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Space Meets Time

Definition of city: A city is a settlement that consistently
generates its economic growth from its own local economy
(cf. Jacobs 1969, p. 262).

So a city is where space meets time!
But what happens when space meets time?
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Major Issues

Why have there been on-going increase in the number and
the size of cities in the global world?

What are the determinants of city growth/agglomeration?
Why do some cities rise but some fall?
What are the underlying channels through which
agglomerative activity fosters urban growth
Why are some cities diversified but some specialized in
goods & services production?
What are the causes/consequences of firm clustering?
What are the causes/consequences of stratification?
What is the role of continual rural-urban migration played
in the process of economic development?
What do some countries experience fast but some slow
rural-urban migration process?
What are the determinants of rural-urban migration?
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Geography and Development
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New Land and Development Reversal

Acemoglu-Johnson-Robinson (2002)
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Urbanization and Development
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Population Agglomeration and City Growth I

Berliant-Wang (2005): corr(city employment, median
income) > 0; corr(city population, median income) R 0
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Population Agglomeration and City Growth II

Berliant-Wang (2005): corr(Mcity share of employment,
Mreal median income) R 0
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Unbalanced Growth of Cities

Urbanization in the U.S. from 1950 to 1990:

increase from 64% in 1950
to 69.9% in 1960
to 73.6% in 1970
to 73.7% in 1980
to 75.2% in 1990

Between 1980 and 1990, among cities with pop > 100,000:

137 experienced population growth
56 experienced population loss.
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Size Distribution of Cities: Gibrat’s Law
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Size Distribution of Cities: Zipf’s Law
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Random Growth Hypothesis
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Random Growth Hypothesis

McMillian-Smith (2002)

Multicentric cities:

LA: 46 subcenters
NY: 38
Boston, Chicago, Dallas, San Francisco, Seattle, Washington
DC: 10-14
Baltimore, Detroit, Denver, Houston, Minneapolis-St. Paul,
Phoenix, San Antonio, San Diego, St. Louis: 5-9
Atlanta, Cleveland, Philadelphia, Portland, Tampa: 3-4

Duocentric cities: Albany, Kansas City: Louisville
Monocentric cities: Columbus, Memphis, Miami, New
Orleans, Pittsburgh, Salt Lake City.
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Century Long Evolution of Regional Science

Johann von Thünen: the power of circular city

Arthur Lewis, John Fei and Gustav Ranis: sectoral shifts,
surplus labor and urban development
Jane Jacobs: urbanization and knowledge spillovers
John Kain: locational stratification and spatial mismatch
John Harris and Michael Todaro: rural-urban migration
Masa Fujita dai-sensei: urban growth and agglomeration
dynamics.
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From Partial to General Equilibrium

Berliant-Raa (1988, JET): existence

Berliant-Papageorgiou-Wang (1990, RSUE): 1st and 2nd
Welfare Theorems
Wang (1993, RSUE): social optimality and Negishi price
support
Fujita-Berliant (1994, IER): von Thünen in GE.
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From Exogenous to Endogenous City Formation

Wang (1990, RSUE) and Berliant-Wang (1993, RSUE):
equilibrium formation of Central Business Districts

Berliant-Peng-Wang (2002, JET): equilibrium formation
with knowledge spillovers
Berliant-Wang (2008, JUE): equilibrium formation of city
subcenters
Kung-Wang (2010, CJE): network formation of city
Liang-Mai-Thisse-Wang (in progress): equilibrium
formation of Marshallian Industrial Districts.
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From ad hoc Dynamics to Optimal Exogenous Growth

Fujita (1976, JUE), Anas (1978, JUE), Kanemoto (1980,
North-Holland Book): Solow growth models of
monocentric city

Fujita (1982, JUE), Miyao (1982, Handbook Chapter) and
Anas (1992, RSUE): optimal growth of monocentric city
Krugman (1991, JPE): ad hoc wage dynamics and
economic geography
Optimal City Growth:

Ioannides (1994, RSUE): optimal growth of a system of
cities
Berliant-Wang (2005, Handbook Chapter): urban dynamics
Peng-Thissee-Wang (2006, JET): regional agglomeration
with middle product trade
Rossi-Hansberg & Wright (2007, REStud): city structure
and growth
Wang-Xie (in progress): agglomeration and housing
dynamics in a monocentric city.
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From Representative to Heterogeneous Agents

