
Ž .vgiven by the function K s z S , where 0 - v - 1 and S is the amounti i i

of land placed in roads in zone i. This says that land is the only input for
roads and that there are diminishing returns in using land to create road
capacity.21 The time for a passenger to cross the zone is given by the
congestion function

c
g s a 1 q b F rK , 18Ž . Ž .i i i i

where a, b ) 0 and c G 1. The total cost incurred by the traffic crossing i
is then G ' g F and the marginal cost of a unit amount of traffic isi i i

­ Gi cs a 1 q b 1 q c F rK . 19Ž . Ž . Ž .i i i­ Fi

Ž . Ž .cThe congestion toll, in units of time, is t ' ­ G r­ F y g s a bc F rK .i i i i i i i
The monetary cost of travel t is the congestion toll weighted by thei
traveler’s value of time. We have already assumed that travelers value
travel time at their wage rates. Travelers’ wages differ as their job
locations differ. We assume that travelers cannot be charged tolls accord-
ing to their specific job locations. We assume that travelers crossing a zone
i are charged according to a weighted value of time of all the commuters
residing at that zone and working in all zones. With these assumptions, the
cost of transport or the congestion toll for traffic crossing i is

c
t s a bc F rK Ý F w rF . 20Ž . Ž .Ž .i i i i j i j j i

21 When v s 1 there is constant returns to scale in using land to create traffic capacity.
Since our model ignores non-land inputs in roads, the role of these inputs is proxied by the
land inputs. Hence, it would be more appropriate to assume v - 1 rather than v s 1 to
reflect the fact that when land and non-land inputs are considered, roads are subject to
decreasing returns to scale.
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As already explained, land is allocated to roads in such a way in each
zone i that the total toll revenue collected from all the traffic crossing the
zone pays for the rent of the land in roads in that zone. Hence

S r s ¨F t . 21Ž .i i i i

Ž . Ž .v Ž .Using 20 and the land-capacity relation K s z S we solve 21 for thei i
long run equilibrium road capacity in zone i:22

Ž .vr 1qcvc 1rv¨a bcF z Ý F wŽ .i i j i j jUK s . 22Ž .i ½ 5ri

2.4. General Equilibrium

We now combine the three partial equilibrium models into a general
equilibrium model. The number of consumers, N, the total time endow-
ment of each consumer, H, and the amount of land, A , in each zone arei
given. In the linear city A s A for each i. General equilibrium findsi

Ž .commodity prices by zone and commodity p, land rents, r, and wages, w
Ž . Ž .by zone , industry outputs by zone and commodity X, and the equilib-

Ž .rium congestion tolls, t, and travel times, g by zone .
Equilibrium in the land market in i requires

NÝ C p, r , w q w , r q Ý Q p , r , X q S s A . 23Ž . Ž . Ž . Ž .j i j i j j i r r i r i i r i i i

The left side is the sum of the lot size demands of all households residing
in zone i and commuting to all zones plus the land demands of all the
firms in i plus the land allocated to traffic. The right side is the available
land in i. In the labor market in i

NÝ C p, r , w H y T y L w s Ý M p , w , X . 24Ž . Ž . Ž . Ž .s si s i s i i r r i r i i r i

Here, the left side is the supply of labor by consumers working in i and the
right side is the demand for labor by all the firms producing in i. The total

Ž Ž ..travel time T see 3 is given by the transport sector equilibrium. In thesi
Ž .market for commodity r, i

NÝ C p, r , w Z w , p q Ý Y p , p , X s X . 25Ž . Ž . Ž . Ž .n s n s n sr i s r i n s n sr i n s r i n s r i

The left side is the quantity of commodity r shopped in zone i by
consumers who work and live in all the zone pairs plus the demand for the
same commodity for use as an intermediate input by the firms producing

22 Ž .Note that condition 21 need not be imposed but will hold automatically when road
Ž .capacity is constant returns to scale v s 1 .
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Ž .in all the zones i.e., interindustry trade . The right side is the industry
output of the r th commodity in zone i. The last set of equations is the

Ž .already-derived 15 , the relationship among output and input prices
implied by the zero-profit equilibrium of the firm producing commodity r
in i

p y p w , r , p s 0. 26Ž . Ž .r i r i i i

Ž . Ž .The total number of Eqs. 23 ] 26 is 2 I q 2 RI. The number of un-
knowns to be found by solving these simultaneously are p, X, w, and r,
also 2 I q 2 RI in number.

