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tion of population in a few large metropoli-
tan centers was unacceptable (UN(1978,
According to recent UN reports, 1980)). The emerging concensus among

eighty—three percent of !14 developing them is that the uneven spatial distribution

I. INTRODUCTION

countries indicated that a heavy concentra- of population is the main obstacle to socioe-
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conomic development. To the countries, the
existence of their largest cities is reminis-
cent of economic inefficiency, regional
inequality, political unrest, and the familiar
“big city headaches” such as congestion,
pollution, and overburdened infrastructure
and housing.

In practice, therefore, most urban poli-
cies have mainly been limited to alleviating
the situation in their biggest cities, either
to direct more public investments into them
or to divert peoi)le away from them. Rarely
has there been a serious commitment to
develop the biggest city along with smaller
cities within the context of the national
system of cities. what is lacking is the view
that the unit of national urban policies must
be the national economy rather than the
city economy. However inadequate the cur-
rent urban policies may be, they neverthe-
less seem to reflect the current state of
Although

stylized facts such as the rank—size rule

knowledge in the literature.

and paradigms such as“concentrated decen-
tralization”(Rodwin(1961], Alonso(1968))
exist, it is surprizing that no study has
analytically dealt with the basic issue:
what spatial allocation of populations
among cities is commensurate with national
economic development.

This dissertation attempts to address
the issue by devising an analytic spatial
economic framework in which the economic
efficiency and welfare of a city depend not
only on its own size and internal character-
istics, but also on those of other cities within
the nation. It is hoped that this framework
can serve as an analytic basis of national

urban policiesin enhancing the overall level

of welfare. To this end, we will develop
a spatial general equilibrium urban model
in which cities are viewed as centers of
production, consumption, and trade. Essen-
tial elements of the model will include sizes
of cities, industrial composition and produc-
tion technologies, and economic interactions

of cities via migration and trade.

II. MODELS OF CITY SIZE AND OUTPUT
DETERMINATION

The standard practice regarding the
determination of city size and output is to
equate city size with city laborers. Since
the number of laborers is highly dependent
on net migration into a city, an emphasis
is put on the relationship between employ-
ment and migration. Two contrasting
approaches, which emphasize either the
demand or supply side of the labor market,
will be reviewed.

1. Demand—and Supply—oriented Mo-
dels

Muth{1971), Engle(1974), Schaefer
{1977), and Miron(1979] provide a useful
classification of urban models on city size
and output:the demand—and supply—
oriented approach. The former type, or the
external approach, inherits the Keynesian
heritage in that the main emphasis is on
exogenous demands from other areas.
Factor supplies are presumed to be perfectly
elastic so that factor in—migrations to the
city are limited only by the city’s factor
demands at given real factor prices. It is
further assumed that the demand for the
product is price inelastic and that no matter
how much is demanded externally, it will

be supplied by the city. Spatially, this
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implies that the size and output of the city
are wholly determined by its output market
areas. Migration becomes the consequence
of the city’s growth rather than the cause
of it. The export—base model and the
various urban hierarchy models, such as
Losch(1954), Beckmann{1958), and Beck-
mann and McPherson{1970), belong to this
type.

Although there is a consideration in
this approach of interdependence among
cities via exports and factor exchange, it
usually does not take account of the city’
s internal production and consumption
characteristics. With no explicit considera-
tion of comparative costs in production, the
level of exports is often exogenously deter-
mined, but there is a complete lack of
explanation as to how the level of imports
is determined. This approach essentially
envisions a hierarchy of cities based on
trade imbalance. Goods are exported only
down the hierarchy from larger to smaller
cities, but there are no corresponding
reverse flows.

Representing the tradition in the trade
literature, the supply—oriented or internal
approach is concerned with one city in isola-
tion, and focuses on the city’s production
technology, endowment of factors, and other
intérnal characteristics. It is often assumed
that factor demands are perfectly price
elastic, but factor supplies are inelastic due
Further,
since the city is presumed to face a perfectly

to non—wage considerations.

elastic export demand at a given output
price, it is suggested that no matter how
much the city produces, it will be purchased

elsewhere. Consequently, the output and
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size of the city are limited only by the
internal cost consideration and available
factor supplies. Migration now becomes the
cause of the city’s growth, rather than the
response of it.

In this approach, an exogenous shock,
for example, to shift the demand for labor
will induce migration into the city, and this
will in turn result in an even greater equili-
brium city size and output(Borts and Stein
{1964), Thompson(1968), and Muth{1971)).
Although this approach emphasizes the
city’s various internal characteristics, its
neglect of other cities as both output market
and factor supply areas make it highly
unrealistic as a basis of a spatial urban
model. However, since this approach has
been influential and pervasive, we will now

look into it further.
2. Localization and Urbanization Economies

Following the Heckscher—Ohlin pra-
ctice, proponents of the pure supply —orien-
ted approach try to find the raison d’etre
of the city in its resource endowment that
gives rise to its comparative advantage.
However, the approach is generally exten-
ded to contend that when a city is assumed
to be built on homogeneous land, the main
economic justification for the city is the
presence of agglomeration economies in
production and/or consumption. After Ohlin
{1933), Hoover(1937), and Isard[1956}, it is
widely accepted that agglomeration econ-
omies can be realized at the firm (scale
economies), the industry (localization econ-
omies),and the city level(urbanization econ-
omies). In the urban context, however the

last two types of agglomeration economie_s,
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which are external to the firfn, get the most
attention. Under external economies, firms
are usually modelled to operate under
constant returns to scale and to behave
competitively(Kemp{ 1955, 1964), Melvin
(1969), Chipman(1970)).

Mills{1967) was among the first to
present a supply —oriented model that incor-
porates urbanization economies in the pro-
duction function of a composite urban good.
In his monocentric city where firms are
located in the city center surrounded by
residential areas, a unique equilibrium size
is reached by a sharp increase of commuting
costs and congestion(urbanization disecon-
omies) after certain city sizes are attained.
The equilibrium city size represents an
optimum at which net urbanization econ-
omies(urbanization economies less disecon-
omies) are maximixed. The equilibrium is
essentially an autarkic one, and the optimum
city size is determined entirely by the inter-
nal conditions. However, the equilibrium
size should mean either of two paradoxical
results : there is one city in the country ;
or all cities are identical. Of course, the
naivety of one universal optimum city size
is well known.

One solution to avoid the paradox is
Henderson’s recognition that different—
sized monocentric cities perform different
functions, and they may operate at different,
but efficient, equilibium sizes(Henderson
(1974)). Each city, producing one distinct
export good, is engaged in free trade with
other —type (or size) cities at exogenously
determined terms of trade. Thus, multiples
of different—sized cities can coexist in

equilibrium ; however, cities of the same

type must be identical in size. It should
be noted that Henderson’s model is based
on complete specialization of cities in which
no distinction can be drawn between the
city and the industry. Accordingly, a city,
however big it may be, must always be
engaged in trade, and unlike the standard
trade model, factor movements are not a
substitute for trade.

