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Abstract
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1 Introduction

There is a long-standing debate regarding the sources and effects of demand shocks in regions.

Some, such as Blanchard and Katz (1992), argue that regions should be modeled in a demand-

driven framework, where supply is perfectly elastic. In models of this type, a demand shock

will be fully incorporated into quantities (such as employment, population, labor force, and

the housing stock) with no long-run changes to prices (such as wages and house prices).

Others, such as Bartik (1991, 1993), argue that supply considerations are essential in models

of regional dynamics. Within a framework with supply constraints, an unanticipated change

to local demand will have long-run effects on both quantities and prices. Resulting from this

debate is uncertainty within the economics profession regarding the effects of local demand-

side development policies as well as those of market-based demand shocks. The resulting

confusion has led to conflicting calls for policy at the national level.1

This paper reconciles this apparent conflict. Glaeser and Gyourko’s (2005) urban decline

hypothesis can be applied to show that, in declining cities, the housing stock acts as a

supply constraint, suggesting that such cities are best modeled using a supply-constrained

framework. On the other hand, in growing or stable cities, supply is substantially more

elastic, and demand-driven models are more appropriate. Thus, the dynamic responses of

regional demand shocks are actually different in different types of cities, and no one model

or policy is correct in all cities.2 This paper resolves the debate between Bartik (1991, 1993)

and Blanchard and Katz (1992) by showing that each view is correct in certain locations.

Glaeser and Gyourko’s (2005) key insight arises from the fact that housing is quickly

constructed but depreciates very slowly. This creates differences at the city level in the

elasticity of housing supply. When demand in a city suffers a permanent decline, housing

1For example, some argue that demand-side stimulus policies do very little to increase employment, while
others suggest that demand-side stimulus is extremely effective.

2In a declining city, because it faces supply constraints, demand-driven models will tend to predict overly
large employment effects of demand-side stimulus policies.
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demand falls yet the housing stock remains. This led Glaeser and Gyourko to hypothesize

that, in declining cities, housing is priced well below replacement costs and the primary

effects of positive demand shocks, even if permanent, are to raise housing prices toward

replacement costs with little or no increase in supply. This lack of a supply response, in

turn, limits the effects of demand shocks on population, the labor force, and ultimately

employment in declining cities. 3

The empirical approach taken in this paper follows a two-step procedure. In the first step,

Davis and Haltiwanger’s (2001) “near-VAR” specification, which imposes a block-recursive

structure on a VAR, is estimated for each of 352 U.S. cities. In the second step, characteristics

of impulse responses for each city are estimated in cross-sectional regressions as a function

of various indicators of urban decline.4

Estimates across a battery of alternative urban decline measures consistently indicate

that decline affects the housing and labor market responses to demand shocks as predicted

by Glaeser and Gyourko’s (2005) decline hypothesis. When subjected to a one-unit export

price shock, cities in decline experience smaller employment and larger wage and house price

changes than cities with a history of growth. These findings are robust to bootstrapping

inference and when Bartik’s (1991) industry mix-based employment variable is used in place

of export prices.5

This research suggests that employment multipliers are different in growing versus de-

clining cities, and that local development policies meant to stimulate employment may be

more effective in cities that are growing rather than declining. In growing cities, positive

3See Thompson (1965), Glaeser and Gyourko (2005), Glaeser, Gyourko and Saks (2005, 2006), Saks
(2008), and Moretti (2010) for some notable demonstrations of this theory.

4This approach follows Green, Malpezzi, and Mayo (2005) and Owyang, Piger, Wall, and Wheeler (2008),
who use time series models in a first stage, and cross-sectional variation across the estimated time series
parameters in a distinct second stage. This estimation procedure has only recently become possible due to
the necessarily large number of time periods and cross-sectional units of observation.

5The strategy is to compare the effects of local demand shocks–either positive or negative–in growing
versus declining cities. This paper does not consider potentially asymmetric effects of demand shocks.
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local demand shocks primarily cause employment to increase, whereas in declining cities,

they, for the most part, increase wages and are capitalized into house prices. It follows from

this result that in declining cities, original residents benefit from demand shocks as long as

they are homeowners, whereas in growing or stable cities, original residents are not made

much better off.

2 The Effects of Development Policies

Researchers concern themselves with the theory and measurement of urban dynamics, to a

large degree, because of the desire to predict the effects of local development policies, which

can include enterprise zones, empowerment zones, unemployment insurance, and defense ex-

penditures. Some fundamental questions about development policies are 1) do they “create”

jobs, 2) will those jobs stay after the policy’s expiration, and 3) do the new jobs and other

benefits go to migrants or to original inhabitants?

There are two main views on the nature of supply responses to unanticipated changes to

local demand. On one hand, there are demand-driven frameworks where supply is perfectly

elastic, leading to predictions of permanent effects of a labor demand shock on employment,

but only temporary wage, unemployment, participation, and local price effects. In these

models, migration and housing construction allow a region to adjust fully to demand changes

in the long run. On the other hand, there are models with supply constraints, in which labor

demand shocks have permanent effects on employment, but also on the unemployment rate,

labor force participation, and local prices. In this section, the basic theory and empirical

results of two representative demand-driven and supply-constrained approaches are reviewed.

Bartik (1991) is selected to represent a model with supply constraints, whereas Blanchard
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and Katz (1992) is taken to represent a classic demand-driven model. 6

Bartik (1991) begins with a model including both labor and housing markets. In the

housing market, land is scarce, leading to an upward sloping housing supply curve. The

predicted effect of this supply constraint is to limit in-migration, causing labor demand shocks

to have permanent long-run wage, price, participation, and unemployment rate effects. In

this case, as Bartik (1991, 1993) argues, benefits of local development policies go to both

migrants and to original residents.

Bartik’s empirical specification is a distributed lag model, with a locally endogenous

variable, such as house prices, wages, or the labor force participation rate, estimated as a

function of lagged employment changes. This model is estimated using pooled annual data of

a small number of U.S. cities. Bartik assumes a vertical short-run labor supply curve implying

that changes to employment reflect changes to labor demand. Under this interpretation of

employment changes, his estimates show that there are indeed permanent effects of labor

demand shocks on wages, house prices, and the unemployment and participation rates. 7

As an alternative to Bartik (1991), Blanchard and Katz (1992) present a demand-driven

regional equilibrium framework with regional labor demand and supply equations. Shocks

to labor demand initially affect only wages, but over time, migration occurs until the wage

effect is eliminated by the growth of population and employment. In their model, effects are

symmetric and homogeneous across regions. Demand serves as the only driver of the labor

market and supply is assumed to be perfectly elastic in the long run.

6Some other notable works on regional dynamics include Carlino and Mills (1987), Carlino and DeFina
(1995) and Clark and Murphy (1996). Saks (2008) will be discussed later in this section. Other demand-
driven models include input-output models, computable general equilibrium models, and economic base
models. Other models with supply constraints include systems of cities models and putty-clay models of
housing.

