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Urbanization occurs as countries switch sectoral composition away from agri-

culture into industry and as technological advances in domestic agriculture

release labor from agriculture to migrate to cities. Given this well accepted

process, the study of urbanization focuses on three issues. For each of these,

this paper will review key empirical facts and evidence and explain the key

theoretical models used in analysis.

The first issue concerns whether the urbanization process involving rural

to urban migration within countries is reasonably efficient, or whether it is

subject to forms of market failure or distortionary government policies. Part of

the literature on the subject looks at the basic overall rural-urban divide to ask

whether countries are over- or under-urbanized. That particular narrow question

is not what the recent economics literature has focused on, for reasons we will

see. Rather the literature has focused on the form that urbanization takes.

In some writings, form means the development and then perhaps subsequent

reversal of a core-periphery spatial, or regional structure. In other writings, it

means the development and then subsequent reversal of a high degree of urban

primacy, or the degree of dominance of one city over other cities in a region

or country. How does spatial concentration, in terms of, say, the share of the

core region or primate city in the economy evolve with development? What are

the efficiency implications of more or less, or of too much or too little spatial

concentration?

The second issue concerns why industrialization involves urbanization. What

market and non-market interactions lead economic activity to spatially cluster,

or agglomerate into entities we call cities? There are a variety of papers which

model the form of localized scale externalities such as information spillovers

in output and input markets and backward and forward linkages which lead to

agglomeration; and there is a large body of empirical work trying to measure the

nature and extent of scale externalities. Finally there is a more recent literature

examining dynamic externalities and localized knowledge spillovers.

The third issue concerns how cities form and interact with each other, in an

urban system in both static and dynamic contexts. Rather than a simple core-

periphery regional structure, an economy is composed of an endogenous and

potentially large number of cities of different sizes and types. The country’s

urban system can be viewed as a whole, or there can be core and periphery

regions each with their own system of cities. Empirical evidence shows that over

long periods of time within countries there tends to be a “wide” and very stable
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relative size distribution of cities. That notion leads to a variety of questions.

What is the role of big versus small cities in a country — i.e., in what industries

or in what functions do cities tend to specialize and how do cities interact

with each other? That is, does one characterize the urban hierarchy? What

economic factors and institutional arrangements determine city sizes; and is

there reason to believe, for example, that mega-cities are oversized? What is

the inter-relationship between national economic growth and growth of both

individual cities and the overall urban system?

The theory papers in this literature attempt to model all these questions, and

the underlying facts about urban systems. Apart from providing a link between

national and city growth, from a growth perspective this literature indicates

how national urban development evolves. This has implications for national

policy governing the spatial allocation of public infrastructure investments, fiscal

decentralization, internal migration policies and the like.

In this handbook chapter, I examine each of three issues in turn. Much

of the chapter is written to provide growth enthusiasts with an introduction

to theoretical and empirical issues in economic geography and core-periphery

models, agglomeration economies, and models of systems of cities. This is a

huge range of topics. An urban and regional handbook (e.g., Henderson and

Thisse (2004)) would have a separate chapter on theoretical and on empirical

aspects for each of these three issues. So in this chapter I focus just on the

highlights.

1 Urbanization and Its Form

Urbanization, or the shift of population from rural to urban environments, is

typically a transitory process, albeit one that is socially and culturally trau-

matic. It moves populations from traditional rural environments with informal

political and economic institutions to the relative anonymity and more formal

institutions of urban settings. That in itself requires institutional development

within a country. It spatially separates families, particularly intergenerationally

as the young migrate to cities and the old stay behind. By upper middle in-

come ranges, countries become “fully” urbanized, in the sense that the percent

urbanized levels out at 60-90% of the national population living in cities. The
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actual percent urbanized with full urbanization varies with geography, the role

of modern agriculture in the economy, and national definitions of urban.

The idea that urbanization is a transitory phenomenon is illustrated by the

simple statistics in Figure 1, comparing different regions of the world in 1960

versus 1995. While urbanization increased in all regions of the world over those

35 years, among developed countries there is little change since 1975. By 1995

Soviet bloc and Latin American countries had almost converged to developed

country urbanization levels. Only sub-Saharan African and Asian countries still

face substantial urbanization in the future.

Despite this notion of urbanization being a transitory phenomenon, we don’t

actually have a good conceptual model of the dynamic transitory process. Mod-

els of urbanization per se are, oddly, static. The traditional dual economy mod-

els dating back to Lewis (1954) focus on the question of urban “bias”, or the

effect of government policies on the urban-rural divide, and the efficient rural-

urban allocation of population at a point in time. They are two sector models

with an exogenously given sophisticated urban sector and a “backward” rural

sector (Rannis and Fei (1961), Harris and Todaro (1970) and others as now well

exposited in textbooks (e.g., Ray (1998)).

The marginal product of labor in the urban sector is assumed to exceed that

in the rural sector. Arbitrage in terms of labor migration is limited by inefficient

(and exogenously given) labor allocation rules such as farm workers being paid

average rather than marginal product or artificially limited absorption in the

urban sector (e.g., formal sector minimum wages). The literature focuses on the

effect on migration from the rural to urban sector of policies such as rural-urban

terms of trade, migration restrictions, wage subsidies, and the like.

The final and most complex version of the models are the Kelley andWilliamson

(1984) and the Becker, Mills, and Williamson (1992), which are CGE models

which are fully dynamic. They have savings behavior and capital accumula-

tion, population growth, and multiple economic sectors in the urban and rural

regions. Labor markets within sector and across regions are allowed to clear.

The models analyze the effects of a wider array of policy instruments, including

sector specific trade or capital market policies for housing, industry, services

and the like. However the starting point is again an exogenously given initial

urban-rural productivity gap sustained initially by migration costs and exoge-

nous skill acquisition. On-going urbanization is the result of exogenous forces —
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technological change favoring the urban sector or changes in the terms of trade

favoring the urban sector.

As models of urbanization, these dual economy ones are a critical step but

they suffer obvious defects. First how the dual starting point arises is never

modeled. Second, and related to the first as we will see, there are no forces for

agglomeration that would naturally foster industrial concentration in the urban

sector. Finally although the models have two sectors there is really little spatial

or regional aspect to the problem. There is a new generation of two-sector mod-

els, the core-periphery models, which attempt to address these three defects.

However core-periphery models have limited implications for urbanization per

se, since in many versions including Krugman’s (1991a) initial paper, the agri-

cultural population is fixed. These models are more about urban concentration.

The core-periphery models ask under what conditions in a two-region coun-

try, industrialization, or "urbanization" is spread over both regions versus con-

centrated in just one region. In application to the development process, these

models examine the form that urbanization takes and the extent of agglomera-

tion within an economy. Before turning to these models, I review some empirical

evidence first on urbanization and then on the form urbanization takes. After

that I turn to the theoretical literature in economic geography on core-periphery

structures.

1.1 What DoWeKnowAbout Urbanization and Its Form?

The empirical modeling of urbanization is quite limited. I review a few key

points from it and then turn to the bulk of the literature devoted to the form

that urbanization takes. Given urbanization is a transitory phenomenon, while

the form urbanization is an on-going issue, the focus on form is arguably appro-

priate.

1.1.1 Urbanization

As noted earlier urbanization is the consequence of changes in national output

composition away from rural agriculture into urbanized modern manufacturing

and service production. As such, Renaud (1981) makes the basic point that

government policies bias, or influence urbanization through their effect on na-

tional sectoral composition. So policies affecting the terms of trade between
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agriculture and modern industry or between traditional small town industries

(textiles, food processing) and high tech large city industries affect the rural-

urban or small-big city allocation of population. Such policies include tariffs,

and price controls and subsidies. The idea that government policies affect ur-

banization primarily through their effect on sector composition is a key point of

empirical studies of urbanization by Fay and Opal (1999) and Davis and Hen-

derson (2002). These studies show that, indeed, urbanization which occurs in

the early and middle stages of development is determined largely by changes in

national economic sector composition and in technology, and government poli-

cies tend to affect urbanization only indirectly through their effect on sector

composition.

As section 2 will discuss, urbanization is thought to promote benefits from

agglomeration such as localized information and knowledge spillovers and thus

to promote economic growth. Writers such as Gallup, Sacks and Mellinger

(1999) suggest that urbanization may “cause” economic growth, rather than

just emerge as part of the growth process. The limited evidence so far sug-

gests urbanization doesn’t cause growth per se. Henderson (2002a) finds no

econometric evidence linking the extent of urbanization to either economic or

productivity growth or levels. That is if a country were to enact policies to

encourage urbanization per se, typically that wouldn’t improve growth. In fact,

in a more refined version of growth and urbanization links, so far we have been

unable to quantify for different levels of development, the “optimal” degree of

urbanization. In principle, for each level of development there should be an

optimal degree of urbanization where either over- or under-urbanization detract

from growth. While that may make some sense, econometric evidence doesn’t

support the idea, suggesting any such relationship is not very robust.

Finally on urbanization, there is an informal notion (Mills and Becker (1986)

and World Bank (2000)) that urbanization follows the same stages as popu-

lation growth (the “demographic” transition between falling death rates and

falling fertility rates) — an S-shaped relationship where population growth is

slow at low levels of development, then there is a period of rapid acceleration in

intermediate stages, followed by a slowing of growth. These differential growth

population rates imply an S-shaped relationship between population levels and

GDP per capita. These ideas do not seem to carry over to the urbanization

process, where in fact there is a simple concave relationship between the level of

urban population and GDP per capita (with or without controlling for national
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population), at least over the last 35 years. Figure 2 illustrates the cross-section

concave relationship between the percent urban and income per capita for 1965-

95. Figure 3 explores the relationship between total national urban population

and income per capita after parcelling out the effect of national population, or

country size. In Figure 3 the log of national urban population is an increasing

concave function of the log of income per capita; and national urban population

here is also a concave function of income per capita, so urbanization is most

rapid at the lowest income levels.1

1.1.2 The Form of Urbanization: The Degree of Spatial Concentra-
tion

In 1965, Williamson published an innovative paper based on cross-section analy-

sis of 24 countries in which he argued that national economic development is

characterized by an initial phase of internal regional divergence, followed by a

phase of later convergence. That is, a few regions initially experience accelerated

growth relative to other (peripheral) regions, but later the peripheral regions

start to catch up. Barro and Sala-i-Martin (1991 and 1992) present extensive

evidence on this for the USA, Western Europe, and Japan, by examining the

evolution of inter-regional differences in per capita incomes. While inter-regional

out-migration from poorer regions plays a role in catch-up, it may not be crit-

ical. For Japan, the authors argue that later convergence of backward regions

occurred through improved productivity improved in backward regions.

The usual urban version of this divergence-convergence phenomenon looks

at urban primacy. Following Ades and Glaeser (1995), conceptually the urban

world is collapsed into two regions — the primate city versus the rest of the

country, or at least the urban portion thereof. Like dual sector models, the

focus is on how government policies and institutions affect primacy, with strong

political-economy considerations. The basic question concerns to what extent

urbanization is concentrated, or confined to one (or a few) major metro areas,

relative to being spread more evenly across a variety of cities. Primacy is the

simplest measure of concentration, where a common measure of primacy is the

ratio of the population of the largest metro area to all urban population in the

country (Ades and Glaeser (1995), Junius (1999), and Davis and Henderson

(2001)). A more comprehensive measure might use either a spatial Gini or

1See Davis and Henderson (2000) for more detailed econometric modeling and results.
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a Hirschman-Herfindal index [HHI] from the industrial organization literature,

which is the sum over metro areas of squared shares of each metro area in

national urban population. Both these other measures require collecting data

on the whole size distribution of cities for a variety of countries, an exercise so

far attempted only in published work by Wheaton and Shishido (1981) for a

single year.

Generally, corresponding to Williamson’s hypothesis, these papers find an in-

verted U−shape relationship, where relative urban concentration first increases,

peaks, and then declines with economic development. Despite different concen-

tration measures and methods, Wheaton and Shishido (1981) examining a HHI

using cross-section non-linear OLS and Davis and Henderson (2001) examining

primacy using panel data methods and IV estimation find that concentration

rises, peaks in the $2000-4000 range (1985 PPP dollars), and then declines. Ju-

nius (1999) finds a peak at somewhat higher income levels, but still the inverted

U−shape. As Figure 4 illustrates however the inverted U -relationship is noisy

in raw data without other controls and more relevant in earlier (1965-75) than

later (1985-95) time periods.

Lee (1997) explores a case study of Korea. Seoul’s urban primacy peaked

around 1970 and while Seoul’s absolute population has continued to grow, its

share has declined steadily. What is of particular interest, especially in thinking

about the core-periphery models to follow is the role of manufacturing. At the

urban primacy peak in 1970, Seoul had a dominant share of national manu-

facturing although Pusan and Taegu also had large shares. During the next

10-15 years as Lee (1997) shows, manufacturing first suburbanized from Seoul

to satellite cities in the rest of Kyonggi province (its immediate hinterland), as

well as to satellite cities surrounding Pusan and Taegu. Such suburbanization

of manufacturing has been also documented for Thailand (Lee (1998)), Colom-

bia (Lee (1989)), and Indonesia (Henderson, Kuncoro and Nasution (1996)).

But the key development following the early 1980’s in Korea is the spread of

manufacturing from the three major metro areas (Seoul, Pusan, and Taegu)

and their satellites to rural areas and other cities. The share of rural areas and

other cities in manufacturing in 1983 is 26%; by 1993 it is 42%, in a time period

where national manufacturing employment is fairly stagnant and rural areas

and other cities actually continue to experience modest absolute population

losses. That is, manufacturing deconcentrated both relatively and absolutely to

hinterland regions, where population levels were at best stagnant. This man-
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ufacturing deconcentration coincided with economic liberalization, enormous

and widespread investment in inter-regional transport and infrastructure in-

vestment, and fiscal decentralization (Henderson, Lee, and Lee (2001)). And it

is consistent with core-periphery reversal when transport costs are very low, to

be discussed later.