The complete specialization is the result .
of Henderson's a priori reliance on the so—
called small city approximation in which
the city produces (and consumes) on such
a small scale that the effect of its production
(and consumption) on the national (and
international) markets can be ignored.
Although complete specialization is always
a possibility, the actual degree of specializa-
tion is to be limited by the extent of the
market. In light of the fact that the con-
temporary urban concern stems mainly from
the alleged gigantism of the largest cities
and their pervasive effects on national econ-
omies, the small city approximation seems
particularly inappropriate.

The possibility of multiple industries in
the city is more a rule than an exception,
however. This is because, to the extent that
the marginal products of factors are finite
and diminishing, greater specialization by
the city in a particular good will eventually
increase the marginal (social) opportunity
cost of that good. Moreover, as the “home
market effect” of the trade literature
suggests, it can be argued that the city’s
size of the internal market determines the
range of goods produced, or industrial
diversity. Indeed, industrial diversity or
“breadth”, to quote Thompson[1968], must
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be a fundamental characteristic of the city.
3. Synthesis

A truly general spatial urban model
calls for an integration of both approaches.
In particular, there is a need to incorporate
into our model some refinement of the pro-
duction conditicns typified by the supply—
oriented approach, as well as the considera-
tion of demand for the city’s output of both
internal and external origin indicated by
the derﬁand—oriented approach. Once we
introduce two industries into our model in
order to allow for industrial diversity, there
remains the problent of specifying urbaniza-
tion and localization economies. Despite
deliberations made by Hoover and Isard,
however, the relatinoship between the two
agglomeration economies does not seem well
established. Consequently, we will handle
this problem by the following set of assump-
tions.

First, we envision the existence of a
single homogeneous city labor market from
which labor is allocated between the two
industries. The size increase of the labor
market along with its greater spatial con-
centration would enhance its efficiency and
allow for a greater realization of localiza-
tion economies for both industries. Second,
instead of introducing urbanization econ-
omies separately, we assume that they are
the result of localization economies. Thus,
urbanization economies are presumed to
consist of localization economies only.
Although this assumption excludes the pos-
sibility of inter—industry production exter
nalities, this nevertheless generates a con-

ceptually more sound measure of urbaniza-
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tion economies than most measures based
on the city size alone. The measure will
be in utility terms, and it will reflect not
only the city size but also the underlying
industrial composition of the city in equili-

brium.
m. A SINGLE-CITY MODEL

1. Introduction

The purpose of this chapter is to for-
mulate a spatial general equilibrium model
of a single city under autarky. With urba-
nization economies and diseconomies, we
will show how a unique equilibrium is
obtained under perfect competition. In the
end, factors, output, their prices, and the
level of welfare are all determined endogen-
ously, given the resource endowment and
the internal production and consumption
The fact that the equili-

brium is attained totally by the internal

characteristics.

characteristics puts this single—city model
in the tradition of the supply—oriented
approach. Later, we will allow two cities
of the nation to be engaged in factor exchan-
ge but not in trade. This will present us with
a city size distribution which reflects the
extension of the supply—oriented approach.

The representative city is based on
following characteristies.

(1) The city is meant to be:a hom-
ogeneous monocentric area the center of
which is occupied by the point Central
Business District (CBD) for firms ; sur-
rounded by residential area ; and economi-
cally the place where its people live and
work.

(2) It “produces” housing or land, for

residential use only, and two goods for own
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consumption and possible interurban trade.

(8) It is spatialin that housing is diffe-
rentiated by its distance from the work
center (CBD), and its rents are determined
accordingly. The the two goods are not
subject to transport costs both within and
between cities.

(4) Residents are identical in all respects
such as skills, utility functions, vocational
preferences, and capital ownership. The
city land is collectively owned, and each
has an equal share (a la land bank). Thus,
total housing rents are to be equally divided
among residents.

(5) The two industries employ two homo-
geneous factors, labor.and capital, which
are fully employed and mobile.

{6) All firms in one industry are identical
in size, and share an identical production
function, but those between industries are
different.

Being a localized nontrdable good, the
prices of housing and the associated com-
muting costs are uniquely determined with-
in the city. Because the increase of city
size would push up the costs, they will be
the measure of urbanization diseconomies

in our model.

2. Consumer Equilibrium
There are N residents in the city with
the individual utility function, u, which in-
corporates the fixed housing consumption
set to unity and the fixed demand for leis-

ure !

=% 6, 6,50 6,+6,-1, @D

where xi=individual consumption of good

i, (i=12). V¢ n.ralize to unity the fixed

amount of total available time after leisure.
The representative resident then will all-
ocate it between work and commuting as

in the following :

L(t)+gt*=1, O0=<t<m, (3.2)

where £ (t)=labor supply at location t,
g = a technologically determined
commuting parameter,
gt’=time spent for commuting at.
location t,
m =distance of the city boundary;
from the CBD.

Consequently, although the demand for
leisure is fixed, the supply of labor is varia-
In light of
congestion, the commuting time function,

ble with respect to location.

gt?, is based on a premise that the marginal
commuting time is increasing with respect
to distance. At location t, commuting costs
the resident the foregone wage of wgt?
where w is the wage rate : only the time
aspect of commuting is considered. Thus,
the economic consequence of commmuting,
or of urbanization diseconomies, is a waste
of some of the total available labor for the
city as a whole.

The utility function is to be maximized

subject to the budget constraint :
Pt P+ p(t)—w £ (t)—1=0, (8.3)

where pi=price of good i (i=1,2),
p(t)=price of housing service
(rent) at location t,
I =nonwage income.
Aside from location, residents will set the

marginal utilities of the two goods propor-

“tionally to respective prices, yielding the

following individual demand functions :
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Pixi=6{w £ (t)+1—pu(t)). (34)

Substituting (3.2) and (34) into (3.1), we

get the indirect utility function,

V=(e,/p.)9‘(ez/pz?’[wu—gt2)+1—p,.(<;%1).

Spatial equilibrium in the housing mar-
ket requires that 9 v/adt=0. Differentiat-
ing (35), it turns out that

dp(t)/8t=—2wgt. (36)

At any location, foregone wages due tol
increased commuting must just be offset
by reduced rents, thereby leaving everyone
indifferent as to ldcation. Integrating the
above, with the added assumption that pa
(m)=0, or at the city edge the urban rent
is zero, we can derive the rent gradient

function,
pu(t)=wg(m?—t?). @GD

With per capita housing consumption fixed
at unity, the city boundary will he deter-
mined by zm?*=N, where N=population of
the city. We can rewrite (3—7) that clears

the housing market :
pa(t)=wg(N/m—t*). (38)

We are ready to calculate per capita
nowage income, I. First, there is the rent
income origination from the equal housing
share provision. In our monocentric city,

total housing rents are defined as
m
R=2z So tpu(t)dt. (3.9)

From the above, R and the per capita

amount, R/N, become
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_ wgN?
2’

wgN

R 2n

(3.10)

R
N

The remaining nonwage income comes from
capital rentals, and per capita capital rental
income is r(K/N), where r=capital rental,
It is to be
emphasized that with variable labor supply,

K=capital stock in the city.

K/N denotes per capita capital, not the usual

capital —labor ratio of the city. Thus, per

person nonwage income is
wgN rK

= —

o N 31D

Substituting (3.2), and (3.11) into (3.4),
and aggregating it across the N individuals,
we can derive the market demand functions

as

pixi=w95N(l—%+% ) (i=12), (3.12)
where x;=total demand for goodi. we now
have obvious consumer equilibrium condi-
tions : the proportion of the resident’s in-
come allocated to good i is equal to 6.

