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Abstract

We discuss theoretical approaches to study the relationship between the size distribution
of a nation's cities and macroeconomic growth. The discussion is based on the
hypothesis of the New Growth Theory that inter-personal spillovers of education and
skills determine the long-run growth of the economy. Growth theory treats such
externaities as being uniformly effective over national territories and completely
internal to nation-state. This suggests a link to urban economics which has a long
tradition of considering human capital externalities as driving forces of the growth of
urban centers, with productivity increases inducing immigration. From the perspective
of the urbanization literature long-run macroeconomic growth is thus determined by the
functioning of cities as a catalysts for human capital accumulation. Theoretical avenues
to the relationship between the development of cities of different sizes and aggregate
growth can be distinguished according to whether the spillovers occur between different
production sectors or just within a single sector. Empirical studies of the
interrelationship have proven to be inconclusive. In view of the results of the empirical
research, the character of inter-personal human capital spillovers depends much on the
technological maturity of city industries and calls for taking account of industry-specific
innovation cycles. More attention has also to be devoted to the question of the
generality or sector-specificity of human capital in peculiar industries.

Zusammenfassung:

Das Diskussionspapier prasentiert Ansdtze zur theoretischen Analyse der Beziehung
zwischen der GroRRenverteilung der Stadte eines Landes und dem volkswirtschaftlichen
Wachstum. Die Bedeutung einer solchen Beziehung ist abgeleitet aus der Hypothese der
Neuen Wachstumstheorie, dal3 Externalititen der Humankapitalbildung der
Wirtschaftssubjekte das langfristige Wachstum einer Volkswirtschaft bestimmen. Im
Unterschied zur Wachstumstheorie standen diese Externaitéten in der Stadtokonomik
seit langem im Mittelpunkt der Forschung, auf der Grundlage ihrer ausschliefdich
lokalen Wirksamkeit. Die theoretischen Ansdtze zur Explizierung des Zusammenhangs
zwischen der Stadtstruktur eines Landes und seinem langfristigen Wachstum
unterscheiden sich in der Frage, ob die Externditdten sektorunabhéngig oder
sektorspezifisch sind. Empirische Studien zu dieser Frage fuhren zu keiner Ablehnung
einer der beiden Ansédtze. Die Ergebnisse dieser Studien legen nahe, dal3 die
theoretische Forschung Innovationszyklen einzelner Sektoren berticksichtigen mul3.
Dartber hinaus ist von Bedeutung, in welchem Verhdltnis die in einem Sektor
nachgefragten Qualifikationen sektor-spezifisch oder sektor-ungebunden sind.



1 Introduction

Why could it be interesting at all to study the relationship between the size distribution
of cities of a country and the aggregate growth of a country? Is there reason to believe
that it is useful to give up the restriction to the macroeconomic level of analysis?

The study of the relationship between the size distribution of citiesisindeed justified by
the dissatisfaction with the results of the recent theoretical and empirical work on
growth. It appears to be part of the many attempts to go beyond looking at the primitives
of stocks of factors of production as the sources of aggregate economic growth. Other
‘ancillary variables of economic growth which have received attention at the
macroeconomic level are political stability, the income distribution, or the financial
development (Benhabib/Spiegel 1997, Aghion et a. 1999) or, at the microeconomic
level, the work organization of plants (Prescott 1997). To look at the influence of
urbanization on aggregate growth originates, at least to some extent, from the
implausibility of the nation state as the territorial entity of economic study. The
problems arising therefrom have been alluded to in the new endogenous growth theory
literature at an early stage (above al Lucas 1988). The consequences of turning to cities
or the system of cities as the object of study of growth economics have only recently
been made explicit and formalized.

With the upsurge of growth theory in the eighties there was also renewed interest in
empirical studies of growth. Somewhat strikingly, the empirical literature employed the
sources of growth accounting framework which was associated with the neoclassical
model. Most prominently the studies of Mankiw et al. (1992), and Alwyn Y oung (1994,
1995) found that the East Asian growth miracles were due more to increases of labour
and capital than to rising productivity. Krugman (1994) popularized this view and
clamed that there are no growth miracles, that the rapid growth of the East Asian
countries was nothing but the reflection of a rapid but temporary expansion of the
physical and human capital employed.

Only recently have the results of these studies been questioned. Klenow and Rodriguez-
Clare (1997) challenged the claim that (physical and human) capital accumulation
would explain the bulk of cross-county differencesin levels and growth rates of income.
Neither Young nor Mankiw et al had looked at the cross country variation in growth
rates. Physical and human capital accumulation could not explain these variations.
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Klenow and Rodriguez-Clare (1997) calculated that 91 % of the cross country
differences in growth rates were due to the growth of Total Factor Productivity. In depth
investigations of whether human capital had been responsible for high income levels (or
growth rates) or the other way round doubt that we can take the causal direction asserted
in the growth accounting exercises for granted (Bils/Klenow 1998, Pritchett n.d.). The
same has been found for physical capital (Blomstrom et a. 1996). In light of a theorem
of Diamond/McFadden and Rodriguez (1978) it seems impossible that these disputes
can be solved econometrically (cf. also Rodrik 1996 and Jones 1997).