Wang (1990, RSUE; 1993, RSUE): endogenous marketplaces
and agglomeration with heterogeneous consumers

Peng-Wang (2005, CJE): sorting by foot with heterogeneity
in preferences in LPG
Chen-Peng-Wang (2009, JEDC): intergenerational mobility
and locational stratification with heterogeneity in human
capital
Hsu-Wang (2012, RSUE): regional clustering of firms with
heterogeneity in productivities.
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From Frictionless to Frictional Economies

Helsley-Strange (1990, RSUE): labor matching in cities

Abdel-Rahman & Wang (1997, JUE): labor matching and
income disparity in cities
Coulson-Laing-Wang (2001, JOLE) and Brueckner-Zenou
(2003, JOLE): spatial mismatch with search frictions
Laing-Park-Wang (2005, Book Chapter): rural-urban
migration with search frictions
Berliant-Reed-Wang (2006, JUE): knowledge spillovers,
search and matching, and agglomeration
Bond-Riezman-Wang (in progress): rural-urban migration
with barriers
Marjit-Wang (in progress): rural-urban migration, job
search and endogenous stratification in urban labor
markets: informal versus formal.
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Wang-Xie (in progress): agglomeration and housing
dynamics in a monocentric city

Hsu-Wang (2012 & in progress): endogenous locational
choice, firm clustering and industry hollowing-out
Bond-Riezman-Wang (in progress): capital accumulation,
rural-urban migration and economic development
Others:

Peng-Wang-Yu (2013): local public goods, housing quality
and locational stratification
Berliant-Peng-Wang (in progress): pollution and dirty firm
clustering
Liang-Mai-Thisse-Wang (in progress): equilibrium
formation of science parks.
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Questions

Is housing yet another form of capital or consumer
durable?

How would the housing sector interact with other macro
aggregates in the short as well as the long run?
Can an optimal city be reached competitively in a dynamic
framework with endogenous locational choice?
Main Challenge: to model the dynamic evolution and the
cross-location differences in housing quantities/prices.
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The Housing Sector

The housing sector is very significant in size:

US housing accounts for > 30% of national wealth
housing expenditure � 1/4 of total household spending
large effects of housing wealth on household consumption
(cf. Case, Quigley and Shiller 2005, using a panel of 14
developed countries over the period of 1975-1999 and a
panel of U.S. states over the period of 1982-1999)

Not until the turn of the century, the housing sector has
largely been ignored by macroeconomists (Leung 2004)
Theory behind empirics: a thorough study of the housing
sector in a DGE framework is valuable because housing
activity can generate large macroeconomic effects and
important policy implications.
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Motivation

4 key stylized facts (post-WWII U.S. data):

the housing durable (measured by housing structures plus
household durables) out-grows housing
housing prices grow at much lower rates than land rents
both housing price and land rent gradients are
downward-sloping away from centers/subcenters
(ignoring ghettos) with the land rent gradient much steeper
In larger MSAs with flatter population gradients, both
housing quantity and price gradients are flatter

Housing is not just a typical form of capital or durables:

a house is tied to a plot of land at a specific location usually
close to the occupant’s workplace
the consumption set of housing is nonconvex
it’s structure is locationally immobile, but household
durables are mobile
decomposing a house into structure and land is crucial.
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Model: The Basic Environment

2 theaters of economic activities: a composite final good
sector and a housing sector

Linear city: [�1, 1], with location 0 = CBD
Land supply distributed with density function T(z), for
z 2 [�1, 1], with T0(z) > 0 and T(0) > 0
Land rent collected by a developer paying for
development costs
Population = 2, with negative exponential distribution
N(z) = ωe�ωz

1�e�ω (empirics: Clark 1951; McDonald 1989)
Individual labor supply (inelastic) = 1

2 , aggregate labor = 1
Production of mobile goods take place at the CBD to which
workers commute
Symmetric equilibrium (Berliant-Peng-Wang 2002 on
equilibrium selection): locational choice yields a uniform
distribution of households over [�1, 1].
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Production Technologies

Housing at location z:

Hz = Tγ
z (Dz � θ)1�γ

Dz(0) = d � θ 8z (minimum structure)
minimum requirement for land is far less important
(skyscraper), thus set to zero