The same substitution into (3.5) leads
to an updated indirect utility function :

=SR-S

(3.13)

Regardless of location, therefore, indivi-
duals derive the same level of welfare.
With K/N fixed, utility becomes a linearly
decreasing function of N. This is what
we have expected with the introduction of
urbanization diseconomies alone.

We now proceed to calculate the city—

wide labor supply, L.

L=2x S‘g t2(t)dt, (3.14)
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which from (3.2) is to be

L=N-—-=—

oy (3.14)

Qut of the total availabla time after leisure,
N, gN*/2x is spent on commuting, leaving
the city with the above for L.

The labor supply function (3.15) is a
quadratic function the relevant portion of
which is limited to the rising part of it.
The upper bound of N is entirely determined
by the situation of the person at the city
edge. That is, he must be able to trade off
the lower housing rent at that location
against the increased commuting time and
the consequent reduction in wage. Two
behavioral assumptions are in order. First,
on a daily basis each person sets asides 12
hours for leisure and another for work
and commuting the latter of which is
normalized to unity. Second, the round—
trip commuting time for the resident at the
edge is likely to be limited to no more than

6 hours. From (3.2) and (3.13), this means

0sNs-"-, 0sLs—Z%.
2g

= %e (3.16)

Therefore, if cities are endowed with equ
al K/N, large cities will have higher
capital —labor ratios, K/L, than smaller
ones. This is the direct consequence of

urbanization diseconomies.

3. Producer Equilibrium
In the city, there are two industries,
each producing a distinct good. Given that
all firms within each industry are identical
in size and technology, the firm production
fupctions can be aggregated into the indu-

stry production function,

Yi=1 Laii Kil T ,

o<, (i=12),

0<ai< L
3.17)

where : Yi=output of industry i,
L;, K;=labor, capital of industry i.
Localization economies, or what
Chipman[1970] calls “parametric external
economies of scale”, are introduced by Z.
In this specification, 4; is viewed by the firm
as a Hicks neutral shift factor in making.
its business decisions. Because the rest of
317

degree—one production function, the collec-

constitute a homogeneous—of—
tive behavior of the firms assures that the

industries have constant—returns—to—
scale production functions. This guarantees
the exhaustion of total revenues by factor
payments. Thus the existence of localization
economies is consistent with perfect com-
petitition.

Although the term 1; is external to the
firm, it is internal to the industry, and is
actually related to the i—th industry’s out-
put :

&

i=Yi, 0<e<1, (i=12). (3.18)

When (3.18) is substituted into (3.17), we
obtain

V=B KT o Ve (LFRTHY

1

l_Ei

p= >1, (i=12). (3.19)
The industry production function of (3.
19) is homogeneous of degree o With o>
1, it will actually exhibit increasing returns
to scale. According to Chipman, this is

called the “objective” production function,



KL BEPELE H0BI16, 1988.

whereas (3.17) is called the
The essential dif-
ference is that while the former is based

“subjective”

production function.

on actual production properties, the latter
is based on entrepreneural behavior. Not
only is the term 2; external to the firms,
but the relation (3.18) is assumed to be
unknown to them. The determination of
competitive equilibrium under localization
economies requires the use of both.

" According to the first—order condi-
tions for profit maximization, the reward
to each factor is the value of its marginal
product to the firm, not to the industry.
For such an entrepreneural decision, we
compute the marginal private, or “subjec-
tive” products from (3.17), holding 2; con-

stant :
—g%—x.ai(—é) .—a-%= L1 - a)(L)

(3.20)

Substituting (3.17) into (3.20), we obtain

St PO )
gz_(l— oL o (Lii)pi(.l—ai)—l
=(1~ai)(%). (a21)

It is to be noted that the above marginal
private products become less than the mar-
ginal social or “objective” products below,
which can be computed directly from (3.19),
by a factor of p;:

%=piai (%) gz =p(1—au) ( 22)
Naturally, we assume that all marginal

products are positive, finite, diminishing,
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and smaller than the average products.
From (3.19), (3.21), and (3.22), this requires
additional constraints on o as follows :

paill, oi(l—a) 1. (3.23)
Under perfect competition, a uniform

wage rate, w, and capital rental, r, must
prevail between the industries. From (3.21),
therefore, we arrive at the following produ-
cer equilibrium conditions in which the

factor payments exactly meet the outputs :
= . [Py, = (1—aY B\ v
L;—a.(w )Y,, Ki=(1 a,)(r)Y._ (3.24)

The above can be used to reveal the actual
production properties via the marginal
private cost curve, or the industry supply
curve. Combining the objective production
function (3.19) and (3.24), we obtain

%=m—m(1_ai)a;—l(_w_1:) l-ai Yi_fi ,

a=2"1, (3.25)
Pi

The supply curve has constant elasticity
0i/(1—p). Because p;>1, the supply curve
is negative —sloping. The effect of localiza-
tion economies is that at a given factor
price ratio w/r, the supply price relative
to the wage rate, pi/w, is decreasing with
respect to the output.

The above profit—maximizing decis-
ions, however, also represent a socially
efficient production schedule. This is beca-
use the private marginal rates of technical
substitution calculated from (3.21) are
identical to the social ones from (3.22) :

aY/aL. a; Ki

8Y/oki l-a Li (3.26)
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Despite the presence of localization econ-
omies, production is efficient, and is oper-
ated along the city’s production possibility
curve.

Although production is efficient in the
sense of the identical marginal rates of
factor substitution for the two industries,
the marginal rate of product substitution
in production (or marginal rate of transfor-
mation) is generally not equal to the price
ratio. In order to avoid this analytic comp-
lication, we limit ourselves to the kind of
localization economies which ensure equal-
ity between the marginal rate of transfor-
mation and the price ratio, by adding the
Under this as-

sumption, the ratio of marginal social costs

constraint, p=p; (i=12).

(i.e. the slope of the production possibility
curve) is equated to the ratio of marginal
private costs (i.e. the price ratio). The
producer equilibrium conditions of (3.24)
now result in both production efficiency

and product mix efficiency.

