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Static Spatial Equilibrium Theory

Three Simultaneous Equilibria

1 Individuals are optimally choosing which city to live in
I There is a group of homogeneous individuals
I Some of them are living in different cities
⇒ Their utility level is the same in all those cities

2 Firms earn zero expected profits
I Free entry of firms
I Firm profits are equalized across cities

3 The construction sector operates optimally
I If a city is growing, house prices equal construction costs
I If a city is declining, house prices ≤ construction costs
I Free entry, zero profit for builders
I Construction profits are equalized across cities
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Static Spatial Equilibrium Theory

Housing Prices and Income
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Static Spatial Equilibrium Theory

Housing Affordability

Starting point: Net income = Wages —Housing Costs
I Every household consumes a unit of housing

Measuring affordability by Housing Costs / Wages is a mistake
I A common mistake in policy discussions
I Bias understating the affordability of high-income areas

House prices are strongly positively correlated with income levels

The regression coeffi cient is too low for constant net income
I The user cost of housing is 7-10% of house value
I The coeffi cient is only 5.2

Measurement error
I The coeffi cient on the reverse regression is an appropriate .092
I Income is measured without controlling for human capital
I Current income is a noisy measure of permanent income
I Mean reversion predicts income declines in richer cities
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Static Spatial Equilibrium Theory

Hedonics

Cities also differ in their amenities

Rosen (1979): spatial hedonics with varying incomes

Utility u (w − p, a) implies spatial equilibrium

∂p = ∂w +
ua
uc

∂a

Consumption amenities are identified because they are associated
with lower incomes, controlling for housing prices

Utility u (c, h, a) implies indirect utility v (w , p, a) such that

|vp | ∂p = vw ∂w + va∂a

and by Roy’s lemma
h∂p = ∂w +

va
vw

∂a
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Static Spatial Equilibrium Theory

Individuals’Optimal Location Choice

Cobb-Douglas utility with housing share λ ≈ 0.3

u (c , h, a) = (1− λ) log
c

1− λ
+ λ log

h
λ
+ log a

Every location must yield the reservation utility u

v (w , p, a) = logw − λ log p + log a = u

Identifying the amenity value of any observable x :

∂ log a
∂ log x

= λ
∂ log p
∂ log x

− ∂ logw
∂ log x

Beware again of affordability statistics: p0.3/w , not p/w
1 w1 = 40, 000 €, p1 = 10, 000 € ⇒ p1/w1 = 25%
2 w2 = 60, 000 €, p2 = 25, 884 € ⇒ p2/w2 = 43%
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Static Spatial Equilibrium Theory

Income and Housing PricesJournal of Economic Literature, Vol. XLVII (December 2009)992

prediction that d   Y t  
i  = − (VP/VY) d P t  

i  where 
the ratio VP/VY equals the demand for the 
nontraded good. High income levels are off-
set by high prices. 

Again, the Cobb–Douglas utility function 
is a natural way to empirically use the spatial 
equilibrium assumption. Under this assump-
tion, utility can be written as:  θ t  

i   G T  β  G N  1−β , 
which will equal  θ t  

i    W t  
i ( P t  

i )β−1 times a constant. 
The spatial equilibrium assumption requires 
this to equal Ut, the reservation utility within 
the country. This formulation suggests that 
log( W t  

i ) = log(Ut) + (1 − β) log( P t  
i ) − log( θ t  

i ). 
Figure 3 shows the relationship between the 
logarithm of median home prices and the 

logarithm of median household income 
across space. The coefficient is 0.34, which 
is quite close to the average share of expendi-
ture on housing, or 1 − β . 

The final critical production sector con-
cerns the making of nontraded goods, or 
homes. If we are interested in a truly static 
model, as in Roback (1982), it is natural to 
follow her assumption that nontraded goods 
are produced like traded goods with labor, 
traded capital, and nontraded capital. In 
this case, the production function might 
be  H t  

i   F(K, L), where  H t  
i    refers to productiv-

ity in this sector. We will assume that the 
traded capital here is the same as the traded 
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Figure 3. Housing Prices and Income

Notes: Units of observation are Metropolitan Statistical Areas under the 2006 definitions. Data are from the 
Census, as described in the Data Appendix.

The regression line is log income = 0.34 [0.02] × log value + 5.97 [0.22].
R2 = 0.46 and N = 363.
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Static Spatial Equilibrium Theory

Production Technology

Three factors of production:
1 Labor n
2 Tradable capital k
3 Non-tradable capital z

Cobb-Douglas production function with constant returns to scale:

y = Anβkγzζ

Constant returns to scale: β+ γ+ ζ = 1

All firms have the same factor proportions

Firm size is indeterminate

Aggregating at the city level

wN = βy , pKK = γy and pZZ = ζy
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Static Spatial Equilibrium Theory

Labor Demand

City-specific production amenities
1 Productivity A
2 Non-tradable capital Z̄

Economy-wide price of capital pK
1 Small open economy: pK fixed on international markets; e.g., pK = 1
2 Closed economy: aggregate capital K̄ is given ⇒ endogenous pK

The competitive wage in each city is

w = β

[(
γ

pK

)γ

A
(
Z̄
N

)ζ
] 1
1−γ

The model is well defined with fewer factors: γ = 0 and/or ζ = 0

The city must have one source of decreasing returns: land suffi ces
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Static Spatial Equilibrium Theory

Construction

Exogenous amount of land L̄ in each city
I Natural and regulatory constraints

Housing supply is the product of land L and building height f

Height is built with tradable capital at a convex cost ψpK (f /δ)δ for
ψ > 0 and δ > 1

Free entry of developers

r = max
h

{
pH f − ψpK

(
f
δ

)δ
}
= (δ− 1)

(
pδ
H

ψpK

) 1
δ−1

The maximum profit per unit of land is paid to landowners

Optimal height

f = δ

(
pH

ψpK

) 1
δ−1
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Static Spatial Equilibrium Theory

Housing Prices
The user cost of housing is given dynamically by

pt = (1+m) pH ,t −
EpH ,t+1
1+ i

I Maintenance and tax costs m
I Constant interest rate i

The pricing equation implies the non-bubble value

pH ,t =
∞

∑
τ=0

Ept+τ

(1+m)1+τ (1+ i)τ

Let expected rental prices have a constant growth rate gp

Ept+τ = (1+ gp)
τ pt

Under these hypotheses the model is stationary: regardless of t,

pH ,t
pt

=
1+ i

i + im+m− gp
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Static Spatial Equilibrium Theory

Housing Market Equilibrium

The user cost of housing is p = µpH for µ ≈ 0.1
Housing demand

H =
λw
µpH

N

Housing supply

H = δ

(
pH

ψpK

) 1
δ−1
L̄

Market-clearing price

pH =

[
ψpK

(
λ

δµ

wN
L̄

)δ−1
] 1

δ
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Static Spatial Equilibrium Theory

Spatial Equilibrium

Three equilibrium conditions

1 Individuals’optimal location choice

logw − λ log pH + log a = u + κ1

2 Firms’labor demand

(1− γ) logw + ζ (logN − log Z̄ )− logA = κ2 − γ log pK

3 Housing market equilibrium

δ log pH − (δ− 1) (logw + logN − log L̄)− logψ = log pK + κ3

The constants κ1, κ2 and κ3 are functions of exogenous parameters
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Static Spatial Equilibrium Theory

“Small”Cities
Three endogenous city characteristics

1 Population N
2 Wages w
3 House prices pH

Three exogenous city characteristics
1 Consumption amenities a
2 Production amenities Ã ≡ AZ̄ ζ

3 Construction amenities L̃ ≡ L̄ψ−1/(δ−1)

Two economy-wide variables:
1 Reservation utility u
2 Price of tradable capital pK

We need cities to be “small” so each doesn’t affect u and pK
1 The entire system of cities is small: u and pK are exogenous
2 There is a continuum of cities: u and pK are endogenous,
but they depend on aggregates and not on

(
a, Ã, L̄

)
in any single city
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Static Spatial Equilibrium Theory

Equilibrium Characterization
1 Equilibrium wages

logw = κw +
(δ− 1) λ

(
log Ã− ζ log L̃

)
− δζ log a

β (δ− 1) λ+ δζ

2 Equilibrium housing prices

log pH = κp +
(δ− 1)

(
log Ã+ β log a− ζ log L̃

)
β (δ− 1) λ+ δζ

3 Equilibrium population

logN = κN +
[δ (1− λ) + λ] log Ã+ (β+ ζ)

[
δ log a+ (δ− 1) λ log L̃

]
β (δ− 1) λ+ δζ

I Population density reflects the different impacts of ψ and L̄

log NL = κN +
[δ(1−λ)+λ](log Ã+ζ log L̄)+(β+ζ)(δ log a−λ log ψ)

β(δ−1)λ+δζ
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Static Spatial Equilibrium Theory

Congestion in Construction Alone

For ζ = 0 production has constant returns at the city level

⇒ City size N does not influence the marginal product of labor

1 Wages are determined by production amenities only

logw = κw +
1
β
logA

2 Construction amenities L̃ do not influence prices

log pH = κp +
logA+ β log a

βλ

3 Density reflects construction costs ψ but not the supply of land L̄

log
N
L
= κN +

[δ (1− λ) + λ] log Ã+ β (δ log a− λ logψ)

β (δ− 1) λ

Giacomo Ponzetto (CREI) Urban Economics 23 — 24 January 2012 16 / 86



Static Spatial Equilibrium Theory

Congestion in Production Alone

For δ = 1 construction has constant returns

⇒ Height is a perfect substitute for land: pL = 0

1 The price of housing is determined by construction costs only

log pH = κp + logψ

2 Production amenities Ã do not influence wages

logw = κw + logψ− log a

3 Population reflects construction costs ψ but not the supply of land L̄

logN = κN +
1
ζ

[
log Ã+ (β+ ζ) (log a− λ logψ)

]
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Static Spatial Equilibrium Theory

Comparative Statics
From the equilibrium conditions, for any exogenous city characteristic X

1 Individuals’optimal location choice

∂ logw
∂X

− λ
∂ log pH

∂X
+

∂ log a
∂X

= 0

2 Firms’labor demand

(1− γ)
∂ logw

∂X
+ ζ

∂ logN
∂X

− ∂ log Ã
∂X

= 0

3 Housing market equilibrium

δ

δ− 1
∂ log pH

∂X
− ∂ logw

∂X
+

∂ logN
∂X

− ∂ log L̃
∂X

= 0

To a first order, we can bring these to the data
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Static Spatial Equilibrium Theory

Linear Model

Assume that for a measurable exogenous city characteristic X

1 log a = κa + ξaX + εa
2 log Ã = κA + ξAX + εA
3 log L̃ = κL + ξLX + εL

B Independent homoskedastic errors ε

Log-linearity of these and of the equilibrium conditions implies

1 logw = κw + ξwX + εw for ξw =
(δ−1)λ(ξA−ζξL)−δζξa

β(δ−1)λ+δζ

2 log pH = κp + ξpX + εp for ξp =
(δ−1)(ξA+βξa−ζξL)

β(δ−1)λ+δζ

3 logN = κN + ξN + εN for ξN =
[δ(1−λ)+λ]ξA+(β+ζ)[δξa+(δ−1)λξL ]

β(δ−1)λ+δζ

B Independent homoskedastic errors ε
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Static Spatial Equilibrium Theory

The Rosen—Roback Approach

Inverting the definitions of ξw , ξp and ξN yields the comparative statics
from the equilibrium conditions in global instead of local form

ξa = λξp − ξw
ξA = ζξN + (1− γ) ξw

ξL = ξN + ξw −
δ

δ− 1ξp

ξw , ξp and ξN can be estimated regressing w , pH and N on X

Calibration
1 Budget share of housing λ ≈ 0.3
2 Factor shares β ≈ 0.6 and γ ≈ 0.3
3 Housing supply elasticity 1/ (δ− 1) ≈ ?