One rather immediate way of looking at ancillary variables is to follow the perspective
laid out by Lucas (1988) in emphasizing local knowledge spillovers as a possible source
of long run growth. As he wrote in sec. 6 of the "Mechanics of Development"”:

"My concern to this point has been almost exclusively with the aggregate
mechanics of economic development, and | am afraid the discussion in these
lectures will not get much beyond these mechanics. But | believe a successful
theory of development (or of anything else) has to involve more than aggregative
modeling, and | would like both to explain what | mean by this and to indicate
where one might look to extend the analysis to a deeper and more productive
level." (p.35), and

"The particular aggregate models | have set out utilize the idea of human capital
quite centrally, but assign a central role as well to what | have been calling the
external effects of human capital. This latter force is, it seems to me, on a quite
different footing from the idea of human capital generaly: The twenty years of
research | have referred to earlier is aimost exclusively concerned with the
internal effects of human capital, or with investments in human capital the
returns to which accrue to the individual (or his immediate family)" (p.36), and
further

"I have been concerned with modeling the economic growth of nations,
considered either singly, or as linked through trade.”..."Most of our data come in
the form of national time series, so fitting the facts' is taken to mean the nation is
again the natural unit, for the most important fiscal and commercial policies are
national and affect national economiesin a uniform way. But from the viewpoint
of a technology - like (11) -through which the average skill level of a group of
people is assumed to affect the productivity of each individual within the group,



a national economy is a completely arbitrary unit to consider.” ... "The externa
effects that the term hy' in (11) is intended to capture have to do with the
influences people have on the productivity of others, so the scope of such effects
must have to do with the ways various groups of people interact, which may be
affected by political boundaries but are certainly an entirely different matter
conceptually.” (p. 37)

These ideas had, however, been around for many years in the urbanization literature.
Local externalities as the driving force of agglomerations had played a central rolein the
thinking on the static and dynamic functions of cities. Prior to the new growth theory it
had focused on static externalities such as immediate information spillovers over market
conditions. Two types of static externalities have been distinguished: localization
economies in which a firm benefits from local firms in just the same industry, and
urbanization economies, in which a firm benefits from overal local urban scale and
diversity. Both types suggest advantages of being in bigger cities. The city sizes are
limited by local congestion and commuting costs.

Dynamic externalities, by contrast, deal with the role of prior information accumulation
in the local area on current productivity and hence employment. Such accumulations are
fostered by a history of interactions and cultivated long-term relationships, which lead to
a buildup of knowledge ("local trade secrets") available only to firmsin alocal area. As
for their static counterparts, there are two types of dynamic externalities. In the
terminology of Glaeser et a. (1992) dynamic extrnalities may be Marshal-Arrow-
Romer (MAR) (localization) economies that derive from a buildup of knowledge
associated with ongoing communications among local firms in the same industry or
Jacobs (1984) (urbanization) economies, which derive from a buildup of knowledge or
ideas associated with historical diversity.

2 Externalities, urbanization and growth

The theoretical relationship between the development of urban centers and aggregate
economic growth goes beyond the parallelism between the sectoral transformation and
the urban transition, which is much discussed in development economics (cf. Chenery
and Squyrin 1975). It deals with questions of divergent, parallel or convergent sizes of
citiesin the growth process, or more specifically on theoretical foundations for the often
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observed constancy of the city size distribution along the growth path of an economy.

All the stories told appear to have loose ends and rely on rather restrictive assumptions.
They can broadly be distinguished according to the nature of the externalities which
drive agglomeration processes, and how inter-urban interactions are considered.
Multisectoral models emphasize dynamic (own-industry) localization effects (e.g.
Black/Henderson 1999) with little inter-urban growth effects, while those models which
emphasize general knowledge spillovers, have a stronger focus on the development of
the overal city system (Eaton/Eckstein 1997). Both approaches on the relationship
between aggregate growth and the city system are based on a combination of elements
of the theory of circular cities (Arnott 1979, Henderson 1987, 1988) and the theory of
endogenous growth (above all Lucas 1988 and Glaeser 1997). What the role of citiesin
increasing productivity is concerned, the primary informational role of cities may not be
in creating cutting edge technologies, but rather in creating learning opportunities for
everyday people. The idea is that dense urban areas ensure a faster rate of contacts
between individuals, and each new contact provides an opportunity for learning.*

2.1 City sizedistribution and dynamic urbanization externalities

While much of the urban economics' literature has focused on the development of cities
that specialize in the production of particular commodities, the emphasis on dynamic
urbanization externalities was associated with the assumption that cities are typically not
specialized and that their productivity derives from the interaction of individuals with
complementary forms of knowledge. In sharp contrast to the literature focusing on
dynamic localization externalities the formation of new citiesis of no importance for the
relationship between urbanization and growth. A growth process which is based on the
growth of existing cities is called intensive growth, as opposed to an extensive growth
process being based on te creation of edge cities. In the next subsection | present a static
model of the city following the tradition of the theory of a circular city: Land is a factor
of production, and total productivity within a city declines with the distance of
production from the city center.