Given this documented pattern, the immediate issue is the "so-what" ques-

tion. Is urban concentration and it changes with development important? Is

there an optimal degree of urban concentration with each level of development

where significant deviations from this level detract from growth? Conceptually

there should be an optimal level of urban concentration, or of primacy. The

idea is that optimal primacy derives from a trade-off with increasing primacy

of enhancing scale economies contributing to productivity growth versus accen-

tuating the extent of resources diverted away from productive and innovative

activities, to shoring up the quality of life in primate cities. In the first econo-

metric examination of this so-what question, Henderson (2002a), using panel

data and IV estimation for 1960-1990, finds that there is an optimal degree of

primacy at each level of development that declines as development proceeds.

Optimal primacy is the level that maximizes national productivity growth. Ini-

tial high relative agglomeration is important at low levels of development when

countries have low knowledge accumulation, are importing technology, and have

limited capital to invest in widespread hinterland development. However the de-

sirability of high relative agglomeration declines with development. Error bands

about optimal primacy numbers are quite tight. Second, large deviations from

optimal primacy strongly affect productivity growth. An 33% increase or de-

crease in primacy from a typical best level of .3 reduces productivity growth by

3% over five years. There is some tendency internationally to excessive primacy,

with the usual suspects such as Argentina, Chile, Peru, Thailand, Mexico, and

Algeria having extremely high primacy.

Why would countries significantly deviate from desired levels of concentra-

tion? There is a considerable literature focused on the role of political economy

and government policies in fostering excessive concentration, building upon the

concerns from the dual economy literature (Ades and Glaeser (1995)). The basic

idea is that national policy makers favor the national capital (or other seat of

political elites such as São Paulo in Brazil) for reasons of personal gain and per-

haps beliefs about its inherent productivity advantage. For example, restraints

on trade for hinterland cities favor firms in the national capital. Policy mak-
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ers and bureaucrats may gain as shareholders in such firms, or they may gain

rents from those seeking licenses or other exemptions to trade restraints. What

sort of restraints operate? Henderson and Kuncoro (1996) for Indonesia discuss

the spatially centralized allocation mechanism for export and import licenses

and for the granting of large bank loans. Centralization means hinterland bu-

reaucrats can’t grant such items and hence can’t compete in the rent seekings

process; the benefits of rent seeking for those items is the monopoly of central

bureaucrats and officials. Trade protection for the primate city can also involve

under-investment in hinterland transport and communications infrastructure.

Whether as true beliefs or as a justification to cover rent-seeking behavior,

policy makers in different countries articulate a view that large cities are more

productive and thus should be the site for government-owned heavy industry

(e.g., São Paulo or, Beijing-Tianjin historically). Later we will point out that

it could be true that output per worker in heavy industries is higher in the

productive external environment of large metro areas. It just isn’t high enough

to cover the higher opportunity costs of land and labor in those cities, which is

one reason why those state-owned heavy industries lose money in such cities.

Favoritism of a primate city creates a non-level playing field in competition

across cities. The favored city draws in migrants and firms from hinterland areas,

creating an extremely congested high cost-of-living metro area. Local city plan-

ners can try to resist the migration response to primate city favoritism. Former

planned economies, most notably China, institutionally can and do limit mi-

gration. In most countries while explicit migration restrictions are not possible,

primate cities can refuse to provide legal housing development for immigrants

and to provide basic public services in immigrant neighborhoods. Hence the

development of squatter settlements, bustees, kampongs and so on. But still,

favored cities tend to draw in enormous populations.

Is there econometric evidence indicating that these forces seem to be im-

portant and the stories relevant? The most recent studies examine the political

economy of the issue. Favoritism of a primate city is first documented. Ades and

Glaeser (1995) based on cross-section analyses find that if the primate city in a

country is the national capital it is 45% larger. If the country is a dictatorship,

or at the extreme of non-democracy, the primate city is 40-45% larger. The idea

is that representative democracy gives a political voice to the hinterland regions

limiting the ability of the capital city to favor itself. Apart from representative

democracy, fiscal decentralization helps to level the playing field across cities,
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by giving political autonomy for hinterland cities to compete with the primate

city.

Davis and Henderson (2002) explore these ideas further, examining in a panel

context the impact upon primacy of democratization and fiscal decentralization

from 1960-1995. Using a panel approach with IV estimation, they find smaller

effects than Ades and Glaeser but still highly significant ones. Examining both

democratization and fiscal decentralization together, they find moving from the

extreme of least to most democratic form of government reduces primacy by 8%

and from the extreme of most to least centralized government reduces primacy

by 5%. Primate cities which are national capitals are 20% larger and primate

cities in planned economies with migration restrictions are 18% smaller.

Finally transport infrastructure investment in hinterlands which opens up

international markets to hinterland cities reduces primacy. A one-standard de-

viation increase in roads per sq. kilometer of national land area or in navigable

inland waterways per sq. kilometer, ceteris paribus, each reduce primacy by

10%, indicating a strength for transport infrastructure. The effect of trans-

port costs on spatial concentration is the focus of the core-periphery models,

discussed next.

1.2 Core-Periphery Models

The notion of increasing and then decreasing spatial concentration, as reflected

in, say, changes in urban primacy or other measures of urban concentration is

often thought of as spatial concentration in a "core", such as a coastal region,

versus spread of resources to the periphery, such as a hinterland region. Are

there models which explain the development of a core-periphery structure across

regions of a country? Can these models be used to also explain reversal of a

core-periphery structure or a spread of resources (back) to the hinterlands? The

answer is a limited yes. The models are mostly static and the driving force is

exogenous technological change. But they address key issues.

With Krugman’s (1991) paper on the “new” economic geography, a new

brand of two-region models appeared. Krugman’s paper and the multitude of

papers which followed distinctly differ from the dual-economy literature. First

there are explicit scale economy forces that foster endogenous agglomeration.

Second while there are two regions, no starting point is imposed where one region

is assumed to start off ahead of the other. Urbanization, or more specifically
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industrialization, may occur in both regions or in only one region. One region

can become “backward” (under certain assumptions), or, if not backward (lower

real incomes) at least relatively depopulated. But these are outcomes solved

for in the model. Third the models have some notion of space represented as

transport costs of goods between regions.

The models are focused on a key developmental issue — the initial develop-

ment of a core (say, coastal) region and a periphery (say, hinterland) region as

technology improves (transport costs fall) from a situation starting with two

identical regions. Some work (Puga (1999), Fujita, Krugman, and Venables

(1999, Chapter 7), Helpman (1998), and Tabuchi (1998)) also analyzes how

under certain conditions, with further technological improvements, there can

be reversal. Some industrial resources leave the core; and the periphery also

industrializes/urbanizes.

Core-periphery models are almost exclusively unidimensional in focus: What

happens to core-periphery development as transport costs between regions decline?

They are not focused on other forms of technological advance, let alone en-

dogenous technological development. With a few exceptions, Fujita and Thisse

(2002) Ottaviano (2001), and Baldwin (2001), the models are static. But even in

these exceptions, the focus is mostly on the effect of exogenous changes in trans-

port technology on the regional allocation of population, within a growth con-

text. Compared to the older dual economy literature, generally core-periphery

models have no typical policy considerations of interest to development econo-

mists, such as the impact of wage subsidies, rural-urban terms of trade, capital

market imperfections, or analysis of welfare implications. An exception is that

some papers have examined the impact on core-periphery structures of reduc-

ing barriers to international trade, such as tariff reduction, and there are draft

papers starting to explore issues of capital market imperfections and of welfare

analysis.

However the examination of core-periphery development makes the new eco-

nomic geography literature of interest in any review of urbanization and growth.

An excellent summary of the key elements is in Neary (2001), and Fujita and

Thisse (2000) have an excellent review of the now enormous literature on new

economic geography. Fujita, Krugman and Venables (1999) stands as a basic

reference on detailed modeling. My examination here is limited to the regional

version of the model (as opposed to the country version), where labor migration

across regions occurs, as in Krugman (1991).
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In Krugman (1991) there are two regions, each with an identical number of

farmers who are completely immobile and who each produce a fixed amount

of farm output. Only manufacturing and the fixed population of manufac-

turing workers are mobile across regions. National scale economies arise from

Dixit-Stiglitz (1977) diversity in manufacture’s output, given firm level scale

economies (fixed costs). Relative to the traditional location literature, Krug-

man’s key insight is that when manufacturing firms choose a location, they

employ workers who reside and consume at the location, creating local back-

ward and forward linkages. The more workers in a region, the more varieties

result, real incomes rise, and more workers are attracted to the region — a “vir-

tuous” circle. Rather than presenting the Krugman model per se, I outline

the structure of Puga’s (1999) variant, since it has a key element of interest —

possible reversal of the core-periphery structure — and its assumptions are per-

haps more palatable. Puga allows for inter-sectoral (farming-manufacturing)

as well as inter-regional labor mobility; and, building on Venables (1996), he

also allows for national scale economies in the production process, as well as in

consumption.

Here I present the primitives and key relationships of a core-periphery model,

discuss the main analytical tool, discuss the key insights about agglomeration

versus dispersal forces, and present basic core-periphery results. I do not do full

derivations given the limited space and the fact that a number of good review

and summaries already exist. The idea is to articulate the forces at work.

There are two regions, each endowed with an equal amount of land, Ki for

region i. Agricultural output in region i, yi is produced with land and labor in

agriculture in region i, LAi so

yi = K1−θ
i LθAi (1)

The agricultural sector is perfectly competitive, its output is transported cost-

lessly across regions and consequently the numeraire is usually the price of agri-

cultural products. The assumption of zero costs of transporting "first" nature

products such as agriculture, relative to positive costs of transporting "second"

nature industrial products may seem odd. As noted below, it is also a force

against dispersion, since the urban core gets its food products without trans-

port costs.

Preferences exhibit Dixit-Stiglitz (1977) returns from varieties of manufac-
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ture’s x, so for any individual

U = y1−γ xγ (2a)

x =

 MP
k = 1

(x(k))(σ−1)/σ


σ/(σ−1)

(2b)

where M is the number of manufacturing varieties nationally (given a closed

economy). The elasticity of substitution σ >1. As σ falls to 1 having varieties

is increasingly important since they are less substitutable in consumption. In

(2b), if producing a unit of a new variety costs the same as producing a unit

more of an existing variety, consumers would always prefer another variety to

more of a given variety. This desired expansion of varieties will be limited by

the fixed costs of adding new varieties. Note with symmetry, X reduces to

xMσ/(σ−1) where the exponent ofM exceeds one (versus is one for x). National

returns to scale in population arise since a larger economy can support a greater

number of varieties, as we will see.

In writing (2b), I utilize the summation form as in Krugman (1991) since that

is what readers may be most familiar with from Dixit-Stiglitz (1977). Strictly

speaking, in characterizing price elasticities of demand in monopolistic compe-

tition models, firms should be infinitesimal size. As such it would be better to

represent X as (
RM
0

x(k)
σ−1
σ dk)

σ
σ−1 , where M is range of varieties, informally

called the number of varieties.

Given (2), the indirect utility of a worker in region i may be written as

Vi = qγi wi (3)

where wi is the wage in region i and qi is a price index for the composite of man-

ufactures for a person in region i, imposing symmetry (which is an endogenous

outcome) in manufacture’s output and pricing decisions. Given the functional

form in (2b) for the composite good, the corresponding price index, qi, from

standard Dixit-Stiglitz results has the form2

2Again, strictly speaking this should be written as q =µR
k Ni

pi(k)
1−σdk +

R
k Nj

(pj(k) r)
1−σdk

¶ 1
1−σ

14



qi =

 NiP
k = 1

(pi(k))
1−σ +

NjP
d = 1

(pj (d) τ)
1−σ


1

1−σ

where with symmetry

qi = (p1−σi Ni + (τpj)
1−σ Nj)

1
1−σ (4)

Ni and Nj are the number of varieties produced in regions i and j. pi and pj are

the local prices of a variety in respectively regions i and j. But items shipped

from j to i are subject to transport costs; τ > 1 is the number of units of a

good needed to be shipped from j in order for a one unit to arrive in i. With

this form of iceberg transport costs, producers in one region would never choose

to duplicate varieties offered in other regions; and all products are sold under

monopolistic competition. Note given σ > 1, qi is increasing in p and decreasing

in varieties N .

Manufacturers have identical technologies for each variety and by assump-

tion each produce only one variety sold under monopolistic competition. Man-

ufacturers employ labor and the composite of all manufactured products. For

simplicity that composite has the same form as (2b), so the cost relationship is

Axu lu = α+ βxk, where x is a composite, l labor, and xk the output of variety

k. This yields the following total cost function (with appropriate normalization

of A) for a firm in region i

TCi = qui w1−ui (α+ βxi) (5)

where xi is output of any single firm in region i. Note the fixed cost α plays a

critical role. Firm scale economies limit the efficient and/or equilibrium number

of firms in an economy. Increasing the population of the economy allows it to

pay more α’s and have more firms and varieties. That, per se, increases per

resident welfare as an economy’s size grows.