7Bartik tests the hypothesis that small labor demand shocks only affect unemployment and labor force
participation rates in “slow-growing” cities because little migration takes place. In “fast growing” cities,
significant in-migration occurs, so labor demand shocks affect employment, with little effect on unemployment
and participation rates. Bartik finds that there are no observable differences across slow-growing and fast-
growing cities.
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Blanchard and Katz’s empirical results lend support to their underlying theory. They

estimate the effects of labor demand shocks by pooling annual data for U.S. states and

estimating structural VAR models. One specification includes employment, the labor force

participation rate, and the unemployment rate. Similar to Bartik, they assume that the

labor supply curve is sufficiently inelastic in the short run such that changes to employment

can be interpreted as changes to labor demand. They find that under this interpretation of

employment changes, in the short run, labor demand shocks have an effect on employment,

the unemployment rate, and the labor force participation rate, but in the long run, the only

effect is on employment. These results imply that migration causes regions to fully adjust

to labor demand shocks, and that the entirety of the benefits of labor demand increases

go to migrants in the long run. Similarly, they estimate two bivariate systems, one with

employment and wages, and the other with employment and house prices. In both of these

models, labor demand shocks have temporary effects on prices but no long run effects.

Blanchard and Katz also investigate differences in dynamics across regions, and find that

states bordering Mexico have slightly larger employment effects resulting from a shock to

labor demand.

After Blanchard and Katz (1992), Bartik (1993) attempts to address the conflicting

results and implications found in Bartik (1991) and Blanchard and Katz (1992). Bartik

(1993) attributes the differences to a confluence of specification and measurement error

issues, arguing that Blanchard and Katz’s differenced model, combined with measurement

error in the data, cause parameter estimates to be severely attenuated and biased toward the

finding of no long-run price effects. He goes on to show that, using Blanchard and Katz’s data

with his specification, the estimates support a supply-constrained view of regional economies.

All was not settled with Bartik (1993), however. Saks (2008) finds that urban dynamics

are different across cities depending on the elasticity of housing supply, measured using an

index of housing market regulation. This is a notable contribution in that it is the first
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instance where differences in regional dynamics are systematically investigated and found

to exist. Despite Saks’ strong contribution, Rickman (2010) points out that there are still

serious questions to be resolved:

Considerable debate exists regarding whether demand or supply forces underlie
differentials in regional growth and fluctuations. The distinction matters for poli-
cymaking in terms of whether regions should focus more on attracting firms ver-
sus households to promote growth. Structural macroeconomic equilibrium models
could be used to address this issue by employing more theoretically sound and
empirically based assumptions than those used to date. These models also could
be used to examine the dynamics of regional labor market adjustment to address
economic development issues such as whether existing residents or migrants pri-
marily benefit from job creation. Varied formulations and implementations of such
models could establish the robust results regarding the workings of regional labor
markets. (Rickman, 2010, p. 37)

Rickman (2010) contends that previous research has failed to answer the question of

whether demand-driven models or those with supply constraints are more appropriate, in

part, because of difficulties identifying labor demand shocks. He points out (p. 34) that

“employment and population [are] both outcome variables and not independent measures

of labor demand and supply,” and highlights the difficulties of estimating the true dynamic

responses to demand shocks when actual demand determinants are absent from estimated

models. Fundamentally, he argues that the Bartik (1991) and Blanchard and Katz (1992)

approach to identification (following Carlino and Mills, 1987), suffers from weak instrumen-

tation.

3 Identifying Local Demand Shocks

Both Bartik and Blanchard and Katz identify labor demand shocks using employment

changes. Both assume that, in the short run, labor supply is sufficiently stable to enable

changes in employment to directly reflect changes in labor demand. As a robustness check,

both estimate their models using Bartik’s (1991) industry mix-based employment instru-
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ment. This variable uses local industry weights and national industry employment changes

to identify labor demand shocks. Since Bartik (1991), this variable has been used to identify

local demand shocks in a range of studies.

Bartik’s approach uses local industry weights along with national employment to create

a variable representing the overall health of the industries present in a particular area. Let

i subscripts denote different industries, j different cities, b a chosen base year, and omitted

subscripts, sums.8 The locally weighted change to national employment is then

Gjt =
∑
i

nijb
nit − nit−1

nib

(1)

Bartik then calculates an instrumental variable using equation 1

IVjt = ln(njt−1 +Gjt)− lnnjt−1 (2)

The theory behind this instrument is that employment changes that are industry-specific

but external to a city reflect exogenous labor demand shocks. While this approach may

accurately reflect exogenous shocks to local labor demand in certain cases, there are many

reasons why an increase in national employment in an industry may not reflect a local

demand shock. Employment outside a region in similar industries can rise because that

region is losing market share to the rest of the country, because exports abroad are growing,

or the skill mix within the industry is changing. Additionally, the index does not attempt

to distinguish between goods that are sold outside the city from those sold inside. For

example, it is likely that almost all fluctuations in both retail and local service employment

are endogenous to the local economy.

One approach to solving the problem of identifying local demand shocks is the Export

Price Index (EPI). The EPI measures changes to the prices of goods and services that a

8For example, njt is national employment in industry j at time t.
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particular region exports to other regions. The EPI is an extension of Bartik’s industry

mix approach and was first developed by Pennington-Cross (1997) and updated by Hollar

(2011). Instead of applying local industry weights to national industry employment, the EPI

applies local industry weights for export industries to national industry prices. This variable

is a locally exogenous demand determinant and does not suffer from the shortcomings of

using outcome variables or variables where changes have ambiguous meanings for particular

locations.

The EPI is also a variable with strong theoretical foundations, as demand for urban ex-

ports has been recognized for some time as the primary driver of local economies. Henderson

(1988, pp. 33-38; 47-50) models the relation between export prices and the level of employ-

ment, wages, house prices, and other endogenous variables in cities. Economic base models

(Isard, 1960), other system of cities models (Henderson, 1974), and new economic geography

models (Krugman, 1991) all model city development in terms of export demand or export

prices. Bartik’s own industry mix-based employment instrument is meant to “prox[y] for

demand shifts for an area’s exports,” Bartik (1993, p. 300). It is within this theoretical

framework that the EPI was developed, and it seeks to measure one of the fundamental

demand determinants in cities.

One key assumption underlying the EPI is that cities are small, open economies, and are

price-takers on the world market for goods and services. Because prices are independent of

local markets, export prices act as an exogenous local demand determinant.9 What follows

is a brief discussion of the EPI found in Pennington-Cross (1997) and Hollar (2011).

9There is a large literature on the effects of terms of trade shocks in small, open economies, and there
are many similarities between this literature and the regional science literature. See Mendoza (1995), Broda
(2001, 2004), and Kose (2002) for some examples of the effects of terms-of-trade shocks on business cycles,
exchange rates, output, and prices in cross-sections of small countries. Similarly, Henderson (1974, 1988),
analyzes the effects of export price shocks in cities on wages, house prices, output, and employment in cities.
In many respects, cities can be viewed as small, open economies with fixed exchange rates with other cities
within a currency bloc.
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3.1 Formulation of prices

The EPI is a Laspeyres price index, which has two desirable properties and several potential

drawbacks. A Laspeyres index uses fixed quantity weights q and time-varying prices p, with

subscripts i,j, and t denoting industry, location, and time.

Pjt =

∑
pijtqij0∑
pij0qij0

(3)

Since qij0 is location-specific but time-invariant, the weights may be considered exoge-

nous intertemporally. Time-varying prices in the EPI are at the national level. With the

additional assumption that regions are price takers with respect to exports, national prices

are exogenous with respect to a region’s weights. Thus changes in the EPI are, by construc-

tion, exogenous to the city economy. Contrast this with a Paasche or chained-type index,

which updates quantity weights each period, neither of which would result in an exogenous

price index. The second desirable property is that only a time series for prices is required

for the calculation of a Laspeyres index as long as base-period weights are known. Laspeyres

indices suffer from a documented substitution bias. Because weights are quantities and fixed

across time, there can be no substitution effect for agents reacting to price changes, which

results in measurement error. Ultimately, there is a tradeoff between exogeneity in the EPI

and measurement error due to the Laspeyres approach.