This general equilibrium system is homogeneous of degree zero in all
prices, p, rents, r, and wages, w.23 Hence, equilibrium prices can be
normalized and demands can be expressed in terms of relative prices. We
adopt a convention that the rent for land at the last zone is fixed and,
hence, we discard the land market condition for the last zone.24

2.5. Shopping Externalities

We now build scale economies in shopping into the model. We assumed
that the consumer’s cost-share coefficients, the a ’s, were given prefer-r k
ence constants which varied by the type and place of purchase.

Suppose, instead, that cost shares are defined as a ’s, where i is ther k
home location of a worker, r is the commodity, and k is the shopping
place. We assume that Ý a s a for each home zone i and thatk r k r
a q b q g s 1. Hence, a s 1 y b y g for each r. Recall that X is ther r r k
scale of production, also measuring the available volume of product r at k.
Suppose that the shopping preference coefficients for commodity r pur-
chased in zone k are given by

Xh
r k

a s a . 27Ž .r k r hÝ Xj r j

Ž .Equation 27 guarantees that Ý a s 1 y b y g for all home locations ik r k
which means that the consumer spends a fixed proportion of income to
purchase commodity r throughout all shopping centers, regardless of

23 w xThe proof of homogeneity is included in the working paper by Anas and Kim 4 , an
earlier version of this paper which can be obtained from Alex Anas, but is excluded from this
paper to save space.

24 In all partial equilibrium urban models it is customary to assume that the city is
surrounded by agricultural land and that, at the border, urban and agricultural rents will be

Žequal. Since our model is completely closed, there is no agriculture or it is included in the
.commodity set and it is more appropriate to think of the city as an island. Therefore, the

fixed rent at the edge zone does not reflect an assumption of an exogenous land rent, but it
reflects the fact that, in general equilibrium, one price is arbitrary, because of Walras’s Law.
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home location. By h ) 0 we have the property that each consumer likes
larger shopping centers and, hence}because of Cobb]Douglas
tastes}spends more income on a given good r at a shopping zone that
sells more of that good, keeping the home zone fixed.

ŽThe idea that shopping center sizes in our case size is measured by the
.outputs X determine consumer propensity to spend appears to have hadr k

w xempirical support. The shopping models developed by Huff 21 , Laksh-
w x w xmanan and Hansen 24 , and Harris and Wilson 17 embodied similar

concepts. Although the income share spent on a shopping center is
determined by the center’s relative size, the full set of relevant economic

Ž .variables also affects quantity purchased. To see this, we plug 27 into the
Ž .Marshallian demand function for the commodity rk given by 5 .

hX w H y 2¨ t q w g q DŽ .r k j i j j i j
*Z s a . 28Ž .i jr k r h½ 5Ý X p q 2 t q 2w gŽ .j r j r k ik j ik

� 4The above equation makes it clear that the relative size given by ? acts as
a shift factor in the Marshallian demand function, but the quantity
purchased is also influenced by disposable income and by the full price of

Ž .a shopping trip as is seen from the second part of 28 .
In terms of the general equilibrium solution, the modified demands

Ž .given by 28 mean that the industry outputs X obtained from the solution
must be consistent with the a ’s used to obtain them. Note also that ar k
proportional change in shopping center sizes preserves homogeneity of
degree zero of excess demands.25

3. NUMBERS OF SUBCENTERS, STABILITY
AND WELFARE

There are three major economic relationships included in the model
which could be suppressed or treated in tailoring numerical applications.

Ž . Ž . ŽThese are: a traffic congestion; b interindustry trade exchange of
. Ž .intermediate inputs in production ; and c economies of scale in shopping.