The rest is standard. Firms mark-up over marginal cost βqui w1−ui by σ/(σ−
1) under monopolistic competition; and, under zero profits with free entry, they

produce x = α (σ− 1)/β. Demand for output of any firm in region i producing

variety k is
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x(k) = pi(k)
−σ [ei q

(σ−1)
i + ej q

(σ−1)
j τ (1−σ)] (6)

ei and ej are the demand bases for any variety (total expenditures on manufac-

tures) in regions i and j. This base, e, is the share of x in consumption, γ, times

all local income (wage, land rents, and profits if any) plus the producer share

parameter for manufactures, u, times total costs of all local manufactures.

Market clearing conditions are threefold. First demand equals supply. Sec-

ond workers move to equalize utility across regions and third firms relocate until

profits are equal (to zero) in both regions. In terms of dynamics of mobility,

when they are specified as in Puga (1999) with free inter-regional firm and la-

bor mobility, in the literature, either workers always have equal utility across

regions (q−γi wi = q−γj wj) with instant migration and firms move across regions

and change in number according to differential profits; or firms adjust instantly

so profits remain zero everywhere and workers adjust through inter-regional

migration to inter-regional utility differences.

The key point in these models is always the following. If regions are of

equal size, then a symmetric outcome with identical regions will always solve

the first order and market clearing conditions. However is such a candidate

for an equilibrium actually an equilibrium? In particular is it "stable" (or in

other contexts is it a Nash equilibrium in location choice)? That is, if a new

firm is added to region j (or moves from i to j) does that make that region

relatively more attractive for other firms? Will firm profits in j then exceed

those in i, inducing further agglomeration into j, with the typical final outcome

being complete agglomeration of manufacturing in region j? What are the forces

at work given transport costs of trade, τ , which accentuate the importance of

local markets in a region to local producers?

First are forces promoting dispersion and an even allocation of resources

across regions. Starting from an even allocation, an extra firm entering region

j lowers the price index in that region, which lowers (eq. (6)) the local demand

facing each firm for any variety. That is, local expenditures are now split among

more local producers reducing their profits and the incentive to enter the re-

gion. This is sometimes called a competition effect, but that could imply that

firms compete "more fiercely", reducing profit margins, which is not part of the

Krugman model. This is probably better termed a local market-crowding effect.
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There are two forces promoting enhanced agglomeration, instability of a

symmetric outcome, or development of a core-periphery structure. First are

demand or backward linkages, increasing profitability for existing firms when a

new firm is added to the market. The new firm in hiring in the labor and man-

ufacturing (input) markets increases demand for labor directly and indirectly,

which induces in-migration. Thus the demand for any local variety in the home

market is increased (relative to the other region) due to more labor income

and increased demand for inputs. Second are cost and forward linkages. The

market crowding effect lowers qj . With qj declining, real wages rise inducing

in-migration to equalize real wages. This supply increase causes nominal wages

to decline, lowering production costs for local firms. The question is what is the

net effect of the forces promoting dispersion versus agglomeration.

In general, for γ, µ, and θ not too big and σ not too small, there are three

regions of parameter space corresponding to different values of transport costs

τ . We focus on these momentarily. If γ, µ, and θ are sufficiently large and σ

sufficiently small so σ(1 − γ)(1 − µ) − 1 − γθ/(1 − θ) < 0 then we have what

is called a black hole condition. Manufacturing’s share in consumption and

production is so high that local agriculture demand forces are unimportant and

varieties so important (σ small), that agglomeration forces dominate , so only

a core-periphery structure is an equilibrium.

I focus on the more interesting case where forces for dispersion remain im-

portant and there are three regions of parameter space to consider in analyzing

a core-periphery versus dispersed structure. The size of these regions vary as

σ, θ, γ, and µ vary; but the key experiment is to always vary τ . In the first

region of parameter space with relatively high values of τ , only a symmetric

structure with both regions of equal size is an equilibrium.3 Farming satisfies

the Inada conditions so there is farming in both regions for any parameter val-

ues in equilibrium. With high τ , if we start from a symmetric equilibrium, if

a firm moves to j, the market crowding forces dominate and profits decline.

Since competition is mostly in the local own market given the protection offered

by high transport costs, market crowding effects are strong. Firms don’t gain

by moving from i to j, so a symmetrical equilibrium is sustained. With high

τ , if we start from a core-periphery division, if a firm moves from the core to

3A symmetric structure can be an equilibrium as long as
ln τ ≥ 1

σ−1 ln
£
1 + 2(2σ − 1)(γ + µ(1− γ))(1− µ)−1 {(1− γ)(σ(1− γ)(1− µ)− 1)− γ2η}−1¤

where η ≡ (1 − γ) θ/γ (1− θ). But for an intermediate range of τ above this critical value,
both asymmetric and core-periphery structures can be equilibria.
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the periphery, it increases its profits, given its market is protected by transport

costs. That induces more firms to move, so the core-periphery division can’t

be sustained; and firms and workers move from the core to the periphery until

they are equal in size. Intuitively the point is simple. With high transport costs,

manufacturers locate in both regions to sell to farmers and their local markets

are protected.

At the other extreme with very low transport costs, we can have only a

core-periphery structure. A symmetric outcome can’t be sustained. With low

transport costs, local market crowding, or protection effects are weakened, but

so are backward and forward linkages encouraging agglomeration. However un-

der the functional forms specified in these models, although both forces are

weakened, the agglomeration forces dominate the dispersal ones. The fall in

transport cost so weakens the protection of local markets, that local manufac-

turing production disappears in the periphery and agricultural also is found

disproportionately in the core.

At intermediate values of τ , there are multiple equilibria. Symmetric equi-

libria are stable, as are core-periphery structures.

The development twist is to view changes in τ as technological progress. As

technology improves so τ falls, a country moves from a symmetric outcome to a

core-periphery outcome. To this Krugman-type result, one can add the potential

for reversal of a core-periphery structure. There are three main mechanisms.

First as in Puga (1999), if instead of being mobile, labor is immobile across

regions as τ declines, we still progress from a symmetric to core-periphery out-

come. However now when τ gets very low, firms will leave the core to move back

to the periphery with its low wage costs (given a “surplus”of labor in the periph-

ery). Once trade become minimally expensive with "surplus" cheap labor in the

periphery, linkage effects no longer work to ensure the core’s dominance. This

is the typical suggested real world scenario, discussed earlier. Core-periphery

structures start to reverse themselves once transport costs fall, so firms can

utilize cheap hinterland labor. Puga gets this result under a special case with

forced labor immobility across regions. However one could then conceive of a

situation with limited labor mobility where as technology improves (τ falls) we

have some agglomeration of labor in the core. However the importance of the

core for manufacturing could move from being almost exclusive, to declining as
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transport costs fall, with industry moving back to employ the remaining cheap

labor in the hinterland.

Fujita, Krugman, and Venables (1999, Chapter 7) get the same core-periphery

reversal in a context where industrial workers are mobile across regions, but

agricultural workers are immobile in terms of both regions and sectors, as in

the original Krugman (1999) specification. Reversal comes if we now intro-

duce transport costs to moving agricultural products across regions. A core-

periphery structure reverses once transport costs of manufactured products fall

low enough. Potential manufacturing firms in the periphery can attract back

manufacturing workers from the core with low food costs (given the core must

import food from the periphery), and these firms now have cheap transport

access to core markets for manufactures.

Finally we can get core-periphery reversal by introducing congestion consid-

erations, as noted by Helpman (1998), Junius (1999), and Tabuchi (1998), with

manufacturing labor mobility. Tabuchi (1998), for example, follows the Krug-

man structure of immobile agricultural workers but perfectly inter-regionally

mobile manufacturing workers. The key element of reversal is congestion, rep-

resented in Tabuchi and Helpman as rising housing costs, either because there

is commuting or fixed land for housing. In this context we have the same stages

where as transport costs fall from very high levels a core-periphery structure

develops. But then when transport costs are very low, linkage effects in the

Dixit-Stiglitz model become unimportant and any type of congestion effects

lead to dispersal. From a core-periphery structure, firms move to the periphery

where wage costs are low because housing costs are low, resulting in industrial

dispersion.

1.2.1 Extensions of the Core-Periphery Model

Two extensions of the core-periphery model are of interest to the development-

growth literature. First is the reformulation of the model in a growth context, by

Baldwin and Forslid (2000), Baldwin (2001), and Fujita and Thisse (2002). We

start with the Fujita-Thisse version, where there are two regions, three economic

sectors and two types of workers. Immobile unskilled workers are employed

in the traditional and modern sectors; mobile (at a cost) skilled workers are

employed only in the innovative sector; and there is an international capital

market where the two regions face an exogenously given cost of capital. The
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extent of core-periphery structure depends on the migration decisions of skilled

workers and agglomeration in the innovative sector. Overall scale economies

are in the modern sector, where the number of consumer varieties equals the

number of (infinite length) patents in the innovative sector. Consumers have

infinite horizons in a continuous time model.

The human capital of any skilled worker in the country is proportional to

the total of all patents developed to date in the country. Knowledge capital

in a region is the sum of all human capital of skilled workers in that region

plus knowledge spillovers proportional to the human capital of skilled workers

in the other region. The productivity of a skilled worker in a region equals

the knowledge capital in the region; and, similarly the number of new patents

developed in a region at any instant is proportional to the knowledge capital of

the region. These assumptions together imply that the productivity of workers

and the number of new patents in any region is proportional to the total stock

of patents in the country; productivity and innovation vary across regions, in-

creasing in a region i relative to region j as region i’s share of skilled workers

increases. That is, for HC the national stock of human capital, ni the number

of skilled workers in region i, n− ni the number in region j, and δ the spillover

rate, the knowledge capital in region i isHC(ni+(n−ni)δ). Then the amount of
patent development and productivity in i grows with ni. If knowledge spillovers

across regions are limited, then that becomes a powerful force for agglomeration,

since knowledge capital per skilled worker nationally and locally, increases with

agglomeration.

The authors consider several situations, which differ by whether modern

firms are mobile or not across regions. Assuming firm mobility to equalize

inter-regional profits in the modern sector, again the issue is whether a core-

periphery structure emerges for different exogenous values of the cost of trans-

porting modern goods across regions. The results do differ from the static model

since limited knowledge spillovers across regions mean the innovating sector is

always agglomerated, if firms (and hence issued patents) are perfectly mobile.

Thus for high transport costs, the innovative sector is in the core and the variety

demands by those skilled workers in the core draw in a disproportionate share

of modern sector firms. But for high transport costs some modern sector activ-

ity exists in the periphery to serve the demands of unskilled workers there. As

transport costs fall, at some point the modern sector agglomerates entirely in

the core, given the transport cost of serving the periphery from the core is low
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enough. This analysis of the role of transport costs is not really different than

in the static core-periphery models, especially given the "technological change"

— drop in transport costs — is exogenous. However there is an aspect of growth

of interest — evolving spatial inequality.

Because unskilled workers are immobile, a core-periphery structure generates

inequality between core-periphery workers. However Fujita and Thisse show

that if overall growth is fast enough, periphery workers will be absolutely better

off under a core-periphery structure than an (unstable) symmetrical structure.

Agglomeration in the innovative sector spurs development of varieties nationally

and if the rate of variety expansion is sufficient, periphery workers are absolutely

better off.

Fujita and Thisse (2002) have an exciting extension of their original paper.

In this they examine life cycle migration decisions of periphery residents (al-

beit in an infinite horizon model, rather than OLG model). The model has

capital market imperfections and migrants go from the periphery to the coast

to accumulate savings for later use in the periphery. This starts to get at key

ingredients in return migration patterns. Some variant of the core-periphery

model could also be used to examine return migration patterns as a method of

skill acquisition and technology transfer from the core to the periphery.

Baldwin and Forslid (2000) have a simpler model — non-forward looking

workers and two rather than three explicit sectors. But they focus less on the

role of transport costs and more on growth. In their framework inter-regional

knowledge spillovers are a force encouraging a non-core-periphery structure in

the sense that as knowledge flows more freely that reduces the costs of a sym-

metric outcome and permits stable symmetric outcomes over a larger range of

(relatively high) transport costs of trade.

The core-periphery model has also been used to analyze the impact on pe-

ripheral, or hinterland regions of "globalization", or reduced barriers to interna-

tional trade (Krugman and Venables (1995), Krugman and Livas (1996), Puga

and Venables (1999)). This literature argues that globalization helps peripheral

regions (at least in certain regions of parameter space) either because it rede-

fines the focal points in the economy away from the traditional core to border

regions or because it opens up markets for hinterland producers. While pe-

ripheral producers may be relatively non-competitive in domestic markets, once
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international markets open to the whole country, the relative competitive ad-

vantage of the core over the periphery in distant international markets may be

quite modest.

The challenge facing core-periphery models is to incorporate welfare and

policy analysis. We know little about the welfare properties of the equilibria that

can result nor is there any role for government. In contrast, as noted earlier, the

first generation dual economy models were completely policy focused, examining

the impact of input and output market distortions. Since much of development

economics focuses on policy issues, this is a severe limitation to use of core-

periphery models. Second, to date with the exception of work by Hanson (1996,

2000) and Holmes and Stevens (2002), little empirical work has been done to

test the core-periphery model and its key aspects.

1.2.2 Urbanization and the Core-Periphery Model

In terms of urbanization, the core-periphery model is a regional model, with

limited urban implications. What are the key distinctions? Urban models

are focused on the city formation process, where economies are composed of

numerous cities, in which both the number and sizes of cities are endogenous.

An important issue is the extent of market completeness in the national land

market in which cities form, and the role of land developers, city governments

and inter-city competition in that formation process. A second key distinction

is that there are distinct city "types", where within a region there is a wide

size distribution of cities. Each city type is relatively specialized in a particular

product or range of products or in a particular function (R&D, headquarter’s

activity). An important research question is the inter-relationship between, say,

large more diverse metro areas and smaller more specialized metro areas within

the same region. A third distinction as we will see involves a focus on welfare,

policy, and institutional issues.