1 On the empirical evidence supporting such a view cf. Rauch (1993) and Glaeser/Maré
(1994).
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In the subsequent subsection the dynamic dimension is added. Total factor productivity
in acity isrelated to its average level of human capital, as modeled in Lucas (1988) for
the aggregation level of the nation state and alluded to for the city development. A basic
characteristic of a city is the environment that it provides for the acquisition of human
capital. Cities are linked together in terms of how their human capital stocks contribute
to learning, much as the human capital stocks of different countries jointly contribute to
national pools of knowledge in the models of international diffusion of technical
knowledge (e.g. Eaton/Kortum 1997). The interaction of the human capital stocks of
different cities determines how the populations of individual cities will grow in the long
run. Migration provides the link between the growth and distribution of human capital
across cities and their relative populations. In subsection 2.1.3 | will show how
migration occurs between cities of different relative levels of human capital.

2.1.1 The static model of a city

The central feature of city is here that its relative size depends upon its productivity as a
place to acquire human capital. In steady state, wages per worker are higher in larger
cities because the level of human capital per worker is higher in larger cities. City
populations adjust to remove any incentive to migrate.

An individual city is described in terms of a representative agent who lives, works and
learns in that city. There are K such cities. We first characterize the equilibrium
relationships between wage, population, and city area implied by the maximization
problem of the representative resident.

The representative resident of each city supplies a unit of labor each period regardless of
the wage. Residents behave dynastically, i.e. maximize over an infinite time horizon and
maximize the following objective function:

V, = fe‘p‘ In(c, )t, p=0 (1)

where ¢; is the consumption in period t, and p the subjective discount rate.

What the production technology is concerned, land and labor are assumed to be the only
factors of production. Output is homogeneous. The production function is of a Cobb-
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Douglas type with the production elasticity of land being (3. Total factor productivity of
city i is Ai. The TFP index could reflect differences in technology between cities,
different average levels of human capital of its work force, or city infrastructure. Here it
reflects the average level of human capital. Land scarcity is captured by the assumption
that productivity declines with distance from the city center. Output at a distance d from
the city center Qq isthen

Q, =Ad*(2rfL ", B, e0(01) (2)

2 1d is land input, Lq is labor supply at the distance d from the city center. € is the
elasticity of total factor productivity with respect to the distance from the city center.
Factors earn their marginal products, such that payments exhaust total production.
Worker mobility within the city establishes a common city wage W. For the private
marginal product of labor to be equal across the city the amount of labor working at a
distance d from the center must be:

L = 2rfAd®?](a-p)/ W} 3
The expression for the corresponding land rent is
R, =p{ad[a-g) w " @

The city size is determined by the rental rate of non-urban use of the land R,, and the
distance from the center D at which Ry hasfallen to R,

This condition relates the radius of a city D to the wage W and to the average level of
productivity A. The derived expression for W shows that a city's wage increases with its
total factor productivity but fallswith itsarea D.

w = (1-p)aD~ (/R )|

(5)

Substituting (5) into (3) and integrating across all urban locations from the city center to
the city limits gives an expression for the urban labor force L in terms of city radius D
and total factor productivity A:

21p
2B-¢

wherel =2(1-) + €.

L= [R.D" /(BA):s, (6)
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(5) and (6) together provide an expression for the wage in terms of productivity and the
effective labor force, with the area determined endogenously:
1/r

W =(1- B){[zn[s/(zs - a)]S(Rﬁjm_s AZLS} (7)

a

That is, the wage rate has expected responses to variations in the productivity and the
size of the labor force. The equation relates the wage per unit of effective labor in a city
to the city's effective labor force and its total factor productivity. To construct the
equilibrium configuration beween cities in addition to the intra-urban equilibrium
conditions we need a theory of interurban migration.

Migration

The next step is therefore to show how the city level of total factor productivity is
determined endogenously. The theory follows Lucas model of endogenous growth in
that total factor productivity growth is generated by investment in human capital. The
accumulation of human capital follows from the dynamic optimization decisions of the
representative agents of the individual cities.

N; denotes the physical labor forcein city i, H; the average level of human capital in city
i, and g the average time worked there. The expression for effective labor thenis

L, =eNH,.

The total factor productivity is assumed to be a function of the average level of human
capital in a city: A; = H;", with y being a parameter relating city i's average level of
human capital to its total factor productivity.