25 w xIn Anas and Kim 4 , we described the computational algorithm in detail. It consists of
Ž . Ž . Ž .an iterative procedure for adjusting wages w , rents r , product prices p and the allocation

of land to roads in such a way that the labor, land and commodity markets clear simultane-
ously in each location. While this is done, the algorithm also ensures that consumer incomes
be consistent with the redistributed rent dividend and that travel times be consistent with
consumer demands for travel and the road planner’s long run equilibrium conditions. An

Ž .extended algorithm deals with the case of economies of scale in shopping h ) 0 by insuring
Ž Ž ..that consumer demands for shopping given by 28 are consistent with the sizes of the

shopping centers at equilibrium. This extended algorithm is designed to find multiple
w xequilibria and, in the manner described in Section 3 of Anas and Kim 4 , to test the stability

of each such equilibrium.
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Congestion exists by setting b ) 0. Interindustry trade requires that at
least some f ’s be positive, and there are economies of scale in shopping
when h ) 0.

In the applications considered here we suppress interindustry linkages
Ž .by assuming that there is only one commodity R s 1 and that production

takes place by using land and labor as the only two inputs. Hence, there is
Žno interindustry trade and no freight flows. More generally with more

. 26than one commodity the absence of trade is insured by all f s 0.r sn
Other parameters are set as follows. We divide the linear city into I s 11
identical zones. Zone 6 is the central zone. Arranged symmetrically around
this zone, zones 5 and 7, 4 and 8, 3 and 9, 2 and 10, and the edge zones 1
and 11 are identical a priori. Zone width is set at 0.1 miles and zone length

27 Ž .is one mile. The fixed rent in zone 1 or 11 is set at $10 per square yard.
There are N s 1000 households. Each has a total time endowment of

Ž .H s 260 hours and the number of working days per period per month is
¨ s 22. The income share of land b s 0.35 and the income share of
leisure g s 0.15. The share of all other consumption is a s 0.50. Note that
the subscript r on a is suppressed since R s 1. In the case without scale

Ž . w xeconomies in shopping h s 0 , analyzed in Anas and Kim 4 , we assumed
that the consumer is, ceteris paribus, inclined to spend the same portion of

Ž .income in every zone i.e., likes all shopping locations equally . Then,
Ž .a s arI s ar11 s 0.04545 . . . . The parameters in the congestion func-k

tion are set as a s 1, b s 0.15, and c s 4 and road technology is defined
by z s 7.0 and v s 0.8. The taste heterogeneity coefficient for the home]
work location choice is l s 1. The labor and land elasticities of output
given by d and m sum to one.

With the above parameter values, we analyzed two cases. In the first of
Ž w x.these Anas and Kim 4 , we assumed that shopping preferences are not

Ž .affected by the size of a shopping site h s 0 . Then, congestion is the only
externality present. This generates a unique equilibrium solution in which
consumers and jobs are dispersed among all zones of the linear city and in
which rent, wage, commodity price gradients, and traffic all peak at the
central zone.28

26 The case of interindustry linkages requires extensive treatment and is left to another
paper.

27 To find equilibrium in this 11-location city, the algorithm solves simultaneously 33
Ž .equations labor, land, and commodity excess demands for each location , of which one is

redundant by Walras’s Law, together with the additional conditions for transport equilibrium,
Ž .income composition, and when h ) 0 , consistency between shopping demands and shopping

center sizes.
28 Ž w x.This ‘‘dispersed city’’ case is analyzed in Anas and Kim 4 by performing comparative

statics on the dispersed equilibrium. The parameters N, l, and d are varied and the
Ž .sensitivity of endogenous variables especially the land use densities and the three gradients

on these parameters is explored.
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In the second set of cases, to be discussed below, we assumed that
h ) 0. These cases generate polycentric urban structures: there are multi-
ple equilibria under the same parameter values. The nature of these
equilibria is such that employment may be concentrated in a subset of the
zones while residences and streets are present in all zones. In the dis-

Ž w x.persed equilibrium Anas and Kim 4 spatial concentration occurs around
the central zone even though scale economies in shopping are suppressed
Ž .h s 0 . This occurs because of the accessibility advantages of the central
zone. When h ) 0, there is an additional factor due to the scale economy
in shopping.