3.2 Formulation of weights

Each location has a vector of quantity weights by industry, whose values are the fraction of

the region’s export employment in each industry. Export employment is calculated using

Location Quotients (LQ) for industry i in region j, with omitted subscripts indicating aver-

ages over the industry or region. Location quotients measure the ratio of region’s industry

employment, nij/nj compared to the national average employment in an industry, ni/n.
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LQij = (nij/nj)/(ni/n) (4)

A LQ > 1 indicates that sector employment in a region is greater than the national aver-

age, and that the employment in excess of the national average goes towards the production

of goods and services exported to other regions. Export employment is then calculated as

xij = (1− 1/LQij)nij (5)

and is bounded from below at 0.

An industry is excluded even when xit > 0 if it generally only supplies customers within

the region. Industries excluded based on this criterion are certain retail, utility, construction,

and local government activities.

Quantity weights in the EPI are calculated as the fraction of industry export employment

to total export employment in the region.

wij = xij/xi (6)

Finally, the EPI is calculated using local industry weights and national, time-varying

prices.

EPIjt =
∑
i

wij ∗ Pit (7)

4 Linking Urban Housing and Labor Markets

Saks (2008) partially addresses Rickman’s (2010) suggestions by imposing some structure on

Blanchard and Katz’s (1992) model. Saks extends Blanchard and Katz’s model by including

housing market supply conditions. She hypothesizes that housing market regulations restrict

the construction of new housing, thus reducing the elasticity of housing supply and causing
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labor demand shocks to have different effects across cities. She identifies the elasticity of

housing supply over a panel of cities with an index of housing market regulation and inter-

acts it with an employment growth instrument constructed using Bartik’s (1991) industry

mix-based method. Saks finds that labor demand shocks have larger short-run effects on

employment and smaller effects on house prices and wages in growing, low regulation cities

versus growing, high regulation cities. However, there are no long-run effects on employment,

wages, or house prices in either high or low regulation cities.

While Saks’ model examines growing cites, policymakers are often concerned with de-

clining cities. In order to determine the effects of development policies in declining cities, it

would make sense to extend Saks’ approach to these areas. However, as Saiz (2010) shows,

regulation and urban decline are endogenous, so housing market regulation cannot be used to

identify the elasticity of housing supply in a sample with both growing and declining cities.

An extension of Saks’ basic approach to declining cities is necessary in order to fully address

the effects of development policies in demand-driven versus supply-constrained cities.

Researchers have observed for quite some time that cities often grow quickly but decline

slowly. This phenomenon was dubbed the “urban size ratchet” by Thompson (1965). Glaeser

and Gyourko (2005) argue that the urban size ratchet is caused by the durability of housing.

Housing is both easily constructed and highly durable, making it difficult for cities to shrink

in size. Effectively, durable housing creates a “kink” in the housing supply curve whereby

the city has an elastic housing supply when the city is growing and an inelastic housing

supply when the city is declining. This occurs because housing is only constructed when

house prices are at or above construction costs for a new unit. In declining cities, house

prices are far below replacement costs. Accordingly, when a city with house prices below

replacement costs faces either a positive or negative demand shock, the housing stock will
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change very little.10

Glaeser and Gyourko (2005) spawned a great deal of interest in the housing and labor

market effects of the elasticity of housing supply in cities. Of particular note are the findings

of Glaeser, Gyourko, and Saks (2006), who show that the citywide elasticity of housing supply

affects the citywide elasticity of labor supply. They argue that housing stocks constrain

population and population constrains labor supply, so the housing stock constrains labor

supply in cities. Together, these two papers imply that a city’s recent history of growth or

decline can identify both its elasticity of housing supply and its elasticity of labor supply.

The remainder of this paper tests this hypothesis and discusses the implications of the test

results.

5 Estimating a Model of Regional Dynamics

This section describes a two-step method of estimating cross-sectional differences in housing

and labor market dynamics across cities. The first step involves estimating the effects of

export price shocks on employment, wages, and house prices in individual cities, controlling

for national variables. The housing and labor market effects are measured using impulse

responses. In the second step, the characteristics of the export price impulse responses are

estimated in a cross-sectional regression as a function of the state of urban decline in a city.

A bootstrapping procedure spanning both steps is used for statistical inference.

It is common in the literature to estimate panel models and calculate panel impulse

response functions to measure the dynamic effects of shocks (see Bartik, 1991; Blanchard and

Katz, 1992; and Davis, Loungani, and Madidhara, 1997), or to estimate panel models with

certain variables interacted with exogenous variables in order to estimate differences across

10Glaeser and Gyourko (2005) also consider other possible causes of the urban size ratchet, including labor
immobility and durable capital. They find that the durability of housing dominates both of these effects.
Notowidigdo (2010) presents a model where falling local demand is absorbed by falling house prices and
rising transfer payments.
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regions (see Saks, 2008; Grimes and Aitken, 2010). These empirical modeling approaches are

driven by data availability given the large cross-section of regions and small number of time

periods of observation available at the time. Because of this data limitation, these approaches

rely on restrictions to both estimated parameters and to the cross-region error structure, and

may result in incorrect estimates and inference for both parameters and impulse responses.

With the BLS’ Quarterly Census of Employment and Wages, employment and wage

data are available at quarterly intervals, giving a sufficiently large T to estimate models

for individual cities.11 Instead of estimating a panel model with interaction terms, impulse

responses constructed using self-contained, city-level models can be examined later in a

second stage using summary statistics or regression analysis.12

5.1 First step: VAR

This subsection describes a method of estimating regional time series models that impose

theoretically justified structures on the parameters. The empirical modeling approach follows

Davis and Haltiwanger (2001), who estimate a near-VAR of oil prices and employment in dif-

ferent manufacturing sectors. A near-VAR is a vector autoregression where block-exogeneity

is imposed on certain groups of parameters. Davis and Haltiwanger’s assumption that indi-

vidual sectors cannot influence national variables motivates the assumption made here that

individual cities cannot influence national variables. This type of modeling approach is also

used by Broda (2001, 2004), who examines the effects of terms of trade shocks in small open

economies in a near-VAR, with the exchange rate in the most exogenous block.

Three blocks are chosen, following the approaches of Davis and Haltiwanger (2001) and

11N = 352 cities, T = 72 time periods.
12An example of this two-stage, “large N , large T approach” is found in Owyang, Piger, Wall, and

Wheeler (2008), who estimate individual state-level growth rates in the first stage, and explain cross-sectional
differences in these growth rates in the second stage.
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Broda (2001, 2004).13 The first consists of national variables, including the U.S. producer

price index, total U.S. employment, average U.S. wages, and average U.S. house prices.14

The second block consists of local variables that are dependent on national conditions but

exogenous with respect to other local variables. The second block includes an index of local

export prices. The third block includes locally endogenous variables: city-level employment,

wages, and house prices.15

It is assumed that the variables in Y have a linear structural representation and that the

parameters are unrestricted across cities.