Differentiating expressions (6) and (7) with respect to time, we obtain for the growth of
the wage per unit of effective labor:

(2y -s)qu ~£gy ®)

Qw =

In the steady state the growth in the wage per physical worker which is equa to the
growth rate in per capital output and consumption is
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2(1_B+V)9H — &0y (9)
r .

gc:gw+gH =

Whether per capita consumption increases or decreases over time depends on whether
the effect of human capital accumulation overcomes the congestion effects of population
growth.

As in the Lucas (1988) model, the workers have to take time off from work to acquire
human capital. Workers split the endowment of one unit of labor into a fraction e for
work and (1-€) for learning. The productivity of time spent learning increases with what
has been learned aready. In contrast to the original Lucas model it is assumed that the
learning productivity depends not on the own, individual stock of human capital but on
alinear combination of the average levels of human capital in each city, the "knowledge
base" which can be accessed by the agent.

The extent to which an agent can access the knowledge which is seated in other cities
thus defines how broad the basis for learning possibilities is. The individual human
capital develops according to

ﬁlkit = Hic (1—ekit) (10)

where I:ht = Z&Sinjt denotes the knowledge base of city i and &; reflect the
j

contributions of cities j to the learning possibilities in city i. That is, if a city has very

good access to the human capital in other cities, it might be a very productive place to

learn, even though its own average human capital may be small.

To determine the dynamics of a single city we assume that cities are connected by a
common capital market, such that the individuals in all cities have the opportunity to
lend and borrow at the same, constant interest rate r. Ignoring variable labor supply and
risk, optimal learning decisions just maximize the discounted present value of wage
income. Hence, what is of interest here is just the alocation of time between work and
learning, which is independent of the decisions on consumption and saving.
Consequently, in each period individual k in city i with human capital hy;; chooses &; to
maximize
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J-e_pTWiThkiTekith ’ (11)
0

under the restriction of the equation of motion (10).

Solving the problem for individual k in city i implies that, in case of an interior solution
where the individual both learns and works, we have

r+g. —-g :i
':'i " hkit

(12)
The condition is independent of the time spent working. The reason is that the returns to
working and learning are each linear in time spent in that activity. Hence, at an interior
solution, an individual is indifferent between the two activities. If the individua is both
learning and working, both activities must yield the same marginal, and hence average,
return.

If the right hand side of (12) exceeds the left, then the average and marginal returns to
learning exceed the returns to working so that the individua only learns, while if the
left-hand side exceeds the right, the individual only works.

For the representative resident of a city hyj; = Hii. Therefore, for the representative agent
in city i to be learning and working the above condition must be

Hi :
r+g. -0, :H—i. (12)
A consequence of (12) and (12) is that an immigrant arriving in a city in which the
representative resident is both working and learning will eventually become assimilated.
Animmigrant arriving with alevel of human capital below the city average will find the
reward to learning strictly greater than the reward to working, so will only lean. The
immigrant's human capital will consequently grow faster than the city average until it
gets equal to the city average. Conversely, an immigrant arriving with a level of human
capital above the city average will find the reward to working strictly greater than the
return to learning. As the immigrant's human capital stops growing, the city average will
eventually catch up with that of the immigrant. Either way there is a process of complete

assimilation.
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Steady state growth

The steady state is defined as follows:

a) Each city's average level of human capital and population grow at the same rate.
b) Each individual's human capital corresponds to the city-wide average.
¢) Individuals have no reason to migrate between cities.

If, as noted, within a city the average level of human capital will move toward the
average for that city, criterion (a) implies that (12') holds for each city, with the same
left-hand side applying for all cities. Hence the right hand side must be equal for al
citiesaswaell.

The nationwide interest rate r is determined by consumption decisions. With Bernoulli
preferences the steady state interest rate equals the pure rate of time reference plus the
growth in per captain consumption, g., which is equal to the growth in human capital
plus the growth n the wage per unit of effective labor. Hence

r=p+g.=p+9, +9, (13)

Substituting (13) into (12") impliesthat, in steady state, for each city i, we have

Hi
p+29H :H_ (14)

Since the left hand side holds for al cities, the system of equations for al cities can be
written in matrix form as

AH = AH (15)

where A = p + 2 gu. H isthe vector of city - level human capital and A is the matrix of
city interaction effects. Steady state growth requires that this system has an eigenvalue
(Froebenius root) that exceeds p whose corresponding eigenvector is non-negative. If
the interaction matrix is indecomposable, and the elements are sufficiently large, there
exists a unique steady state growth rate of human capital gy = (A™-p)/2, where A"
denotes the Froebenius root. The corresponding eigenvector H™ gives the relative steady-
state levels of human capital. If the elements of the interaction matrix are so small that
A" < p then no learning occurs in steady state and no growth. The fact that the
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Froebenius root and the vector of eigenvalues depend only on the parameters of the
knowledge spillover matrix implies that the levels and the growth rates of human capital
depend in steady state on these parameters as well. The growth rate of human capital
depends on these parameters and the discount factor p.

The conditions for the steady state growth imply that the cities necessarily grow in
paralel, in terms of human capital. If there were aso a paralel growth of the city
population we would have the result of a parallel growth of wages and consumption.
The city rank size distributions with respect to human capital, population, wages and
consumption would be constant.