In this case, as we saw, consumers’ preferences for shopping depend not
only on their disposable incomes and the full prices of shopping trips but
also on the relative sizes of the shopping destinations. Ceteris paribus,
consumers spend more disposable income at larger shopping destinations.

Ž . ŽMore precisely, suppressing r in 27 we can find that ­a r­ X s ha 1 yi i i
.a rX ) 0, which says that the share of income spent on shopping in zonei i

Ž .i increases with the production-size or shopping center size of zone i.
Hence, when h ) 0, shopping center size confers a positive effect on
shopping center revenue.

There are multiple equilibria in the sense that, at some equilibria,
production may concentrate in some zones only while the other zones are

Ž .reserved for residences streets are also present in all zones . We will call
an equilibrium in which some zones contain no production a polycentric

Ž .equilibrium the monocentric case is included as a special case . Further-
more, such equilibria may be spatially symmetric or asymmetric. Below, we
will focus only on symmetric equilibria.

When multiple equilibria are present, stability becomes important in
Ždeciding the likelihood that a particular equilibrium will be sustained if it

.occurs . To perform stability analysis it is necessary to construct a model of
how the system adjusts when it is out of equilibrium. Our computational
algorithm, which mimics market price adjustments in response to excess
demands is, in fact, such a dynamic adjustment procedure. Therefore, a

Ž .particular equilibrium will be stable unstable if application of our algo-
rithm from a particular non-equilibrium state converges the economy on

Ž .that diverges it away from that polycentric or monocentric equilibrium.
The presence and stability of a polycentric equilibrium depends crucially

on the value of h which controls the strength of the scale economy. To
understand how polycentricity works, we consider the following simple but
insightful example. Suppose that there are three zones with a single unit of

Ž .output in each X s X s X s 1 . Suppose, for the sake of this example,1 2 3
that all other variables, prices included, are kept constant. We will con-
sider what happens if the output of zone 2 is moved to zone 1 so that

ŽX s 2, X s 0, and X s 1. Suppose that h s 1r2 more generally1 2 3
.h - 1 , then moving production from zone 2 to zone 1 increases the value
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of a from a third to 0.583. Clearly, there is no incentive for the1
production in zone 2 to move to zone 1 since this doubles the aggregate
output of zone 1 while less than doubling the aggregate revenue received
at the zone. Hence, with h - 1 the external scale economies in consump-
tion are not strong enough to induce agglomeration of producers.

When h s 1, then moving output from zone 2 to zone 1 exactly doubles
revenue collected in zone 1. When h ) 1, then revenue received in zone 1
more than doubles. Hence, we should expect the dispersed employment
pattern to become unstable and a polycentric pattern to become stable if
the external scale economies in consumption are sufficiently strong.

The value of h must be sufficiently bigger than one to overcome
the other influences which encourage the dispersed pattern. High trans-
port costs encourage dispersion: the consumer wants to conserve travel,
hence producers become dispersed among the consumers to reduce travel
times and costs incurred in shopping. Therefore, when h is sufficiently
high relative to the cost of congested travel, then polycentric patterns of
land use emerge as stable equilibria and the dispersed patterns become
unstable.

Consider now the way our algorithm finds the polycentric equilibria and
ascertains computationally whether they are stable or not. More precisely,
we wish to ascertain ‘‘how stable ? ’’ a given polycentric equilibrium is, since
as long as multiple equilibria are present a large enough perturbation
would destabilize any locally stable equilibrium and ‘‘jog’’ the economy to
another equilibrium. Then, ‘‘how stable ? ’’ means: ‘‘how big a perturbation
must the economy be shocked with to switch from one equilibrium to
another?’’

We will confine our attention to the symmetric polycentric equilibria in
Žour 11 zone linear city. These are: the 1-peak monocentric with all

. Žproduction in zone 6 ; the 3-peak tricentric with production in zones 3, 6,
. Žand 9 ; and the 5-peak pentacentric with production in zones 2, 4, 6, 8,
.and 10 . Any polycentric equilibrium is easy to find via the computational

w xalgorithm reported in Section 3 of Anas and Kim 4 . Suppose that we
wanted to find the monocentric case. We would force all X s 0 for ii

other than 6. We would iterate subject to these constraints until the
monocentric case was confirmed to be an equilibrium upon convergence of
the algorithm. Similarly, production would be forced to zero in zones 1, 2,
4, 5, 7, 8, 10, and 11 if we wanted to find the tricentric equilibrium, with
positive production in zones 3, 6, and 9 endogenously determined. In the
symmetric equilibrium, zones 3 and 9 will have identical distributions of
activity, different from zone 6. Similarly, at equilibrium, zones 1 and 11, 2
and 10, 4 and 8, and 5 and 7 will be pairwise identical.