BBBi(0)YYY it = BBBi(L)YYY it + εit (8)

where YYY it consists of three blocks,

Y ′
it = [YYY 1it, YYY 2it, Y 3it]

YYY ′
1it = [USPPIt, USEMPt, USWAGEt, USHPRICEt]

YYY ′
2it = [EPIit]

YYY ′
3it = [EMPit, WAGEit, HPRICEit]

and εit is a vector of structural innovations for each i and t. The structural innovations

13While each of these models only includes two blocks, the EPI necessitates a third. The EPI is exogenous
with respect to local variables, but national variables are exogenous with respect to the EPI.

14The producer price index used is the intermediate goods PPI.
15The modeling approach taken here assumes that that cities are independent from one another and there

are no spatial spillovers. This contrasts with other approaches in the literature including Carlino and DeFina
(1995) and Canova and Ciccarelli (2009). While part of the regional data generating process for U.S. cities
may be spatial in nature, it is the purpose of the research in this paper to explicitly model heterogeneous
effects. Spillovers here are only modeled indirectly through national variables. This modeling approach
assumes that spatial weights for each city are equivalent. One other source of spillovers is if workers in one
city lived in another city. This would connect both the housing and labor markets of the two cities. The
choice of MSAs as the geographic area of interest is made in order to separate housing and labor markets in
different areas.
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can be uncovered by estimating a reduced-form model for each city i ∈ I and placing

restrictions on Bi(0) such that Bi(0) is lower triangular. Additionally, block exogeneity is

imposed, following Davis and Haltiwanger (2001), such that Bi(L) is lower block-triangular.

Within each block, after the period of a shock, variables are determined jointly treating prior

blocks as exogenous. This ensures that feedback does not occur between local and national

variables or between the export price index and other local variables.

Two lags are chosen in order to satisfy the Sims, Stock, and Watson (1990) result re-

garding the consistency of impulse responses when variables are in levels and cointegration

is present. With so many regressors, two lags may be more than necessary. However, as

Berkowitz and Kilian (2000) and Kilian (2001) note, more lags are preferable because the

costs of misspecification outweigh efficiency losses due to extra lags. Also, Kilian (2001)

shows that bootstrapped estimates may require more lags than originally estimated, so it is

best to err on the side of too many lags. Finally, all that is necessary in the first stage are

consistent estimates, as inefficiency in the first stage has minimal effects on the second-stage

estimates. The reduced-form model estimated is

YYY it = ddd0i +ααα1iYYY it−1 +ααα2iYYY it−2 + eeeit (9)

where d0i = δ0i +Q2i +Q3i +Q4i and Qi are location-specific quarterly fixed effects. A

priori restrictions on α are made in order to recover the structural parameters Bi(L).

αni =


αn11i 0 0

αn21i αn22i 0

αn31i αn32i αn33i

 , n = 1, 2

Because the model involves simultaneous equations with different regressors in each equa-

tion, the model is estimated using SUR. This estimation approach addresses cross-equation

correlation in the error terms and results in more efficient estimates than equation-by-
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equation OLS as is performed in a classical VAR. As with the choice of two lags, SUR

acts as insurance against correlation among errors in equations in particular cities, even if

not all cities have correlated errors.

The result of these estimates is a matrix of parameter estimates α̂ = [α̂1, α̂2, ..., α̂I ]
′ and

reduced-form errors ê = [ê1, ê2, ..., êI ]
′. The estimated error covariance matrix êê′ = Σ̂. P ≡

Bi(0) is found using the Cholesky decomposition, Σ = PP ′.16 The structural errors are then

ε = P−1e and the structural parameters are Bi(L) = P−1αLi for L = 1, 2. Orthogonalized

impulse responses are calculated for each city as θ̂i(α̂, P̂ ).

The bootstrapping methodology for the impulse responses is described in Efron (1981),

and involves several steps. First, α parameters are estimated and θ̂ is calculated using

the observed data. Using the estimates of α, 100 error matrices are calculated by drawing

a random sample of estimated residuals with replacement. For each random draw, the

vector of residuals across all equations is taken in order to preserve the cross-equation error

structure. A starting value for Y is then randomly selected and pseudo-data Yb are recursively

generated. Bootstrapped estimates of α and θ are calculated and denoted α̂b and θ̂b where

b ∈ 1, 2, ..., 100.17

While Efron’s bootstrapping method traditionally has lower coverage than other methods

when the own lagged coefficients sum to a value close to 1 (see Kilian, 1999), the bootstrapped

impulse response functions are not meant to provide confidence intervals for the impulse

responses themselves. Instead, they are used in second stage regressions to establish the

relationship between time invariant cross-section variables and the impulse responses.

16The ordering for the Cholesky decomposition is based on Saks (2008).
17This bootstrapping method is executed using STATA’s irf create, bs command.
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5.2 Second stage: estimating differences across cities

This subsection presents a test of the hypothesis that decline causes differences in urban

housing and labor market dynamics. Characteristics of the employment, wage, and house

price impulse responses are estimated as a function of urban decline, and the relationship

between decline and urban dynamics is tested. Of particular interest are the maximum

effects, the short-run effects, and the long-run effects because these can be used to compute

the time-path of responses, provide evidence of hysteresis, and for other purposes.

Consider the set of city-level impulse responses calculated in the first stage that measure

the effects of a one-unit shock to the EPI on employment, house prices, or wages, and let the

response characteristic c of variable v in city i be denoted as θc,vi .18 Based on Glaeser and

Gyourko (2005), these characteristics are predicted to be a function of an index of urban

decline. Accordingly, these characteristics are expressed as a linear function of urban decline

according to Equation 10:

θ̂c,vi = a+ π × declinei + εi (10)

where declinei is an index of urban decline and εi is an i.i.d. normal variable.

The distribution of the estimated π may depart from known distributions, so bootstrap-

ping inference is undertaken. The bootstrap replications of the first-stage impulse response

characteristics θ̂c,vi,b are used to re-estimate the parameter π. The standard deviation of these

bootstrapped estimates is interpreted as the standard error of π̂.19

18For example, it may be interesting to estimate the one-year effect of an EPI shock on employment, so
θc,vi in this case would consist of a particular city i’s employment response to an EPI shock at t=4.

19The 90% confidence interval for π can also be computed using the 5th and 95th percentile estimates of πb.
However, due to the large number of cities and equations estimated, only 100 bootstrapping replications are
feasible. Because of the small number of bootstraps, the distribution of the bootstrap estimates at the tails
is extremely lumpy. For this reason, the percentile-t method of Efron (1981) is used instead. Because this
second stage involves bootstrapping estimates of transformations of estimated means (the impulse responses
from the first stage), the standard error bands are likely to converge quickly around the true estimate of π
by the central limit theorem.
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6 Data

6.1 Overview

Data exist for 352 Core-Based Statistical Areas (CBSA) in the United States.20 Unless

otherwise noted, information is gathered at the county level, and then aggregated based on

the CBSA area definitions. Because CBSA/MSA boundaries change over time but county

boundaries are stable, aggregating counties ensures a consistent area of analysis over time.

The CBSA is the appropriate unit of measurement because an area of this size reflects a

single labor market. Analysis at the state level is inadequate because multiple distinct labor

markets exist within a state, and sometimes across states. Analysis at the county level suffers

from cross-hauling, where households live in one county but work in another.

Wages and sectoral employment are from the BLS’s Quarterly Census of Employment and

Wages (QCEW). The QCEW uses UI data to create “near census” measures covering 99.7%

of all U.S. employment. The 352 CBSAs considered include 85% of national employment

in 2007. Data in the QCEW are quarterly from 1990:Q1-2007:Q4, for a total of 72 periods

of observation. House prices for large cities are from the Federal Housing Finance Agency

(FHFA, formerly OFHEO). FHFA house price data are quarterly at the CBSA level.