2.1.2 Migration and city size

In this subsection we dea with the third criterion for the steady state, i.e. the
representative resident of each city should have no incentive to migrate. This criterion
determines relative city populations in steady state.

A central issue of the migration decisions is the degree to which the human capital
which is individually acquired in one city contributes to the productivity of that
individual in another city. ¢ be a parameter which deflates human capital acquired
elsewhere in the city where it is used. A value of ¢ = 1 implies that human capital is
fully general, while ¢ = 0 meansthat it is completely city specific.

Migration decisions will depend on whether aworker moves to a city with a higher level
of human capita or a lower level of human capital than in the city of origin. The
decisions of moving up to a more human capital rich city or moving down is studied for
an economy that isin steady state.

The migration decision of aworker is determined by where the present value of income,
measured by a value function V(H;, Hj) is maximized. The index i orders cities
according to thelr average levels of human capital. Consider an individua
contemplating to move up from city i-1 to city i, i. . Hi > ¢H;.1. An incentive to move
up existsif

V(¢Hi—1’ HI) > V(Hi—l’ Hi—l) .

For the wage differential to remove that incentive, the radius of city i relative that of i-1
17



D H (1-p+y)re H P(1-B)/ gue
i - i )\F _ / )\F _ / i
g (H] {( gH¢)( g¢(Hm

For ratios smaller than the one indicated by this equation the incentive to move up is
removed. In larger cities there is a higher wage. Before enjoying this higher wage the
migrant has to use the entire time budget to catch up with the average level of human
capital in the city he or she migrated to. With the city size differences indicated by the
above equation the trade-off is such that the cost of moving in the form of learning costs
just compensates the expected future wage advantage.

We have similarly an incentive to move down if we have
V(¢H| ’Hi—l) > V(HI ’Hi)'

The incentive to move down is removed if the following condition holds:

(1-B+y)/e -o/g (B-1)re
> :( = J [(1—9)[4{ & ] +Gp( a m ,
Di Hiy H._, H.,

where 6 Eﬁ and e* denotes the steady state work effort. The wage leve is
P—3ay e*

smaller after moving but the migrant can work full-time and earn more than in the city
of origin where he had to spend some time learning to keep up with the average level of
human capital there.

The conditions for removing the incentive of moving up and moving down define a
lower bound and an upper bound for the size differences, respectively. Sustainability in
steady state requires that the lower bound is not higher than the upper bound. This
implies that the range of admissible city sizes declines with an increase of ¢. That is, if
knowledge is completely general, the steady state city size distribution moves down to
the degenerate case of a single optimal city size.
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2.2 City sizedistribution, typesof cities and localization exter nalities

The above model is incomplete insofar as it gives no indication of how the initial city
size distribution which is constant under certain conditions of inter-urban knowledge
spillovers has come about in the first place. An answer to this question gives a
theoretical approach pioneered by Henderson (1987, 1988) which considers the city size
distribution as the result of a continuous entrance of new cities growing to an optimal
city size. An end to the entry of new cities would imply a convergence of all cities of an
identical type to a unique city size. Different sizes of mature specialized cities are
interpreted as reflecting ssimply the different industrial bases of these cities. The
different sizes of cities which are dominated by different kinds of industries are
explained by the nature and the extent of urban scale economies. Growth of the city
system is argued for by reference to knowledge spillovers in an endogenous growth
context, as suggested in Lucas (1988). Human capital accumulation then fuels urban
growth, bearing directly on the question of which city size distribution is conducive to
growth.

The fact that different technologies are used in the industrial sectors of different types of
cities al'so implies that private returns to human capital investment and the magnitude of
knowledge spillovers will vary naturally across city types. As a consequence, the
equilibrium levels of per person human capital and contemporaneous real incomes will
vary across different types of cities.

Evolving regional imbalance is then a consequence of growth: Even an integrated
economy grows at least with measured income and educationa inequality across
different types of cities for otherwise identical people. Peculiar assumptions are needed
to model migration in this context which ensure that per capita consumption is equal
across cities.

The spatial organization of production and population

To confine the idea of the correspondence of the city size and sectoral speciaization to
the simplest case it is assumed that there are only two types of cities, performing
different functions and having different equilibrium sizes, per worker human capital
levels and incomes. Type 1 cities in the economy produce the numéraire good, an
intermediate input, which is purchased by firms in type 2 cities. Firms in type 2 cities
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are specialized in producing a consumption good, with price P in units of the
intermediate good. There are no costs of inter-urban transactions. Finally there is a city
formation process in national land markets involving either land developers or local
governments.