To confirm the stability of a polycentric equilibrium, we start with that
polycentric equilibrium solution and we perturb it systematically. For
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example, we perturb the monocentric equilibrium by removing a bit of the
production located in the center and placing it equally among zones 3 and
9. We iterate with this non-equilibrium starting point. If transport costs are
sufficiently high relative to h, only a small perturbation would be sufficient
for the monocentric case to decay to the tricentric case and the algorithm
would converge on this pattern. Whether the monocentric equilibrium
decays to the tricentric case depends not only on transport costs but also
on the size of the perturbation. Relatedly, the size of the perturbation
needed to achieve the decay of the monocentric equilibrium is smaller, the
higher the level of transport congestion.

To see this better, imagine a two-zone example. Suppose that production
exists in zone 1 but not in zone 2 and that this is an equilibrium. Since we
allow free entry of firms, some investors can perturb the equilibrium by
trying to produce in zone 2. Suppose that an investor builds a
factoryrshopping center in zone 2 which is one hundred times smaller
than that in zone 1. Can such an investment succeed? This depends on the
consumer’s shopping behavior which is driven, in part, by h. If this value is
small enough compared to unity, scale economies in shopping are slight
and the small amount of production in zone 2 will succeed and may grow.
Then, an equilibrium can be found with positive production in both zones.
However, if the value of h is sufficiently bigger than one, then production
in zone 2 will vanish because consumers strongly prefer bigger places in
which to shop and the disturbance created by the investment in zone 2 is
not big enough to attract sufficient consumers. Otherwise, if the invest-
ment in zone 2 is big enough, production may disappear from zone 1 and
appear in zone 2.

To summarize, with a relatively small value of h, the consumer’s
Žshopping behavior is more sensitive to the delivered price which includes

.travel time and cost than to the relative size of the shopping center.
Therefore, a firm can successfully survive in a zone even with relatively low
production, if the firm in the zone can produce and deliver the commodity

Žcheaply. That is why a bigger disturbance larger shopping center critical
.size is required to generate a polycentric pattern when the value of h is

relatively small.
Table 1 illustrates the results for the monocentric, the completely mixed

Ž .or dispersed , and two other polycentric configurations all of which are
equilibria under N s 1,000, d s 0.9, and h s 1.7, and the other parameter
values mentioned earlier. Sufficiently big perturbations would move the
economy from any one of these equilibria to one of the others. The land
use patterns of these four cases are depicted in the bar charts of Figs. 1
and 2.

The completely mixed case should be discussed first. Clearly, it resem-
bles the dispersed case mentioned earlier and discussed in Anas and Kim
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TABLE 1
Ž .Completely Mixed C-mix and Polycentric Equilibria

Zone 6 5 or 7 4 or 8 3 or 9 2 or 10 1 or 11

C-mix r 11.045 10.995 10.850 10.621 10.325 10.00i
Ž .N % 9.046 9.051 9.065 9.088 9.119 9.155i
Ž .X % 9.228 9.215 9.173 9.104 9.007 8.887i

5-peak r 13.450 10.971 13.181 10.597 12.461 10.00i
Ž .N % 8.705 9.338 8.727 9.369 8.791 9.423i
Ž .X % 20.201 0 20.101 0 19.799 0i

3-peak r 15.143 10.957 10.895 14.410 10.195 10.00i
Ž .N % 8.342 9.325 9.322 8.395 9.398 9.390i
Ž .X % 33.534 0 0 33.233 0 0i

1-peak r 24.232 10.929 10.652 10.404 10.184 10.00i
Ž .N % 7.083 9.310 9.300 9.291 9.282 9.274i
Ž .X % 100 0 0 0 0 0i