Production housing durable investment:

Xz = BKβ
z

where Ḃ
B = G(t), G(t) � g, G0 � 0 and limt!∞ G(t) = g

Composite good production:

Y = AKα
c L1�α

where L = 1 and Ȧ
A = g.
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A = g.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Production Technologies

Housing at location z:

Hz = Tγ
z (Dz � θ)1�γ

Dz(0) = d � θ 8z (minimum structure)
minimum requirement for land is far less important
(skyscraper), thus set to zero

Production housing durable investment:

Xz = BKβ
z

where Ḃ
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Capital and Housing Durables

Housing structures/durables evolution:

Ḋz = Xz � δDz = BKβ
z � δDz

where δ = the demolishment rate

Physical capital evolution:

K̇ = AKα
c L1�α �

Z 1

�1
czN(z)dz� δkK

where δk > 0 is the capital depreciation rate
Physical capital allocation:

K = Kc +
Z 1

�1
Kzdz

where K is equally owned by all the agents.
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Preferences

Lifetime utility of an individual at z:

Uz =
Z ∞

0
u(cz, φ(z)Hz)e�ρtdt

φ(z) = spatial discounting, capturing the detrimental effect
from commuting to the CBD and other locality factors
(normalize φ(0) = 1)

Point-in-time utility:

u(cz, φ(z)Hz) = cσ
z (φ(z)Hz + η)1�σ

η > 0 captures luxury good nature of housing relative to c:
housing is not necessary as one may always rent, but
food/clothing/many nondurables are necessary
c and housing services φ(z)H are Pareto complement

Locational no-arbitrage:

u(cz, φ(z)Hz) = u(c0, H0).
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Optimization

Locational no-arbitrage implies: cz = c0Ψz (D0, Dz)
1�σ

σ , so
relative composite good consumption is given by,

Ψz (D0, Dz) �
Tγ

0 (D0 � θ)1�γ + η

φ(z)Tγ
z (Dz � θ)1�γ + η

Central planner’s problem:

max
R ∞

0 cσ
0

�
Tγ

0 (D0 � θ)1�γ + η
�1�σ

e�ρtdt

s.t. K̇=A(K-
R 1

-1 KzN(z)dz)αL1-α-
R 1

-1 c0Ψ
1-σ
σ

z N(z)dz-δkK
Ḋz = BKβ

z � δDz for all z

where Γ =
R 1
�1 Ψz (D0, Dz)

1�σ
σ N(z)dz is the endogenous

social welfare weight on those residing at 0.
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Key Tradeoffs

Consumption-saving tradeoff:

λ̇

λ
= ρ+ δk � αA

�
K�

Z 1

�1
KzN(z)dz

�α�1

L1�α

Intertemporal no-arbitrage (PDz = µz/λ):

ṖDz

PDz

= αA
�
K�

R
KzN(z)dz

�α�1 L1�α

-

"
βBKβ�1

z (1-γ) 1-σ
σ c0Πz (Dz)Ψz (D0, Dz)

1-σ
σ

αA
�
K-
R

KzN(z)dz
�α-1 L1-α

-δ

#

where Πz (Dz)= 1
Dz-θ

φ(z)Tγ
z (Dz-θ)1-γ

φ(z)Tγ
z (Dz-θ)1-γ+η

, i.e., capital gain of

housing durables = net capital rental - net durable rental.
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Competitive Price Support

Durable price and rental:

PDz =
µz
λ

RD = (ρ+ δ)PD

Housing rental:

RHz =
1� σ

σ

cz

Hz + η

Land rent (bid rent):

RTz =
RHzHz � RDzDz

T
Housing price:

PHz =
RHz

ρ
.
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Steady-State Equilibrium

Housing durables Dz:

βB
ρ+δk

�
δDz

B

� β-1
β
�
(1-γ)

1-σ
σ

c0Πz (Dz)Ψz (D0, Dz)
1-σ
σ

�
= ρ+δ

Housing stock and price:

Hz = Tγ
z (Dz � θ)1�γ

PHz = [(1� σ)/σ]c0Ψz(D0, Dz)
1�σ

σ /[Tγ
z (Dz � θ)1�γ + η].