Finally the details generally differ. Urban models utilize Marshall’s scale

externalities such as localized information spillovers, as well as local knowledge

accumulation as the main basis of agglomeration, rather than market linkages.

Local knowledge spillovers link urban and national economic growth. Note

however knowledge spillovers are part of the few core-periphery growth models.
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Urban models also account for the internal structure of cities where commuting

and congestion and other negative externalities associated with crowding are a

force for dispersion. Finally while urban models can incorporate an agricultural

sector, they de-emphasize the role of agriculture given in developed countries

such as the USA only 2-3% of the local force is actively engaged in agriculture.

The focus is on footloose production.

2 Scale Economies

In this section, we briefly review the forces for agglomeration that are intrinsic

to urbanization and to urban models, before turning to those models. Exam-

ining the nature of scale externalities leading to agglomeration is important to

understanding the inter-relations across cities and the production structure of

cities. However scale externalities and knowledge spillovers are also the basis of

endogenous growth theory. It is useful to see how these play at the sub-national

level in cities, where close spatial proximity makes the idea of spillovers most

relevant. The literature on scale externalities is enormous. The review here

is restricted to a few central ideas and findings in the urban literature. An

excellent, much more detailed presentation is in Duranton and Puga (2004).

2.1 Scale Externalities: Microfoundations

In the original urban systems model (Henderson (1974)), the basis for agglom-

eration is localized own industry scale externalities, usually modeled as being

Hicks’neutral. In a typical specification, following Chipman (1970) firms are

competitive, constant returns to scale producers where output of firm i in city

j is

xij = A (Nj) x (kij, nij) (7)

x(·) is CRS with firm inputs of capital (kij) and labor (nij). The A (·) function
is a Hicks’neutral shifter factor where A1 º 0 and Nj can be total employment

in the own industry in city j, or total employment overall in city j. Also the

scale measure, rather than being local employment, can be local output or local

number of firms. The relevant arguments in A (·) are the subject of a large body
of empirical work, discussed later. Hick’s neutrality is a modeling assumption,

while some empirical work examines neutrality versus non-neutrality.
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Starting in 1982, urban economists worked on the "micro-foundations" to the

black-box process in eq. (7), examining Marshall’s (1890) hypothesized urban

externalities such as information spillovers, search and matching externalities in

labor markets, and intra-industry plant specialization (using modern phrasing).

In path-breaking piece, Fujita and Ogawa (1982) modelled firms along a line

as being subject to exogenous information spillovers from other firms, where

information decays with distance. If the line runs from b1to b2 and firms are

uniformly distributed on the line and information decays expotentially with

distance the A (·) function in (7) for a firm at y has the form

A(y) =

Z b2

b1

e−α|y−s|ds =
1

2
[2− e−α(y−b1) − e−α(b2−y)] (8)

α is the rate of spatial decay of information and each firm’s contribution to the

A(y) function of the firm at y is exogenous and not dependent on the size of the

operations of other firms. If firm output x(y) is simply A(y) (times one unit of

labor) then total output of all firms over the b1, b2 interval can be shown to be

(integrating in (8) over y)

X = 2/α
£
N − α−1 [1− e−αN ]

¤
(9)

where N ≡ b2 - b1 is the measure of city employment. Note dX/dN, d2X/dN2 >

0, so the marginal product of labor is increasing in city employment. Eq. (9)

simply gives a functional representation and explicit underlying micro story to

the black-box A(N) term in eq. (7).

There are two interesting extensions to this model. First Kim (1988) endo-

genizes the spillovers in eq. (7), where firms choose the amount of information

they receive given the cost of information acquisition rises with distance. This

really gives micro foundations, since scale effects arise from choices. A firm at y

chooses a volume of communications V (s, y) from a firm at s, paying a cost per

unit α|s − y|. If firm productivity from this communication is given the form

V − V log V, 0 < V < 1, then total firm output is simply
R
[V (s, y)− V (s, y) log

V (s, y)]ds. The profit maximizing choice of any V equals exp[−α|s−y|] and to-
tal firm profits will have the exact form in (8). The key extension to this model

would be to introduce heterogeneous agents in a network context, where firms

are choosing not just how much information to acquire but from whom. Second

Lucas and Rossi-Hansberg (2001) and Rossi-Hansberg (2001) redo Fujita-Ogawa
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in a circular city making the density of firms in the central business district en-

dogenous. Endogenous land use, as Rossi-Hansberg shows, raises the issue of

equilibrium versus optimal land use patterns and optimal spatial structure. In

equilibrium configurations, firms don’t recognize the impact of increasing land

consumption decisions on reducing the proximity of firms to each other, thus

contributing to excessive decay of spillovers. Optimal land use configurations

tend to be of higher overall density, or in a more compact business district, with

less overall spatial decay of spillovers.

There are a number of other models of micro-foundations of urban scale

economies, including ones on risk-sharing and improved learning (see Duranton

and Puga (2004) for details). They all reduce to some specific formulation to

the A(N) function in eq. (7). We discuss two other types of models which

are commonly used, although the information spillover model is often viewed as

capturing the key element in local scale economies in that model.

In terms of other micro-foundations, in a very innovative paper, Helsley and

Strange (1990) examine the role of thin (small city) versus thick (big city) labor

markets in facilitating better matches in the local labor market. They assume

workers in a city are heterogenous in (unranked) skills and are drawn from a

uniform distribution on the unit circle. Firms must commit to a technology

which is an address on this same unit circle before knowing the actual drawing

(addresses) of workers. The ex post value of a match declines with distance be-

tween the firm and worker. A Nash equilibrium in location choices is for firms

to uniformly distribute over the unit circle. As the number of workers in the

city increases, the market thickens relative to either an endogenous equilibrium

or optimal number of firms, each paying a fixed cost to enter. The expected pro-

ductivity of matches increases and expected output per worker rises according

to a specific form to A(N)

Pissarides (2002) and Zhang (2002) both have more explicit search processes

and richer versions of this basic model. Zhang (2002) in particular models the

length and amplitude of local business cycles in thick versus thin markets. Firms

in each period have a given probability of going out of business. When they go

out of business their (heavy) machines are idled. Machines are heterogenous

and their type unknown prior to auction, by outside heterogeneous purchasers.

Purchasers have a value of match depending on their distance (on the unit circle)

from machines and potential purchasers pay a fixed cost to participate in an
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auction sale. Idled machines accumulate until the local market is thick enough

for buyers to want to participate and for owners to want to hold an auction and

sell their machines in that auction. Zhang models the expected length of time

between local auctions (i.e., between having zero versus the maximal number of

machines for sale), which corresponds to the length of the local business cycle.

She presents empirical evidence to show that as city size increases the length

and amplitude of local business cycles decreases.

The final model of agglomeration discussed here is based on Dixit-Stiglitz

diversity of intermediate inputs which are non-traded across cities. These are

extreme versions of the linkages discussed earlier where each city must pro-

duce its own varieties. (Abdel-Rahman and Fujita (1990)). As such, as urban

scale increases, the city can afford (the fixed costs of) more varieties; and the

greater number of varieties raises productivity in the local export industry, which

purchases these non-traded intermediate inputs. Again the model results in a

specific form to the A(N) function in eq. (7) where A(N) is increasing in N .

Similar to this model, Becker and Henderson (2000) adapt the Becker and Mur-

phy (1992) model of Adam Smith specialization where firms specialize in sets of

contiguous heterogenous tasks needed for industry output to result. Again the

marginal product of labor is increasing in urban scale.

Note that all these micro-foundation models have a reduced "black-box"

form with rising marginal product of labor to the city (but not firm). Scale

improves productivity, but the reasons could be quite different, as the different

models indicate. All these are models of "static externalities" — information

spillovers today increasing local industry efficiency today. There are also spec-

ifications in dynamic contexts, but these are also black-box ones. The shift

factor A(·), or growth in A(·) in equation (7) can be made to depend on the
local stock of knowledge. We will examine such formulations in both the review

of empirical evidence and the presentation later of an endogenous urban growth

model.

2.2 Scale Externalities: Evidence

The tradition issue in evaluating scale externalities concerns the relevant argu-

ments in the A(·) function in eq. (7) for particular industries. We consider both
"static" externalities and the more recent literature on "dynamic" externalities.
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2.2.1 Static Externalities

For some industries such as standardized manufacturing, the literature starting

with Hoover (1948) argues that scale economies are ones of localization, meaning

they are strictly internal to the own industry and dependent on scale of the

own industry locally. Jacobs (1969) on the other hand argues that, for some

industries where innovation and marketing are important, what is relevant is

the overall scale and diversity of the local environment. In static form such

economies are ones of urbanization, where scale externalities depend on the

overall size or potential diversity of the local environment.

Early empirical work (e.g., Sveikauskas (1975, 1978), Nakamura (1985) and

Henderson (1986, 1988)) examined the effect on productivity at the 2-3-digit

(SIC) industry level of various scale measures estimating either a primal or dual

(cost) form to eq. (7). Work was cross-sectional and industry-specific data were

aggregated at the metropolitan area level, so the unit of observation was the city-

industry. Despite different approaches and data sets (USA, Brazil and Japan),

these three sets of studies concluded there are significant degrees of localization

economies in most manufacturing industries such as primary metals, machinery,

apparel, textiles, pulp and paper, food processing, electrical machinery, and

transport equipment, and little evidence of urbanization economies. Below I

will argue that scale economies being ones of localization, or internal to the

own industry, helps promote urban specialization. However these studies focus

only on the productivity of standardized manufacturing plants. They leave open

the idea that urbanization economies apply to situations envisioned by Jacobs

(1969), such as R&D and perhaps the service sector.

These early productivity studies face several major issues. First is how to

control time invariant (or time varying) unmeasured aspects of the local en-

vironment that affect both productivity and right-hand side variables such as

industry scale or the capital to labor ratio, resulting in OLS estimates being

biased. Such omitted variables include local human capital variables, infrastruc-

ture measures, and the local regulatory environment. Second, there is a selection

problem. Firms and plants are heterogenous. Perhaps high (or low) productiv-

ity plants are disproportionately drawn to locations where there are relatively

large clusters of own industry firms. Third these aggregate studies don’t even

account for observable heterogeneity of plants (size, age, firm structure, etc.).
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The early literature attempted to deal with the first problems through IV es-

timation, but as always with aggregate cross-section data there is the issue of

valid instruments — ones not affecting productivity but still (in some conceptual

framework) influencing right-hand side covariates.

Recent work on this issue has two innovations, usually based on plant level

data. First is to investigate observed heterogeneity —what types of plants benefit

from scale externalities. Second is to start to investigate the nature of spatial

decay of externalities. Henderson (2002b) uses plant level productivity data in

a panel context to difference out both city fixed effects and plant unobserved

heterogeneity, to try to deal with both selectivity and fixed effects, a common

strategy in recent work. He finds that high tech industries benefit more from

localization externalities than traditional machinery industries. Plants in single

plant firms benefit more than plants of multi-plant firms, who have a corporate

information network to rely on. Finally and of relevance to the modeling in

eq. (7), externalities appear to derive from the number of own industry plants

locally representing, say, the count of sources of local information spillovers,

rather than total local employment in the own industry. This last finding is

consistent with the idea that information spillovers are indeed the underlying

force for externalities.

On the extent of spatial externalities, Ciccone and Hall (1996) using aggre-

gate cross-section data argue that density of local activity is important. Rosen-

thal and Strange (2002) directly look at how localization scale effects decay with

distance, although their work is based on indirect productivity inferences from

birth patterns. They have data by zip code on births and argue that relative

to adding plants within a 1 mile radius, adding plants in a 1-5 mile radius im-

proves productivity by only 7-50% as much depending on the industry, with

effects generally dying out at ten miles. Small plants benefit more than big

plants from these localization effects.

While these newer studies are more detailed, none to date in trying to iden-

tify the productivity effects of local scale, econometrically also model the ag-

glomeration process and the development of heterogeneity across locations, that

is intrinsic to uncovering pure scale effects. Recent work by Bayer and Tim-

mins (2002) explores some of the issues in attempting this endeavor. And there

remains the issue of the transmission mechanisms for information spillovers.
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2.2.2 Dynamic Externalities

There appear to be two working interpretations of dynamic externalities. First

is that either the history of economic activity in a location affects productivity

levels or growth. So this could be past levels of own industry activity (em-

ployment) that generate a stock of local industry and location specific "trade

secrets". The second set concerns the effect of "knowledge" (rather than infor-

mation) spillovers on productivity levels. Knowledge is typically measured as

non-industry specific, average education in the city. If average education in a

city affects productivity it isn’t clear this is a dynamic effect per se. It could be

static in the sense that average education could simply enhance static produc-

tivity levels (but not on-going growth rates of productivity), but as we will see

later that is sufficient to enhance overall urban scale and promote endogenous

growth.

For the knowledge accumulation framework, Rauch (1993a) estimates that

average education in a city enhances individual wages, although he has no con-

trol for location effects, sorting effects, or contemporaneous shocks affecting both

wages and education (see also Glaeser and Mare (2001)). Moretti (1999) in an

important piece merges plant level productivity data for 1982 and 1992 with in-

dividual education data from the Population Census (PUMS) for 1980 and 1990

to test whether average educational attainment outside the own industry affects

plant level productivity, controlling for own industry education. Controlling for

overall location fixed effects, he finds that a 1-year increase in average education

in the city outside the own industry increases plant productivity by 5%. He also

finds that the effect for multi-plant firms is zero, while for single plant firms it is

7.7%. This is very suggestive work. Clearly it would be interesting to combine

an analysis of education externalities, with scale externalities.