Note. h s 1.7; d s 0.9; N s 1,000.

w x4 . But it differs from this in that the eleven a ’s of the consumers are not
all identical but now increase with the production level of the zone. More

Ž .disposable income is spent in the central zone higher a , because it has a
larger shopping center. That accounts for a steeper rent gradient than in
the dispersed case. The monocentric case has the highest rent in the
center and the steepest rent gradient and that obviously occurs because
the demand for land in zone 6 greatly increases as all employment wants to

Žlocate there. In the 5-peak and 3-peak cases, the rent at the center zone
.6 is higher than the rent in the secondary centers. The same applies to

wages, output, and the output price.
From Table 2 we can discern the effect of increasing h on the com-

Ž .pletely mixed case relative to the dispersed employment case h s 0 . Note
that as h increases, consumers want to spend more in the central and
larger agglomeration. The increased demand for their output induces the
centrally located firms to raise their demands for both land and labor and,
hence, rents and wages rise. Rents and wages rise less in the secondary
centers because as h rises demand for bigger centers increases. Output
rises in the center and falls in the edges and residents are decentralized
more to make more room for central production.

Also of interest is the welfare ranking of the multiple equilibria which
occured under the same parameter values. Which is the maximum welfare
equilibrium and how does this change as the population grows exoge-
nously? As population grows, agglomeration effects become more powerful
but travel congestion also increases. As we saw, the former effect favors
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FIG. 1. Land uses in the completely mixed and 5-peak equilibria.

fewer centers whereas the latter effect induces dispersal of central produc-
tion to more centers. When h is sufficiently large relative to the level

Žcongestion, a single center is socially preferred the consumer’s expected
.utility is highest under a single center . As h gets smaller, equilibria with

more centers give higher expected utility and eventually the completely
mixed case is the socially preferred equilibrium.

The obvious question ‘‘how to induce the economy to produce the
optimal numbers and sizes of centers?’’ is beyond the scope of this paper
but easily grasped by the intuition developed via the current model.
Clearly, the answer lies in providing tax or other incentives to developers

Žto build larger centers when equilibria with large centers are socially
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Ž .FIG. 2. Land use in the 3-peak and 1-peak monocentric equilibria.

.preferred . In the absence of such incentives to developers, producers are
not motivated to fully internalize the positive externality they confer on
shoppers by agglomerating with one another. We might conclude there-
fore, that the market will produce too few centers andror smaller than
optimal centers when the value of h is high. The economy can get ‘‘stuck’’
in a socially suboptimal but stable equilibrium.

4. A RESEARCH AGENDA

Although the simulations discussed above clearly demonstrate the
model’s potential, more awaits to be done with this computable model and
the purpose of this section is to briefly chart a roadmap for such applica-
tions.
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TABLE 2
Effects of Varying the Scale Economy in Consumption on the Completely

Mixed Case

h Zone 6 Zone 3 or 9 Zone 1 or 11

Rent 0.0 10.978 10.582 10.000
1.4 11.015 10.603 10.000
1.7 11.045 10.621 10.000

Wage 0.0 19.088 18.916 18.640
1.4 19.307 18.969 18.409
1.7 19.481 19.013 18.822

Residents 0.0 9.053 9.089 9.144
Ž .% 1.4 9.049 9.088 9.150

1.7 9.046 9.088 9.155

Production 0.0 9.128 9.094 9.037
Ž .% 1.4 9.184 9.099 8.954

1.7 9.228 9.104 8.887

Note. d s 0.9; N s 1,000.

An interesting theme in urban economics is whether transport improve-
ments are capitalized into rents. While there is plenty of evidence support-
ing that notion, it is virtually all derived from partial equilibrium models
with fixed wages or fixed employment or both in monocentric cities. The
present model, therefore, can be applied to examine the relative capitaliza-
tion of transport improvements into wages, rents, and commodity prices.

Second, interindustry linkages were suppressed in this paper. In a
separate paper, interindustry linkages can be explored in depth by intro-
ducing more than one commodity. One important question is how having
more than one commodity affects rent and wage gradients and which
commodities follow a more centralized pattern. Some partial equilibrium

Žanalyses of this problem with exogenously specified centers exists see
w x.Hartwick and Hartwick 18 .