Monthly consumer price information is from the BLS’s Consumer Price Index for All

Urban Consumers - Current Series (CPI). Monthly producer price information is from the

Producer Price Index - Industry Data (PPI-Industry) series and the Producer Price Index

- Commodity Data (PPI-Commodity) series. These series are used in the creation of the

Export Price Index (EPI), the construction of which is described in Appendix A-2. Monthly

data are either averaged or summed to create quarterly data, where appropriate.

Data used in the construction of the Urban Decline Index (UDI), described in Appendix

A-3, are from the U.S. Census’ USA Counties Data File or the U.S. Department of Housing

20November 2007 definitions
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and Urban Development’s “State of the Cities Data System.” Housing stock, house value,

and demographic data are from these sources.

7 Results

The empirical results in this section cover some broad areas, but there are two main find-

ings.21 First, the export price index (EPI)–a city-level variable which measures the prices

firms receive for goods they export to other cities–serves as an important housing and labor

demand determinant. Exogenous shocks to the EPI have positive effects on employment,

wages, and house prices, controlling for national effects, but these effects vary substantially

across cities. Second, urban decline explains why these effects are different. Urban decline

reduces the effect of EPI shocks on employment, and increases the effect of EPI shocks on

wages and house prices. Similar results are obtained when Bartik’s (1991) employment vari-

able is used in place of the EPI and/or when the manner in which the index of urban decline

is computed varies. Overall, these results are extremely robust to a wide range of alterna-

tive estimation approaches.22 These two results are consistent with Glaeser and Gyourko’s

(2005) urban decline hypothesis and lend support to the idea that declining areas are supply

constrained and growing or stable areas are demand-driven.

7.1 Results common across cities

While impulse responses present the total effects of structural shocks, partial effects also

shed some light on the dynamics of cities. These partial effects are shown in Table 1 and will

be discussed first. In Table 1, median parameter estimates across 352 cities are presented,

21Recall that the approach is to use a two-step procedure to estimate the effect of urban decline on the
effects of local demand shocks: first, VARs are estimated for each city and impulse responses (IRFs) are
generated; and second, characteristics of the IRFs are estimated as a function of urban decline.

22As Bartik (1993) notes, the estimates in this section likely suffer from attenuation bias due to mea-
surement error in the variables. Therefore, these estimates should serve as a lower bound for the actual
parameters.
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and below these values are the 5th and 95th percentile estimates. The EPI equation shows

that median export prices are quite persistent, with the median lagged parameter estimates

summing to 0.88. In the employment equation the EPI has a significant effect, along with

U.S. employment. The EPI is a main driver of wages as well. Oddly, the lagged wage

parameters sum to only 0.05. This indicates that export prices provide more information

on wages than wages do, and perhaps much of the quarterly variation in the wage series

is measurement error. Input prices, in the form of the producer price index, PPI, tend to

reduce the effects of PPI changes as expected because these changes reflect supply side effects.

Positive U.S. employment changes also increase wages in this partial analysis. Finally, the

EPI is a main driver of house prices. Besides export prices, no other variable appears to

have a systematic effect on house prices across all cities.

<< Table 1 Here >>

Using estimates found in Table 1 along with Cholesky-decomposed error covariance ma-

trix, impulse responses are created and shown in Figure 1. These impulse responses show

the total dynamic effects of structural shocks to local demand on different local housing and

labor market variables. The error bands on the curves indicate the 5th and 95 percentile of

all estimates.

<< Figure 1 Here >>

Two main conclusions flow from the results in Figure 1. First the EPI is a local labor and

housing demand determinant, positively affecting all local variables in the model, including

employment, wages, and house prices. Second, substantial differences between the 5th and

95th percentile responses indicate that there is heterogeneity in the effects of export prices

across cities. As Bartik (1993) notes, measurement error often biases impulse responses of

regional dynamic models towards zero.
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Out of 352 cities, in at least one quarter after the period of the shock, the EPI has a

positive effect on employment in 325 cities, a positive effect on wages in 342 cities, and a

positive effect on house prices in 333 cities. These effects control for the intermediate goods

producer price index, U.S. employment, average U.S. wages, average U.S. house prices, and

seasonal effects.23 The median impulse response of a 1-unit EPI shock on wages reaches a

peak of 0.42 in quarter 2. The peak effect of an EPI shock on employment occurs a year later,

with a value of 0.24 in quarter 7. By quarter 7, the effect of the EPI shock on wages falls

to 0.36. This indicates that the labor supply is less elastic in the short versus the medium

term, and demand shocks are initially absorbed by wages. By period 20, the effect of the

EPI shock on employment falls to 0.08 and the effect of the EPI shock on wages falls to 0.10.

There is a large and persistent effect of EPI shocks on house prices, which reach their peak

in quarter 8 with a value of 0.59. By quarter 20, the effect of the EPI shock on house prices

falls to 0.23.

7.2 Explaining differences across cities

One thing that is apparent from Figure 1 is that the impulse responses vary substantially

across cities. The standard deviations of the responses are large, and the difference between

the 90th and 10th percentile estimates are often the difference between a large effect and

no effect whatsoever. The question then turns to whether these differences are random or

if there are underlying structural reasons. The model developed in Section 3 predicts that

the responses of wages, employment, and house prices to local demand shocks depends on

the elasticity of housing supply. Because urban decline substantially reduces the elasticity

of housing supply, this theory is tested by estimating the impulse responses as a function

of various measures of urban decline. It is found that urban decline does indeed constrain

23The full table of impulse responses is an 8x8 matrix of figures, and this is available upon request. Figure
1 contains the local variables lower right-hand quadrant.
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citywide housing and labor supply, reducing the effect of local demand shocks on employment,

and increasing the effects of local demand shocks on wages and house prices.

Impulse responses at each time horizon are estimated in a second-stage regression as a

function of the Urban Decline Index (UDI) in accordance with Equation 10, and Figure 2

shows the impulse response at the 5th and 95th percentiles of the index.24 Shaded areas are

confidence intervals calculated as mean estimate +/− 2× SD of the bootstrap estimates of

the UDI parameter. This figure shows that urban decline alters the effects of local demand

shocks in the manner predicted by Glaeser and Gyourko’s (2005) decline hypothesis. In a

growing city (represented by the 5th percentile of the UDI in Figure 2), a demand shock

has a large, positive effect on employment. Conversely, a declining city (95th percentile of

the UDI) has almost no employment effect. These effects are reversed for wages and house

prices, with the effect of the EPI on wages almost twice as large in declining cities as growing

cities.

<< Figure 2 Here >>

<< Table 2 Here >>

8 Summary and conclusions

The results in this paper demonstrate that regions react differently to demand shocks, and

that these differences are systematic and predictable based on Glaeser and Gyourko’s (2005)

urban decline hypothesis. Cities in decline react as though they are supply-constrained, and

cities that are relatively stable or are growing behave as though they are demand-driven.

24Given a one-unit impulse at t=0, at each time horizon t+h (h=1,2,...,20), a regression is estimated where
the left-hand side variable is a particular response to an EPI shock and the right-hand side variable is the
UDI. Using the constant and slope parameters, the 5th and 95th percentile values of the UDI are used to
create a prediction for the responses at time t+ h in growing (5th percentile of the UDI) vs declining (95th
percentile of the UDI) cities.
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The proposed mechanism for these differences is the durability of the housing stock.