In a productivity growth framework, there is a growing empirical literature

on city-industry growth, dating to Glaeser, Khalil, Scheinkman, and Shleifer

(1992), with a variant in Henderson, Kuncoro, and Turner (1995). The idea

is that base period variables such as local own industry scale or diversity of

the local industrial environment encourage local growth in industry size, by

promoting local productivity growth which then attracts more firms to a city.

Glaeser et al. (1992) find evidence of "dynamic" diversity effects which they
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call Jacobs economies. Henderson et al. (1995) find these for high tech in-

dustries but find only "dynamic" locationalization (own industry) economies,

called MAR (Marshall-Arrow-Romer) externalities in traditional capital goods

industries. There is a lot of controversy about what these estimations really

say, especially since issues of endogeneity (to location fixed effects) are typically

overlooked. For example, while diversity may affect location choices it may

not affect productivity. So diversity may affect, say, the price, availability, and

quality of intermediate inputs drawing firms into a city without affecting scale

externalities. While industries co-locate to "trade" (reduce transport costs of in-

termediate inputs) so that growth in industry B at a location is correlated with

growth of support industries X to Z, that doesn’t mean the degree of diversity

of X to Z affects productivity in the sense of affecting the A(·) function in eq.
(7). Henderson (2000b) finds no evidence of diversity effects on productivity in

either high tech or capital goods industries.

3 Economies Composed of Cities

This section examines empirical evidence and models for larger countries or re-

gions with urban systems comprising dozens or even hundreds of cities. There is

an emerging set of well documented facts about the size distribution, production

patterns, evolution of the sizes and numbers of cities over time, and the role of

geography in urban systems. Once we have examined the empirical evidence, we

will turn to modeling systems of cities, with a focus on city specialization and

trade patterns and the growth in sizes and numbers of cities over time. Finally

we will examine very recent theoretical work focused on the role of large metro

areas versus smaller ones in an economy, the mobility of cities through the size

distribution and how to integrate traditional urban systems models with key

aspects of the new economic geography.

3.1 Empirical Facts About Urban Economic Geography

In this section, we examine the evolution of the size distribution of cities in

countries, accounting for city size growth and entry of new cities. We examine

patterns of specialization in production by cities, explaining why there is a wide
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sustained size distribution of cities. Finally we turn to attempts to account for

explicit geographic factors on urban development.

3.1.1 The Size Distribution of Cities and Its Evolution

Work by Eaton and Eckstein (1997) on France and Japan and by Dobkins and

Ioannides (2001) on the USA with later work by Black and Henderson (2002)

and Ioannides and Overman (2001) on the USA establish some basic facts about

the development of urban systems in France, Japan, and the USA over the last

century or so. In general, there is a wide size distribution of cities in any large

economy, where relative size distributions are remarkably stable over time.

The empirical work looks at the decade by decade development of urban

systems. In doing so, there are critical choices researchers must make when as-

sembling data. First is to define geographically what consists of the generic term

"city". The usual definition is the "metro area" where from a conceptual point

of view one is trying to capture all contiguous urban economic activity around

an urban core, or central city. Large metro areas like Chicago comprise over

100 municipalities, or local political units, and are defined to cover the entire

metro area labor market and to geographically cover all contiguous manufactur-

ing, service and residential activity radiating out from the Loop (Chicago city

center) until activity peters out into farm land or very low density development.

Of course many problems arise, such as how to treat two or more neighboring

expanding metro areas that at some point start to overlap. A second problem

concerns how these geographic definitions change over time. One approach is to

use whatever contemporaneous definition the country census/statistical bureau

uses; however metro area (vs. municipality) concepts only start to be applied

after World War II. Another approach is to take current metro area definitions

and follow the same geographic areas back in time, focusing on non-agricultural

activity.

A third problem concerns how to define "consistently" at what population

size an agglomeration becomes a metro area at different points in time, especially

since the economic nature, population density, and spatial development of metro

areas have changed so much over the last century. Some authors use an absolute

cut-off point (e.g., urban population of 50,000 or more); some use a relative cut-

off point (e.g., the minimum size city included in the sample should be .15 mean
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city size); and others look at a set number (e.g., 50 or 100) of the largest cities.

For these three issues whatever choices researchers make can strongly affect

specific results. Nevertheless there are a variety of findings that qualitatively

are consistent across studies.

In the research, one focus has been to study the evolution of the size dis-

tribution of cities, applying techniques utilized by Quah (1993) in examining

cross-country growth patterns. Cities in each decade are divided by relative size

into 5-6 discrete categories, with fixed relative size cut-off points for each cell

(e.g., < .22 of mean size, .22 to .47 of mean size, ... > 2.2 mean size). A first

order Markov process is assumed and a transition matrix calculated. In many

cases, stationarity of the matrix over decades can’t be rejected, so cell transi-

tion probabilities are based on all transitions over time. If M is the transition

matrix, i the average rate of entry of new cities in each decade (in a context

where in practice there is no exit), Z the (stationary) distribution across cells

of entrants (typically concentrated on the lowest cell), and f the steady-state

distribution, then

f = [I − (1− i) M
1

]
−1

iZ (10)

In the data, relative size distributions are remarkably stable over time and

steady-state distributions tend to be close to the most recent distributions. In

the studies on the USA, Japan, and France, generally there is no tendency of

distributions to collapse and concentrate in one cell, or for all cities to converge

to mean size; nor generally is there a tendency for distributions to become

bipolar. Distributions are remarkably stable over time. I illustrate this based

on a world cities analysis (although conceptually distributions may better apply

to "countries", within which population is relatively mobile).

Table 1 gives the size distribution of world metro areas over 100,000 popu-

lation in 2000. Details on the data are available on-line.4 Note that much of

the world’s population in cities over 100,000 are in small-medium size metro

areas. 56% are in cities under 2 million, while only 17% are in cities over 8 mil-

lion. Moreover all these cities only account for only 62% of the world’s urban

population; the rest live in cities smaller than 100,000. So overall 73% of the

4http://www.econ.brown.edu/faculty/henderson/worldcities.html.
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world’s urban population lives in cities under 2 million in population. While

the popular press may focus on mega-cities, only a small part of the action is

there.

Figure 5 plots the relative size distribution of the approximately 1200 metro

areas worldwide over 100,000 in 1960 against the relative size distribution of the

approximately 1700 metro areas over 200,000 in 2000. Relative sizes are actual

sizes divided by the world average size in the corresponding year. A relative cut-

off point on minimum size (for a constant minimum to mean size ratio) is used

but has minimal impact on the figure. The figure plots the histogram for 20 cells

on a log scale. The 1960 versus 2000 distributions for all cities worldwide (Figure

5a) and for those in developing and transition economies (Figure 5b) almost

perfectly overlap. Relative size distributions are stable. Similarly performing

transition analysis on world cities for 1960-1970-1980-1990-2000 and calculating

the steady state distributions, starting with 5 cells and shares in each of .351,

.299, .151, .100, .0991 in 1960, as we up the urban hierarchy the steady state

shares are .324, .299, .138, .122, and .117. Again, this is basically rock stable.

An alternative way of expressing this is to calculate spatial Gini’s. For a spa-

tial Gini rank all cities from smallest to largest on the x-axis and on the y-axis

calculate their Lorenz curve — the cumulative share of total sample population.

The Gini is the share of the area below the 45◦ line, between that line and the
Lorenz curve. The greater the Gini, the "less equal" the size distribution. The

world Gini in 1960 versus 2000 is .59 versus .56 for developed countries, .57 ver-

sus .56 for less developed countries, and .52 versus .45 for transition economies

as noted in Table 2 columns 1-4. Table 2 also lists Gini’s for 1960 versus 2000

for 14 countries. Note apart from transition economies (and Nigeria), the lack of

worldwide change; and note also that transition economies are distinctly "more

equal". Transition economies have forestalled the growth of mega-cities through

explicit and implicit (housing availability in cities) migration restrictions.

A second finding in examining city size distributions is that, for larger cities,

over time there is little change in relative size rankings. In Japan and France, the

39-40 largest cities in 1925 and 1876 respectively all remain in the top 50 in 1985

and 1990 respectively; and, at the top, absolute rankings are unchanged. The

USA displays more mobility due to substantial entry of new cities. However,

while smaller cities do move up and down in rank, the biggest cities tend to

remain big over time. So, for example, cities in the top decile of ranking stay in
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that decile indefinitely, with newer cities joining that decile as the total number

of cities expands. Alternatively viewed based on the Markov transition process,

the mean first passage time for a city to move from the top to bottom cell is

thousands of years (Black and Henderson (2002)). In the world cities data, as

in the USA data, the probability in the transition matrix of moving out of the

top cell to the next cell is very small, .038 in a decade time frame.

Why do big cities stay big? A common answer, in part modeled in Hender-

son and Ioannides (1981), is physical infrastructure. Large cities have a huge

historical capital stock of streets, buildings, sewers, water mains and parks that

are cheaply maintained and almost infinitely lived in, that gives them a persis-

tent comparative advantage over cities without that built-up stock. A second

answer is modeled in Arthur (1990) and Rauch (1993b) where, with localized

scale externalities in production, large cities with an existing fertile externality

environment for a particular set of industries have a comparative advantage in

attracting new firms, relative to cities with a small representation of those in-

dustries. So over the long term, they out-compete small cities on an on-going

basis.

Within these relative size distributions of cities, as urbanization and growth

proceed, both the absolute sizes and numbers of cities have tended to grow

historically, as a country urbanizes and grows in total population. City sizes

in the USA, Japan, and France over the past century have grown at average

annual rates of 1.2 - 1.5%, depending on the country and exact time interval ,

rates which involve city sizes rising 3.3 - 4.5 fold every century. A small city

today which is 250,000 would have been a major center in 1900.

Returning to the world city data set, for comparable sets of countries the

numbers of metro areas grew by 62% from 1960-2000 using a relative cut-off

point (approximately 100,000 versus 170,00 in 1960 versus 2000). Average sizes

grow by about 70%. Decade by decade figures are given in Table 3. Using

an absolute cut-off point of 100,000 in 1960 versus 2000, numbers have about

doubled and average sizes grown by 36% over 40 years. However we count cities,

it is clear they have grown in population and size an on-going basis over decades,

even in developed countries.

The next section will model these growth aspects in developed, or fully

urbanized countries as related to technological change induced by knowledge
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accumulation and population growth nationally. In terms of knowledge accumu-

lation, Glaeser, Scheinkman, and Shleifer (1995) in a cross-section city growth

framework estimate that controlling for 1960 population, in the USA cities in

1990 are 7% larger if they had a one-standard deviation higher level of median

years of schooling in 1960. Black and Henderson (1999) place the issue in a

panel context for 1940-1990 for the USA controlling for city fixed effects and

examining the impact of percent college educated (which has enormous time

variation). They find a one-standard deviation higher level of percent college

educated leads to a 20% larger city, ceteris paribus.

Zipf’s Law. In considering the size distribution of cities, especially in a
cross-sectional context, there is a large literature on what is termed Zipf’s Law

(e.g., Rosen and Resnick (1980), Clark and Stabler (1991), Mills and Hamilton

(1994), Ioannides and Overman (2001)). City sizes are postulated to follow a

Pareto distribution, where if R is rank from smallest, r, to largest, 1, and n is

size

R(n) = An−a (11)

given the Prob (ñ > n) = An−a and relative rank is R(n)/r, or the proportion
of cities with size greater than n. Under Zipf’s Law a = 1, or we have the rank

size rule where, for every city, rank times size is a constant, A. Putting (11) in

log-linear form, empirical work produces a’s that vary across countries, samples,

and times but many are "close" to one. This empirical regularity has drawn

considerable attention and is often used to characterize spatial inequality, using

(11) as a first approximation of the true size distribution. We list sample a

coefficients for 2000 for fifteen countries in Table 2, column 5. Note however

while people often say that an exponent of .74 or 1.34 is "close to" one, such

coefficients produce very different city size distributions, than if the coefficient

is one.5 As a declines, or the slope of the rank size line gets flatter, urban

concentration is viewed as increasing: for given size changes, rank changes more

slowly, or cities are "less equal". In Table 2, the a coefficients and the Ginis are

in fact strongly negatively correlated; but the rank size relationship seems to be

strongly affected by the number of cities in a country sample, with a increasing

as the sample size increases. Gini’s seem to be a better summary statistic to

describe inequality.

5 I don’t report standard errors since OLS estimates of standard errors are biased down-
wards.
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If Zipf’s Law were to hold even as a firm’s approximation, why would that

be? In an interesting development, Gabaix (1999a, 1999b) starts to formalize

the underlying stochastic components which might lead to such a relationship,

building on Simon (1955). Gabaix shows that if city growth rates obey Gabaix’s

Law where growth rates are random draws from the same distribution,6 so

growth rates are independent of current size, Zipf’s Law emerges as the limiting

size distribution. Growth is scale invariant, so the final distribution is; and

we have a power law with exponent 1. Gabaix sketches an illustrative model.

Cities face on-going natural amenity shocks (bounded away from zero) in an

overlapping generations model where only the fraction of people who are young

are mobile. The young move to equalize utility which is real income multiplied

by the (scale invariant) amenity shock. Real income is subject to local scale

(dis)economies which net to zero in large cities. This formulation leads to Zipf’s

Law for the size distribution of cities.

While Gibrat’s Law is a neat underlying stochastic process, does it hold up

empirically? Black and Henderson (2002) test whether in the relationship, ln

nit− ln nit−1 = a+ δt+ α ln nit−1+ εit, α = 0 as hypothesized under the Law.