Comparative Statics:

(� if δk small) A B η ρ θ T
Housing Quantity (H) + + � � � +
Housing Price (PH) + �� � ? +� �
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Calibration

Normalize A = 1 and total population = 2

Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)

Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)

Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)

Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)

Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)

Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Calibration

Normalize A = 1 and total population = 2
Conventional values: ρ = 3.5%, χ = Kd/X = 2.25, α = 1/3,
δk = 5%, ω = 0.3 (Chicago as benchmark, McDonald 1989)
Land supply: T(z) = (1+ 0.3 jzj)2; spatial discounting:
φ(z) = 1� 0.3 jzj; per capita land supply:
T =

R 1
0 (1+ 0.3z)2dz = 1.33

Set ζ = ρD/c = 0.5 (Benhabib-Rogerson-Wright 1991)
Housing depreciation: δ=0.25*7.8%+0.75*1.57%=3.13%
(Greenwood-Hercowitz 1991+Davis-Heathcote 2005)
Average expenditure share of housing: sH = 24% (Davis &
Ortalo-Magné 2008)
Average land value to housing value share: sT = 36%
(Davis-Heathcote 2005)
Growth rates based on U.S. data over 1960-2000: gc = 3%,
gH = 1.8%, gD = 2.4%, gRD = 0.68%, gRT = 4.33%.



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Redistribution Scheme

Redistribtion scheme (τz, νz):

Ωz = K/2+ (1� νz)PHzHz

Ω̇z = [w+ (r� δk)K] /2� (1+ τz) (cz + rKz)

Locational no-arbitrage requires Ωz = Ω0 and Ω̇z = 0 8z
(calibrated wealth share of housing + durables as 58.3%)
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Cross-Location Schedules
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Responsiveness of Key Ratios

Benchmark cross-location and aggregate ratios:

Responses of these ratios to a 10% increase in fη, θ, a, Bg:
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City Configurations

Normalize POP=2 and size of city =2
ω = 0.2 (NY, blue),0.3 (Chicago, red),0.4 (Philly, green):
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Transitional Dynamics I

Starting from (K0, D0) = (3.2705, 1.7317), both K and D
increase toward S-S. Around S-S, an oscillation occurs:
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Transitional Dynamics II

Transitional dynamics of the rental prices of housing, land
and housing durables:

1 land rents (red) grow much more sharply than housing
rental prices (green)

2 rental price schedule of housing durables (blue) exhibits
slight decline over time



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Alternative Setup: Housing As Necessity (η = 0)

What if housing is necessary (η = 0):

both D1
D0

and
RD1
RD0

at the fringe compared to at the CBD > 1

non-housing consumption growth rate = 1.73% < 3% (data)

Comparative statics (w.r.t. 10% changes):

many effects of a have wrong signs: " spatial discounting
encourages agents to reside away from CBD
some effects of θ and B are wrong
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Alternative Setup: No Minimum Structure (θ = 0)

What if minimum structure not required (θ = 0):

large drops in H1
H0

, D1
D0

,
RT1
RT0

and D
H

housing durables growth = 3.65% > 2.4% (data)

Comparative statics (w.r.t. 10% changes):

signs correct but too responsive to city-wise shocks (η,B)
θ > 0 creates a buffer with plausible responses
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Questions

Global Post (8/6/2012): “Taiwan’s highly educated workforce
has been moving to China for more lucrative employment and
business endeavors, but the result is a brain drain in Taiwan.”

Birth of world factories, Japan ! Asian Tigers ! China,
producing various middle to downstream goods),
accompanied by hollowing-out of domestic industries in
U.S. ! Japan ! Asian Tigers
Is firm clustering accompanied by industry hollowing-out?
Is trade liberalization harmful for domestic manufacturers?
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Model: Basic Structure

2 ex ante identical countries: labeled l = A, B

2 types of workers:

unskilled: immobile, mass L
skilled: freely mobile, mass Ml = µlM

µl = fraction of skilled in l (µA + µB = 1)

2 types of traded goods:

intermediate goods:

differentiated with endogenous variety Nl

produced with unskilled labor
monopolistically competitive

final good:

homogeneous
produced with unskilled labor and intermediate goods
managed by skilled labor
perfectly competitive.
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Final Good Sector