Derived estimates of ξa and ξA, and less credibly of ξL
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Static Spatial Equilibrium Evidence

Suggestive Empirics

January temperatures

1 A consumption amenity: ξa > 0
I Lower wages in warmer U.S. cities

2 Correlated with production disamenities: ξA < 0
I Omitted production amenities justify the existence cold cities

3 Housing supply?

1 Glaeser (2008): ξL > 0; more permissive regulation in the South
2 Glaeser and Gottlieb (2009): ξL < 0; old houses in declining cold cities

Correlations to understand the data
I No identification of causal relationships
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Static Spatial Equilibrium Evidence

The Original Rosen—Roback Framework

Roback (1982) classic contribution building upon Rosen’s ideas

1 Endogeneity is not addressed adequately
2 Unclustered standard errors are probably meaningless

B Historical paper: you can no longer write empirics like this

Two prices for the largest U.S. cities

1 Wages w from the 1973 Current Population Survey
2 House prices p for 1973 from the Federal Housing Administration

I Overrepresents the poor, but gives $/sq. ft.

Estimates of consumption (and potentially production) amenities

Attenuation bias from self-sorting of heterogeneous agents
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Static Spatial Equilibrium Evidence

City Characteristics

1 Crime level
I At low frequencies it cannot possibly be exogenous

2 Pollution: particulate level
3 Unemployment rate

I Harris and Todaro’s (1970) model of rural-urban migration
I High wages compensate for high unemployment rates
I Hall (1972) found some evidence of this across U.S. cities
I Not much since then: possibly related to decline in unionization

4 Population, population density, and population growth
I These seem to belong on the left-hand side

5 Climate: heating degree days, snowfall, cloudy days, clear days
I The most plausible exogeneity
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Static Spatial Equilibrium Evidence

Wage Regression
I .\BI.F. 1 

O ' F I  I I 0 1 H l 1 S FRO11 

Lo(. F..\KYIs(;\ K~( .KTSSION\  I N  98 (:I rlF\ 

1 2 3 4 

T( :RIRl t  13 .94 x 1 0 F . 4 4  x lo-" .74 x 1 0 - 7 8 6  x 10 -j 
(2.58) (1.17) ( I  .93) (2.21) 

L-K 73 .36 x 10-' . I 2  x lo-' .32 x lo-' . 2 i  x lo-' 
11.29) (.4:1) (1.14) ( . 9 i )  

P . \RT 73 .24 x .13 x 10r3 .37 x lo-3 .34 x 1 0 ~  
(1..5.5) ( 3 6 )  (2.33) 12.15) 

P O P  79 ,113 x .15 x lo-' . 1 6 x  lo-' . 1 6 x  l o 7  
(7.97) (7.74) (8.04) (8.11) 

DE.SSSSIS.1 .81 x 10-"24 x 10-"20 x lo-;' .38 x I O F  
( ,29) (.86) (.73) (1.40) 

(;KO\V 6070 . 2 1 ~ 1 0 - ~  . 1 4 x 1 0 - '  . l 5 x I O - '  . 1 7 x 1 0 - '  
17.84) (.5.66) (6.06) (6.47) 

HDD .20 x lo-" 
(8.48) 

-I-O.I-SN()\V .72 x 10r3 
(3.54) 

(:I2F,.1R . 6 4  X 10-' 
(-4.80) 

C;l.OC D l - .72 x lO-' 
15.21) 

R 2 ,4980 ,4955 ,4960 ,4962 

F-~.;~rio 421.2 420.0 420.8 421.1 
.\' = 12.001 

TvLLges associated with high unemployment. Population size and the 
population growth rate both have the expected strong positive effects 
\I hile population density (DENSSMSX) is consistently insignificant. 

T h e  climate variables in table 1 perform I-emai-kably well. Heating 
degree days (HDD),  total sno~vfall (TOTSNOW), and  the number- of 
cloudy davs (C;LXILTDY) all have strong positive coefficients, which 
suggests that these indicators of climate are  net disamenities. T h e  
nun~ber-of cleai- days (CLEAR) has a strongly negative coefficient, 
~vhich is consistent with the prior notion that clear- days are arnenii- 
hle.'" 

T h e  nest  question to be addressed is: What is the influence of the 
tit!- attributes o n  the lvell-kno\vn regional differences in earnings! 
These persistent region efkcts  have al~vays been something of a 
puzzle because a mobile labor force ought to bid auray anv geographic 
differences in real ear-nings. Because "real earnings" should be 
defined broadly to mean utility, we test the hypothesis that the ob-

',' P O Iothel- ~ e s u l t s  on climate, see Hoch (1977). 
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Static Spatial Equilibrium Evidence

Housing Price Regression

1 ] 2 - ' >  ] O L 7 R S . \ l .  O F  P O I  I'I.I(::\L~ F( O \ - O \ l YA 

P 4 R I  73 

POP 77 

1)E \5S>154 

(TKO\\ 6070 

HDD 

high growth rates of population suggests that living in the Ll'est may 
t)e a proxy for some unmeasured desirable clirnatic o r  cultural attri- 
butes. 'I'hus, the combined evidence seems persuasive that the re- 
gional differences in earnings can be largely accounted for t)y re-
gional differences in local amenities." 

2. Implicit PI-ices and Quality of Life Indices 

Table 3 presents the results of a series of land price equations compa- 
ral~le to those in table 1 .  The  only significant results are the positive 
coefficients on the unemployment rate, population density, and 
population gro~vth. 'I'he latter t~vo results are most likely demand 
effects, ~vliich PI-osy for some unmeasured attributes o f t h e  city. 'I'he 
theory suggests that the land price gradient reveals the rnarginal 
social value of the amenity to the community. '[he reader may be 

" T h i \  result is ~.ot)ust to  the  inclusion of rnrasul-e\ of cost of living ( \ r e  Rohack 
1980). 
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Static Spatial Equilibrium Evidence

Consumption Amenities

tempted to inf'ei- from the zero coefficients on crime and pollution 
that these conditions have no social disutility. T h e  limitations of' the 
data discussed earlier rnake such a conclusion premature. 
'locompute the implicit price of each attribute in percentage terms, 

\ve need the coefficients horn tables 1 and 3, as well as the budget 
shai-e of' land. 'I'his budget shai-e Jvas computed from the FHA data by 
multiplying the fi-action of' income spent on the mortgage (approxi- 
mately 17.8 percent) by the ratio of' the site pi-ice to the total value of' 
the house (approximately 19.6percent). 'I'his number was then aver- 
aged over a11 83 FHA cities to yield an average budget share. 'I'able 4 
repoi-ts the irnplicit pi-ices computed from the columns of tables 1 and 
3. For example, colurnn 2 reports the pi-ices computed from regres- 
sions, which include total annual snowfall as the climate variable. .A 
negative nurnl~ei- indicates a "bad" ~vhile a positive number indicates a 
good. [Vhile rrlost of the variables perform as expected, looking across 
the ~ . o ~ v s  of' table 4 reveals some sensitivity of' the prices to specifica- 
t1011. 

Each entrv in table 4 tells the marginal price of' the amenity evalu- 
ated at average annual earnings. Foi- example, the average person 

I.(:KI\lE. 73 
~cl . imrsiI00 popul,trion) 

YR 73 
i f  1-dctiotl U I I C . I I I ~ ~ ~ \ C ~ )  

P .IR I' 73 
~ ~ i ~ i c r ~ ~ g ~ ~ , t t ~ ~ \ i c ~ ~ O i cI I I C . ~ C . I )  

POP 7:i 
( 10.000 pc~l-\oll\) 

DENSS\IS.I 
I 100 per-ion\'\cluarr ~iiile) 

C;RO\V 6050 
(per(  rnt,rgc (hang?  in popul;t- 
tion) 

Hr)r) 
( 1' I; coltlr.r tot- one t l ,~ \  

I - o l - s N o \ V  
(iticties) 

(:Lt:.iK 
(( l ' l \ \ )  

(:I.( )YI)Y 
( t I ' t \ \ )  
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Static Spatial Equilibrium Evidence

Government-Related Amenities

Gyourko and Tracy (1991) on local public finance

1 Local government provides important amenities
2 Local taxes create tax wedges on p and w
3 A rent-seeking public sector might extract the value of amenities

Local government is exogenous for each potential resident or firm
I But econometrically exogenous?

Random effects estimation
I Exogeneity of the random effects is rarely easy to accept
I Still no clustering
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Static Spatial Equilibrium Evidence

Natural and Fiscal Amenities

-- 

TABLE 1 

REGRESSIONRESULTSAND TRAIT PRICES: EFFECTSRANDOM SPECIFICATION 
pp 


pp 

--ppp-p-


~ ~ 

-
-- - - ..- -- ----... . -- . -.. 