The Law requires εit to be i.i.d., so simple OLS suffices. Black and Henderson

find α < 0 under a variety of circumstance and sub-samples, under appropriate

statistical criteria, which rejects Gibrat’s Law. Ioannides and Overman (2001)

examine the issue in a more non-parametric fashion, characterizing the mean

and variance of the distribution from which growth rates are drawn. The mean

and variance of growth rates do seem to vary with city size but bootstrapped

confidence intervals are fairly wide generally, allowing for the possibility of (al-

most) equal means.

In a recent draft paper, Duranton (2002) models Gabaix’s idea of a stochastic

process in a more developed and realistic framework (natural amenity shocks

don’t seem to have much of a reality in the space of a few decades). Duranton

has "first nature" (immobile given natural resource location) production and

"second nature" (mobile, or footloose) production in m cities. There are (n >>

m) products, in a Grossman-Helpman (1991) product quality ladder model.

The latest innovation in each product is produced by the monopolist holding

the patent and only this top quality is marketed for any product. Investment

in innovation to try to move the next step up in the quality ladder in industry

k and get the next patent in k, can also lead to the next step up in a different

6Actually the requirement is that they face the same mean and variance in the drawing.
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industry — i.e., there can be cross-industry innovation. For footloose industries,

to partake of a winning innovation occurring for industry k in city i, requires

industry k production to locate in city i where the innovator is. Presumably

co-location of the inventor and production makes the information needed for

the transition to mass production cheaper to exchange (e.g., the workers in the

innovative firm take over production). Innovation follows a stochastic process

where innovation probabilities depend on R&D expenditures. Industry jumps

from city to city according to where the latest innovation is, and city growth also

follow a stochastic process. The resulting stochastic process of city growth and

decline results in steady state size distributions that are similar to Zipf’s Law.

Adding in considerations of urban scale economies in the innovation process

helps explain the long right tails in actual city size distributions, that do differ

from Zipf’s Law.

Duranton’s formulation has the advantage over Gabaix’s as an urban frame-

work in that cities have patterns of production specialization which change over

time. This seems to fit that data. We know from Black and Henderson (1999)

and Ellison and Glaeser (1999) that industries move "rapidly" across cities,

with city specialization changing over time for cities. Any city is very slow to

gain a high share of any particular industry’s production (given there are many

possible industries to gain a share from) and is very quick to lose a high share

(given many competitor cities). Duranton’s paper starts to try to more explic-

itly add urban agglomeration benefits and crowding costs. But both Duranton

and Gabaix pass over issues of city formation and economic growth, as well as

issues of stability of static allocations.

3.1.2 Geographic Concentration and Urban Specialization

Geographic concentration refers to the extent to which an industry k is concen-

trated at a particular location or, more generally concentrated at a few versus

many locations nationally. A common measure of concentration of industry k

at location i is lik = Xik/ΣiXik. Xik is location i’s employment or output of

industry k. Thus lik is location i’s share of, say, national employment in in-

dustry k. On the other hand specialization refers to how much of a location’s

total employment is found in industry k, or sik = Xik/ΣkXik. As Overman,

Redding and Venables (2001) demonstrate, if we normalize lik by location i’s
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share of national employment (sik ≡ ΣkXik/ΣkΣiXik) and sik by industry k’s

share of national employment (sk ≡ ΣiXik/ΣkΣiXik) we get the same measure

— a location quotient, or

qkik = Xik
(ΣkΣiXik)

ΣkXik Σi Xik
(12)

The distribution of qik across industries, k, compared over time for a city would

tell us about how city i’s specialization patterns across industries are changing

over time. And the distribution of qik across locations, i, over time would tell us

whether industry k is becoming more or less concentrated over time at different

locations. In a practical application looking at many industries and cities over

time or across countries, the issue concerns how to produce summary measures

to describe how overall concentration for one industry compares with another

or how one city’s degree of specialization compares with another. Another issue

concerns how to factor out for the different forces that cause specialization or

concentration phenomena. The literature uses a variety of approaches.

Evidence on countries such as Brazil, U.S.A., Korea, and India (Hender-

son (1988), and Lee (1997)) indicate that cities are relatively specialized. The

traditional urban specialization literature going back to Bergsman, Greenston

and Healy (1972) uses cluster analysis to group cities into categories based on

similarity of production patterns — correlations (or minimum distances) in the

shares of different industries in local employment, sik. Cluster analysis is an

"art form" in the sense that there is no optimal set of clusters, and it is up to

the researcher to define how fine or how broad the clusters should be and there

are a variety of clustering algorithms.

Using 1990 data on the U.S.A. Black and Henderson (2002) group 317 metro

areas into 55 clusters, "defining" 55 city types based on patterns of specializa-

tion for 80 2-digit industries. They define textile, primary metals, machinery,

electronics, oil and gas, transport equipment, health services, insurance, enter-

tainment, diversified market center, and so on type cities, where anywhere from

5-33% of local employment is typically found in just one industry. They show

that production patterns across the types are statistically different and that av-

erage cities and educational levels by type differ significantly across many of the

types. Specialization especially among smaller cities tends to be absolute. At a

3-digit level many cities have absolutely zero employment in a variety of cate-

gories. So in 1992 for major industries like computers, electronic components,
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aircraft, instruments, metal working machinery, special machinery, construc-

tion machinery, and refrigeration machinery and equipment, respectively, of 317

metro areas 40%, 17%, 42%, 15%, 77%, 15%, 14% and 24% have absolutely zero

employment in these industries.

Kim (1995) in looking at the USA examines how patterns of specialization

have changed over time, by comparing for pairs (i, j) of locations Σk|sik− sjk|
and by estimating spatial Gini’s for industry concentration. He finds that states

are substantially less specialized in 1987 than in 1860, but that localization, or

concentration has increased over time. For Korea, as part of the deconcentration

process noted earlier, Henderson, Lee, and Lee (2001) find that from 1983 to

1993, city specialization as measured by a normalized Hirschman-Herfindahl

index

gj = Σk (sjk − sj)
2 (13)

rises in manufacturing, while a provincial level index declines. Cities become

more specialized and provinces less so. Clearly the geographic unit of analysis

matters as do the concepts. City specialization as envisioned in the models

presented below is consistent with regional diversity, when regions are composed

of a large number of cities.

Henderson (1997) for the USA and Lee (1997) for Korea show that the gj
index of specialization in manufacturing declines with metro area size. Smaller

cities are much more specialized than larger cities in their manufacturing pro-

duction. More generally, Kolko (1999) demonstrates that larger cities are more

service oriented and smaller ones more manufacturing oriented. For six size cat-

egories (over 2.5 million, 1 - 2.5 million, ... < .25 million, non-metro counties)

Kolko shows that the ratio of manufacturing to business service activity rises

from .68 to 2.7 as size declines, where manufacturing and business services ac-

count for 35% of local private employment. The other 65% of local employment

is in "non-traded" activity whose shares don’t vary across cities — consumer

services, retail, wholesale, construction, utilities.

What about concentration of industry — the extent to which a particular

industry is found in a few versus many locations? In an extremely important

paper Ellison and Glaeser (1997) model the problem using USA data, to deter-

mine to what extent there is clustering of plants within an industry due to either

industry-specific natural advantages (e.g., access to raw materials) or spillovers
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among plants, where plants locate across space so as to maximize profits and

profits depend on area specific natural advantage, spillovers, and an i.i.d. draw-

ing from Weibul distribution. The idea is to explain the joint importance of

spillovers and natural advantage in geographic concentration.

Geographic concentration for industry j is Gj = Σi (sji − xi)
2, where sji is

the share of industry j in employment in location i and xi is location i’s share

in total national employment (to standardize for location size). Where 0 ≤
γna ≤ 1 represents the importance of natural advantage (where the variance in
relative profitability of a location is proportional to γna) and γS represents the

fraction of pairs of firms in an industry between which a spillover exists, Ellison

and Glaeser show that

E [Gj ] = (1-Σi x2i ) (γj + (1 − γj) Hj) (14)

γ ≡ γna + γs − γs γna

where Hj is the standard Hirschman-Herfindahl index of plant industrial con-

centration in industry j. So E[Gj ] equals γj adjusted for variations in location

size (1 − Σx2i ) and industry concentration H. The empirical part of their pa-

per calculates γj for all 3- or 4-digit manufacturing industries across states and

countries. They show for 4-digit industries that G > (1− Σx2i )H in 446 of 459

industries, where G ≤ (1 − Σx2)H only if γ ≤ 0. That is almost all industries
display some degree of spatial concentration due to either natural advantage or

spillovers. Second they argue that 25% of industries are highly concentrated (

γ > .05) and 43% are not highly concentrated ( γ < .02). In a later article,

Ellison and Glaeser (1999) argue that, based on econometric results relating

location choices to natural advantage measures, 10-20% of γ in eq. (14) is ac-

counted for by natural advantage. The rest is due to intra-industry spillovers,

a rather critical finding in urban analysis indicating the importance of under-

standing the nature of scale externalities.

3.1.3 Geography

A variety of recent studies have examined the role of geography, primarily nat-

ural features, in the spatial configuration of production and growth of cities.

Rappaport and Sacks (2001) building on Sacks’ general geography program

herald the role of coastline location in the U.S.A., as a factor promoting city
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growth. In a related study, Beeson, DeJong and Troeskan (2001) look at USA

counties from 1840-1990. They show that iron deposits, other mineral deposits,

river location, ocean location, river confluence, heating degree days, cooling de-

gree days, mountain location, and precipitation all affect 1840 county population

significantly. However for 1840-1990 growth in county population, only ocean

location, mountain location, precipitation, and river confluence matter, control-

ling for 1840 population. That is, first nature items strongly affected 1840 and

hence indirectly 1990 populations; but growth from 1840-1990 is independent of

many first nature influences. Ocean location as Sacks’suggests has persistent

growth effects.

Both these studies ignore the geography of markets and the role of neighbors

in influencing city evolution. Dobkins and Ioannides (2001) show that growth

of neighboring cities influence own city growth and cities with neighbors are

generally larger than isolated cities. Black and Henderson (2002) put neighbor

and geographic effects together. They calculate normalized market potential

variables (sum of distance discounted populations of all other counties in each

decade, normalized across decades). They find climate and coast affect rela-

tive city growth rates; but market potential has big effects as well, although

they are non-linear. Bigger markets provide more customers, but also more

competition, so marginal market potential effects diminish as market potential

increases. Market potential helps explain why North-East cities in the USA

maintain reasonable growth given it is the most densely populated area from

history, despite the hypothesized natural advantages of the West.

Introducing market potential brings us full circle to the Krugman (1991)

model. As noted earlier, there is little empirical work on the model, with Han-

son and Holmes’works being notable exceptions. Hanson (2000) examines wage

relations across USA counties in an explicit Krugman monopolistic competition

model, where scale derives from diversity of final consumption goods. By ex-

amining the effect on county wages and employment of surrounding economic

activity, or market potential, by imposing the structure of the Krugman model,

Hanson infers (1) that prices exceed marginal cost by 10-20%, (2) demand shocks

attenuate quickly and disappear at about 400 miles, and (3) scale effects (di-

versity) are very strong relative to transport effects in driving geographic con-

centration. Holmes (2001) in examining sales office locations argues transport

costs, or concentrated market benefits, are important in explaining sales office
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clustering, although spillover economies have a greater impact.

3.2 Systems of Cities Models

Systems of cities models date back to Henderson (1974), with a variety of

substantial contributors to further development (Hochman (1977), Kanemoto

(1980), Henderson and Ioannides (1981), Abdel-Rahman and Fujita (1990), Hel-

sley and Strange (1990), and Duranton and Puga (2002), to name a few). Here I

outline the model in Black and Henderson (1999) which is an endogenous growth

model of cities, that will lead us directly into the growth-urban connection. The

analysis is broken into two parts. The first reviews the traditional static model,

focused on city formation and the determination of the sizes, numbers, and in-

dustrial composition of cities in an economy at a point in time. The second

adds on the growth part.

3.2.1 The System of Cities at a Point in Time

Consider a large economy composed of two types of cities, where there are many

cities of each type and each type is specialized in the production of a specific type

of traded good. We will show why (when) there is specialization momentarily

and the generalization to many types of goods and cities is straightforward. To

simplify the growth story, each firm is composed of a single worker. In a city

type 1, in any period, the output of firm i in a type 1 city is

X1i = D1(n
δ1
1 h

ψ1
1 ) h

θ1
1i , 0 < δ1 <

1

2
(15)

h1i is the human capital of the worker and is his input in the production process.

A firm/worker is subject to two local externalities. First is own industry local-

ization economies, the level of which depend on the total number of worker-firms,

n1, in this representative type 1 city. n1 could represent the total volume of

local spillover communications as in eq. (9), where δ1 is the elasticity of firm

output with respect to n1. The restriction δ1 <
1
2 ensures a unique solution in

an economy composed of many type 1 cities. Too large a δ1 results in all X1

production crowding into one city. The second externality, h1, is the average

level of human capital in the city and represents local knowledge spillovers, as
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in section 2.2.2. hψ11 could be thought of as the richness of information spillovers

nδ11 .

Given this simple formulation the wage of worker i is simply

W1i = X1i (16)

In an economy of identical individual workers in type 1 cities, individuals will

all have the same human capital level (either exogenously in a static context,

or endogenously in a growth context). Thus total city output is

X1 = D1h
θ1+ψ1
1 n1+δ11 (17)

Equilibrium City Sizes Equations (15) and (17) embody the scale benefits

of increases in local employment, where output per worker is an increasing

function of local own industry employment. Determinant city sizes arise because

of scale diseconomies in city living, including per capita infrastructure costs,

pollution, accidents, crime, and commuting costs. In Henderson (1974) those

are captured in a general cost of housing function, but most urban models

consider an explicit internal spatial structure of cities. All production occurs

at a point — the center of the city. Surrounding the center in equilibrium in

local land markets is a circle of residents each on a lot of unit size. People

commute back and forth at a constant cost per unit (return) distance of τ .