Third, we assumed that locations are differentiated but products in the
same industry produced at the same location are undifferentiated. It is

Ž .easy to extend the model to introduce scale economies or fixed costs in
firm setup and thus make the number of firms explicit and endogenous.
Such a framework would also allow the assumption that each firm pro-
duces a product variant. Monopolistic competition among firms would
determine above-marginal-cost pricing and the aggregate profits of firms
would be captured by the consumer]landowners.

Fourth, the shopping technology of consumers can be extended to
introduce economies of scale in shopping which stem from multipurpose
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trips. Suppose that the consumer buys from more than one industry during
each shopping trip. Then, firms producing different goods have an incen-
tive to locate together. When firms locate close to each other they confer
travel savings to consumers which allows them to price their products
higher. If producers cannot locate together, then retailing should emerge
endogenously as the market’s response to bundling related goods.

REFERENCES

1. A. Anas, Agglomeration and taste heterogeneity: Equilibria, stability, welfare and dynam-
Ž .ics, Regional Science and Urban Economics, 18, 7]35 1988 .

2. A. Anas, Taste heterogeneity and urban spatial structure: Monocentric analysis and the
Ž .logit model reconciled, Journal of Urban Economics, 28, 318]335 1990 .

3. A. Anas, On the birth and growth of cities: Laissez-faire and planning compared,
Ž .Regional Science and Urban Economics, 22, 243]258 1992 .

4. A. Anas and I. Kim, General Equilibrium Models of Polycentric Urban Land Use with
Endogenous Congestion and Job Agglomeration. Working Paper, Department of

Ž .Economics, State University of New York at Buffalo 1994 .
5. W. R. Archer and M. T. Smith, Why do suburban offices cluster? Geographical Analysis,

Ž .25, 53]64 1993 .
6. M. J. Beckmann, Spatial equilibrium in the dispersed city, in ‘‘Mathematical Land Use

Ž . Ž .Theory’’ G. J. Papageorgiou, Ed. , Lexington Books, Lexington, MA 1976 .
7. J. L. Berry and H. M. Kim, Challenges to the monocentric model, Geographical Analysis,

Ž .25, 1]5 1993 .
8. M. G. Boarnet, The monocentric model and employment location, Journal of Urban

Ž .Economics, 36, 79]97 1994 .
9. E. Borukhov and O. Hochman, Optimum and market equilibrium in a model of a city

Ž .without a predetermined center, En¨ironment and Planning A, 9, 849]856 1977 .
10. A. Dixit and J. E. Stiglitz, Monopolistic competition and optimum product diversity,

Ž .American Economic Re¨iew, 67, 297]308 1977 .
11. D. E. Dowall and P. A. Treffeisen, Spatial transformation in cities of the developing

world: Multinucleation and land]capital substitution in Bogota, Colombia, Regional
Ž .Science and Urban Economics, 21, 201]224 1991 .

12. M. Fujita, A monopolistic competition model of spatial agglomeration: Differentiated
Ž .products approach, Regional Science and Urban Economics, 18, 87]124 1988 .

13. M. Fujita and H. Ogawa, Multiple equilibria and structural transition of non-monocentric
Ž .urban configurations, Regional Science and Urban Economics, 12, 161]196 1982 .

14. G. Giuliano and K. A. Small, Subcenters in the Los Angeles region, Regional Science and
Ž .Urban Economics, 21, 163]182 1991 .

15. P. Gordon and H. Richardson, Beyond polycentricity: The Dispersed Metropolis, Los
Angeles, 1970]1990, Working Paper, Lusk Center Research Institute, University of

Ž .Southern California 1994 .
16. P. Gordon, H. W. Richardson, and H. L. Wong, The distribution of population and

employment in a polycentric city: The case of Los Angeles, En¨ironment and Planning
Ž .A, 18, 161]173 1986 .

17. B. Harris and A. G. Wilson, Equilibrium values and dynamics of attractiveness terms in
production-constrained spatial-interaction models, En¨ironment and Planning A, 10,

Ž .371]388 1978 .