Housing is easily constructed but rarely destroyed, creating inelasticities in local housing and

labor markets when housing is priced well below replacement costs. Others in the literature

have formed models where the elasticity of labor supply causes the effects of demand shocks

to be different across subsets of cities or in particular markets (Saks, 2008; Grimes and

Aitken, 2010). The research in this paper supports this view, and the results in this paper

are consistent with these earlier works.

The identification of local demand shocks has been a major challenge in the literature.

Past measures have generally focused on outcome variables such as employment or popu-

lation. Rickman (2010) forcefully argues that this issue has remained and that alternative

approaches are desirable. With Rickman in mind, local demand shocks in this paper are

measured using a true determinant of local demand, the Export Price Index (EPI). This

variable uses fixed, area-specific weights and national prices to construct a price index for

goods and services exported outside of a city. The EPI is shown to be an important housing

and labor demand determinant in cities.

Previous research modeling regional dynamics focus on panel specifications. Given the

increasing availability of high-frequency data for a large number of cities (such as the BLS’

Quarterly Census of Employment and Wages), this paper pursues a different approach. First,

Davis and Haltiwanger’s (2001) near-VAR model is used to estimate time series models for

individual cities and construct city-level impulse responses. In a second stage, characteristics

of the impulse responses are modeled as a function of different city-level cross sectional

variables in order to determine why there are differences in the impulse responses across

cities. A bootstrapping procedure spanning both stages is used for statistical inference.

By finding systematic differences in regional supply elasticities, a major conflict in the

literature is resolved. Results presented in this paper indicate that the accuracy of demand-

driven and supply-constrained models is dependent on area characteristics. In growing cities
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where housing supply can easily adjust through new construction, Blanchard and Katz’s

(1992) demand-driven framework is appropriate. However, in declining cities where the

housing stock cannot change quickly, Bartik’s (1991) method better reflects observed urban

dynamics. In general, the research in this paper shows that understanding the nature of

housing supply in cities is crucial to the choice of modeling approach.

The realization that demand shocks have different effects in different locations has im-

plications for development policies meant to stimulate demand. Employment multipliers are

dramatically different in growing versus declining cities, and development policies meant to

stimulate employment will have differential effects. In growing cities, positive local demand

shocks primarily cause employment to increase with little real benefits to original residents,

whereas in declining cities, while employment may not rise as substantially, there are large

and permanent benefits to local firms, workers, and homeowners.
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Figure 2: Impulse responses in growing vs. declining cities
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Effect of a 1 unit shock to X on Y, t quarters from the shock.
     The solid line represents a growing city (5th percentile of the Urban Decline Index).
     The dotted line represents a declining city (95th percentile of the Urban Decline Index).
     Shaded areas are +/− 2 SEs (bootstrapped).
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Table 1: VAR results

[1] [2] [3] [4]
VARIABLES EPI Employment Wages House prices

EPI (t-1) 0.891 -0.037 0.027 0.081
(0.486, 1.265) (-0.988, 0.762) (-2.375, 1.94) (-0.948, 1.564)

EPI (t-2) -0.015 0.138 0.349 0.116
(-0.375, 0.245) (-0.721, 1.154) (-1.452, 2.75) (-1.128, 1.252)

Employment (t-1) 0.597 0.035 0.058
(0.155, 1.007) (-0.56, 0.746) (-0.265, 0.45)

Employment (t-2) 0.002 0.020 0.022
(-0.331, 0.28) (-0.633, 0.637) (-0.233, 0.374)

Wages (t-1) 0.033 0.049 0.009
(-0.102, 0.251) (-0.294, 0.456) (-0.165, 0.172)

Wages (t-2) 0.029 0.004 0.009
(-0.133, 0.231) (-0.293, 0.293) (-0.198, 0.168)

House prices (t-1) 0.026 0.022 0.538
(-0.225, 0.291) (-0.563, 0.539) (0.067, 1.284)

House prices (t-2) -0.013 0.011 0.131
(-0.304, 0.242) (-0.628, 0.591) (-0.419, 0.422)

U.S. PPI (t-1) 0.012 -0.052 -0.244 0.019
(-0.043, 0.201) (-0.294, 0.158) (-0.771, 0.267) (-0.236, 0.293)

U.S. PPI (t-2) -0.011 0.052 0.042 -0.043
(-0.081, 0.118) (-0.203, 0.31) (-0.451, 0.649) (-0.296, 0.234)

U.S. Employment (t-1) 0.188 0.811 0.684 0.039
(-0.129, 0.581) (-0.044, 2.015) (-1.086, 2.964) (-0.815, 1.141)

U.S. Employment (t-2) -0.172 -0.563 -0.348 -0.147
(-0.59, 0.152) (-1.745, 0.382) (-2.574, 1.453) (-1.101, 0.746)

U.S. Wages (t-1) 0.003 -0.070 -0.052 -0.052
(-0.022, 0.087) (-0.31, 0.116) (-0.493, 0.325) (-0.271, 0.166)

U.S. Wages (t-2) 0.024 -0.014 0.069 0.008
(-0.008, 0.118) (-0.295, 0.212) (-0.231, 0.53) (-0.204, 0.225)

U.S. House Prices (t-1) 0.004 0.045 0.376 0.344
(-0.123, 0.237) (-0.363, 0.683) (-0.501, 1.389) (-0.228, 1.645)

U.S. House Prices (t-2) 0.010 -0.076 -0.158 -0.283
(-0.231, 0.141) (-0.644, 0.341) (-1.144, 0.725) (-1.338, 0.296)

N 352 352 352 352
T 71 71 71 71
A constant term and quarterly fixed effects are included in regressions, but not presented for
brevity. Medians presented above the 5th and 95th percentile estimates in parentheses.
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Table 2: Differences in impulse responses by area characteristic

Measure EPI->Employment EPI->Wage EPI->House prices

Urban decline
Urban Decline -0.081* 0.091* 0.269*
Index (0.014) (0.011) (0.016)
Change in c.c -0.889 -9.626* -17.998*
house value (1.55) (1.821) (2.586)
Fraction of pop. -0.61* 0.438* 1.316*
from same state (0.091) (0.074) (0.115)
Average January 0.003* -0.005* -0.02*
temperature (0.0009) (0.0009) (0.0013)
Change in c.c 10.905* -6.902* -19.07*
population (1.44) (0.992) (1.41)

This table present the estimates from the following regressions:
θc,vi = a+ πXi + εi

where θc,vi is variable v’s 4th quarter response to an EPI shock (v listed in the
column header) and Xi is a city-specific cross-sectional variable listed by row.
this equation is estimated using STATA’s rreg command, which downweights
extreme values. Table cells present the mean estimate of π and the values below
are standard errors.
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APPENDIX

A-1 The Comparative Statics of Regional Development

The following regional equilibrium model generates predictions about the relation among the
elasticity of housing supply and the effects of demand shocks on employment, wages, and
house prices. In declining cities, where the elasticity of housing supply is lower, an exogenous
change to export demand has a smaller effect on employment and a larger effect on wages
and house prices compared with growing cities.

This model includes product, housing, and labor markets. Following Roback (1982),
Gyourko and Tracy (1991), and Brown, Hayes and Taylor (2003), representative households
migrate until indirect utilities across cities are equalized. Representative firms are perfectly
competitive and equilibrium profits are zero. Following the economic base model and the
system of cities literature, demand for urban exports drives local economic activity 25 In
each city, only one good is produced for export. The city imports all other intermediate
goods used in production and consumption goods. All cities are price takers for imports and
exports, following the assumptions in Henderson (1988) and Hollar (2011).