- ~-~~ -~ -- - - ~-- --

ANNUAL 

HOUSING WEEKLY TRAIT PRICES$ 
ANNUALIZED 

EXPENDITURE WAGE -- ---

HEDONIC* HEDONIC~ Housing Wage Full 
CITY TKAIT ( 1 )  (2) (3) (4) (5) 
-- - -~ .. ~- --- -. --~-

Precipitation - ,0139 - ,0027 -$22.82 -$2 1.59 $ 1 . 2 2  
(.0030) (.0009) (4.98) (6.83) (8.45) 

Cooling degree days (thousands) - ,1344 ,003 1 -7.97 .89 -8.86 
(.0562) (.0157) (3.33) (4.49) (5.59) 

Heating degree days (thousands) , 0 2 7 7  .0 172 -5.65 16.93 -22.58 
(.0248) (.0069) (5.06) (6.82) (8.49) 

Relative humidity .0145 ,0033 36.53 40.14 -3.61 
(.0053) (.0015) (13.36) (18.67) (22.95) 

Sunshine (pert enrage possible) ,0079 - ,0005 21.84 -6.03 27.87 
(.0056) (.00 16) (15.38) (2 1.97) (26.82) 

Wind speed (mph) - ,0427 -.0192 - 18.18 -39.57 2 1.39 
( .O 179) (.0055) (7.62) (1 1.31) (13.64) 

Particulate matter - ,0019 - .0003 -6.36 -4.34 -2.01 
(.0013) (.0004) (4.20) (-5.79) (7.15) 

Coast ,1345 - .020 1 654.15 -435.70 1,089.86 
(.0694) (.0199) (360.15) (429.20) (560.28) 

Cost of living ,6496 ,2633 28.89 56.58 -27.70 
(1.6197) (.4208) (7 1.94) (90.42) (1 15.55) 

Violent crime ,0574 ,0705 2.51 14.91 - 12.40 
(.0425) (.0109) (1.86) (2.3 1) (2.97) 
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Static Spatial Equilibrium Evidence

Natural and Fiscal Amenities

Studentlteacher ratio -.0107 -.0010 
(.0096) (.0027) 

Fire rating .0498 .0156 
(.0255) (.0078) 

Hospital beds .003 1 - .0036 
(.0037) (.0010) 

Property tax rate -.lo37 . . .  
(.0399) 

State and local inconie tax rate - ,0287 ,0020 
(.0101) (.0029) 

State corporate tax rate ,0208 - ,0067 
(.0100) (.0029) 

Percentage public union organized - ,1646 - ,0041 
(. 1302) (.0385) 

SMSA population (millions) ,0376 ,0096 
(.0223) (.0057) 

Percentage working in other SMSA 1.4693 ,1052 
(.6325) (. 1969) 

Summary statistics: 

m i  .0434 . . .  
4 .I801 . . .  

4 . . .  .2905 

4 . . .  ,0023 
Number of observations 5,263 38,870 

. -- - .. - p~ ~ 
- -

* The housing hedon~c contains 20 structlrlal trait controls. All results are available on request. Estimated standard el rors are in parentheses 
'The  wage hedonlc contains 1 1  worker quality variables and controls for 22 major indusrry and occupation groups. All results are availablr on request. Estimated standard errors are in 

parentheses. 
Thc calculations In cols 3-5 are based on a 1 pcrccnt change about the mean of the variables except for the dichotomous coast variable. Its prices arc based on a d~screte change from 

noncoast to coastal status. All figures in these threc columns arc annuahzed. We assume 1.5 wage earners per household and 49 work weeks per year. These are the sample averages. Standard 
errors of the implicit prices are in parentheses. They are calculated via the "delta" method. 
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Static Spatial Equilibrium Evidence

Micro-Geography

Black (1999) on public schools in the Boston area

Tax rates and school spending vary by school district

Average test scores measure quality at the school level

Attendance districts within a school district determine a child’s school

Identification off of discontinuity at administrative boundaries
I 39 school districts, 181 attendance district boundaries

Within-city hedonics on p only
I Transaction prices for 22,679 single-family homes
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Static Spatial Equilibrium Evidence

Attendance District Boundaries
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Static Spatial Equilibrium Evidence

House Prices and School Quality
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Static Spatial Equilibrium Evidence

House Prices and School Quality
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Static Spatial Equilibrium Evidence

Differences at the Boundary
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Static Spatial Equilibrium Evidence

Capitalized Prices of Better Test Scores
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Dynamic Spatial Equilibrium Rosen-Roback

Repeated Static Equilibrium
1 Individuals can relocate every period at no cost

logwt − λ log pt + log at = ut

or in first differences

log
wt+1
wt
− λ log

pt+1
pt

+ log
at+1
at

= ut+1 − ut

2 Firms rent tradable capital in every period

(1− γ) logwt + ζ logNt − log Ãt = κ2 − γ log pK ,t

or in first differences

(1− γ) log
wt+1
wt

+ ζ log
Nt+1
Nt
− log Ãt+1

Ãt
= −γ log

pK ,t+1
pK ,t

The right-hand sides are time- but not city-specific
I “Small” cities do not influence ut nor pK ,t

Giacomo Ponzetto (CREI) Urban Economics 23 — 24 January 2012 36 / 86



Dynamic Spatial Equilibrium Rosen-Roback

Simplified Housing Dynamics

Housing prices are forward-looking and complicate a dynamic model

If Ept+τgrows at a rate gp constant across cities and over time, then

pt = µpH ,t ⇒ log
pt+1
pt

= log
pH ,t+1
pH ,t

The housing market equilibrium is

δ log pH ,t − (δ− 1)
(
logwt + logNt − log L̃t

)
= log pK ,t + κ3

or in first differences

δ log
pt+1
pt
− (δ− 1)

(
log

wt+1
wt

+ log
Nt+1
Nt
− log L̃t+1

L̃t

)
=
log pK ,t+1
log pK ,t

We can treat growth rates just as we did log levels
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Dynamic Spatial Equilibrium Rosen-Roback

Linear Growth Rates for Exogenous Variables

Assume that for a measurable exogenous city characteristic Xt

1 log at+1 − log at = κ∆a + ∆aXt + ε∆a,t

2 log Ãt+1 − log Ãt = κ∆A + ∆AXt + ε∆A,t

3 log L̃t+1 − log L̃t = κ∆L + ∆LXt + ε∆L,t

B Independent homoskedastic errors ε

Assume that aggregate dynamics satisfy

1 ut+1 − ut = κ∆u + ε∆u,t

2 log pK ,t+1 − log pK ,t = κ∆K + ε∆K ,t

B Independent homoskedastic errors ε

The aggregate assumptions could be relaxed
I Time-varying intercept, i.e., time fixed effects
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Dynamic Spatial Equilibrium Rosen-Roback

Linear Growth Rates for Endogenous Variables

If Ept+τ grows at a rate gp constant across cities and over time, then

1 logwt+1 − logwt = κ∆w + ∆wXt + ε∆w ,t

2 log pH ,t+1 − log pH ,t = κ∆p + ∆pXt + ε∆p,t

3 logNt+1 − logNt = κ∆N + ∆NXt + ε∆N ,t

B Independent homoskedastic errors ε

Given estimates of ∆w , ∆p and ∆N from growth regressions

1 ∆a = λ∆p − ∆w
2 ∆A = ζ∆N + (1− γ)∆w
3 ∆L = ∆N + ∆w − ∆pδ/ (δ− 1)
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Dynamic Spatial Equilibrium Rosen-Roback

Consistency Check

We assumed
Ept+1 = (1+ gp) pt

We derived
pt+1 = pt exp (κ∆p + ∆pXt + ε∆p,t )

Consistent if E exp (∆pXt ) is constant across cities and over time
1 Xt is i.i.d. across cities and over time
2 Xt is realized after period t construction

The best exogenous variables are not i.i.d: e.g., climate
1 Incomplete modelling of the housing sector
2 Simplified microfoundation of construction
3 Full-fledged housing dynamics
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Dynamic Spatial Equilibrium Rosen-Roback

Perfectly Elastic Housing Supply
1 Perfectly elastic supply of housing at unit cost ψpK (δ = 1)

log pH ,t − logψt = log pK ,t

2 Growth rate of construction costs independent of Xt

logψt+1 − logψt = κ∆ψ + ε∆ψ,t

B Rental prices

pt = (1+m) pH ,t −
EpH ,t+1
1+ i

= µpH ,t

for

µ = 1+m−
exp

(
κ∆ψ + ε∆ψ,t

)
E exp

(
ε∆ψ,t + ε∆K ,t

)
1+ i

We could let µ vary across cities and over time: then ãt = atµ−λ
t

I Higher expected housing appreciation is appealing to residents
I We need µ to be independent of pH ,t and Xt
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Dynamic Spatial Equilibrium Rosen-Roback

Perfectly Inelastic Housing Supply
Perfectly inelastic supply of housing Ht = L̄t (δ→ ∞)

log pt − logwt + log L̄t − logNt = κ3

Equilibrium in terms of rental price pt
1 ∆a = λ∆p − ∆w
2 ∆A = ζ∆N + (1− γ)∆w
3 ∆L = ∆N + ∆w − ∆p

We typically have and prefer data on house prices pH , not rents p
If Xt = X is an invariant city characteristic

pt+τ = pt exp
[
τ (κ∆p + ∆pX ) +∑τ−1

s=0 ε∆p,t+s

]
⇒ pH ,t

pt
=

1
1+m

∞

∑
τ=0

[
exp (κ∆p + ∆pX )
(1+m) (1+ i)

]τ

E exp
(
∑τ−1
s=0 ε∆p,t+s

)
⇒ log pH ,t+1 − log pH ,t = log pt+1 − log pt
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Dynamic Spatial Equilibrium Stylized Facts

Urban and Regional Dynamics

1 Population patterns are very persistent in the long run Figure

2 Population growth rates are persistent in the short run Figure

I Employment growth rates have the same behavior Figure

I Growth rates of housing supply have the same behavior Figure

I Persistence need not apply to the long run Figure

3 Gibrat’s law: growth rates are independent of initial levels
I Often true of population (cf. 1 above) USA France Japan

I Often false of population Table

4 Mean reversion of income Figure

5 Correlation of population growth and initial income Figure

Documented for U.S. cities, counties, and states

Seemingly true in other countries as well

Forward
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Dynamic Spatial Equilibrium Stylized Facts