4. Market Equilibrium

Urbanization diseconomies introduced
by the consumption sector, and localization
economies introduced by the production
sector can now be combined to show the
effect of the net urbanization ecohomies
on the city economy in equilibrium. Our
single—city model can be summarized into
From (3.12), the

consumer equilibrium conditions,

three sets of equations.

pi Xi= waxx(l——ﬁu-—a (i=1,2), (3.12)

from (3.24), the producer equilibrium con-

ditions,

oyt Tk

So L (=12, (29
and the production possibility set, which
consists of : the objective production func-
tions ; and from (3.15), the city’s resource
endowment,

¥i= (L oge 1= M. =N ~%—)

ZKi=K. (3.27)

The mode! is now colsed by the condition,
Xi=Y.. Appropriate substitutions will deter-
mine the equilibrium factor price ratio, and

the allocation of factors :

r {(_l_aﬁ(l_ili)(ﬁ)‘f

w26 2z \N

i, gN _ (1 "‘ai)ei
L=z (~3r ) 5= F—as, K
(i=12). (3.28)

The output can now be obtained by
substituting (3.28) into the objective pro-
duction functions (3.27) :

s (S ri = A

gN xiy 0 .
GiN(I——é;t— ] (i=12). (3.29)

The prices sre now derived by substituting
(3.28) and (3.29) into the demand functions
(3.12):
P _ o\l —ef 8N )lfpaa
= —c.(e.N) (1 o
(3.30)

where ¢;=constant term of parameters. Due
to the homogeneous nature of our model,
only the ratio pi/w, that is, the real price

of good i in terms of labor, is determinate.
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We now show that the equilibrium is
both unique and stable by means of the
supply and demand curves. Combining (8.
24), (3.27), and (3.28), we obtain the supply

curves,

RTINS

Z‘(I—ai)& —N.
Ny—ai , (1-p)/p .
-85y "%y, (i=1,2).
(% )l (321)

- and combining (3.12) and (3.28), we obtain

the demand curves,

pi_ 6
w pX m@i

gNy 1

57 X, (i=12). (3.32)

N(l—

Both curves and the solution are depicted
in fig. 3—1 for industry 1. The supply curve
has constant elasticity p/(1—p), and the
demand curve has constant elasticity —1.
Since p/(1—p)<—1 with p>1, the supply
curve is always flatter than the demand
curve, and they meet exactly once. There-
fore, the equilibrium is always unique and
stable.

In order to check rough orders of
magnitude for the equilibrium, some ten-

tative values are assigned to the paramete-

ers as in fig, 3—1. First, we assume that.

the wpper limit of N of (3.16) to be 107 so
that g/27=0.25x10"%
N=1x10% for example, this means that 2.

For a city of size

5 percent of the total time is used for
commuting, and L=0.975x10%. The critical
value, however, is to come from the degree
of homogeneity 0. In a rare attempt to
measure the extent of localization econ-
omies in the US SMSA data of the two—
digit SIC manufacturing industries, Shefer

(1973) reports the median values of p to

67

2.5
pl/w
SUPPLY
DEMAND
83 ' 5
XY, (X 1E6)

=07 6,=05 p=104 N=Ix10*
K=2x10¥ ;=03 6,=0.5g/2,=0,25x107"

In equilibrium, X,=Y,=1.122x 10¢,
pi/w=0.896.

Fig. 3—1
(i=1).

: Supply and Demand Curves .

be roughly between 1.03 and 1.05. Other
US studies based on urbanization economies,
however, report slightly different values
(Sveikauskas(1975), Segal(1976), Moomaw
(1981)). We initially choose p=1.04.

The values of labor elasticities in the
subjective production function a,-0.7, cz=
0.3 were deliberately chosen to allow the
twe industries to have markedly different
production technologies, which along with
“‘mild™ scale economies, generally tend to
retain the familiar concavity in the produc-
tion possibility curve despite scale econ-
omies (Kemp(1964], Melvin(1969)). With
6,=6,=0.5, and K/N=2, we get for the first
industry, for example, L;=6.825x% 105, K;=6
x 105 p/w=0.869, and X,=Y,=1.122x 10"
The output is remarkably large, because
under constant returns to scale, i. e. p=1,
it would be only 0.657x10% Despite our
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allowance for multiple industries in the city,
the existence of only two industries in a
big city seems to cause considerable speci-
alization by each industry.

Equation (3.30) shows that the equili-
brium price is a function of K/N, N, and

a set of production, consumption, and trans-

portation parameters. When K/N increases
at given N, the price curve shifts down.
This is a normal factor proportion effect
accentuated here with localization econ-
omies. If we isolate the effect of K/N, the
effect of city size N on the price can be
identified. Taking the derivative of (3.30)
with respect to N, while holding K/N fixed,
we arrive at the following elasticity of price
with respect to city size,

gN
dpyw) N K1
dN (o/w) | _eN '
2% (3.32)

As expected, the equilibrium price becomes
a monotonically decreasing function of N.
With equi— proportional increases in K and
N, the city will experience unequivocal
decreases in prices. Higher degrees of
homogeneity p and greater capital elasti-
cities in the subjective production function
(l1—ai) will increase the above elasticity
in absolute terms, and accentuate the rela-
tionship.

We are now ready to determine the
equilibrium utility level in the city. Substit-
uting the factor price ratio (3.28) and the
prices of goods (3.30) back into the indirect
utility function (3.13), we get

v=cieN®1 1—2—31‘1 )"2“‘9‘, (333)

where ¢z, cs=constant terms of parameters.
Unlike the price case of (3.28) in which
urbanization economies are largely reflec-
ted, the effect of N on the utility level is
not always in the form of reduced labor
with increased city size, which not only
decreases the total resource base of the
city, but also in creases the capital —labor
ratio. Since decreasing returns to factor
proportions are assumed, increase in N -
eventually leads to diminished industry
output. Thus, the utility level of (3.33) also
represents the equlilbrium net urbanization -
economies for the city. This relationship
is presented in Fig. 3—2. With increase in
N, the utility level initially goes up rather
rapidly, attains a maximum, and eventually
goes down in a less rapid, asymmetrical
manner.

It is to be noted that each point on the
curve of Fig. 3—2 indicates both an equili-
brium and an optimum, not just in the

private sense but, on the account of p=p,

l 1 P 1
0 2 N, 4 10

N (X1E6)

(o2 3 0d

a=0.7 6=05 p=104
a;=0.3 ;=05 K/N=2 g/22=0.25%x10"7
Ny=2.86x 10¢ Vo=1.324

Fig. 3—2 : Utility Level with City Size.
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in the social sense as well. The curve shows,
for the city in autarky, the highest level
of welfare attainable under the production
possibility set, which is determined by the
given city size and other internal character-
istics of the city. On the other hand, the
“optimum city size”, which corresponds to
Ny of Fig. 3—2 relates to the global max-
imum of the curve. This particular size
Ny and the resulting production possibility
set assure that the city output and welfare
are maximized in real terms on a per capita
basis. It is found by dv/dN=0 from (3.33),
while holding K/N fixed, and turns out

to be

2% p—1

CN=E Tt
" g (p—D+pZab

(3.34)
For the illustrative parametric values em-
ployed in Fig. 3—2, N,=2.86 X 10%, to arrive
at V,=1324. This size N, is below the
practical upper limit of N, assumed to be
107, and therefore remains as an attainable
target.

We have now completed modelling of
our single—city with multiple industries,
and proposed that urbanization economies
and diseconomies be measured in utility
terms. Unlike other single—city models,our
model indicates that in equilibrium, the
criteria of efficiency are met, i. e., efficiency
in consumption, production, and output
mix.

5. Migration and City Size Distribution

Like the models of the supply —oriented
approach in general, our single —city model
was concerned with one city in isolation,
and not with its relationship with other

cities. In this section, we establish a limited
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degree of interdependence between cities
and derive a resulting city size distributiion
by allowing free factor movements but not
trade between cities. For this, we assume
that all cities share identical production,
utility, and commuting cost functions. We
people
costlessly from city to city to maximize

further suppose that migrate
utility, that each migrant in the nation owns
capital equally and takes with him his share,
and that capital rentals as well as wages
are spent in the city where people work
and live. Notice that the movement of
people does not change the ratio of capital
to population in either the source city or
the host city. The utilization of resources,
however, will generally differ between cities
of different sizes.