Each of these markets is represented using general functional forms such as in Bartik
(1991) and Gyourko and Tracy (1991), Brown, Hayes and Taylor (2003). Alternative regional
models such as those found in Blanchard and Katz (1992) and Saks (2008) express the
economy in a series of linear relationships. However, in order for these models to accurately
reflect the data, they rely on one particularly strong assumption: that the marginal product
of labor is constant or decreasing with respect to the level of employment in a city. This
assumption runs counter to the voluminous literature on agglomeration economies. There
exists a tension in cities between increasing returns to additional residents and increasing
costs of living, according to Henderson (1974, 1988) and Abdel-Rahman and Anas (2004).
In these models, the marginal product of labor is increasing with the population of the city,
which is reflected in the higher wages and rental prices of housing services found in larger
cities. What is necessary is a model that derives plausible comparative statics but, at the
same time, allows for increasing returns to labor. The model in this section is developed
with this in mind.

The representative household derives utility from housing H and an imported composite
good X.

U = U(H,X) (A-1.1)

Consumption for each household is subject to a budget constraint, where w is the wage, r is
the rental price of housing services and the price of the composite good is set equal to one.

25Urban exports are goods and services exported to other cities and regions. These cities and regions can
be in the same country or another country.

33



Each household supplies exactly one unit of labor, so household income is w.

w = rH +X (A-1.2)

Combining equations A-1.1 and A-1.2, housing demand can be expressed as an implicit
function of wages and house prices.

H = HD(w, r) (A-1.3)

HD
r < 0, HD

w > 0

Labor supply can be solved using the traditional regional equilibrium condition where
each household receives an indirect utility V̄ and can costlessly and immediately move to
another location to achieve it if necessary.

L = LS(w, r) (A-1.4)

LS
r < 0, LS

w > 0

Housing is supplied by competitive firms seeking to maximize profits.

ΠH = rH − PNN − PSS (A-1.5)

Housing is produced using structure and land inputs with constant returns to scale.

H = H(N,S) (A-1.6)

Structure inputs are imported and have a constant price PS. However, land is scarce,
leading to an upward sloping housing supply curve as a function of N .

PN = PN(N) (A-1.7)

PN
′ > 0

Combining equations A-1.6 and A-1.7 with equation A-1.5 and assuming long run profits for
housing developers are zero, housing supply is expressed as an implicit function of rents and
structure prices.

H = HS(r;PS) (A-1.8)

HS
r > 0, HS

PS
< 0

A single good is produced in the city by competitive firms for export using labor and
basket of imported intermediate inputs. Profits of these firms can be written as

ΠQ = PQ− wL− PMM (A-1.9)

Production of the export good is characterized by constant returns to scale in intermediate
inputs but increasing returns to scale in labor at the city level, reflecting agglomeration
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economies.
Q = A(L)G(L,M) (A-1.10)

Intermediate goods and labor are not modeled explicitly as complements or substitutes
in production as this is an empirical matter.26 The effect of a change in L on Q can be
decomposed into two effects, an agglomeration effect and a private marginal product effect.

dQ

dL
= AL(L)G(L,M) + A(L)GL(L,M) > 0 (A-1.11)

This agglomeration effect is assumed to be small so that the marginal product effect domi-
nates, and

d2Q

dL2
< 0 (A-1.12)

Thus, marginal product of labor decreases in L even though there are agglomeration economies.
The labor demand relation is then

L = LD(w;P, PM) (A-1.13)

LD
w < 0, LD

P > 0, LD
PM

< 0

Because city production of the export good is a small fraction of world demand, demand
for the export good is perfectly elastic at the national price, P . This identifies the output
supply curve as an implicit function of w alone.

Q = QS(w;P, PM) (A-1.14)

QS
w < 0, QS

P > 0, QS
PM

< 0

Equations A-1.3, A-1.4, A-1.8, and A-1.13, combined with the market clearing conditions
HS = HD and LS = LD, gives the system of equations in (A-1.15). Once the wage is
determined, so is Q by equation A-1.14.

(A-1.15)

HD(w, r)−HS(r;PS) = 0

LD(w;Pm, P )− LS(w, r) = 0

Taking the total derivative of this system gives the following equation:

(A-1.16)

26

QL > 0, QLL < 0, QM > 0, QMM = 0, QLM = QML <> 0

AL > 0, ALL > 0, GL > 0, GLL < 0, GM = 0, GMM < 0, GLM = GML <> 0
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[
HD

w HD
r −HS

r

LD
w − LS

w −LS
r

] [
dw
dr

]
=

[
HS

PS
dPS

−LD
PM

dPM − LD
P dP

]
Invoking the implicit function theorem and using Cramer’s rule, the effect of a change in

P, PM and PS on wages w and the price of housing services r can each be found in turn.
The term (HD

r − HS
r )(L

D
w − LS

w) represents the direct effects of price changes on the
respective markets and the term HD

w (−LS
r ) represents the indirect effects of price changes

on other markets. For this reason, it is assumed that(HD
r −HS

r )(L
D
w −LS

w) > HD
w (−LS

r ) and
the determinant ∆ is negative.27

∆ = HD
w (−LS

r )− (HD
r −HS

r )(L
D
w − LS

w) < 0 (A-1.17)

The comparative static effects of an export price change are as follows. First, a positive
change to export prices increase wages and house prices.

dw

dP
=

1

∆
(HD

r −HS
r )L

D
P > 0 (A-1.18)

dr

dP
=

1

∆
HD

w (−LD
P ) > 0 (A-1.19)

Next, positive changes to the prices of intermediate inputs decrease wages and house
prices when labor and intermediate inputs are complements, and increase wages and house
prices when labor and intermediate inputs are substitutes.

dw

dPM

=
1

∆
(HD

r −HS
r )L

D
PM

<> 0 (A-1.20)

dr

dPM

=
1

∆
HD

w LD
PM

<> 0 (A-1.21)

Finally, positive changes to the price of structure inputs increase wages and house prices.

dw

dPS

=
1

∆
(−LS

r )H
S
PS

> 0 (A-1.22)

dr

dPS

=
1

∆
(LD

w − LS
w)(−HS

PS
) > 0 (A-1.23)

This model can be used to examine the relation between urban decline and the effects
of export price shocks dP . Urban decline reduces the elasticity of housing supply, so the
derivative of the comparative statics with respect to HS

r will give the predicted effect of
urban decline. First, taking the partial derivative of equation A-1.18 shows that reducing
the elasticity of housing supply increases the effect of export price changes on wages.

27The determinant is

∆ ≡ detA ≡
∣∣∣∣ HD

w HD
r −HS

r

LD
w − LS

w −LS
r

∣∣∣∣
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∂ dw
dP

∂HS
r

=
1

∆2

[
HD

w (−LS
r )(−LD

P )
]
< 0 (A-1.24)

Taking the partial derivative of equation A-1.19 shows that reducing the elasticity of
housing supply also increases the relation between urban decline and the effects of export
price shocks on the rental price of housing services.