Autauga, AL

Baldwin, AL

Barbour, AL
Bibb, AL

Blount, AL

Butler, AL

Calhoun, AL

Chambers, AL
Cherokee, AL

Choctaw, AL

Clarke, AL
Coffee, AL

Conecuh, ALCoosa, AL

Covington, AL
Dale, AL Dallas, AL

De Kalb, AL

Fayette, AL
Franklin, AL

Greene, AL
Henry, AL

Jackson, AL

Jefferson, AL

Lauderdale, AL

Lawrence, AL

Limestone, AL

Lowndes, AL

Macon, AL

Madison, AL

Marengo, AL
Marion, AL

Marshall, AL

Mobile, AL

Monroe, AL

Montgomery, AL

Morgan, AL

Perry, AL

Pickens, AL
Pike, AL

Randolph, AL

Russell, AL
St. Clair, AL

Shelby, AL

Sumter, AL

Talladega, AL

Tallapoosa, AL

Tuscaloosa, AL

Walker, AL

Washington, AL
Wilcox, AL

Winston, AL

Fairfield, CTHartford, CT

Litchfield, CTMiddlesex, CT

New Haven, CT

New London, CT

Tolland, CT
Windham, CTKent, DE

New Castle, DE

Sussex, DE

District of Columbia

Calhoun, FL

Columbia, FL

Duval, FL

Escambia, FL

Gadsden, FL

Hamilton, FL
Holmes, FL

Jackson, FL

Jefferson, FL

Leon, FL

Liberty, FL

Madison, FL

Nassau, FL

Santa Rosa, FL

Suwannee, FL

Taylor, FL
Wakulla, FL
Walton, FL

Washington, FLAppling, GA

Baker, GA

Baldwin, GA

Banks, GA

Bartow, GA

Berrien, GA

Bibb, GA

Brooks, GA
Bryan, GA

Bulloch, GA

Burke, GAButts, GA

Calhoun, GA

Camden, GA

Carroll, GA
Catoosa, GA

Charlton, GA

Chatham, GA

Chattahoochee, GA
Chattooga, GA

Cherokee, GA
Clarke, GA

Clay, GA

Clayton, GA

Clinch, GA

Cobb, GA

Coffee, GAColquitt, GA

Columbia, GACoweta, GA

Crawford, GADade, GADawson, GA
Decatur, GA

De Kalb, GA

Dooly, GA

Dougherty, GA

Early, GA

Echols, GA

Effingham, GA

Elbert, GAEmanuel, GAFannin, GA

Fayette, GAFloyd, GAForsyth, GA

Franklin, GA

Fulton, GA

Gilmer, GA

Glascock, GA

Glynn, GA
Gordon, GA

Greene, GA

Gwinnett, GA

Habersham, GA

Hall, GA

Hancock, GA

Haralson, GA Harris, GAHart, GA

Heard, GA

Henry, GAHenry, GAHouston, GA

Irwin, GA

Jackson, GA

Jasper, GA
Jefferson, GA

Johnson, GA

Jones, GA

Laurens, GA

Lee, GA

Liberty, GA

Lincoln, GA

Lowndes, GA

Lumpkin, GA

McIntosh, GA
Macon, GA

Madison, GA

Marion, GA

Meriwether, GA

Miller, GA

Mitchell, GA Monroe, GA

Montgomery, GA

Morgan, GA

Murray, GA

Muscogee, GA

Newton, GA

Oglethorpe, GA

Paulding, GA

Pickens, GA
Pierce, GA Pike, GA

Polk, GA

Pulaski, GA

Putnam, GA

Quitman, GA

Rabun, GA

Randolph, GA

Richmond, GA

Schley, GA

Screven, GA

Spalding, GA

Stewart, GA

Sumter, GA

Talbot, GA

Taliaferro, GA

Tattnall, GA

Taylor, GA
Telfair, GATerrell, GA

Thomas, GA

Towns, GA

Troup, GA

Twiggs, GA
Union, GA

Upson, GA

Walker, GAWalton, GA

Ware, GA

Warren, GA

Washington, GA
Wayne, GA

Webster, GA

White, GA

Whitfield, GA

Wilcox, GA Wilkes, GAWilkinson, GA

Worth, GA

Alexander, IL

Bond, IL

Boone, ILBureau, IL

Carroll, IL

Champaign, IL

Christian, IL

Clark, ILClay, IL

Clinton, IL
Coles, IL

Cook, IL

Crawford, IL

Cumberland, IL

DeKalb, IL

De Witt, ILDouglas, IL

DuPage, IL

Edgar, IL

Edwards, IL

Effingham, IL
Fayette, IL

Ford, IL

Franklin, IL

Gallatin, IL

Grundy, IL

Hamilton, IL

Hardin, IL

Iroquois, IL

Jackson, IL

Jasper, IL

Jefferson, IL

Johnson, IL

Kane, IL

Kankakee, IL

Kendall, IL

Lake, IL

La Salle, IL

Lawrence, IL

Lee, ILLivingston, IL
Logan, IL

McHenry, IL

McLean, IL
Macon, IL

Macoupin, IL

Madison, IL

Marion, IL

Marshall, ILMason, ILMassac, ILMenard, IL

Montgomery, IL

Moultrie, IL

Ogle, IL

Peoria, IL

Perry, IL
Piatt, IL

Pope, IL
Pulaski, ILPutnam, IL

Randolph, IL

Richland, IL

St. Clair, IL

Saline, IL

Sangamon, IL

Shelby, IL

Stark, IL

Stephenson, IL

Tazewell, IL

Union, IL

Vermilion, IL

Wabash, ILWashington, ILWayne, ILWhite, IL

Whiteside, IL

Will, IL

Williamson, IL

Winnebago, IL

Woodford, ILAdams, IN

Allen, IN

Bartholomew, IN

Benton, IN
Blackford, IN

Boone, IN

Brown, IN
Carroll, IN

Cass, IN

Clark, IN

Clay, IN
Clinton, IN

Crawford, IN

Daviess, IN
Dearborn, IN

Decatur, IN
De Kalb, IN

Delaware, IN

Dubois, IN

Elkhart, IN

Fayette, IN

Floyd, IN

Fountain, IN
Franklin, INFulton, IN

Gibson, IN

Grant, IN

Greene, IN

Hamilton, IN

Hancock, IN
Harrison, IN

Hendricks, IN

Henry, IN

Howard, IN

Huntington, INJackson, IN
Jasper, IN

Jay, IN
Jefferson, INJennings, IN

Johnson, IN

Knox, IN

Kosciusko, IN

Lagrange, IN

Lake, IN

La Porte, IN

Lawrence, IN

Madison, IN

Marion, IN

Marshall, IN

Martin, IN

Miami, IN

Monroe, IN

Montgomery, IN

Morgan, IN

Newton, IN

Noble, IN

Ohio, IN

Orange, INOwen, IN
Parke, INPerry, IN

Pike, IN

Porter, IN

Posey, IN

Pulaski, IN

Putnam, IN
Randolph, INRipley, IN

Rush, IN

St. Joseph, IN

Scott, IN

Shelby, IN

Spencer, INStarke, IN
Steuben, IN

Sullivan, IN

Switzerland, IN

Tippecanoe, IN

Tipton, IN

Union, IN

Vanderburgh, IN

Vermillion, IN

Vigo, IN

Wabash, IN

Warren, IN

Warrick, IN

Washington, IN

Wayne, IN

Wells, INWhite, INWhitley, IN

Adair, KYAllen, KYAnderson, KY

Ballard, KY

Barren, KY

Bath, KY

Boone, KY

Bourbon, KY

Boyd, KY

Boyle, KY

Bracken, KY

Breathitt, KYBreckinridge, KY

Bullitt, KY

Butler, KYCaldwell, KY

Calloway, KY

Campbell, KY

Carroll, KY

Carter, KY
Casey, KY

Christian, KY

Clark, KY
Clay, KY

Clinton, KYCrittenden, KY
Cumberland, KY

Daviess, KY

Edmonson, KY
Estill, KY

Fayette, KY

Fleming, KY

Floyd, KYFranklin, KY

Fulton, KYGallatin, KY

Garrard, KY
Grant, KY

Graves, KY
Grayson, KY

Green, KY

Greenup, KY

Hancock, KY

Hardin, KY

Harlan, KY

Harrison, KYHart, KY

Henderson, KY

Henry, KY

Hickman, KY

Hopkins, KY

Jackson, KY

Jefferson, KY

Jessamine, KY
Johnson, KY

Kenton, KY

Knox, KY

Larue, KY

Laurel, KY

Lawrence, KY
Letcher, KY

Lewis, KY
Lincoln, KY

Livingston, KY

Logan, KY

Lyon, KY

McCracken, KY

McLean, KY

Madison, KY

Magoffin, KY
Marion, KY

Marshall, KY

Mason, KY
Meade, KY

Mercer, KY

Metcalfe, KYMonroe, KY

Montgomery, KY
Morgan, KY

Muhlenberg, KYNelson, KY

Nicholas, KY

Ohio, KY

Oldham, KY

Owen, KY

Owsley, KY

Pendleton, KY

Perry, KY

Pike, KY

Powell, KY

Pulaski, KY

Rockcastle, KY
Rowan, KY

Russell, KY

Scott, KYShelby, KY

Simpson, KY
Spencer, KY

Taylor, KY

Todd, KYTrigg, KY
Trimble, KY

Union, KY

Warren, KY

Washington, KY

Wayne, KY
Webster, KY

Whitley, KY
Woodford, KY

Orleans, LA

St. Tammany, LA

Allegany, MD

Anne Arundel, MD
Baltimore, MD

Calvert, MD

Caroline, MD

Carroll, MD

Cecil, MD
Charles, MD

Dorchester, MD

Frederick, MDHarford, MDHoward, MD

Kent, MD

Montgomery, MDPrince George's, MD

Queen Anne's, MD

St. Mary's, MD

Somerset, MD
Talbot, MD

Washington, MD

Worcester, MD

Barnstable, MA
Berkshire, MA

Bristol, MA

Dukes, MA

Essex, MA

Franklin, MA

Hampden, MA

Hampshire, MA

Middlesex, MA

Nantucket, MA

Norfolk, MA
Plymouth, MA

Suffolk, MAWorcester, MA

Allegan, MI

Barry, MI

Berrien, MI

Branch, MI

Calhoun, MI

Cass, MI
Clinton, MI

Eaton, MI

Hillsdale, MI

Ingham, MI

Ionia, MI

Jackson, MI
Kalamazoo, MI

Lenawee, MI
Livingston, MI

Macomb, MI

Monroe, MI

Oakland, MI

Ottawa, MI
St. Clair, MI

St. Joseph, MIShiawassee, MIVan Buren, MI

Washtenaw, MI

Wayne, MI

Attala, MS
Calhoun, MS

Carroll, MS

Chickasaw, MS

Choctaw, MS

Clarke, MSCovington, MS

DeSoto, MS

Greene, MS

Hancock, MS

Harrison, MS

Itawamba, MS

Jackson, MS

Jasper, MS

Jones, MS

Kemper, MS

Lafayette, MS

Lauderdale, MS

Leake, MS

Lowndes, MS

Marion, MS
Marshall, MSMonroe, MS

Neshoba, MS
Newton, MS

Noxubee, MS

Oktibbeha, MSPanola, MS

Perry, MS

Pontotoc, MS

Rankin, MS

Scott, MSSimpson, MS
Smith, MS

Tippah, MSTishomingo, MSWayne, MSWinston, MS
Yalobusha, MS

Cape Girardeau, MO

Mississippi, MO
New Madrid, MOPemiscot, MOPerry, MO

Scott, MO
Stoddard, MO

Cheshire, NH

Hillsborough, NH
Rockingham, NHAtlantic, NJ

Bergen, NJ

Burlington, NJCamden, NJ

Cape May, NJ
Cumberland, NJ

Essex, NJ

Gloucester, NJ

Hudson, NJ

Hunterdon, NJ

Mercer, NJ

Middlesex, NJMonmouth, NJ
Morris, NJOcean, NJ Passaic, NJ

Salem, NJ

Somerset, NJ

Sussex, NJ

Union, NJ

Warren, NJ

Albany, NY

Allegany, NY

Broome, NY

Cattaraugus, NY
Chautauqua, NY

Chemung, NY

Chenango, NYColumbia, NY
Cortland, NYDelaware, NY

Dutchess, NY

Erie, NY

Greene, NY

Kings, NY

Livingston, NYMadison, NY
Montgomery, NY

New York, NY

Ontario, NY

Orange, NY

Otsego, NY
Putnam, NY

Queens, NY

Rensselaer, NY

Richmond, NY
Rockland, NY

Schenectady, NY

Schoharie, NY
Schuyler, NY

Seneca, NY

Steuben, NY

Suffolk, NY

Sullivan, NY
Tioga, NY

Tompkins, NY

Ulster, NY

Westchester, NY

Wyoming, NY

Yates, NY

Alamance, NC

Alexander, NC

Alleghany, NC

Anson, NCAshe, NC

Beaufort, NC

Bertie, NC
Bladen, NC