Now suppose initially that two cities
A and B are engaged in the exchange of
factors by following the rules listed above.
With people (along with their capital) mov-
ing in response to utility differences, an
equilibrium is reached when a common
utility level is achieved in the two cities.
Equation (3.33) is directly applicable, and

the equilibrium conditions are

Va=Vs, Na+Ns=N, (3.35)

Where : Vi, Ve=utility levels in cities A
and B respectively,
C:,Cs=constant terms of parameters,
Na,Ns=populations of cities A and
B respectively,
N=population in the nation.

The shapes of the utility curves and
the solution for (3.35) generally depend on

the national population parameter N as it
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1.36 : ] —
VAVg | VB P Q VA ]
|
i
VA E VB
1.28 ! -
i
|
1.2 . L .
° 23 NaNo N. (X126)

=07 6=05 p=1.04
=03 =05 K/N=2 g/2x=0.25x10""
No=2.86x% 108, N=5x10%, Na=Np=2.5X% 10°

Fig. 3—3 : Equilibrium City Sizes(N=2N,).

relates to the optimum city size N, of the
single—city model. When N is sufficiently
small so that N<2N, a unique equilibrium
is reached at point P in Fig. 3—3, in which
the horizontal axis

is fixed of length N, and measures Na from
left to right and Ns the other way around.

Due to the symmetry between the curves
Va and Vg however, we should suspect that
this equilibrium is generally unstable, be-
cause slight migration from city B to A
due to an exogenous shock will increase
Va as well as decrease Vs. The gap between
Va and Vg then becomes cumulative as the
migration progresses. The migration will
continue beyond Q at which V, attains its
maximum and N, becomes N,.

It is also clear that even when N,=
Np=N.,, the equilibrium is unstable due to
the same disequilibrating migratory flow.
Of course, when N is even smaller, for
exemple N<N,, there is no justificaton for

the existence of the two citiis, and the

1.36 . , :
VaVs Va P
L Vs J
R Q)
1.2 0 é )

migration will proceed until city B is totally
vacated so that Nys=N<N, However, this
is an extreme case which can hardly be
imaginable in reality. To sum up, it is
therefore clear that a unique and stable
equilibrium in the city size distribution
when N=2N, is not poséible. A numerical
example is given in Fig. 3—3 for the unst-
able equilibrium at P.

When N>2N,, multiple equilibria ap- -
pear to be reached at three different sets
of city sizes such as points P, Q, and R in
Fig. 3—4, it represents a highly skewed
city size distribution at NA=9.8x10%, and
Ne=0.2x10%. However, the equilibrium at
Q is most unstable, because any movement
toward another equilibrium point P unam-
biguously improves the utility levels for
both cities.
once started, will proceed until point P is
reached at which Na=Ng>No, The equil-

Migration from city A to B,

10
N. (XIEs)

=07 ©6,=05 p=104 g/27=0.25%10"7
=03 6,=05 K/N=2 N=10x10°

At P, Na=Np=5x10°; at Q, Noa=9.8x 105,
Np=0.2x10°

Fig. 3—4 : Equilibrium City Sizes (N>2N,).



AL EPRMLE HABMW, 1988

ibrium at P which is on the falling part
of both V4 and Vg however, must be a stable
one. A slight deviation from P toward Q
will be met by counter —migration from
ﬁ,‘lty A to B, thereby restoring the equil-
ibrium. When N>2N, therefore, a stable
equilibrium is reached at P where city sizes
are identical but larger than Ny (Na=Nsz>
No). Since the common ntility level in the
equilibrium falls as N increases, however,
there must be a practical limit in this equil-
ibrium. It would be unreasonable to operate
under the confines of two cities in the nation
when N is much greater than 2N,

If we extend the above further to a
more general situation in which N is much
larger than 2No and the existence of more
than two cities are considered, however,
we suspect that the stable equilibrium city
size will be No for all cities in the nation.
As Henderson(1977) argues, this is because
with N beingisufficiently large, the divisibil-
ity problem due to lumpiness can be avoided
in replication of cities with size No For
example-as in Fig. 3—4, suppose there are
many cities with sizes slightly larger and
smaller than No With many cities in exis-
tence, the sum of any “excess” populations
beyond No from the larger cities could be
added to the smaller cities, thereby helping
to achieve Ny among all cities. Thus, all
cities eventually converge N, in Size.

It is argued that this rather “trivial”
distribution of city sizes in equilibrium is
an inherent phenomenon in the models of
The lack

of opportunity to trade goods forces the

the supply—oriented approach.

city to produce locally what it consumes

under the equilibrium conditions that
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reflect the internal characteristics only.
With no consideration given to other cities
in both production and consumption, all
cities tend to be “standardized”, and are
required to converge on the ideal city size
No for equilibrium. This is in a sharp
contrast with the reality in general, and
the trade model in particular, in which cities
of continuously different sizes can coexist
and benefit from each other with trade

albeit in a suboptimal manner.

V. A TRADE MODEL WITH SCALE
ECONOMIES

1. Introduction
The purpose of this chapter is to allow
trade between the two cities of our single—
city, and to review the resulting city size
Under the

assumption that the nation consists of the

distribution in the nation.

two cities, the inter—city terms of trade
(p=p:/p1) becomes endogenous, and is to ‘
be determind in equilibrium. While housing
consumption, commuting, and the labor
supply will still depend on the city’s internal
characteristics, the production and
consumption of traded goods, and the level
of welfare will also depend on those of the
trading partner.

This will be carried out in two steps.
First, we will develop a balanced free—trade
model with such requirement as free trade,
and balance of payments. In this step,
migration is not allowed, and city sizes are
fixed. Under urbanization economies and
diseconomies, although commodity prices
will be the same in equilibrium, utility levels
will in general differ between the two cities.

The next step will be to allow factori
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movements to arrive at a common level of
utility. Given the national population, this
will allow us to derive a system of cities
of generally different sizes. Despite scale
economies, the model wili operate much like
the standard trade

proportions.

model of factor
This is the result of our
assumption in which “mild” scale economies
for both industries give rise to incomplete
specialization for the city.
2. Production under “Mild” Scale
Economies

When the degress of scale economies
are sufficiently large, the marginal social
opportunity cost that measures the slope
of the production possibility curve of the
city decreases, and the production
possiblility curve has a convex shape. Scale
then becomes the dominant basis for trade,
and the usual stable equilibrium results in
complete specialization by each city in one
yet indeterminate good. This situation,
however, seems hardly plausible in the case
of exteral economies, because it would be
naive to assume that the entrepreneurs
behave competitively despite such high
degrees of scale economies.

On the other hand, “mild” scale
economies combined with a large difference
in the factor intensities yield the concave
production possibility curve for the most
part except for the extreme points close
enough to both axes. Now comparative
advantage arising from different factor
proportions between cities of different sizes
becomes the basis for trade. Because the
marginal social opportunity cost is rising,
the pattern of trade will generally show

‘more modest specialization. In short,

imcomplete specialization is more likely
under moderate degress of scale economies.
In light of urban industrial diversity in
reality, we assume that the city is subject
to the concave production possibility curve
at least for its relevant part.