That cost can be from working time, or here an out-of-pocket cost paid in units

of X1. Equilibrium in the land market is characterized by a linear rent gradient,

declining from the center to zero at the city edge where rents (in agriculture)

are normalized to zero. Standard analysis dating to Mohring (1961) gives us

expressions for total city commuting and rents, in terms of city population
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where7

total commuting costs = bn
3/2
1 (18)

total land rents =
1

2
bn
3/2
1 (19)

b ≡ 2/3 π−
1
2 τ .

Equation (18) are the critical resource costs, where the marginal commuting

costs of increasing city size are increasing in city population. Rents are income

to, potentially, a city developer.

How do cities form and how are sizes determined? There are an unexhausted

supply of identical city sites in the economy, each owned by a land developer

in a nationally competitive urban land development market. A developer for

an occupied city collects local land rents, specifies city population (but there is

free migration in equilibrium), and offers any inducements to firms or people to

locate in that city, in competition with other cities in order to maximize profits.

Population is freely mobile.

The land developer maximizes

max

n1, T1

profit1 =
1

2
bn
3/2
1 − T1n1 (20)

subject to W1 + T1 − 3/2 bn
1
2
1 = I1

where T1 is the per firm subsidy (e.g., in practice in a model with local public

goods, a tax exemption). I1 is the real income per worker available in equi-

librium in national labor markets under free mobility, which a single developer

7An equilibrium in residential markets requires all residents (living on equalize size lots)
to spend the same amount on rent, R(u), plus commuting costs, τu, for any distance u from
the CBD. Any consumer then has the same amount left over to invest or spend on all other
goods. At the city edge at a radius of u, rent plus commuting costs are τu1 since R(u1) = 0;
elsewhere they are R(u) + τu. Equating those at the city edge with those amounts elsewhere
yields the rent gradient R(u) = τ(u1 − u). From this, we calculate total rents in the city
to be

R u1
0 2πuR(u)du (given lot sizes of one so that each "ring" 2πudu contains that many

residents) or 1/3πτu1. Total commuting costs are
R u1
0 2πu (τu) du = 2/3πτu31. Given a city

population of n and lot sizes of one, n1 = τu21 or u1 = π−
1
2 n

1
2 . Substitution gives us eqs.

(20) and (21).
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takes as given. In the constraint, I1 equals wages in (16), plus the subsidy, less

per worker rents plus commuting costs paid from (18) and (19). Maximizing

with respect to T1 and n1 and imposing perfect competition in national land

markets so profit1 = 0 ex post, yields

T1 =
1

2
bn

1
2
1 (21)

n∗ = (δ12b
−1D1)

2/(1−2δ1)h2ε11 (22)

ε1 =
θ1 + ψ1
1− 2δ1 (23)

This solution has a variety of properties heralded in the urban literature.

First it reflects the Henry George Theorem (Flatters, Henderson, and Mieszkowski

(1974), Stiglitz (1977)), where the transfer per worker/firm exactly equals the

gap (δ1W1) between social and private marginal of labor to the city, and that

externality subsidy is exactly financed out of collected land rents. That is, total

land rents cover the cost of subsidies need to ensure Pareto efficient outcomes,

as well as the costs of local public goods in a model where good goods are added

in. Second the efficient size in (22) is the point where real income, I1, peaks,

as an inverted U−shape function of city size. If δ1 < 1
2 , we can show that I1

is a single-peaked function of n1, so n∗1 is the unique efficient size. If δ1 > 1
2 ,

in essence there will only be one type 1 city in the economy, because net scale

economies are unbounded. Given n∗1 is the size where I1 peaks, n∗1 is a free
mobility equilibrium — a worker moving to another city would lower real income

in that city and be worse off. Finally city size, n∗1 is increasing in technology im-
provements: τ declining, δ1 rising, D1 rising, or local knowledge accumulation

(h1) rising.

I have specified the equilibrium in national land markets, given competitive

developers. Helsley and Strange (1990) put this in proper context, specifying

the city development game, determining how many cities will form and what

their sizes (n∗) will be. Henderson and Becker (2001) show that the resulting
solutions (with multiple factors of production) are (1) Pareto efficient, (2) the
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only coalition proof equilibria in the economy, (3) unique under appropriate pa-

rameters, and (4) free mobility ones where the developer specified populations

are self-enforcing. They also show under appropriate conditions such outcomes

arise (1) in a self-organized economy with no developers where city govern-

ments can exclude residents ("no-growth" restrictions) to maximize the welfare

of the representative local voter, (2) in a growing economy where developers

form new cities and old cities are governed by local governments. Note for de-

veloping countries the key ingredients: either national land markets must be

competitive with developers free to form new cities or atomistic settlements can

arise freely and local autonomous governments can limit their populations as

they grow. Without such institutions if, for example, cities only form through

"self-organization", the result is enormously oversized cities (Henderson (1974),

Henderson and Becker (2001)) where all net scale benefits are totally dissipated

so the population is no better in cities than doing home production.8

Other City Types. In Black and Henderson, X1 of city type 1 is an input into

production of the single final good in the economy, X2 (from which, hence in a

growth context human capital is also "produced"). In many models all outputs

of specialized city types are final consumption goods. Here X2 is produced in

type 2 cities where the output for worker/firm j is correspondingly

X2j = D2 (n
δ2
2 h

ψ2
2 ) h

θ2
2j X

1−α
1j (24)

Here per worker output is also subject to own industry local scale externalities

(nδ22 ) and to local knowledge spillovers (h
ψ2
2 ). However now there is an interme-

diate input, X1j, which is the numeraire good with X2j priced at P in national

markets. The analysis of city sizes and formation for type 2 cities proceeds as

for city type 1, with corresponding expressions other than the addition of an

expression for P in n∗2 and I2 and a restriction for an inverted U−shape to I2

that δ2 < α/2.

In a static context the model is closed by utilizing the national full employ-

8At the limit city sizes are so large with such enormous diseconomies that the population
is indifferent between being in a rural settlement of size 1 (the size of a community formed by
a defecting migrant) and an enormous oversized city. As we will see with an inverted-U shape
to real income I1, self organization has cities at the right of the peak at ñ where I1 (n = 1)
= I1 (n = ñ) rather than where I1 is maximized.
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ment constraint

m1n1 + m2n2 = N (25)

where m1 and m2 are the numbers of each type of city and N is national

population. The second equation (to solve the 3 unknowns P, m1, and m2)

equates real incomes across cities (I1 = I2), where individual workers move

across cities to equalize real incomes. Finally there is an equation where national

demand equals supply in either the X1 or X2 market (i.e., the supply, m1X1,

equals the demand for X1 as an intermediate input, m2n2x1, and for producing

commuting costs (m1 (bn
3/2
1 ) + m2 (bn

3/2
2 )) from eq. (18). In this specific

model, the solution will yield values of m1, m2 and P that are functions of

parameters and h1 and h2. In a static context of identical workers, one would

impose h = h1 = h2. We will discuss momentarily the solution for h1 and h2

and the model in the growth context.

In the static context where labor mobility requires I1 = I2, in the larger type

of city, say type 1, commuting and land rent costs will be higher. Thus, if real

incomes are equalized, W1 > W2 as a compensating differential for higher living

costs. Firms in type 1 cities are willing to pay higher wages because type 1

cities offer them greater scale benefits. Empirical evidence shows as cities move

from a small size (say, 50,000) to very large metro areas, both the cost-of-living

and real wages double (Henderson (1988)).

At the national level there are constant returns to scale or replicability. If

we double national population, the numbers of cities of each type and national

output of each good simply doubles, with individual city sizes and national

output of each good simply doubles, with individual city sizes and real incomes

unchanged.9 With two goods and two factors basic international trade theorems

(Rybczynski, factor price equalization, and Stolper-Samuelson) hold (Hochman

(1977), Henderson (1988)).

Specialization. So far I have simply assumed that cities specialize in pro-
duction. But that is an equilibrium outcome under a variety of conditions. In

the model described so far, there are no costs of inter-city trade: no costs of

shipping X1 as inputs to X2 type cities and shipping X2 back as retail goods

in X1 type cities. All transport costs are internal to the city, given the relative
9Here with h1 and h2 yet to be solved we would need to double the numbers of people with

h1 and h2 respectively. Below we will see the solution with growth to h1 and h2 is national
scale invariant.
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greater importance of commuting costs in modern economies. Given that and

given scale economies are internal to the industry, any specialized city (formed

by a developer) out-competes any mixed city. The heuristic argument is simple.

Consider any mixed city with ñ1 and ñ2 workers in industry 1 and 2. Split that

city into two specialized cities, one with just ñ1 people and the other with just

ñ2. Scale economies are undiminished (ñ
δ1
1 and ñδ22 in both cases in industries 1

and 2 respectively) but per worker commuting costs are lower in the specialized

cities compared to the old larger mixed cities, so real incomes are higher in each

specialized city compared to the old city.

Having localization economies is a sufficient but not necessary condition

for specialization. Industries can instead all have urbanization economies so

scale depends on total local employment. However if the degree of urbanization

economies differs across industries then each industry has a different efficient

local scale and is better off in a different size specialized city than any mixed

city. Mixed cities occur more in situations where each good has localization

economies enhanced by separate spillovers from the other industry or sharing of

some common public infrastructure (Abdel-Rahman (2000)).

A basic problem in these pre-economic geography urban models is the lack

of nuance on transport costs. Either transport costs of goods across cities is

zero (X1 and X2 ) or infinite (housing, and potentially other non-tradeables).

A recent innovation is to have generalized transport costs (without a specific

geography) where the cost of transporting a unit of X1 to an X2 city is t1 and

the cost of shipping X2 back to an X1 city is t2, an innovation due to Abdel-

Rahman (1996) in a model similar to the static one used here (one intermediate

and one final good) and then generalized by Xiong (1998) and Anas and Xiong

(2001). Now specialization as opposed to diversified cities depends on the level

of t1 and t2. At appropriate points as t1 or t2 or both rise from zero, X1 and

X2 will collocate (in developer run cities). More generally with a spectrum of,

say, final products, we would expect that some products have low enough t’s

to always be produced in specialized cities, some high enough t’s to be in all

cities, and some in middle range t’s are produced in some cities (ones with bigger

markets) but not others (with smaller markets). No one has yet simulated this

more complex outcome.

Policy in a System of Cities. The earlier insight that large urbanized
economies are replicable, with national constant returns to scale is important,
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since it simplifies policy analysis. Policy analysis of system of cities is not a

focus of recent work, but Henderson (1988) considers the effects of a variety of

policies. For example trade protection policies favoring industry X1 produced

in relatively large size cities over X2 produced in smaller type cities will alter

national output composition towards X1 production and increase the number of

large relative to small cities. National urban concentration will rise. Similarly

subsidizing an input such as capital for a high tech product, X1, again, say,

produced in a larger type of city will cause the numbers of that type of city to

increase and raise urban concentration.

Another issue is that policy makers may favor large cities because they view

them as "more productive". Indeed for an industry found in smaller towns,

it may be that the A(·) they face in eq. (7), their technology level including
whatever externalities, may be higher in a larger city. However that doesn’t

mean they locate there. Although the A(·) may be higher, in order for them to

locate there, it must be sufficiently relatively higher to afford the higher wage

and land rents, compared to a smaller city. If not, their profit maximizing or

cost minimizing location is the smaller city.

3.2.2 Growth in a System of Cities

Black and Henderson (1999) specify a dynastic growth model where dynastic

families grow in numbers at rate g over time starting from size 1. If c is per

person family consumption, the objective function is
R∞
0
( c(t)

1−σ−1
1−σ ) e−(ρ−g)tdt

where ρ (> g) is the discount rate. Dynasties can splinter (as long as they share

their capital stock on an equal per capita basis) and the problem can be put

in an overlapping generations context with equivalent results (Black (2000)),

under a Galor and Zeira (1993) "joy of giving" bequest motive.

The only capital is human capital and as such there is no market for it. Intra-

family behavior substitutes for a capital market. Specifically families allocate

their total stock of human capital (H) and members across cities, where Z

proportion of family members go to type 1 cities (taking Z h1e
gt of the H

with them) and (1 − Z) go to type 2 cities taking (1 − Z) h2e
gt with them).

Additions to the family stock come from the equation of motion where the cost

of additions, PḢ, equals family income (ZegtI1+ (1−Z)egtI2) less the value of

family consumption of X2, or Pc egt. Constraints prohibiting consumption of

human capital, non-transferability except to newborns, and non-transferability

49



within families across city types (either directly or indirectly through migration)

are non-binding on equilibrium paths.

Families allocate their populations across types of cities, with low human

capital types (say h1) "lending" some of their share (h = H/egt) to high human

capital types (say h2). High human capital types with higher incomes (I2 > I1

if h2 > h1) repay low human capital types so c1 = c2 = c (governed by the

family matriarch). This in itself is an interesting development story, where rural

families diversify migration destinations (including the own rural village) and

remittances home are a substantial part of earnings. In Black and Henderson

if capital markets operate perfectly for human capital (i.e., we violate the "no

slavery" constraint) or capital is physical and capital markets operational, one

dynastic family could move entirely to, say, type 1 cities and lend some of their

human capital to another dynastic family in type 2 cities. With no capital

market, each dynastic family must operate as its own informal capital market

and spread itself across cities.