Brunswick, NC

Buncombe, NC

Burke, NC
Cabarrus, NC

Caldwell, NC

Camden, NC

Carteret, NC

Caswell, NC

Catawba, NC

Chatham, NC

Cherokee, NC
Chowan, NC
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Dynamic Spatial Equilibrium Stylized Facts

Persistence in City Growth Rates

 38 

Figure 2: Persistence in city growth rates, 1980-2000 
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Sample is all cities with population of 100,000 or more in 1990 and available population data for 1980 (193 
observations).  
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Dynamic Spatial Equilibrium Stylized Facts

Persistence of Employment Growth RatesOlivier Jean Blanchard and Lawrence F. Katz 5 

Figure 1. Persistence of Employment Growth Rates across U.S. States, 1950-90 

Annual employment growth, 1970-90 (percent) 
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Source: Authors' calculations using data from Employment anid Earninlgs. See the appendix for more information. 
Annual employment growth is measured by the average annual change in log employment over the specified time 
span. 

Trends and Fluctuations in Relative Employment 

Over the last forty years, U.S. states have experienced large and sus- 
tained differences in employment growth rates. This experience is illus- 
trated in figure 1, which plots average nonfarm employment growth from 
1950 to 1970 against average nonfarm employment growth from 1970 to 
1990. (A few states have a later starting date. The appendix gives exact 
definitions, sources and coverage for the series used in this paper.) The 
line is a regression line and has a slope of 0.70 and an R2 of 0.75. Arizona, 
Florida, and Nevada have consistently grown at 2 percent above the na- 
tional average. Even leaving these states out, the R2 is still equal to 0.60. 
Massachusetts, New York, Pennsylvania, Rhode Island, and West Vir- 
ginia have consistently grown at rates much below the national average. 
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Dynamic Spatial Equilibrium Stylized Facts

Changes in Population and Housing Stock
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Figure 2
The Negative Correlation of Population Changes

The figure shows the 54 counties that had more than 50,000 people in 1860
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Gibrat’s Law in the U.S.

 39 

Figure 3: Growth and initial population, 1990-2000 
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Sample is all cities with population of 100,000 or more in 1990 (195 observations). 
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Gibrat’s Law for 39 French Cities

450 J. Eaton, Z. Eckstein I Regional Science and Urban Economics 27 (1997) 443-474 

The stability of the Lorenz curves could be the consequence of any number of 
dynamic processes driving the population growth of individual cities. The most 
obvious possibility is that all cities on average grow at the same rate starting at 
different levels (‘parallel growth’). Two possibilities are ruled out, however. If 
there were an upper bound on city size that was attained by any city in our sample 
then we would expect the initial level of population of the city to be negatively 
correlated with average growth rate (‘convergence of size distribution’). The size 
distribution of cities would then be getting more equal over time. On the other 
hand, if the growth rate of a city is positively correlated with its initial size 
(‘divergence of size distribution’) then we would expect the Lorenz curves to 
exhibit increased inequality over time. 

Fig. 3 displays the French average annual growth rates of the cities from 1876 
to 1990 and the initial level of each city in 1876. The regression line implies that 
there is no correlation between the initial size of the agglomeration and the growth 
rate during that period. (The slope coefficient is - 1 X 10e6 with a SE. of 
1.56 X 10d6.) Fig. 4 presents the equivalent picture for the Japanese cities. Here, 
as well, there is no obvious correlation between the initial level. The slope is 
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Fig. 3. French cities: Growth rates and 1876 cities size. 
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Gibrat’s Law for 40 Japanese CitiesJ. Eaton, Z. Eckstein I Regional Science and Urban Economics 27 (1997) 443-474 451 
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Fig. 4. Japanese cities: Growth rates and 1925 cities size. 

positive but not significant (1.3 X lop9 with a S.E. of 0.8 X 10P9). This result is 
consistent with the stability of the Lorenz curves as well as with parallel growth.17 

2.2. The rank-size rule 

Given that the distribution of relative city size was so stable over the period, we 
now ask whether the populations of these urban areas obeyed the ‘rank size rule.’ 
According to this rule city populations among any group of cities at any time are 
proportional to the inverse of the ranking of their populations in that group. This 
result would obtain, for example, if the rank of a city of size N has the 
expectation: 

” The results in Figs. 3 and 4 are similar to Barro (1991) on the relationship between per-capita 
income growth and the initial level of income per capita using the Summers and Heston (1991) country 
data. If Paris is omitted from the French data, then the regression has a significant negative slope. If 
Tokyo is omitted, then, the regression for Japan has a significant positive slope. Given the central role 
of these cities we think that it is wrong to drop them from the sample. 
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(1) (2) (3) (4)

Decades

Correlation
with Lagged
Population

Change

Correlation
with Lagged
Population

Change
(50,000+)

Correlation
with Initial

Log
Population

Correlation
with Initial Log

Population
(50,000+)

1790s . . 0.4681 0.9505
1800s 0.3832 0.6462 0.5625 0.1316
1810s 0.3256 0.4766 0.5674 0.0463
1820s 0.4423 0.5231 0.5136 0.4178
1830s 0.4452 0.9261 0.6616 0.241
1840s 0.4634 0.8978 0.5122 0.3922
1850s 0.4715 0.7661 0.319 0.0392
1860s 0.3985 0.4631 0.0111 0.0065
1870s 0.1228 0.4865 0.3614 0.0205
1880s 0.3978 0.4541 0.1252 0.3323
1890s 0.4935 0.5382 0.1181 0.3691
1900s 0.4149 0.6454 0.1754 0.2947
1910s 0.5027 0.5778 0.2747 0.0903
1920s 0.476 0.4675 0.3381 0.1494
1930s 0.3005 0.4887 0.0415 0.1585
1940s 0.4151 0.6752 0.3863 0.0649
1950s 0.7397 0.7327 0.3985 0.0444
1960s 0.7225 0.8196 0.2922 0.0311
1970s 0.3821 0.4349 0.2247 0.4462
1980s 0.641 0.7096 0.1062 0.0693
1990s 0.737 0.7863 0.0197 0.157

Table 1:
Population Growth Correlations

Source: County level data from ICPSR 2896  Historical, Demographic, Economic, and Social
Data: The United States, 17902000.
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Dynamic Spatial Equilibrium Stylized Facts

Growth and Poverty

 41 

Figure 5: Growth and poverty, 1990-2000 
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Sample is all cities with population of 100,000 or more in 1990 (195 observations). 
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Dynamic Spatial Equilibrium Stylized Facts

Post-War U.S. Urban and Regional Growth
1 Dispersion of manufacturing

I Manufacturing predicts the decline of cities Figure

F Specialization in health services even more so Figure

I Manufacturing does not predict the decline of counties Figure

2 Education predicts population Figure and income Table growth
I Also predicts growth in education itself Figure

I Greater impact in larger cities (Glaeser and Resseger 2010)
I Seemingly true in the past as well (Simon and Nardinelli 2002)

3 Small firm size predicts employment Figure and income growth Table

I Effect at the city-industry level (Glaeser, Kerr and Ponzetto 2010)

4 Good weather predicts population Figure and income Figure growth

Productivity channel: population and income co-move
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Dynamic Spatial Equilibrium Stylized Facts

Manufacturing and Urban Decline

capita income in 1980. These taxes are meant to include city-level taxes from all sources.
The graph shows a significant negative relationship, and also shows that Boston is among
the highest taxed cities in the sample. The line in the graph tells us that as taxes (relative to
income) rise by 1%, the expected growth rate during the 1920–1980 period declines by 6%.
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Figure 9. Manufacturing and urbane decline.