The assumption of the concave pro-
duction possibility curve requires that d?
Y1 dY?=d(—p)/dY,<0, where p is the price
of the second good in terms of the first .
(p=p/m). To probe it further, we first
express endogenus variables in terms of q
defined below. Form (3.29), the factor price
ratio is equal to the marginal rates of
susubstitution in production, which, in turn,
depend on the factor ratios alone, regard-
less of the scale of output :

—1

= 1z (_K_i) : @n

r
w ai Li

Along with the full employment conditions
from (3.27), and letting

eN rK
"% T wN
q = . &N 4.2)
2% !
where ; I<LS q Sl——. << <1,
4] [» 7}

we derive the following :

L=2U=aa) (l_gi\l)
2z |’

o) — o

L,= 2lam—1) (1—g—N ) U

a1 —a, 2n
Ki 1-a K T _gNy ™!
E B [2 4] ﬁ (q l) ( ZE_)

Finally Substituting (4.3) into (3.24)
and (3.27), the remaining endogenous

variables are expressed in q :
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d(—p)/dY.<0 and the production possibility
curve becomes concave. Under constant
e, P —1=0, the price

i & Q-af T (_g)l‘“‘ N

x;—az

N\ &1 p returns to scale, i.
1—(—5—) (1—qa) (q-n@~! ]
4

-

(l—g—}j) (qan—1) (q—l)az_x]

ratio (4.5) depends solely on the factor price

s - K i—e ratio that determines the factor proportions
Yz=[ az (1—az) (_—I\T

N

a—az via (4.3). Under increasing returns to scale,
however, it also depends on the relative
degree of specialization (measured by the

term with the exponent ( # —1). With small

_ K\ — 2 (a1—a2) (4.4)
p=a (W) (2 —1), the factor proportions effect will
. eN -1 Pla—a2), 1 —qan P 1 tend to dominate over the “specialization
[( “on ) q )] [ qn—1 ] , effect”.
(4.5) 3. A Balanced Free—Trade Model

We now consider balanced free—trade
where : ¢;=a constant term of parameters.

As (4.2)
completely

. . between the two cities A and B of fixed
when the city is
the labor—

intensive first good (or capital —intensive

indicates, ) . ]
.. . sizes comprise the nation. We assume that
specialized in
city A is larger than B, i. e, NA>Ns. One
of the general equilibrium conditions is
second good), q becomes l/a; (or:1/ay). N g ; (;1 b L R
e . 5. that terms of trade be equal. Rearragin
When it is incompletely specialized, q takes ] a4 ging
) . (4.5), and assigning qa and gs for q to cities
an intermediate value. A 4B ) b
. . . . an respectively, we obtain
Differentiating the endogenous varia- P ¥

bles with respect to g, we derive the follow- gNa o (a1 —az)
ing elasticities : p"=c‘[(1_ 2 ) (aa—1) ]
p-1
dYiq _ o - 1-qua
4 Yo [l—qaz M }<°' (qm;—l),
(4.6)
dY, q a 1—-a, N o (a1~ orz)
Lt 4 & g
@ ¥ ° (G e ) po=C((1-57) (@D |
1—ai+on(qai—1)
= 0 - o -1
d ( (aa:=1) (@—1) ]> : (;;Laf) (4.8)
1= y
d
"d—z— %2=Q(al—az) PA=DPs,
p—1 where : pa, pp=price ratios of good 1 to

po
4.7

p —
[ q—1 (qau—1)(1—qe)

Sinced(—p)/dY.= —(dp/dq) (da/dY:),and

good 2 in A and B,

ci=a constant term of parameters,

ra _ gNa Kay 7!
dY./dg>0 from (4.6), if dp/dq>0, which = @-DI-35) (1),
from (4—7) is very likely when (# —1) is s &N Kgy !
sufficiently small and close to zero, then Ws (q:;-l)( l_ﬁ) (m ), (4'9,)
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where : rs, 'n Wa, wa=capitai rentals, wage
rates of A and B.

Equation (4.8) shows that the price
ratios are increasing functions of q when
dp/dq>0. It is clear that if city sizes are
indentical, Ny=Np then the autarky price
ratios are the same, i. e, pa=ps at qa=qe=
1/>af, and there is no basis for trade.
Only when city sizes are different, the
autarky price ratios become different, and
they will set the limits for the equilibrium
terms of trade. In equilibrium, therefore,
qa must be greater and qs must be less than
1/Za6. This, along with (4.2), gives the

ranges of qa and qg :

' 1
Sas o— (4.10)

1 i
I <G=e=32a
Because of (4.10), imcomplete specialization
by both cities is practically assured. This
is  because one city's degree of
specialization, in the sense of the shift from
autarky to the equilibrium production, is
to be limited by that of the other. In short,
specialization is limited by the extent of the
market.

In addition to (4.8),

requires that trade be balanced. Because

equilibrium

inter —city investment and transport costs
are not considered, this requires that the
national demand for any good must be equal
to the national supply. Already knowing
the pattern of trade, we define the net excess
supply of the second good by city A, Ea,
as the difference between the local supply,
Y:a and the local demand, X;». From (3.
12), (3.24) (4.3),

wa qaXafi—1
ay— 0

EM=YM—X3A=

gNa

Na (1— = ) =0, or @1
N Py P(az"l)
Eia=Cs N (1-52) (a1

(arar—1)? ! (aaZafi— 1),

where cs=a constant term of parameter.

Likewise, we define the net excess
demand for the second good by city B, Em

and express it in terms of qa.

ws l—qeXabi
E—3 —Y = — e
B Xm— Y 52 S
gNs
2z

Nb (1— ) =0,
(4.12)

2
gNs por A (a—1)

P ) (as—1)

(ap;— 1) p-l (1—asZaib).

Ex=Cs Np{1—

Hence, the balance of trade:

E2A=EZB~ (4-13)

The solution in equilibrium can be
obtained by solving the two sets of equations
regarding the equalization of the price
ratios (4.8), and the balance of trade
consisting of (4.11), (4.12) and (4.13)
simultaneously for the two unknowns qa
and qs. Due to difficulty in solving them
algebraically we will approach them by
numerical iterative methods. The solution
is presented in Fig. 4—1 and 4—2 for the
parametric values employed therein. A
unique equilibrium is therefore obtained
at E that clears the markets in both cities
for the second good, and on the account
of Walras’ Law, for the first good as well.
By the virtue of the slopes of the E;s and
E;s curves (dEz/dp>0, dE;p/dp<0 and p=
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pa=pe), it is clear that the equilibrium is
also stable (i. e., dE;/dp—dEza/dp<0). The
solutions are : qa=2.0093, qa=1.9090, pa=p
8=0.6137, Esqa=E;a=E;3=5.024 X 10*. As was
expected, the deviation of gs from the
autarky point is far greater than that of
qa (0.0901 vs. 0.0093). Thus, despite the
significant shift away from the autarky
situation in city B, the situation in city
A has barely been changed, thereby limiting
the overall trade volume.