Family migration and human capital investment decisions

Workers are members of dynastic families. For dynasties, each family starts with the
same per person human capital and each family's size grows at the same rate g. Each
family discounts the future at arate p. The discount rate is assumed to be larger than the
population growth rate to ensure well-behaved solutions. At each instant, dynasties
choose how much total family income should be allocated to per member consumption ¢
and how much to increasing the family's human capital stock. Families must alocate
also their members across city types and decide on the per person human capital
investments for members by the type of city in which they live. For existing family
members, current own human capital endowments are nontransferable, except to
newborns. These family decisions govern human capital accumulation as there are no
formal markets for human capital.

Using the usual form of the utility function of per person consumption, the optimization
problem for any dynasty can be formulated as

¢ -1
max Ll a5 >0,p > g, such that (16)
¢,y hy x 1_ (0)
0

PH =ze*l, +(1-z)e™l, — Pce® (@)
H =ze*h, + (1-z)e"h, (b)
ad ad 0

H=>0;hi/h, +g=0;h2/h,+g=0 (©

In the initia situation the family size is normalized to 1. H is the family's human capital
stock, z the proportion of family members assigned to type 1 cities and (1-z) the
proportion of those assigned to type 2 cities. I; and |, represent net per worker incomes
earned by workers living in type 1 and type 2 cities respectively, with h; and h,
representing human capital levels. Constraint (@) states that the value of family human
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capital growth is the difference between total family income and the vaue of
consumption. Constraint (b) states that total family human capital is the sum of
individual human capitals (h; and hy) of members in type 1 and type 2 cities. The
constraints in (c) tell us that families can neither borrow nor consume their human
capital. Conversion of the consumption good to human capital is irreversible. The
second constraint in (c) implies that human capital is only transferable as an endowment
to newborns in the same city type. The maximal percentage drop in per member human
capital in a city type is the growth rate of its offspring. Neither of these constraints is
binding in equilibrium.

Given that family members will generally earn different incomes I, and I, by city type
there must generally be a intra-family redistribution across cities to maintain equality of
per capita consumption.

2.2.1 Thestructure of cities

It is assumed that production in a city occurs under "localization™ economies of scale -
own industry local external economies of scale. Instantaneous efficiency of each firmis
enhanced by having more firms in the same industry in a city, with whom the firm
communicates about what inputs to buy from whom what product lines to emphasize
etc. Over time firm efficiency and the benefits of larger cities will be enhanced by local
human capital accumulation. In achieving contemporaneous equilibrium city size, scale
benefits are traded off against the higher per person internal commuting and potentially
congestion and pollution costs of supporting larger cities.

Type 1 cities

Each firm in the city is composed of one worker. In each period that worker decides
how much to produce and how much to invest in private human capital accumulation.
Having single worker firmsis a convenience, so that human capital spillovers only exist
across firms, not within firms. Output of firms of the numéraire intermediate input X1 is
given by

X, = D,[n®h¥: |n% (17)

The output accrues entirely as income of the workers. n; is the employment in industry 1
in this type of city, h; is the average level of human capital of workers there and hy; is
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the human capital of the worker in firmi. &, represents scale economies arising from the
total volume of local communications which are proportional to n;. Y is the elasticity
of firm i's output with respect to the average level of human capital in the city which
represents the spillover benefits of local levels of human capital or knowledge
accumulation.

Given that all workers are assumed to be identical the city output is
X, = D,ny>hi* (18)

This specification of the production technology assumes that human capital spillovers
and scale externadlities are purely localized. The presence of another industry at the
locality would be of no importance. As agglomerating people into cities is costly on the
commuting side, land devel opers are assumed to form specialized cities.

Using a simple standard version of the internal spatial structure of cities equilibrium in
the land market is characterized by arent gradient, declining linearly from the center of
the city, the Central Business District to the city edge where rents are down to zero
relative to alternative, non-urban uses. The total land rents are then

1bn‘°”2, with b= 2102 * max radius.
2 ! 3
Gross rents are income of the city developer.

Type 1 cities are formed by land developers in the competitive context of a large
economy with many type 1 cities on the national land market. Each city is run by a
developer who collects urban land rents and offers inducements to firms to locate in the
city, to achieve the rent maximizing city size. The developer's profits are residential land
rents minus transfer payments Ty, to each worker/firm. The developer faces a free
migration constraint that each worker's net income (gross income minus commuting
costs and rents) equal s the prevailing net income available in national labor markets.

The decision problem of the developer isthen

max M, = % bn? - T,n,, such that (19)
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W1+T1—gbn}’2=|l.

Forming the maximum function of (19) and using the zero profit condition for land
developers we obtain the "Henry George result” that total transfers to firms (T1n;) are
equa to total land rents. The per worker transfer closes the gap between private
marginal product and socia marginal product due to enhanced scale benefits when a
worker/firm enters acity.

The city size rises with the scale elasticity &; up to the level of the commuting cost
elasticity. Beyond that value, al production of the intermediate good will occur in one
city.