∂ dr
dP

∂HS
r

=
1

∆2

[
−HD

w (LD
w − LS

w)(−LD
P )

]
< 0 (A-1.25)

The effect of urban decline on the effects of export price shocks on employment can be
found from equation A-1.13. Taking the total derivative of equation A-1.13 with respect to
P yields:

dL

dP
=

dLD

dP
= LD

P + LD
w

dw

dP
(A-1.26)

And taking the partial derivative of equation A-1.26 with respect to HS
r gives

∂ dL
dP

∂HS
r

= LD
w

∂ dw
dP

∂HS
r

> 0 (A-1.27)

Thus, the employment effect of an export price shock declines with the elasticity of housing
supply. What is interesting is that the partial elasticities of labor supply ( LS

w and LS
r )

remain unchanged, but the total elasticity when considering the housing market (dL/dw
and dL/dr), falls from the previous level.

This simple model formalizes the Glaeser and Gyourko (2005) argument that, in declining
areas with inelastic housing supply, the effects of demand shocks on wages and house prices
are large while the effects on employment are small. Additionally, this model shows that
export price changes unambiguously and positively affect wages, house prices, output, and
employment.

A-2 Export Price Index construction

All data used in the construction of the Export Price Index (EPI) are produced by the
U.S. Bureau of Labor Statistics and are publicly available. The primary challenge involves
matching NAICS-denoted industry codes with non-NAICS-denoted data because much of the
available historical price data are denoted in SIC codes, commodity codes, and consumer
price codes.

The weights are from Quarterly Census of Employment and Wages (QCEW) and the
computation is straightforward. The first task is to determine the base year. Braithwait
(1980) finds that the Laspeyres substitution bias increases in the amount quantities and
prices differ from the base year quantities and prices. Because of this, industry weights are
calculated as the average of employment in 1990, 1995, 2000, and 2005. After constructing
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the industry weights by location, the next steps are to calculate location quotients, export
employment, and EPI quantity weights for NAICS 6-digit industries.

Prices are from the BLS’s PPI and CPI tables. The PPI tables used are the PPI-Industry
SIC table, the PPI-Industry NAICS table, and the PPI-Commodity table. The CPI table
used is the CPI current series for urban consumers.

The first step in creating the price panel is to map NAICS-denoted PPI-industry prices
to QCEW industries. When a price is missing, the following strategy is used to fill in
the missing values. Each NAICS-denoted industry for which there are missing values is
sequentially matched to a SIC-denoted PPI-industry, a PPI-commodity series, or a CPI series
and missing observations are filled. This matching is done based on a Census translation
table in the case of SIC codes. For commodities and services, the description in the dataset
is used for matching. If price data are still missing when this matched price data are used,
prices from the next highest classification level are used. If price data are still missing then
the CPI-All Items series is used.28

Figure A-5 shows the EPI along with employment in four representative cities. In each,
the EPI tracks employment to varying degrees. In New York, Austin, and Las Vegas, the EPI
follows employment fairly closely, whereas in Erie, they appear to be somewhat unrelated.
More generally, Table A-1 shows the results of single-equation random coefficient models.
These estimates indicate that the EPI is highly correlated with other urban variables. The
EPI effect on employment, wages, and house prices in cities appears to be different, as
evidenced by rejections of χ2 tests of equal parameters across cities. Of course correlation
does not imply causality, and the following empirical sections will determine the effects
of export prices, but Figure A-5 and Table A-1 indicate that there is likely to be some
relationship, and that this relationship may be different across cities

28One problem is that many of these series have different base years, both across industries and within
industries, because some industries take prices from several price series. To address this, price growth rates
are generated and a new price series is constructed based on these growth rates. This series has a value of
100 in the first period and grows at a rate of the composite industry price series. During periods of transition
from one price series to another, there will necessarily be a missing growth rate. This is treated as a missing
price and filled using the methods described above.
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A-3 Measures of Urban Decline

Several indices of urban decline have been used to identify cities where house prices are
significantly below replacement costs. In general, both determinants and observed charac-
teristics of decline have been used for this purpose. Glaeser and Gyourko (2005) attempt to
measure this directly by comparing asset price with an estimate of construction cost. They
also argue that technological advances such as air conditioning combined with warm weather
has acted as a positive amenity shock over the second half of the 20th century, and that this
has had an effect on the growth or decline of cities. Saiz (2010) proxies for urban decline
using the population change in previous 20-year period and the fraction of migrants in the
population in the first period of the estimation.

In order to parsimoniously express these measures in a single variable, an index of urban
decline is created. This new measure is called the urban decline index (UDI), and is con-
structed by summing standardized versions of the four variables listed above. The first is the
percentage change in the value of the median housing unit in the center-city between 1970
and 2000. The second is the average January temperature. The third is the fraction of the
population from the same state in 1990. Finally, the fourth is the change in the population
in the center-city between 1970 and 2000. The first and fourth variables are from the State of
the Cities Data System (SOCDS) produced by the U.S. Department of Housing and Urban
Development. The second variable is from the U.S. Department of Agriculture’s Natural
Amenities dataset. The third variable is from the U.S. Census’ “USA Counties Data File.”

A histogram of the values in the UDI is found in Figure A-6. Some extreme values of the
UDI are found in Table A-2. Higher values of the UDI indicate a greater degree of urban
decline. Of the smallest values of the UDI, most are in warm, high-growth areas. These
cities each have experienced high house price appreciation and population growth between
1970 and 2000. Of the cities with large UDI values, most are in cold, Rust Belt cities. These
cities have seen declines in central-city populations and relatively flat nominal house prices.

The UDI is highly correlated with housing market regulation as shown in Figure A-7.
This provides support for Saiz’s (2010) contention that land use regulation varies inversely
with urban decline.
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Table A-1: Statistical relationships between the Export Price Index (EPI) and other urban
variables

(1) (2) (3)
ln employment ln wage ln house prices

ln Export Price Index 0.605*** 1.257*** 1.748***
(0.0229) (0.0205) (0.0330)

Constant 8.563*** 0.617*** -4.043***
(0.135) (0.107) (0.160)

Observations 23472 23472 23472
T 72 72 72
N 326 326 326

χ2 value under the
null of constant parameters 2.2E+07 6.0E+06 1.7E+05
p-value <0.001 <0.001 <0.001

Notes:
This table presents the results of three random coefficient models.
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Figure A-1: Impulse response robustness check: ∆ median central city house value, 1970-
2000
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Figure A-2: Impulse response robustness check: fraction of population from same state

−
.5

0
.5

1

0 5 10 15 20

Export Prices −> Employment

−
.5

0
.5

1

0 5 10 15 20

Export Prices −> Wages

−
.5

0
.5

1

0 5 10 15 20

Export Prices −> House Prices

Effect of a 1 unit shock to X on Y, t quarters from the shock.
     The solid line represents a growing city (5th percentile of the fraction of population from same state).
     The dotted line represents a declining city (95th percentile of the fraction of population from same state).
     Shaded areas are +/− 2 SEs (bootstrapped).
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Figure A-3: Impulse response robustness check: average January temperature
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Effect of a 1 unit shock to X on Y, t quarters from the shock.
     The solid line represents a growing city (95th percentile of the average January temperature).
     The dotted line represents a declining city (5th percentile of the average January temperature).
     Shaded areas are +/− 2 SEs (bootstrapped).
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Figure A-4: Impulse response robustness check: %∆ central city population, 1970-2000
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     The solid line represents a growing city (95th percentile of the change in c.c. population ).
     The dotted line represents a declining city (5th percentile of the change in c.c. population ).
     Shaded areas are +/− 2 SEs (bootstrapped).

45



Figure A-5: Export prices and employment: representative cities
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Figure A-6: Histogram of the Urban Decline Index
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Figure A-7: Urban decline and land use regulations
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