Generalized quadratic production: Yl
1 = Dl

1 ln
�
`l

1

�
,

Dl
1 = α

Z Nl

0
ql

1(j)dj� γ

2

Z Nl

0

h
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1(j)
i2

dj� η

2

 Z Nl

0
ql

1(j)dj

!2

ql
1(j) = the amount of intermediate good j used (possibly

produced or imported)
γ > 0 => positive variety effect (similar to Ethier)
η > 0 => intermediate good inputs are Pareto substitutes
(consistent with NEG)

Pareto complementarity beween intermediate inputs and
unskilled labor: more unskilled => higher MPQ
Profit or skilled compensation:

vl = Dl
1 ln

�
`l

1

�
�
R Nl

0 pl(j)ql
1(j)dj�wl`l

1
Final goods: freely traded across countries (numeraire).
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Intermediate Goods Sector

After paying a fixed input of κ units of the final good, an
entrant obtains a “new” intermediate good blueprint with
productivity z

z is a random realization from a Pareto distribution with
lower bound zM: Pr [Z � z] = (z/zM)

�k for all z � zM

Distribution of marginal cost c = 1/z:

G(c) � Pr
�

1
Z
� c
�
= Pr

�
Z � 1

c

�
=

�
c

cM

�k

where c 2 (0, cM], cM � 1/zM is the upper bound of c
corresponding to the lower bound of productivity zM

Intermediate goods are tradable, but subject to an iceberg
trade cost if trade occurs across borders: to deliver one unit
across borders need to ship τ > 1 units.
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Optimization

Demand for intermediate goods j:

pl (j) = pl
max � γblql

1(j)

where bl � MPQ = ln `l
1 = ln L

µlM , pl
max �

αγbl+ηNlp̄l

γ+ηNl , p̄l =

average intermediate price

Domestic sales (D) vs. exports (X):

pl
D(c) = (pl

max+c)/2; pl
X(c) = (p

h
max+τc)/2

ql
D(c) = µlM

�
cl

D-c
�

/(2γbl); ql
X(c) = τµhM

�
cl

X-c
�

/(2γbh)

where cl
D � pl

max and cl
X � ph

max/τ, which determine
nonoperative, domestic sale and export ranges
Final firm’s profit and locational choice:

vl = (αbl-cl
D)/(2ηbl)fα

�
bl-1
�

- (k+1)
�

bl+1
�

cl
D/[(k+2) bl]g

l� = arg max
n

vl : l 2 fA, Bg
o

.
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Key Equilibrium Relationships

Zero Cutoff Profit (ZCP):

Nl = 2 (k+ 1) γfα
h
ln (L/M)� ln

�
µl
�i

/cl
D � 1g/η

implying: more competition in intermediate goods
markets => tougher selection (smaller cutoff)

Free entry (zero expected profit):�
cl

D

�k+2
= θbl/µl = θ

h
ln (L/M)� ln

�
µl
�i

/µl

where θ � 2γκ (k+ 1) (k+ 2) (cM)
k /[
�
1+ τ�k�M] is

increasing in τ, γ and the fixed entry cost κ, implying:

larger final goods market (usually referred to as the market
size effect) => tougher selection of intermediate firms
(smaller cutoff)
More unskilled labor force L, higher transport cost τ or
stronger variety effect γ => easier selection.
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Locational Choice

Maximized profit:

vl =

�
α-
�
bl�- k+1

k+2 ( θ
µl )

1
k+2

� 24α
�
bl-1
�

-
(k+1)(bl+1)(bl)

- k+1
k+2 ( θ

µl )
1

k+2

k+2

35
2η

Higher µl => tougher selection => higher productivity =>
higher vl, where this gain is increasing in θ (and hence
trade cost).
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Equilibrium Configurations

Without loss of generality, focus on: µA � µB

Define: ∆v � vA � vB, µ � µA (so µB = 1� µ)

Types of equilibrium configurations:

symmetric configuration (dispersion): µl = 1/2
firm-clustering configuration (agglomeration): µl > 1/2
(full agglomeration if µl = 1)

Stability: a world equilibrium is stable if

d∆v/dµ � 0, for µ 2 [1/2, 1)
(i) ∆v > 0 or (ii) ∆v = 0 and d∆v/dµ � 0, for µ = 1.
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Three Channels

Decompose d∆v
dµ jµ=1/2 = 2 dvA

dµA jµ=1/2, where

dvl

dµl =
∂vl

∂cl
D

 
∂cl

D
∂µl +

∂cl
D

∂bl
∂bl

∂µl

!
+

∂vl

∂bl
dbl

dµl .