Type 2 cities

Type 2 cities specialize in production of the economy's consumption good, sold in
competitive national markets at a price P. A single worker firm's output is

X, = D,|n%hy: |h&xte (20)

Notation is completely analogous to the production of type 1. The profits for a firm of
type 2 are PXy; - Xy, where xy; are the intermediate inputs used in the production of the
consumption good. From maximizing with respect to the input of the intermediate good
and substituting into the profit function we obtain the residual return to the worker

1-a a o
W, =a(l-a)« DY*PYe (nhd: ) “hd’ (21)

On land rent collection and the grant of transfers analogous conditions of the individual
optimum of the land developer in city 2 type cities are obtained.

Investment and Migration decisions

Forming a Hamiltonian on the basis of (16) and inserting the wage and transfer
expressions families alocate human capital across city types to equalize private returns
on investment. The solution of the dynamic optimization program shows that the
individual human capital levels in both types of cities will differ and also the personal
incomes. The differences are time invariant.
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National market equilibrium

The equilibrium in national output markets requires a balance of trade among cities.
That is, the national market equilibrium involves not only the determination of the
relative price of the consumption good P but aso the number of cities of type 1, m;, and
the number of type 2 cities m,. The trade balance requires that

— 3/2 3/2
m, X, =m,n,X, + ml(bn1 )+ mz(bn2 )

By imposing symmetry across dynasties nationally, each dynasty will send the same
proportion of workers to each type of city. From the symmetry we can determine the
fraction z of people going to type 1 cities in equilibrium. Due to the optimization over
an infinite time horizon and the perfect foresight of households the workers once
assigned to a city type never need to change that type. Migration only involves
assignment of young workers starting their careers, especially to new cities. From the
determination of z follows the allocation of the families total stock of human capital to
the production of intermediate goods h; and the production of the final good hs.

If there is human capital growth, a condition that is generally satisfied in equilibrium,
human capital grows in paralel at the same rate in the two types of cities. The only
capital transfers required from workers of each type are to their own children. That is, in
equilibrium human capital can be nontransferable across people and specific to the
technology of producing intermediate goods or consumption goods.

2.2.2 Urban Growth

Differentiating the expressions for optimal city sizes and using the equilibrium price

value of the consumption good we have
] O O
N Mg M 22)
2 nl hl

=]

€1 isthe elasticity of income with respect to human capital levels in cities of type 1. In
steady state this value is close to one. Therefore the number of firms grows at double the
rate of the human capital.

From the equations defining the number of cities follows the equation indicating the
growth of the cities of different types
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That is, urban growth across city types is parallel, maintaining a constant relative size
distribution of cities. Relative sizes and numbers of the two types of cities are time
invariant, with all cities growing in size at the same rate.

Aggregate Economic Growth

Under the conditions of endogenous growth (€ = €; - (€1 - €)(a - 2d,) = 1) the economy
achieves a steady state growth where consumption and human capital grow at a common
rate and city sizes grow at 2¢; of that rate. If € is smaller than one, the economy
converges to (constant) steady state levels of consumption and human capital and cities
achieve a stationary size. In any case, the steady state growth path or the steady state
levels are too small compared to the socia optimum due to the lack of internalization of
the spillovers of human capital investment.

2.3 Discussion

The theoretical approaches give clearly distinguishable insights into the theoretical
forces which might determine the relationship between the city size distribution and
aggregate growth. The complexity of the issues involved seems to require that they are
incompl ete:

— The Eaton/Eckstein model does not offer a theory of the genesis of the city size
distribution. It rather shows what might be responsible for the persistence of the city
size distribution of mature, industrialized countries like France and Japan. Being a
one sector model it does not alow to distinguish different sectoral contributions.
Knowledge must be completely general as it is usable in any city and any economic
activity. In this sense the alleged driving force of urban growth is dynamic
urbanization externalities.

— The Black/Henderson model accounts for the emergence of new cities and can
therefore be used to study the genesis of the city size distribution. It emphasizes the
own industry effects, the own industry localization economies. Cities are considered
to be completely specialised. Including amodel of alocal government sector, it offers
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a direct access to study the impact of local economic policies. The mgor limitations
result from the absence of atheory of migration, reducing the assignment of people to
cities to a restrictive set of assumptions about dynastic decisions on the residential
location of newborns. Against the backdrop of the empirical work of Henderson et al.
it appears as a severe problem that there is no possibility that cities change their type.
In the empirical work, intra - urban sectoral changes in the sense of a "product cycle
of cities" have been identified to be important.

For both approaches the microeconomic characteristics of the informational spillovers
must be important. So far there is no theoretical foundation for the assumed
mechanisms. Why should competing agents share information that bears upon the
microeconomic productivity and therefore on the competitive position of the agent? If
there are reasons that there are trades of information which have an economic value why
are these trades localised, given the dramatic decreases in communication costs?

As the above theories on the relationship between the city size distribution and growth
are clearly distinguishable with respect to the nature of the dynamic economies the
question arises whether the empirical literature on the dynamic agglomeration
economies gives any orientation as to which of the approaches seems to be more
promising.