Source: Population numbers are from theUSCensus. The observations are cities.Manufacturing Employment
Share refers to the number of employees residing in the city who are in manufacturing industries.
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Dynamic Spatial Equilibrium Stylized Facts

Growth and Health Services

 40 

Figure 4: Growth and health services, 1990-2000 
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Sample is all cities with population of 100,000 or more in 1990 (195 observations). 
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Dynamic Spatial Equilibrium Stylized Facts
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Dynamic Spatial Equilibrium Stylized Facts

City Growth and Education

Boston had a number of features which drove its decline during the middle decades of
the 20th century. It was built at density levels too high for the automobile to function
effectively and it was located in a cold state. The city had concentrated in manufacturing
(although this was over by 1980) and had extremely high local tax levels. Together these
factors drove Boston’s decline. By 1980, Boston was just another of America’s formerly
great declining cities. Its real estate values were low and it had lost population steadily
since 1950. The citywas beginning to suffer from the social problems, such as high poverty
and unemployment, that generally accompany urban decline. Indeed, an urban observer
looking at Boston in 1980 would have every reason to believe that it would go the way of
Detroit and Syracuse and continue along its sad path towards urban irrelevance.

5. 1980–2000: America’s Athens turns commercial

But that did not happen. During the past 20 years, the Boston metropolitan area has
gained population steadily. The city ofBostonhasnot grown significantlymore populous,
but at least the population drain has stopped. Most dramatically, there has been an
explosion of housing values. These values create urban problems of their own, but
they are a strong indication of demand for that particular city. While Detroit and
Syracuse are still places marked by extremely low housing demand, the Boston
market has generally been extremely hot. Moreover, Boston has been linked to a
number of the most important developments in the US economy over the past 20
years. In this section, I explore the reasons for Boston’s success in the 1980–2000 period.

One of the most persistent predictors of urban growth over the last century is the skill
level of a city (Simon and Nardinelli, 2002, Glaeser et al., 1995). Figure 11 shows the
relationship between percent college educated in 1980 and the population growth over
the next 20 years among the 147 metropolitan areas with more than 100,000 residents
in 1980 with mean January temperatures below 40 degrees. Among these colder cities,
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Income Growth
Population

Growth
Share of Workers in Manufacturing, 1950 0.3025 0.5597

(0.05) (0.1369)
Log of Population, 1950 0.0868 0.2817

(0.0139) (0.0381)
Mean January Temperature 0.0003 0.0198

(0.0008) (0.0022)
Longitude 0.0048 0.0107

(0.0012) (0.0032)
Distance to Center of Nearest Great Lake 0.0009 0.0007

(0.0002) (0.0006)
Share with Bachelor Degrees, 1950 2.5141 4.3104

(0.3098) (0.8479)
Log of Population/Bachelor Degree Interaction, 1950 1.1749 2.7005

(0.2127) (0.5822)
Log of Median Income, 1950 0.7392 0.4600

(0.0221) (0.0605)
Constant 8.8912 3.2321

(0.2083) (0.57)

Observations 1328 1328
Rsquared 0.7476 0.1833

Table 6:
Income and Population Growth Regressions, 19502000

Sources:  County level data from ICPSR 2896  Historical, Demographic, Economic, and Social Data:
The United States, 17902000. Geographical information from ESRI GIS data.
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(1) (2) (3) (4)

Full Sample
Counties with

50,000+ Full Sample
Counties with

50,000+
Share of Workers in Manufacturing, 1980 0.338 0.600 0.390 0.434

(0.063)** (0.117)** (0.031)** (0.052)**
Log of Population, 1980 0.017 0.039 0.001 0.008

(0.007)* (0.013)** (0.003) (0.006)
Share with Bachelor's Degree, 1980 0.493 0.830 0.966 0.846

(0.145)** (0.188)** (0.071)** (0.084)**
Distance to Center of Nearest Great Lake 0.000 0.000 0.000 0.000

(0.000)* (0.000)** (0.000)** (0.000)**
Average Establishment Size, 1977 0.016 0.022 0.011 0.012

(0.002)** (0.003)** (0.001)** (0.001)**
Log of Median Income, 1980 0.519 0.646 0.065 0.062

(0.039)** (0.071)** (0.019)** (0.032)
Longitude 0.005 0.001 0.006 0.007

(0.002)** (0.002) (0.001)** (0.001)**
Mean January Temperature 0.010 0.009 0.003 0.004

(0.002)** (0.002)** (0.001)** (0.001)**
Constant 4.629 6.027 1.982 0.737

(0.382)** (0.663)** (0.187)** (0.297)*
Observations 1336 444 1336 444
Rsquared 0.28 0.45 0.31 0.52

Sources:  County level data from ICPSR 2896  Historical, Demographic, Economic, and Social Data: The United
States, 17902000. Geographical information from ESRI GIS data. Average establishment size in 1977 from County
Business Patterns.

Log Change in Population,
19802000

Log Change in Median
Income, 19802000

Table 8:
Income and Population Growth Regressions, 19802000

Note: Standard Errors in parenthesis (* significant at 5%; ** significant at 1%).
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Population Growth and January Temperature

39 
 

 
 
 

 
 
Notes: For the top 10% of counties based on 1950 population. Population data from historical U.S. Census 
County Data Books, found in Haines, Michael R.; Inter-university Consortium for Political and Social 
Research, 2005-02-25, "Historical, Demographic, Economic, and Social Data: The United States, 1790-
2000", hdl:1902.2/02896 http://id.thedata.org/hdl%3A1902.2%2F02896 Inter-university Consortium for 
Political and Social Research [distributor(DDI)].  Temperature data from cdo.ncdc.noaa.gov. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Population Growth 1950-2000 and January Temperature
Mean January Temperature
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Income Growth and January Temperature

40 
 

 
 
Notes: For the top 10% of counties based on 1950 population. Population and income data from historical 
U.S. Census County Data Books, found in Haines, Michael R.; Inter-university Consortium for Political 
and Social Research, 2005-02-25, "Historical, Demographic, Economic, and Social Data: The United 
States, 1790-2000", hdl:1902.2/02896 http://id.thedata.org/hdl%3A1902.2%2F02896 Inter-university 
Consortium for Political and Social Research [distributor(DDI)].  Temperature data from 
cdo.ncdc.noaa.gov. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Fig. 3: Income Growth 1950-2000 and January Temperature
Mean January Temperature
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Unemployment
1 Unemployment is hardly persistent Figure

2 Unemployment predicts lower population and income growth Table

3 Education predicts lower unemployment in the Great Recession Figure

Education predicts lower unemployment at the individual level
Compositional effect at the city level

Predicted Unemployment = ∑
Groups

ShareMSAGroup · UUSAGroup

I ShareMSAGroup = share of city’s adult labor force in each group in 2000
I UUSAGroup = national unemployment rate for each group

= 5.1% for college graduates
= 10.25% for high school graduates
= 17.6% for high school dropouts

Actual city-level effect > predicted compositional effect
I The regression line has a slope of 1.78 Figure
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Persistence of Unemployment RatesOlivier Jean Blanchard and Lawrence F. Katz 11 

Figure 3. Persistence of Unemployment Rates across U.S. States, 1975-85 
Unemployment rate, 1985 (percent) 
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Source: Authors' calculations using data from the Current Population Survey (CPS) and from the Bureau of Labor 

Statistics unemployment rates for Labor Market Areas. 

bility of mean growth rates across time, by allowing for different inter- 
cepts for 1950-70 and 1970-90 for each state. In only two states-Maine 
and Washington-are the mean growth rates significantly different over 
the two subperiods. 

To summarize, the correct image of employment evolutions is one of 
states growing at different rates, with shocks having largely permanent 
effects. In response to an adverse shock, employment eventually ends 
up growing at the same underlying rate, but at a lower level. 

The Low Persistence of Relative Unemployment Rates 

In contrast to employment, relative unemployment rates exhibit no 
trend and do not exhibit high persistence. Reasonably consistent mea- 
sures of state unemployment rates are available or can be constructed 
back only to 1970 (see the appendix for details). Figure 3 plots relative 
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132 E.L. Glaeser et al. / Journal o f  Monetary Economics 36 (1995) 117-143 

Table 5 
C i t y  growth and unemployment, dependent variable: growth in log of variable ( 1 9 6 0 - 1 9 9 0 )  

Variable 

(1) (2) (3) (4) (5) 

C i ty  C i t y  C i t y  S M S A  a C i ty  

population unemployed employed population income 

Intercept 1.777 

Log (population 1960) - 0 .050 

(0.024) 

Per capita income 1960 - 0 .116 

($1000)  (0.074) 

Unemployment rate - 0 .057 

1960 (0.016) 

Manufacturing share - 0.631 

1960 (0.250) 

Geographical dummies 

South 

Central 

Northeast 

4.544 3.787 0.963 15.944 

- 0 .172 - 0 .166 0 .030  - 0 .015 

( - 0 .048)  (0.045) (0.025) (0.009) 

- 0 .354  - 0 .278 - 0 .050 - 0 .084 

(0.149) (0.141) (0.111) (0.0297) 

- O. 164 - 0 .086 - 0 .047 - 0 .022 

(0.031) (0.030) (0.017) .(0.006) 

- 0.623 - 1.381 - 0.888 - 0 .225 

(0.490) (0.463) (0.227) (0.095) 

- 0 .370 --  0.121 - 0.243 --  0 .172 0 .116 

(0.085) (0.168) (0.159) (0.079) (0.033) 

- 0.521 - 0 .067 - 0 .269 - 0 .356 0 .006 

(0.084) (0.165) (0.156) (0.079) (0.032) 

- 0 .570  - 0 .462 - 0.321 - 0 .266 - 0 .018 

(0.086) (0.169) (0.160) (0.160) (0.032) 

N 203 201 201 133 20 I 

Adj .  R 2 0 .364 0.268 0.203 0 .387 0.426 

Numbers in parentheses are standard errors. 

~ S M S A  regression excludes Las Vegas S M S A .  

shows that the percentage of the population with 12 to 15 years (high-school 
graduates or some college) is more important than the percentage of the 
population with over 16 years (college graduates). This result suggests the 
importance of a well-educated labor force, not just of the top of the education 
distribution. Interestingly, median years of schooling are less significant if we 
look at the SMSA population, suggesting that schooling may have contributed 
to suburbanization and not just city growth. 

One interesting question in the theory of economic growth is whether the 
average or the total quantity of human capital speeds up economic growth. One 
can build human capital spillover models in the spirit of Lucas (1988) in which 
growth is proportional to either total or average education. As a rough test of 
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Unemployment in January 2010 and Education in 2000
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Dynamic Spatial Equilibrium Housing Supply

Housing Supply and the Impact of Productivity Shocks

In this article we re-unite the topics of urban and real estate by exploring the role that
housing supply has played in mediating urban dynamics over recent decades. Our par-

ticular interest is how the nature of supply impacts the form that urban success takes.