In this context Black and Henderson show that, regardless of scale or point

in the growth process, h1/h2 and I1/I2 are fixed ratios, dependent on θi in

eq. (15) and (24). As θ1/θ2 (the relative returns to capital) rises, h1/h2 and

I1/I2 rise. Z and m1/m2 are all fixed ratios of parameters θi, δi, and α under

equilibrium growth. Equilibrium and optimal growth differ because the private

returns to education in a city, θi, differ from the social returns, θi+ψi. But local

governments can’t intervene successfully to encourage optimal growth. Why?

With free migration and "no slavery", if a city invests to increase its citizens’

education, a person can take their human capital ("brain drain") and move to

another city (be subsidized by another city to immigrate, given that city then

need not provide extra education for that worker). This model hazard problem

discourages internalization of education externalities.

Growth properties: Cities. From eq. (22), equilibrium (and efficient)

city size in type 1 cities is a function of the per person human capital level,

h1, in type 1 cities. After solving out the model (for P ), the same will be true

of type 2 cities. City sizes grow as h1 and h2 grow, where under equilibrium

growth given h1/h2 is a fixed ratio ḣ/h = ḣ1/h1 = ḣ2/ḣ2 where a dot represents

a time derivative. Then
ṅ2
n2
=

ṅ1
n1

= 2 ε1
ḣ

h
(25)
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where ṅi/ni is the growth rate of efficient sizes n∗i .

For the number of cities, the issue is whether growth in individual sizes

absorbs the national population growth, or

ṁ1

m1
=

ṁ2

m2
= g − ṅi

ni
= g − 2ε1

ḣ

h
(26)

The numbers of cities grow if g > ṅi/ni. Note growth in numbers and sizes of

cities is "parallel" by type, so the relative size distribution of cities is constant

over time.

Growth properties: Economy. Ruling out explosive or divergent growth,
there are two types of growth equilibria. Either the economy converges to a

steady state level, or it experiences endogenous steady-state growth. Conver-

gence to a level occurs if ε ≡ ε1 (1 − (γ − 2δ2))+ ε2 (γ − 2δ2) < 1, where ε is

a weighted average of the individual city type εi. In that case at the steady-

state h̄, ṅi/ni = 0 and ṁi/mi = g, or only the numbers but not sizes of cities

grow just like in exogenous growth (Kanemoto (1980), Henderson and Ioannides

(1981)). If ε = 1 then there is steady-state growth, where γ̄h = ḣ/h = A−ρ
σ

(where the transversality conditions require A > ρ). In that case ṅi/ni = 2ε1

(A−ρσ ), or cities grow at a constant rate. and their numbers also increase if

g > 2ε1 (
A−ρ
σ ).

3.2.3 Extensions

There are two major extensions to the basic systems to the basic systems of

cities models. First people may differ in terms of inherent productivity or in

terms of endowments. Second, while we have discussed the issue of city spe-

cialization versus diversification we haven’t really developed any insights into

a more nuanced role of small highly specialized cities versus large diversified

metro areas in an economy.

Turning to the first extension, Henderson (1974) had physical capital as a

factor of production owned by capitalists who needn’t reside in cities. Then

equilibrium city size reflects a market trade-off between the interests of city

workers who have an inverted U−shape to utility as a function of the size of

51



the city they live in and capitalists whose returns to capital rise indefinitely

with city size (for the same capital to labor ratio). There is a political economy

story there where capitalists collectively in an economy have an incentive to

limit the number of cities, thus forcing larger city sizes. Helsley and Strange

(1991) and then Becker and Henderson (2000) have matching models between

the attributes of entrepreneurs and workers, as noted earlier. But again the two

class model yields a market resolved conflict between what is the city size that

maximizes the welfare of one versus another group.

In a different approach Abdel-Rahman and Wang (1997) (see also Abdel-

Rahman (2000) for a synthesis) and later (Black (2000) look at high and low skill

workers who are used in differing proportions in production of different goods.

Black has a low skill traded production good and a second traded good produced

with high skill workers and inputs of a low skill non-traded good, where high skill

workers generate production externalities in the form of knowledge spillovers

for all traded goods. In Black, urban specialization with high skill workers

concentrated in one type of city is efficient, but a separating equilibrium, where

low skill workers and low tech production stays in its own type of city (rather

than trying to cluster with high tech production) is not always sustainable.

Black characterizes conditions under which a separating equilibrium will emerge.

It is important to note that there is a much more developed literature on

inequality induced by neighborhood selection, where the characteristics of neigh-

bors affect skill acquisition (e.g. family background of the class affects individ-

ual student performance). That leads to segregation of talented or wealthier

families by neighborhood (Benabou (1993), Durlauf (1996)) and can help trans-

mit economic status across generations, promoting inter-generational income

inequality.

Metro Areas. Simple indices of urban diversity indicate that smaller cities
are very specialized and larger cities highly diversified. So the question is what

is the role of large metro areas in an economy and their relationship to smaller

cities. Henderson (1988) and Duranton (2002) have a first nature - second nature

world, where every city has a first nature economic base and footloose industries

cluster in these different first nature cities. In Henderson (1988) large metro

areas are at the top of an urban hierarchy, with the first nature activity that

benefits the most from local scale externalities and with the greatest varieties of

footloose activity clustered in the metro area. The smallest cities are engaged in
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specialized first nature activity with minimal scale externalities, where the local

market doesn’t attract much footloose production. Duranton (2002), as noted

earlier, utilizes a Grossman-Helpman quality ladder model to formulate an urban

hierarchy with movement through that hierarchy. But it seems that today few

metro areas have an economic base of first nature activity. Accordingly recent

literature has focused on the role of large metro areas as centers of innovation,

headquarters, and business services (Kolko (1999)).

The Dixit-Stiglitz model opened up an avenue to look at large metro ar-

eas as having a base of diversified intermediate service inputs, which generate

scale-diversity benefits for local final goods producers. That initial idea was de-

veloped in Abdel-Rahman and Fujita (1990). That idea has led to a set of papers

focused on the general issue of what activities, under what circumstances are

out-sourced. Theory and empirical evidence (Holmes (1999) and Ono (2000))

suggests that as local market scale increases, final producers will in-house less

of their service functions and out-source them more. That out-sourcing encour-

ages competition and diversity in the local business service market, encouraging

further out-sourcing.

In terms of incorporating this into the role of metro areas versus smaller

cities, Davis (2000) has a two-region model, a coastal exporting region and

an interior natural resource rich region. There are specialized manufacturing

activities which, for production and final sale, require business service activi-

ties, summarized as headquarters functions. Headquarters purchase local Dixit-

Stiglitz intermediate services such as R&D, marketing, financing, exporting, and

so on. Headquarters activity is in port cities in the coastal region. The issue

is whether manufacturing activities are also in these ports versus in specialized

coastal hinterland cities versus in specialized interior cities. Scale economies

in manufacturing and headquarters activities are different and independent of

each other, so that, based on scale considerations, these activities would be in

separate specialized cities. However if the costs of interaction (shipping man-

ufactured goods to port and transactions costs of headquarters-production fa-

cility communication) between headquarters and manufacturing functions are

extremely high, then both manufacturing and headquarters activities can be

found together in coastal port cities. Otherwise they will be in separate types

of cities. In that case, manufacturing cities will be in coastal hinterlands if costs

of headquarters-manufacturing interaction are high relative to shipping natural
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resources to the coast. However if natural resource shipping costs are relatively

high, then manufacturing cities will be found in the interior.

Duranton and Puga (2001) have developed an entirely different and stimulat-

ing view of large metro areas. In an economy there are m types of workers who

have skills each specific to producing one of m products. Specialized cities have

1 type of worker producing the standardized product for that type of worker

subject to localization economies. Diversified cities have some of all types of

workers. Existing firms at any instant die at an exogenously given rate; and, in

a steady-state, new firms are their replacement. New firms don’t know "their

type" —what types of workers they match best with and hence what final prod-

uct they would be best off producing. To find their type they need to experiment

by trying the different technologies (and hence trying different kinds of workers).

New firms have a choice. They can locate in a diversified city with low local-

ization economies in any one sector. In a diversified city they can experiment

with a new process each period until they find their ideal process. At that point

they relocate to a city specialized in that product, with thus high localization

economies for that product. Alternatively new firms can experiment by moving

from specialized city to specialized city with high localization economies, but

face a relocation cost each time. If relocation costs are high, the advantage

during their experimental period is to be in a diversified city. This leads to

an urban configuration of experimental diversified metro areas and other cities

which are specialized in different standardized manufacturing products.

The Duranton and Puga model captures a key role of large diversified metro

areas consistent with the data. They are incubators where new products are

born and where new firms learn. Once firms have matured then they typically

do relocate to more specialized cities. This also captures the product-life cycle

for firms in terms of location patterns. Fujita and Ishii (1994) document the

location patterns of Japanese and Korean electronics plants and headquarters.

In a spatial hierarchy mega-cities house headquarters activities (out-sourcing

business services) and experimental activity. Smaller Japanese or Korean towns

house specialized, more standardized high tech production processes and low

tech activity is off-shore.
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4 Some Issues For a Research Agenda

A handbook paper is a place to offer research suggestions, as well as summa-

rize the state of knowledge. While various avenues of needed research are noted

throughout, here I summarize three key suggestions. In all the spatial and urban

work, transport costs are treated as a technology parameter that may exoge-

nously change. In an actual development and growth context, transport costs

reflect public infrastructure investment decisions, subject to political influence.

Core-periphery and urban models really need to endogenize transport costs

and hence spatial structure as an outcome of investment decisions. A similar

comment involves mobility costs of workers, which are related to both transport

and communication infrastructure investments.

A second key research issue involves spatial inequality as it evolves with

growth in a context where workers have different ability endowments and choose

different human capital levels. In most spatial and urban models workers are

identical, except for their degree of mobility. But with urbanization it may

be that it is higher ability rural folks who urbanize and acquire modern skills,

increasing real income gaps between high and low ability people. We have no

models that directly address these issues and provide a comprehensive frame-

work to evaluate spatial inequality, or cross-space income differences.

Finally we don’t really have models that address the evolution of cities with

ongoing technological change. For example, if technology changes neutrally

across the urban and rural sectors, it is possible to show that urbanization (and

city sizes) will both increase since urban scale economies accentuate technolog-

ical advances, as in the Black and Henderson human capital model. So it is

possible to endogenize urbanization per se. But we know city functions also

change over time. In less developed countries, bigger cities may be focused on

manufacturing, but somehow with growth and technological change, big cities

tend to specialize more in service functions, purchased by manufacturers and

retailers in smaller cities. While we have models of functional specialization

(e.g., Duranton and Puga (2001a)), we haven’t modeled this evolution in city

roles over the development process.
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Table 1. World City Size Distribution, 2000

size range count mean share1

17,000,000 <=n2000 4 20,099,000 4.5
12,000,000 <= n2000 < 17,000,000 7 13,412,714 5.2
8,000,000 <= n2000 < 12,000,000 13 10,446,385 7.5
4,000,000 <= n2000 < 8,000,000 29 5,514,207 8.9
3,000,000 <= n2000 < 4,000,000 41 3,422,461 7.8
2,000,000 <= n2000 < 3,000,000 75 2,429,450 10.1
1,000,000 <= n2000 < 2,000,000 247 1,372,582 18.8
500,000 <= n2000 < 1,000,000 355 703,095 13.9
250,000 <= n2000 < 500,000 646 349,745 12.5
100,000 <= n2000 < 250,000 1,240 157,205 10.8

Overall 2,657 658,218 100.0

____________________________________

1) a ratio of total population in the group to total population of cities with>=100,000

1



Table 2. Spatial Inequality

1960 2000
(1) (2) (3) (4) (5)
Gini Number Gini Number Rank Size

of Cities of Cities Coefficient "a"
World .59 1197 .56 1673 n.a.
Developed .65 523 .58 480 n.a.
Soviet bloc .52 179 .45 202 n.a.
Less developed .57 495 .56 991 n.a.

Brazil .67 24 .65 65 -.87

China .47 108 .43 223 -1.3

India .56 95 .58 138 -1.1

Indonesia .52 22 .61 30 -.90

Mexico .61 28 .60 55 -1.04

Nigeria .31 20 .60 38 -.98

France .61 31 .59 27 .97

Germany .63 44 .56 31 -.74

Japan .60 100 .66 82 -1.06

2



Table 2. Spatial Inequality –Continued

1960 2000
(1) (2) (3) (4) (5)
Gini Number Gini Number Rank size

of cities of cities Coefficient "a"

Russia .54 79 .46 91 -1.34

Spain .53 27 .52 20 -.98

Ukraine .44 25 .40 32 -1.31

UK .68 39 .60 21 -.83

USA .58 167 .54 197 -1.11

3



Table 3. Total Numbers of Cities and Sizes

1960 1970 1980 1990 2000

number of cities 969 1,129 1,353 1,547 1,568

mean size 556,503 640,874 699,642 789,348 943,693

median size 252,539 275,749 304,414 355,660 423,282

minimum size 100,082 115,181 126,074 141,896 169,682
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Figure 1: Share of Urban Population in Total Population.
(a) Average over Countries
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(b) Weighted Average, Using Country Population.
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Figure 2: Percent Urban and Development Level, 1965-95.

Figure 3: Partial Correlation Between Ln(urban population) and Ln(real GDP per capita),
Controlling for Ln(national population).
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Figure 4: Primacy and Economic Development.
(a) Early period: 1965-75.

(b) Recent Period: 1985-95.
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Figure 5a. Relative Size Distribution of Cities for all Countries
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Figure 5b. Relative Size Distribution of Cities in Developing and Transition Economies