ANAS AND KIM256

18. P. Hartwick and J. Hartwick, Efficient resource allocation in a multinucleated city with
Ž .intermediate goods, Quarterly Journal of Economics, 88, 340]352 1974 .

19. R. W. Helsley and A. M. Sullivan, Urban subcenter formation, Regional Science and
Ž .Urban Economics, 21, 255]275 1991 .

20. I. Hoch and P. Waddell, Apartment rents: Another challenge to the monocentric city,
Ž .Geographical Analysis, 25, 20]34 1993 .

21. D. L. Huff, Defining and estimating a trading area, Journal of Marketing, 28, 37]38
Ž .1964 .

22. A. Karlqvist and L. Lundqvist, A contact model for spatial allocation, Regional Studies, 6,
Ž .401]419 1972 .

23. I. Kim, Urban land use and transportation with taste heterogeneity: Theory and computa-
tion, Unpublished Ph.D. dissertation, Northwestern University, Evanston, Illinois
Ž .1990 .

24. T. R. Lakshmanan and W. G. Hansen, A retail market potential model, Journal of the
Ž .American Institute of Planners, 31, 134]143 1965 .

Ž .25. I. S. Lowry, ‘‘A Model of Metropolis,’’ RAND Corporation 1964 .
26. P. Mieszkowski and B. Smith, Analyzing urban decentralization: The case of Houston,

Ž .Regional Science and Urban Economics, 21, 183]199 1991 .
27. Y. Y. Papageorgiou and T. Smith, Agglomeration as a local instability of uniform steady

Ž .states, Econometrica, 51, 1109]1119 1983 .
28. Y. Y. Papageorgiou and J. F. Thisse, Agglomeration as spatial interdependence between

Ž .firms and households, Journal of Economic Theory, 37, 19]31 1985 .
29. V. Shukla and P. Waddell, Firm location and land use in discrete urban space: A study of

the spatial structure of Dallas]Fort Worth, Regional Science and Urban Economics,
Ž .21, 225]253 1991 .

30. R. Sivitanidou and W. C. Wheaton, Wage and rent capitalization in the commercial real
Ž .estate market, Journal of Urban Economics, 31, 206]229 1992 .

31. R. M. Solow and W. Vickrey, Land use in a long narrow city, Journal of Economic Theory,
Ž .3, 340]447 1971 .

32. D. N. Steinnes, Causality and intraurban location, Journal of Urban Economics, 4, 69]79
Ž .1977 .

33. D. N. Steinnes and W. D. Fisher, An econometric model of intraurban location, Journal
Ž .of Urban Economics, 14, 65]80 1974 .

34. A. Sullivan, A general equilibrium model with agglomerative economies and decentral-
Ž .ized employment, Journal of Urban Economics, 20, 55]74 1986 .

35. K. G. Usowski, ‘‘Neoclassical analysis of monocentric and multicentric urban equilibria,’’
Ž .Unpublished Ph.D. dissertation, Northwestern University, Evanston, Illinois 1991 .

36. P. Waddell, Exogenous workplace choice in residential location models: Is the assump-
Ž .tion valid?, Geographical Analysis, 25, 65]84 1993 .

37. P. Waddell, J. L. Berry, and I. Hoch, Housing price gradients: The intersection of space
Ž .and built form, Geographical Analysis, 25, 5]20 1993 .

38. P. Waddell and V. Shukla, Employment dynamics, spatial restructuring and the business
Ž .cycle, Geographical Analysis, 25, 35]52 1993 .

39. W. C. Wheaton, Monocentric models of urban land use: Contributions and criticism, in
Ž .‘‘Current Issues in Urban Economics’’ P. Mieszkowski and M. Straszheim, Eds. ,

Ž .Johns Hopkins Press, Baltimore 1979 .
40. M. White, Location choice and commuting behavior in cities with decentralized employ-

Ž .ment, Journal of Urban Economics, 21, 259]271 1988 .
41. K. Wieand, An extension of the monocentric urban spatial equilibrium model to a

multicenter setting: The case of the two-center city, Journal of Urban Economics, 21,
Ž .259]271 1987 .