That is, how do differences in supply-side conditions across areas help determine

whether demand shocks translate primarily into changing prices or quantities? While

our empirical analysis at the metropolitan area level leads us away from the micro-level

issues such as segregation and bid-rent patterns that were discussed by the authors cited

above, our intellectual debt to them is clear.

Figure 1 illustrates the key issues. If a city’s housing supply is relatively elastic, we
should expect an outward shift in demand to result in an increase in population, while

the corresponding increase in housing prices should be relatively modest (see point A).

Even in the face of a major positive demand shock, unfettered new supply should

prevent the price of housing from rising much above construction costs. Moreover,

new construction helps ensure that an increase in labor demand will not lead to large

increases in wages because an elastic supply of homes helps create an elastic supply of

labor. However, if housing supply is inelastic, then positive shocks to urban productiv-

ity will have little impact on new construction or the urban population. Because the
number of homes does not increase significantly, housing prices must rise (point B).

Wages should rise as well, both because firms have become more productive and

because workers must be compensated for rising housing prices. In contrast, if an

amenity level rises in a city with an inelastic housing supply, then nominal wages

(which are determined by labor demand) will be unchanged and housing prices will

rise, implying a decline in real wages.

Our analysis begins in Section 2 with a review of the extraordinarily tight link

between population and the stock of housing across areas within the United States.
The number of people in an area can be thought of as a multiple of the number of

housing units. Moreover, this relationship is strong in term of growth rates, not just in

the levels. To break the tight link between the number of homes and the number of
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Figure 1. The nature of housing supply and the impacts of demand shocks.
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Dynamic Spatial Equilibrium Housing Supply

Housing and Urban Dynamics
Population and the stock of housing units co-move almost perfectly

1 Variation in vacancy rates is modest
F 10th percentile: 4.9% —90th percentile: 14.8%
F Small effect of population growth on vacancies Figure

2 Variation in household size is modest
F Overall decline: 1970 average: 3.15 — 1980 average: 2.75
F The R2 of household size on population is 0.06 Figure

Housing is extremely durable
I Permament loss of housing units below 1% per year
I The downward elasticity of housing supply is very low
I Cities grow faster than they decline Table

The upward elasticity of housing supply is variable
I Differences in zoning and regulation (Glaeser, Gyourko, and Saks 2005)
I Differences in topography (Saiz 2010)

Results
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Dynamic Spatial Equilibrium Housing Supply

Changes in Population and Vacancy Rates

Figure 2 provides additional evidence that changes in city populations are unlikely

to have been achieved through changes in vacancy rates. While there is a negative

relationship between the growth rate of population from 1990 to 2000 and the change

in the vacancy rate over the same time period, a 0.1 log point increase in population is

associated with only a 0.8 percentage point decrease in vacancy rate. This magnitude
implies that as a city grows by 10 percent, that city’s vacancy rate would decline by

eight-tenths of one percent. Furthermore, the R2 of the reverse regression reveals that

only 13% of changes in population can be explained by changes in vacancy rates during

this decade.1 Thus, population growth in cities is not likely to be achieved solely or even

largely through changes in the fraction of occupied housing units.

Even if the amount of occupied housing remains the same, changes in the local

population could occur if the number of people per household changed. For example,

rising housing prices might cause larger households to crowd into smaller homes, thus
weakening the link between the total population and the size of the housing supply.2

Over the past 30 years, the average number of people per housing unit has declined as

families have become smaller. The average number of people in each occupied housing

unit in our sample of metropolitan areas fell from 3.15 in 1970 to 2.56 in 2000, with the

bulk of that decline occurring in the first ten years (there were 2.75 people per house-

hold in 1980).3 These changes help to explain how the population in certain locations

such as Detroit was able to decline more quickly than the housing stock during the

Figure 2. Changes in population and vacancy rates, 1990–2000.

1 Further evidence suggesting that vacancy rates do not play a large role in urban dynamics can be found in
Hwang and Quigley (2004), who find that local macroeconomic conditions such as income and
unemployment do not have a significant impact on vacancy rates.

2 Although in a very different context, the issue of ‘crowding’ was central to some of the early work in
modern urban economics. In addition to the works cited above, see Kain and Quigley (1975) for an
examination of crowding in the context of race and discrimination.

3 Household size is defined as the number of people living in households divided by the number of occupied
housing units. The actual decline in household size is likely to have been larger than reported between
1970 and 1980 due to a change in the definition of the population living in group quarters (Ruggles and
Brower, 2003).
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Dynamic Spatial Equilibrium Housing Supply

Population and Household Size

1970s. If the typical household size in an area shrank by the national average and if no
new homes were built, the population in a metropolitan area could have fallen by as

much as 13% in the 1970s. In contrast, declines in household size were substantially

smaller in the 1980s and 1990s. Therefore, changes in household size cannot account for

the changes in population we observe during these later decades.

The weak connection between household size and metropolitan area population is

illustrated in Figure 3, which plots the relationship between the logarithms of these two

variables in 2000. The relationship is statistically significant, but it is not economically

important. The R2 from the underlying regression is only 0.06, and the dispersion
depicted indicates that there are many other factors driving population differences

across cities besides differences in household size. In other words, relatively little growth

or decline of city populations has occurred in recent decades that can be attributed to

changes in household size. Because changes in the number of occupied housing units

also cannot explain differences in city growth rates, growth must have been accommod-

ated through changes in the total number of housing units.

2.3. Urban decline and durable housing

Previous research by Glaeser and Gyourko (2005) contends that many features of

declining cities can be understood only as the result of the durable nature of housing.

Because housing is very slow to deteriorate, the elasticity of housing supply is very low

in response to a decline in housing demand. One of the key predictions of the model in

their article is that cities grow more quickly than they decline.
In this article, we provide additional evidence pertaining to the durability of housing

from the American Housing Survey (AHS) and decennial Census. One useful gauge of

the durability of homes is how rarely they disappear from the housing stock. Using the

panel structure of the AHS, we calculated the permanent loss rates of housing units

using central city data from the national core files over the four two-year periods

between 1985 and 1993. Every two years, between 1.3 and 1.8% of housing units either

permanently exit the housing stock or suffer such severe damage as to render the units

Figure 3. Metropolitan area population and household size, 2000.
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Dynamic Spatial Equilibrium Housing Supply

Housing Unit Growth in Cities with 100,000+ Residents

uninhabitable. This suggests that the housing stock of a city is unlikely to decline by
more than 1% per year or 10% per decade.

Low rates of housing destruction imply that the distribution of growth rates of the

housing stock will be skewed to the left. In Table 2, we report data on the fastest and

slowest growing cities during the 1970s, 1980s and 1990s. The sample includes all cities

with more than 100,000 residents at the beginning of each decade. We look at cities here

instead of metropolitan areas because only central cities have experienced declines in

demand during the past several decades. Even in metropolitan areas like Detroit, the

demand for housing in the suburbs has increased over time.
Some cities obviously have had the ability to expand their housing stock extremely

rapidly. Housing units in Las Vegas grew by approximately 50% in both the 1980s and

the 1990s. The stock of units in Colorado Springs grew by more than 60% during the

1970s. While there seems almost no upper bound on growth, declines rarely exceed 10%

of the beginning of decade stock. Over the entire 30-year period, in only five cases did a

city lose 11% or more of its housing stock in a single decade: St. Louis in the 1970s

(–16.5%), Detroit in both the 1970s and 1980s (–11.5 and –14%, respectively), and Gary

and Newark in the 1980s (–14.5% and –16.9%, respectively). This lower bound on the
decline in housing units is consistent with the annual rate of housing loss of no more

than 1% calculated just above using the AHS. In addition, the biggest population

declines have only been modestly more severe than the corresponding changes in the

housing stock (see Glaeser and Gyourko, 2005).

In summary, many of America’s declining cities have housing prices that are too

low to justify new construction. To understand the population and employment

dynamics of this group, it is particularly important to recognize the key role played

Table 2. Housing unit growth cities with 100,000þ residents

Bottom five Top five

1970–1980

St. Louis �16.5% Colorado Springs 64.1%

Detroit �11.5% Austin 53.7%

Cleveland �9.8% Albuquerque 52.2%

Buffalo �6.0% Stockton 48.4%

Pittsburgh �5.8% San Jose 46.4%

1980–1990

Newark �16.9% Las Vegas 49.1%

Gary �14.5% Raleigh 47.1%

Detroit �14.0% Virginia Beach 46.9%

Youngstown �10.0% Austin 39.3%

Dayton �7.7% Fresno 37.7%

1990–2000

Gary �10.5% Las Vegas 53.5%

Hartford �10.3% Charlotte 28.8%

St. Louis �10.2% Raleigh 25.0%

Youngstown �9.6% Austin 22.3%

Detroit �9.3% Winston-Salem 21.3%

Data source: Decennial censuses for 1970, 1980, 1990, 2000. Housing units defined to include

owner-occupied and rental units.
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Dynamic Spatial Equilibrium Housing Supply

Housing Supply and the Impact of Productivity Shocks

using income per capita in each metropolitan area as published by the Bureau of
Economic Analysis.

The top panel of Table 4 reports estimates from specifications in which industrial

labor demand is used as a proxy for productivity. The coefficients in the first row

reflect the impact of the labor demand variable in the typical low-regulation metropol-

itan area, while those in the second row report the differential effect of this variable

in an area with a highly-regulated housing supply. Stronger labor demand is associated

with higher population and income growth (significant at the 5 and 10% levels, respect-

ively), but not higher house price appreciation. The coefficient of 1.28 indicates that
this labor demand proxy strongly predicts population growth in low-regulation

metropolitan areas. We cannot reject the null hypothesis that population rises pro-

portionately with predicted labor demand. A 1% increase in labor demand is also

associated with $92 higher real wage growth. This effect is equivalent to about

one-third of a standard deviation of changes in income, so the size of this effect

is not large economically. Finally, stronger labor demand is not associated with higher

house price appreciation in the typical market. The point estimate is negative,

but it is both small in economic magnitude and not close to being statistically
significant.