1 direct market size effect on selection ∂vl

∂cl
D

∂cl
D

∂µl : larger market

size => lower cutoff => productivity gain and
agglomeration (+)

2 complementarity effect on selection: ∂vl

∂cl
D

∂cl
D

∂bl
∂bl

∂µl : larger

market size => lower unskilled labor per firm => lower
intermediate demand and cutoff => productivity gain and
agglomeration (+)

3 direct labor force effect ∂vl

∂bl
dbl

dµl : larger market size => lower
unskilled labor per firm => lower final goods production
gain and markup => dispersion (-).
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Trade, Firm Clustering and Selection

Trade liberalization (lower τ):

negative direct labor force effect larger
impact on the two positive selection effects ambiguous: the
importance of these selection effects depends on the
unskilled labor force (via β)

Trade liberalization may not induce agglomeration:

sufficiently small unskilled labor force => unimportant
selection effects => dominant negative direct labor force
effect => dispersion
sufficiently large unskilled labor force => dominant
negative selection effects with low initial trade cost =>
dispersion

Trade liberalization may not improve productivity:

when trade liberalization induces agglomeration, it leads to
tougher firm selection and raises productivity
when trade liberalization induces dispersion, its effects on
firm selection and productivity is ambiguous.
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Numerical Results I

Baseline parameters: α = 10, η = 1, M = 5, L = 12,
zM = 0.01 (cM = 100), k = 2, γ = 0.02, κ = 1
Trade liberalization may not induce agglomeration or
dispersion:

Dispersion Agglomeration

Hollow-out of domestic industries possible for countries
with initially low trade cost or smaller unskilled labor
force (East Asian Tigers).
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Numerical Results II

NEG revisited: stronger variety effect (γ ") need not
induce agglomeration or firm clustering



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

Questions

% rural population:

China Egypt India Korea Taiwan Thailand
1950 87 68 84 79 76 90
2000 64 55 72 18 21 78

Questions:

why abundant rural surplus labor: 13� 28% surplus labor
in China/India/Thailand (150� 250 millions in China)
why large urban-rural wage gap (2 : 1) with little growth in
real effective wage rate of the unskilled (less than 1% in
China over 1992� 2005 for workers with 9 years of
schooling or less)
why Great Divergence in urbanization processes and
what’s the role of trade played in such processes?
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Purpose of this Paper

% average tariff rate (1996-2000):

China Egypt India Korea Taiwan Thailand
2000 18.6 27.6 33.4 11.4 8.6 18.0

Construct a DGE model of a labor surplus economy with
rural-urban migration to examine how trade and
migration policies/institutions affect:

capital accumulation
labor allocation
factor prices
sectoral outputs.
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The Model: population and production

Small open economy with total unskilled labor = N (N in
rural and L = N�N in urban) and with skilled = H = 1
only in urban

Rural sector: produce a nontraded good (backyard
subsistence farming) using unskilled labor and achieve a
reservation utility U
Two urban sectors:

exportable (not consumed domestically): X = BKθKX
X LθLX

X
import-competing: Y = A [F(KY, H)]1�θLY LθLY

Y , F is CRTS
LX + LY = L and KX + KY = K (owned by skilled labor)

Two main policy variables:

τ = import tariff, with “wedge” TY � (1+ τ)
σX = investment subsidy to X, with “wedge” SKi � (1+ σi).
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The Model: capital and consumption

Capital accumulation:

Kt+1 = (1� δ)Kt + It/µ(It)

µ(It) captures the severity of capital investment barriers
(µ0 > 0, µ00 < 0) a la Parente-Prescott (1994)
iso-elastic form: ε = Iµ0(I)/µ(I) 2 (0, 1)

Budget constraints (Y as numeraire):

cs
Y,t + It = (st + rtKt) /TY + Tt

cu
Y,t = wt/TY

where w, s and r are unskilled wage, skilled wage and
capital rental; T is lump-sum net transfer to skilled
Total consumption in urban areas: cY,t = cs