(x10000)

12

Ez
EZB b

0 1
2 an 2.02
=08 (1:=0.2 8|=03=0.5 p= 1.03
Na=4x10* Nz=04x10°

Ka Ks g

NN 1 27 =0.25x 1077

In equilibrium at E: qa=2.0093
gp=1.90991

pa=ps=0.61372 Eza=E;=5.024 x 10*

<28 4—1> Numerical Solution of pa=ps,
qa vs. E;

We now turn to the gains from trade
in each city by looking at the improvement
in the level of utility. For the represen-
tative city, the indirect utility function (8.
13) is denoted as a function of q by the

use of (4.2),

75

( x 10000)
12 '
Eoa
Em i EZA
il Ezn E 7
0 1
0.6105 0.6175
Pa=
a;=0.8 a;=0.2 6,=0;=05 P =103
Na=4x10* Np=0.4x10*
K Ko _ g _ o
Na©~ N © 2 5—0.25x10
In equilibrium at E : qa=2.0093

qs=1.90991
pa=pe=0.61372 E;»=E;=>5.024 x 10

{38 4—2> Numerical Solution of Ex=E;,
p vs. E;

o ab

v=cN p—l(l_%l‘_l) alq—-1)

—p2(l—c)8

-1
((1-qa)® ou—12 1), (414)

where : c¢=a constant term.
The above relationship along with the
utility levels of both cities in both autarky

. and equilibrium is illustrated in Fig. 4—3

in which the arrow marks indicated the
oppoisite directions of movement by the
cities from autarky to equilibrium. Because
the equilibrium point B for city B is located
considerably farther away from the autarky
point than its counterpart A for city A,
the improvement in welfare is accordingly
While both
cities gain from trade, this suggests that

greater for the smaller city.
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Ly——r—m——————y———
Va :
Al S | A
va (CITY A) f—
1.265( L
!
B va(CITY B) P
—_!
1.24 | N 1 . | N | s lI
19 192 194 19 198 2 202
q
a,=08 a;=0.2 6,=6,=05 P =103
NA=4X 108 Na=0.4x 108
KA_ Ks _ g __ 7
In equilibrium at A and B: q.=2.0093
qs= 1.9099
va=1.27553 vp=1.25156

Fig. 4—3 Changes in Utility Levels,
" Before and After Trads.

not only is the smaller city more dependent
on trade, the gains from trade is also
greater for the smaller city.

4. Migration and Balanced Free—Trade

The last section showed that while the
utility levels of both cities were improved
after trade, they were not equalized, thereby
leaving a tendency for factors to move.
In this secton, we incorporate factor
movements into the model, so that city sizes
become endogenous, and are to be deter-
mined in equilibrium given the exogenous
variable N, the national populaton. Because
both trade and factor movements are
simultaneously considered under the
general equilibrium setting, this model

represents a more direct and realistic

rendition of the interaction between cities.
For this, an additional behavioral
assumption is in order. The location

decision of the capital owner/laborer
becomes multidimensional. In his costless
move from to city to maximize utility, he
has to consider not only the marginal
product of labor, but also the marginal
product of capital and the net housing costs
(after the rebate from the land bank), all-
specific to each city. Because captial always
moves with the laborer under our assump-
tion, we will use the term “migration” to
denote the combined movements of factors.

City sizes being endogenous now, we
define a new variable z as population share
of the larger city A out of the national
population N in equilibrium. With two cities

in the nation, we obtain that

z=Na/N, 1—z=Ny/N,

0<l—-251/2=2<1. (4.15)

We can determine the equilibrium of our
migration and trade model by solving
simultaneously three equations regarding :
the equalization of the product price ratios,
Pa=ps ; the balance of trade, Ejn=Eys ; and
the equalization of the utility levels, vo=
ve. The last equation, however, needs
further discussion.

For both cities, the indirect utility
function (3.13) can be rewritten by the use
of (4.2), (4.15) and (4.11) as

Va=6,96,0: (r—a) (N)—1

0, ga
Epp —38_
G

(4.16)
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Vo= 6,960 (a)—a) N) !

6 ds
E
P 5B =) (I—wezaib)
in which, provided the price ratios are
equalized (pa=pn) and the trade is balanced
(E;a=Ezp), the utility levels are equalized

only if
z -z _ . _ aa(l—2)
9 + Qas =X.af, or, au= QuZafi-z
' 4.17)

which further limits the deviations of gqa

and qs from their autarky value, 1/Xaif.

By utilizing (4.17), we can thus reduce
one variable and express the relevent
equations in terms of two unknowns. Equa-
tion pa=ps was numerically solved first,
and its solutions were applied to equation
Eoa=Ez.
and 4—5 respectively.
4—-5 or 4—6 the latter of which shows the
relationship between the utlity levels of the

Both are presented in Fig. 4—4
Accroding to Fig.

two cities vs. z, we have two equilibrium
points : whereas P refers to the autarky
equilibrium with identical city sizes (z=0.
5), Q refers to the trade equilibrium with
different city sizes (z=0.75793).

Are they stable ? Because the “trivial”
equilibrium at P involves no trade and is
determined entirely by migration, its
stability is determined by the shapes of the
utility curves of the two cities as they are
related to their respective city size. As
was noted in the last chapter, the equili-
brium at P is stable only if the equilibrium
city sizes are greater than the optimum
city size of the signle—city model Ny which
at the current parametric values is 2.201
x10%. At P Fig. 4—8, for example, Na=

PA=PB ;
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o

Np=05N=24x10">N, and it is thus stable.

2.2 v | B A R |
Qqa
ds|
a(CITY A)
qe(CITY B)
1.8 " t : 1 N 1 N |

05 06 0.7 0.8 09 . 1

a|=0.8 a¢=0.2 0|=az=05 P =1.03

N=48x10* K/N=2 2;;=0.25x10"7

{21% 4—-48) Numerical Solution of
Va=Vg and Py=P;, z vs. q.

063— T T T T T 7

0615 !
; 1 N 1 " 1 2 1 2 1 N .
065 2 5 7 9 1
Eanw—Es (x100)
®=08 =02 6=6=05 p=1.03

N=48x10* R/N=2 5% =0.25% 107

E2A=Eza=0 PA=P5=0.62713
Ea=FE;=85373x 10
Pa=P3=0.62037

At P,
At Q

{23 4-5) Numerical Solution of
VA=VB and Eu=Em, EZA"Em
vs. p.
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1.25

1.2 RS TR RS NP S
05 06 07 0.8 0.9 , 1
a1=0.8 az=0.2 6,=0.=05 p=1.03
‘N=48x10° R/N=2 % =0.25 X 10~7
At P, 2z=05 Va=Vp=1.28449

At Q, z=0.75793 Va=Vp=1.27843
<18l 4—6) Equilibrium Utility Levels Vs
City Size Distribution

The equilibrium at Q, on the other hand,
concerns both trade and migration, and its
stability test requires the examination of
both Fig. 4—5 and 4—6. There, d(Eza—Fzs)
/dp is negative in the neighborhood of Q,
so it is stable in terms of trade under the
Marshallian criterion. However, it is unsta-
ble in terms of migration, because, accord-
ing to Fig. 4—6 any migratory disturbance
from Q will be cumulative in either direc-
tion, and set a stage for further disequi-
librating migration away from the equi-
librium. It is to be noted that whereas a
more even city size distribution than the
one at Q is welfare—improving for both
cities, a more skewed distribution toward
a greater primacy of the larger city is
welfare—deteriorating for both cities.