Table 4. Effects of productivity shocks on changes in income/capita, housing prices and population,

1980–2000

DLn(Population) D Income/capita D Housing prices

Labor demand

Labor demand 1.28** (.40) 9240* (5148) �19294 (74217)

Labor demand · high regulation �0.63* (0.37) �244 (6903) 190597* (97074)

Share of population with Bachelors Degreea

Pop. share 0.091** (0.035) 2223** (425) 17286 (11271)

Pop. Share · high regulation �0.063 (0.043) 3161** (1434) 23764** (8167)

Both productivity shocks

Both shocks (normalized) 0.0040** (0.0012) 45** (12) 195 (197)

Productivity · high regulation �0.0023* (0.0013) 66 (48) 851** (293)

Notes: aShare of population with a BA degree in initial year (1980 for 1980–1990 changes and 1990 for 1990–2000 changes).

Each cell shows results from a separate regression with 118 observations. All regressions include a dummy variable for high

regulation and a dummy variable for the 1990–2000 period. Standard errors are in parentheses and are clustered by state.

*Significant at the 10% level; significant at the 5% level.

housing price is lower in the outlying regions of a metropolitan area, the overall change in the median
housing value will be biased downward. Another problem with using the Census data is that a portion of
the change in housing values will reflect changes in the quality of housing, which could differ system-
atically across metropolitan areas. Using the OFHEO price indexes solves both of these problems
because these indexes maintain constant definitions of metropolitan areas over time. Also, housing
price changes are calculated from repeated sales of the same house, which avoids the bulk of the concern
over changes in quality. Nevertheless, the results we present below are not materially different from those
obtained when using median housing values instead of the OFHEO price indexes.
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Regional Productivity Fluctuations

All variables are log deviations from national averages
I Relative wage wit
I Relative employment nit

Labor demand wit = −dnit + zit
I d > 0 reflects decreasing demand for a state’s product bundle

Labor demand shocks zi ,t+1 − zit = xdi − awit + εdi ,t+1

I State-specific trend xdi captures productive amenities
I a = 0 if each state keeps the same product bundle over time
I a > 0 if a state with low wages attracts new industries
I εdi ,t+1 is white noise

Labor supply ni ,t+1 − nit = x si + bwit + εsi ,t+1
I State-specific trend xsi captures consumption amenities
I b > 0 because a state with higher wages attracts migration
I εsi ,t+1 is white noise
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Full Employment Equilibrium
Relative wage dynamics

wi ,t+1 = (1− a− bd)wit + xdi − dx si + εdi ,t+1 − dεsi ,t+1

Stationary levels

Ewi =
(
xdi − dx si

)
/ (a+ bd)

Mean reversion in wages

Relative employment growth

∆ni ,t+1 = (1− a− bd)∆nit + ax si + bx
d
i + bεdit − (1− a) εsit + εsi ,t+1

Stationary growth rates

E∆ni =
(
ax si + bx

d
i

)
/ (a+ bd)

Unit root of employment
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Impulse Responses
A negative labor demand shock εdi ,0 = −1
Deviation of wages from its base path

(
εdit = εsit = 0∀t

)
ŵit = − (1− a− bd)t → 0

1 Decrease on impact
2 Gradual recovery to the initial equilibrium

F Job creation (a) and worker out-migration (b)

Deviation of employment from its base path
(
εdit = εsit = 0∀t

)
∆n̂i ,t = −b (1− a− bd)t−1

n̂i ,t =
t

∑
τ=1

∆n̂i ,τ = −
b

a+ bd

[
1− (1− a− bd)t

]
→ − b

a+ bd

1 No change on impact
2 Long-run decline depending on short-run elasticities

F Firms moving in faster (a) or workers moving out faster (b)
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Unemployment

Labor force n∗it , unemployment rate uit
⇒ Employment nit ≈ n∗it − uit
⇒ Labor demand wit = −d (n∗it − uit ) + zit

Labor demand shocks zi ,t+1 − zit = xdi − awit + εdi ,t+1
Wage curve cwit = −uit
Labor force n∗i ,t+1 − n∗it = x si + bwit − guit + εsi ,t+1

I g > 0 because a state with lower unemployment attracts migration

1 uit and wit move in opposite directions: ∂Eui/∂x si > 0 > ∂Eui/∂xdi
2 Falls in wit attract firms, increases in uit only repel workers

I By assumption: ∂∆zi ,t+1/∂uit = 0
I If uit reacts more than wit in the short-run, nit reacts more in the
long-run
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Identification

How can we separate εdit from εsit?

1 Simply assume all high-frequency fluctuations are εdit
I Intuitively plausible
I In practice, wages and employment co-move

2 Construct observable labor demand shocks
I The Bartik (1991) instrument: ∑j

nj ,i ,t
ni ,t

Nj ,t+1
Nj ,t

F nj ,i ,t is employment in industry j in region i at time t
F ni ,t = ∑j nj ,i ,t is total employment in region i at time t
F Nj ,t = ∑i nj ,i ,t is national employment in sector j at time t

I Growth predicted by industry mix and national industry growth

F Valid if national growth rates are uncorrelated with regional shocks
F Broad industries and fine regions to avoid geographic concentration

I You can also predict Nj ,t+1/Nj ,t with exchange rate fluctuations
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Regional Evolutions

1 Short-run employment fluctuations are mostly nation-wide
I Most procyclical in manufacturing states
I More idiosyncratic in farm states and oil states

2 The importance of aggregate fluctuations declines with the horizon
3 Negative employment shocks increase uit on impact
4 States recover from employment shocks by out-migration Figure

5 Nominal wages decline, then recover in about ten years Figure

I Insuffi cient decline to cushion the employment shock Figure

6 Real wages decline modestly, as housing prices fall sharply Figure

I Migration is driven by unemployment
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Unemployment Response to an Employment Shock
Olivier Jean Blanchard and Lawrence F. Katz 33 

Figure 7. Response of Employment, Unemployment, and Labor Force Participation 
to an Employment Shock 

Effect of shock (percent) 
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Source: Authors' calculations based on the system of equations described in the text, using data described in the 

appendix. All 51 states are used in the estimation. The shock is a - I percent shock to employment. Bands of one 
standard error are shown around each line. 

interpretation Of E,e as an innovation to labor demand reflect the identifi- 
cation assumption discussed earlier, namely that unexpected move- 
ments in employment within the year primarily reflect movements in la- 
bor demand. Under this assumption, tracing the effects of Eie gives us 
the dynamic effects of an innovation in labor demand on employment, 
unemployment, and the labor force. We now report these impulse re- 
sponses. 

While some differences across various state groupings exist (to which 
we return below), responses are largely similar. The responses of the un- 
employment rate, the participation rate, and log employment to an ad- 
verse shock-a negative unit shock to log relative employment-using 
all 51 states are plotted in figure 7. In the first year, a decrease in employ- 
ment of 1 percent is reflected in an increase in the unemployment rate of 
0.32 percentage points and a decrease in the participation rate of 0.17 
percentage points. Over time, the effect on employment builds up, to 
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Wage Response to an Employment Shock
40 Brookings Papers on Economic Activity, 1:1992 

Figure 11. Response of Employment and Manufacturing Wages to an Employment 
Shock 
Effect of shock (percent) 
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Source: Authors' calculations using data described in the appendix. The shock is a - I percent shock to 

employment. Bands of one standard error are shown around each line. 

ment in state i at time t minus its national counterpart; wit is the differ- 
ence between the logarithm of average hourly earnings in manufacturing 
in state i at time t and its national counterpart. We use four lags for each 
of the variables and estimate the system over the period 1952-90. We 
leave out unemployment and participation, not on theoretical grounds, 
but because including them would reduce the size of the sample and in- 
troduce additional right-hand-side variables, leading to too few degrees 
of freedom. Figure 11 gives the joint response of employment and wages 
to a negative innovation in employment, from pooled estimation using 
all states and allowing for state fixed effects. The picture is clear. First, 
the employment response is close to those obtained earlier, with em- 
ployment decreasing to 1.7 times its initial response, to eventually pla- 
teau at - 1.2 percent. Wages decrease, reaching a minimum after six 
years and then returning to zero slowly over time. Putting together the 
results from figures 7 and 11, an initial negative shock of 1 percent to 
employment increases the unemployment rate by up to 0.37 percent af- 
ter two years and decreases wages by up to 0.4 percent after about six 
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Dynamic Spatial Equilibrium Reduced-Form Macroeconomics

Wage Adjustment Dampening the Employment Response
44 Brookings Papers on Economic Activity, 1:1992 

Figure 14. Response of Employment to an Employment Shock, with and without Wage 
Feedback 

Effect of shock (percent) 
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employment. Bands of one standard error are shown around each line. 

the first place, is that labor demand does not respond to current wages. 
The second, subject to an obvious and probably relevant Lucas critique, 
is that the labor demand function would remain unchanged were wages 
not to adjust. With those caveats in mind, the message from figure 14 is 
fairly clear: the adjustment of wages dampens the employment re- 
sponse, but by relatively little. Absent feedback from wages, employ- 
ment would end at 1.6 times its initial change, compared to 1.2 with wage 
feedback. This evidence is suggestive of a weak effect of wages on job 
creation and job in-migration.46 

Nominal versus Consumption Wages 

We now focus on relative consumption wages, rather than nominal 
wages. The incentives of workers to migrate in or out of a state depend 

46. One caveat is needed here, following up on earlier results. Had we used our esti- 
mates from estimation using CPS wages, the estimated feedback would be much stronger. 
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House Price Response to an Employment Shock46 Br-ookings Paper-s on Economic Activity, 1:1992 

Figure 15. Response of Employment and City House Prices to an Employment Shock 

Effect of shock (percent) 
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Source: Authors' calculations using data described in the appendix. The shock is a - I percent shock to 

employment. Bands of one standard error are shown around each line. 

workers to sell their house when they move and the size of transaction 
costs in the housing market, these predictable excess returns are not im- 
plausible. 

Second, while the effects of the shock on employment are largely per- 
manent, the long-run effects of relative housing prices appear not to be. 
This implicitly requires a flat long-run supply of land in each MSA. Be- 
cause of the quality of the data and the short span of the time series we 
use, we do not want to emphasize this result too much. We nevertheless 
want to flag it for further work.4 

Finally, putting our results on wages and housing prices together, in 
response to a decrease in employment of 1 percent, nominal wages de- 
crease to a trough of about - 0.5 percent, while housing prices decrease 
to a trough at about - 2 percent. Thus assuming a share of housing ser- 

48. Bartik (1991) finds a similar hump shape pattern of the response of MSA housing 
prices to employment shocks. Bartik concludes from his analysis that some evidence ex- 
ists that employment shocks have small permanent effects on house prices. 
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