3 Empiricsof dynamic agglomeration economies

Maybe the best known contribution to the empirical importance of dynamic urbanization
economies versus localization economies is the article of Glaeser et a. (1992). The
results of the empirical investigations are:

— Measured in terms of employment, those industries grew slower which were located
in cities where they were more heavily overrepresented.

— City - industries grew faster when the rest of the city was |ess specialized.

— Industries grew faster in cities where the average size of firms of that industry is
smaller than the overall average.

That is, their findings clearly seem to support the view that urban diversification
promotes urban growth. The intersectoral spillovers of technica and organizational
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information are more important than the intrasectoral spillovers. In contrast to some of
the literature on localization economies the intensity of competition seems to be
positively related to urban growth. Consequently, the pressure to adopt new
technologies and to imitate are held to be more important than inventive activities.

These results are not confirmed by the empirical study of Henderson et al. (1995).
Distinguishing between "young" and "old" industries, they find out that for mature
industries only localization economies are relevant. For very young industries
urbanization economies are found to be important, with own industry spillovers
becoming more and more important as the industries grow older. They conclude that to
study the role of the city size distribution for growth, it is important to look at city
speciaization and diversification. What is more, for each industry the whole spectrum
of city sizes is relevant. It is these empirical findings they base the claim on that an
urban product cycle is of major importance for the relationship between urbanization,
city size distribution and growth. As we have seen this view is not consistient with the
Black/Henderson model.

There is some support for the Eaton/Eckstein model from the empirical findings of
Glaeser and Maré on "learning in cities". They find out that there is a wage premium of
34 per cent for metropolitan areas surrounding cities of more than one million
inhabitants, compared to rura areas, and still a premium of 10 per cent for metropolitan
areas not surrounding large cities. That learning is the main function of the cities was
inferred from the following results:

— Rura workers who move to cities don't have an immediate wage gain.

— Workers who leave cities do not experience awage decline.

— The relative advantage in wage payments of workers in metropolitan areas
surrounding big cities increases over time.

All of these findings are compatible with the Eaton/Eckstein model of migration and
discredit the Black/Henderson model of dynastic decision making.

Recent empirical work of Henderson (1999) questions the relevance of Glaeser et al.
(1992) and Henderson et a. (1995) for assessing the existence of dynamic externalities.
These studies assert that, if the level of employment in an industry today is correlated
with local own industry employment 15 or 30 years ago, that is evidence of dynamic
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externaities. The first problem with this interpretation is conceptual: The typical
estimating equation contains two key measures - base period own industry employment
to control for "mean reversion”, induced by allocative shocks, and a base period own
industry concentration measure to represent localization externalities. The mean
reversion control and the concentration measure are so closely related, that it is hard to
distinguish effects. The mean reversion process and how externaities inhibit mean
reversion or dampen allocative shocks has never been explicitly modeled. Therefore, the
interpretation of the employment growth equations can only be tentative.

The second problem concerns the question whether a partial correlation between present
employment levels and past concentration really implies externalities. Rather the
correlation can arise from a "fixed effect” in estimation, representing unmeasured time
invariant locational attributes such as immobile resource endowments, local culture
affecting the legal, tax and ingtitutional environment, and access to national and
international markets. In short, the current industrial location pattern may be related to
historical ones, not because of dynamic externalities, but because of persistent local
comparative advantage.

To avoid the mean reversion and fixed effects problems Henderson has directly
examined the effects of changes in past local industrial environments on changes in
plant productivity. He found that scale externalities derive from own industry
externalities, and were very local. They derived from the numbers of own industry
plants in the home county, as opposed to a measure of the industry's total employment,
or from activities in surrounding counties in the same Metropolitan Statistical Area. The
fact that single plant firms seemed to benefit more from these externalities supports the
view that the externalities were dynamic in nature. Externalities also derived from past
births of plants, as opposed to numbers of pre-existing plants, suggesting that they were
dynamic in nature.

4 Conclusions

The clarification of some of the methodological problems of the early empirical studies
suggests that major progress in identifying dynamic agglomeration economies calls for
the extension of the above models by an analysis of what role innovative activities play
for the emergence of new cities. For these edge cities cooperation amoung innovating
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firms seems to be the most important determinant of the clusters. With increasing
demand, and the maturing of the city, the sectoral diversification might result from "love
of variety" type of preferences, with the resulting alocation effects which are
emphasized by the New Economic Geography. A growth effect might derive from an
increase in the division of labor in producing the intermediate inputs, given a constant
elasticity of substitution technology with respect to intermediate inputs and decreasing
average costs of producing the intermediate goods.

The literature on the link between the urban structure and growth also suggests that a
theory of migration which can do without restrictive assumptions on family decision
making, must distinguish between human capital which is acquired in schooling and
general training on the one hand and technical and organizational knowledge which is
completely sector-specific. Past investment decisions with regard to the proportions of
general and specific human capital investments will determine moving costs and
therefore inter-urban migration flows.
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