While the equilibrium at P is meaning-
ful and stable only when N >2Nj within the
two—city framework, the equilibrium at
Q cannot be obtained otherwise. This is
because, as long as trade occurs, the balance

of trade or equalization of the utility levels

cannot be achieved unless No>No and Ns
No. Moreover as N increases, accommoda-
tion of the increased national population
within the two cities requires that z must
increase as well, leading toward a greater
primacy. Because the utility levels at

P are always higher than those at Q at
any relevant N, it is tempting to denote the
point O (where Na=Np=N,) as the

“optimum national population”.

V. POLICY IMPLICATIONS

Our findings can be summarized as
follows.

(8). The optimum city size distribution
in which potential level of welfare for all
in the nation is maximized is characterized
by the identical size Ny, the single-city opti-
mum size, among all cities. A higher(lower)
degree of homogeneity associated with lo-
calization economies # and/or a lower(hig-
her) weighted average of the labor elastici-
ties of the industry subjective production
functions X6 will increase(decrease) No.
It is also a stable equilibrium with many
cities in existence in the economy. In the
two-city framework, however, stability in
equilibrium requires the common city size
be larger than N, thereby causing a slight
suboptimum compared to the theoretical
optimum above. This optimum is achieved
totally by migration of factors and absence
of trade. This suggests that the common
view that optimum city systems would pro-
bably be hierarchical in size such as the
rank-sizedistribution(forexample, Richard-
son(1981)) may be mistaken.

(b) . For small and/or underdeveloped

countries with a sufficiently low level of
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urbanization so that the total urban popul-
ation is less than N, the optimum as well
as equilibrium city size distribution is char-
acterized by the existence of a single city
in the nation due to cumulative migration.
Because the level of welfare of the city is
still on the rising part of the curve with
respect to city size, the primary concern
for such countries must be greater urbani-

zation and industrialization before any con-

sideration is taken into city size distribution.

If factor mobility is sufficiently low in
such countries so that existing city sizes
can be regarded as fixed, a trade equilibrium
is feasible that offers gains from trade over
autarky albeit at different welfare levels
between cities. However, trade between
small cities under scale economies is gene-
rally characterized by low trade volume
and offers little improvement. Thus promo-
ting greater factor mobility under the cir-
cumstances, thereby helping to achieve the
single equilibrium city size, seems a lot more
sensible approach than, for example, invest-
ment in inter-urban transportation systems
that would presumably facilitate trade ra-
ther than factor mobility. Similarly, insitu
development strategies aimed at the esisting
small cities and towns such assthe agropoli-
tan development approach(Friedmann and
Weaver(1979)) would appear ineffective.

(¢). In the above situation (b) the exi-
stence of a single large city or its dominance
over smaller cities in equilibrium must not
be regarded as being of economic ineffici-
ency. Although the city size distribution
may appear highly primate, the dominant
city is still small in absolute terms(i.e., less

than Ny), and the equilibrium city size dis-
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tribution represents close to the optimum.
This suggests that relative primacy meas-
ures of city size distributions such as the
ratio-based primacy index, or its variants
such as the one by E1-Shakhs({1972}, or the
statistically-determined Pareto coefficient
(see Rosen and Resnick({1980)) all have in-
herent shortcomings in terms of associating
economic efficiency with city size distribu-
tions. Clearly there is a need to complement
them with some measures of absolute city
sizes.

(d). The more general equilibrium city
size distribution with different sizes is ob-
tained by our migration and trade model,
and it is characterized by the larger city
being greater than and the smaller city
less than Ny within the two-city framework.
It is required that the combined sizes be
no less than 2N,. This situation is thus
likely to emerge in countries which are
larger in size and/or have a higher level
of urbanization than those in (b} In equili-
brium, trade is balanced and welfare levels
are equalized between the two cities. This
is in a sharp contrast with the common
models,
notably Beckmann and McPherson(1970)

which is characterized by trade imbalance

central-place-based hierarchical

and a functional presupposition between the
higher-order city size and its lower-order
market areas.

It is to be noted that in order to arrive
at this equilibrium, trade is a precondition ;
otherwise, migration alone would result in
a distribution of identical city sizes as in
the above (8) It is in this sense that while
the equilibrium is stable with respect to
trade, it is unstable with respect to factor
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mobility. Although this equilibrium was
shown in Fig. 4-6 to be inferior to the
optimum city size distribution of (a) the
almost universal occurrence of hierarchi-
cal city size distributions in reality leads
us to suspect that factor mobility may not
be as perfect as we have assumed. It may
also be speculated that trade is so perva-
sive that migration occurs just enough to
offset the post-trade welfare differentials
between cities.

(e). The equilibrium city size distribu-
tionin (d) seems to closely reflect the current
"primate” situation in many countries in
that the very fact of hierarchical city si-
zes indicates a divergence from the opti-
mum. Market outcomes under limited facor
mobility clearly entail economic ineffici-
ency, and a planned intervention that facili-
tates greater factor mobility and move-
ment toward the optimum is consequently
justified. In-deed, even, a small difference
in size between the larger and smaller ci-
ties, although not primate at all, must be
indicative of economic inefficiency.

Within the confines of two cities in the
nation, the equilibrium situation gets wo-
rse and moves toward even greater primacy
as the national urban population increases.
However, the supposition is arbitrary and
may exaggerate reality especially in view
of the fact that many countries probably
have national urban populations far grea-
ter than 2N,.

many cities and sufficiently large urban

Within the framework of

populations, our model would instead-pre-
dict an equilibrium in which multiples of
pairs of different-sized trading cities exist.

It is not difficult to envision that this new

equilibrium may probably be closer to the
optimum than the one under the two-city
framework.

(£). It is well observed that with enough
urbanization and/or development, urban
primacy eventually falls and the impor-
tance of a city size distribution diminishes.
And our last ovservation in (e) seems to
support this. In connection with (d) and
(e), however, for countries with not enough -
overall urbanization and/or development,
the problem of urban primacy seemsreal and
may indeed incur economic costs. Countries
like Egypt, Mexico, and Brazil in which one
or two large cities apper well beyond and
other cities well below N, may belong to
this group. Although further migration
into the large cities may eventually slow
down as the countries approach "lower
level equilibrium points”™ in city size dis-
tributions, the utility levels in both large
and small cities will deteriorate.

According to our model, a higiler le-
vel equilibrium point under trade can be
achieved only when the small cities grow
larger in size but remain less than N,. With
the total national urban population fixed,
this suggests that the smaller cities must
be fewer in mber as well. This sugges-
tion seems in line with the paradigm of
"concentrated decentralization” advocated
by Rodwin(1961), and Alonso[1968), among
others. Finally, the current near monopoly
by the big cities of localized noneconomic
functions, such as central government ser-
vices and quality higher education, undoub-
tedly seems to exacerbate the primacy pro-
blem. To the extent that such functions

also determine the welfare levels of other
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cities, redistribution of them among all

cities may seriously be considered.

vi.
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