Y,t + Lcu
Y,t.
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The Model: migration equilibrium

Migration equilibrium of the unskilled: ψU( wt
TY
) = U

ψ = migration discounting or finding a job rate in cities
pin down equilibrium unskilled wage w at reservation
consumption c̄:



Introduction On Regional Science Agglomeration Firm Clustering Rural Urban Migration My Future Work

The Model: closing

Goods market clearing:

cY,t + It = Yt +Mt

Government budget:

τMt =
σXrtKXt + σYrtKYt

TY
+

ηptXt

TY
+ Tt

where Tt is used to maintain balanced government budget
under any policy mix (TX, TY, SKX, SKY).
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Intertemporal Optimization

Skilled labor intertemporal optimization:

V(K) = max
I

�
U(

s+rK
TY

+T-I)
�
+

1
1+ ρ

V
�
(1-δ)K+

I
µ(I)

�

Modified Golden Rule:

r
TY
=
(ρ+ δ) µ(I)

1� ε
� π (I)

π0 > 0
steady-state K = I

δµ(I) is increasing in r
TY

:

K̂ = γ(r̂� T̂Y)

γ � 1�ε
ε > 0, depending negatively on the severity of

capital barriers ε.
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Production Efficiency and Competitive Profit

The following conditions yield a recursive system of three
equations in the three factor prices (w, r, s):

w = c̄TY

CX(w,
r

SKX
) = pTX

CY(w,
r

SKY
, s) = TY

Recursivity: w ! r ! s ! (I, K, cu
Y).
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Full Employment

Full Employment of the three factors pins down
(Y, X, L or N):

CY
s (wt, rt/SKY, st)Yt = H = 1

CX
r (wt, rt/SKX)Xt + CY

r (wt, rt/SKY, st)Yt = Kt

CX
w(wt, rt/SKX)Xt + CY

w(wt, rt/SKY, st)Y = L = N�Nt

Recursivity: Y ! X ! L ! (M, T).
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Comparative Statics

Higher tariff (τ ") or lower investment subsidy to
exportables (SKX #)

raises skilled wage, has no effect on real unskilled wage,
and lowers rental
increases import-competing output Y, but decreasing
exportables X
reduces urban employment L, capital accumulation K and
aggregate output R if Y is K-intensive in the quantity sense

A reduction in migration barriers (ψ ")

lowers unskilled wage, raise rental and reduces skilled
wage if Y is more K-intensive in the cost sense
decreases the output of Y but increases X if Y is K-intensive
in the cost sense
increases L, capital accumulation K and R if Y is also
K-intensive in the cost sense.
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Calibrated Benchmark Economy

set: θKY = 0.25, θHY = 0.15, θKX = 0.15, ρ = 0.05, δ = 0.1

select: τ = 0.1 (Korea/Taiwan), η = 0.1, σX = 0.0, σY = 0.1
normalize: B = 1, U = 1, γ = 1
µ0 = 0.09225 for capital-output ratio = 2.5
A = 5.5971 for skilled-unskilled wage ratio = 2.5
ψ = 0.5906 for urban-rural wage ration = 2
p = 4.5 for r = 10%
N = 100 for reasonable rural-urban unskilled worker
proportion in 15� 20%.
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Numerical Results

Policy experiment – raising τ or σY by 1% => %-change in:

γ r s X Y K L R
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-59.1

-1.08
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-11.8
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-24.4

-.34

-19.5

-.26

With nontrivial capital barriers, trade protection has strong
intertemporal distortion and may cause severe
under-urbanization.
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Transition

Transition – path to urbanization (start in year 70,
complete in year 108):

baseline τY " by 20% σX " by 20%

Thus, 20% increase in (τY, σX) delay urbanization by
(36, 2) years

Raise γ by 10%, 50% and 100% ) urbanization process
starts in year 67, 60 and 1.
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My Future Work

Agglomeration: collaboration with Berliant, Palivos and
Xie

unbalanced urban growth
beyond random growth: the rise and fall of cities in the
waterway area during the late Ming-early Ching era based
on a spatial network approach

Firm clustering: collaboration with Hsu, Liang, Mai and
Thisse

firm spillovers and rise and fall of cities
industry dynamics across space

Rural-urban migration: collaboration with Bond, Riezman,
Liao, Song and Yang
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