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I. Introduction

A growing literature uses variation across cities or regions to identify the
effects of economic shocks of interest to macroeconomists.1 What exactly
these estimates identify is often complicated by the fact that metropolitan
and regional outcomes reflect both the partial equilibrium effects of the
shock in question as well as local general equilibrium responses to the
shock. In this paper we propose an approach by which applied research-
ers can isolate the partial equilibrium effect of the shock. The partial equi-
librium effect is useful for several reasons. First, it has a clear theoretical
interpretation and speaksmore directly to specific economicmechanisms.
In contrast, estimates that include local general equilibrium effects reflect
a combination of several economic mechanisms and are more difficult to
interpret as a result. Second, the partial equilibrium effect canmore easily
be matched with a theoretical counterpart for calibration purposes. The
method we propose allows researchers to avoid formulating and solving
a multi-region general equilibrium macroeconomic model to be able to
compare their empirical results to analogous concepts in a model.
The easiest way to describe our approach is in the context of a concrete

application. The applicationwe focus on is the analysis of so-called hous-
ing wealth effects. The US housing boom and bust in the 2000s focused
attention of economists on the effect of changes in home prices on con-
sumer spending.Prominent recent papers in this literatureuse regional data
to estimate the effect of changes in house prices on outcomes such as spend-
ing, car registrations, and employment (e.g., Mian, Rao, and Sufi 2013;
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Mian and Sufi 2014). The appropriate interpretation of these estimates
is not straightforward. House prices are endogenous at the level of a city
and a shock that changes home prices surely alters consumption through
other channels. The shock may affect consumption directly. In addition,
the increased spending triggered by higher house prices will raise wages
and incomes locally, which will lead to more local spending (a local gen-
eral equilibrium effect). For these reasons, it is not immediately clearwhat
we can learn from the response of city-level consumption to a change in
local house prices.
We show how existing empirical estimates of the housingwealth effect

on consumption can be decomposed into the partial equilibrium effect
of house prices on consumption and local general equilibrium effects. We
start bydrawing adistinction betweenprices that aredeterminednationally
and prices that are determined locally. For example, financial markets are
highly integrated at a national level, whereas labor markets and mar-
kets for nontradable goods are quite local. This distinction is important
because variation in national prices will be absorbed by the constant in a
cross-sectional regression or the timefixed effect in a panel regression and
will therefore not affect cross-regional estimates of the housing wealth
effect.
Local general equilibriumeffects that operate through localmarketswill,

however, not be captured by the constant or time fixed effects in cross-
regional regression analysis. The key insight in our paper is that estimates
of the local fiscalmultiplier can be used to gauge the strength of these local
general equilibrium effects. In particular, we derive conditions under
which one can remove local general equilibrium effects from a city-level
estimate of the housing wealth effect simply by dividing that estimate by
an estimate of the local fiscal multiplier. The logic underlying this result
is that the equilibrium response to an increase in local demand will be
the same whether that demand comes from private consumption as a re-
sult of the housing wealth effect or from a fiscal shock. Dividing by the
localfiscalmultiplier yields an estimate of the partial equilibriumhousing
wealth effect that corresponds to the effect of a change in home prices
holdingfixedwages andothernonhousingprices. This partial equilibrium
effect has a simple interpretation and it can be used to discipline a partial
equilibrium model of housing and consumption.
In recent complementary work, we estimate the housingwealth effect

based on city-level variation in house prices and using retail employment
as a proxy for local consumption (Guren et al. 2020). We estimate an elas-
ticity of retail employment with respect to house prices of 0.072. We
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furthermore show in that paper that retail employment has approximately a
unit elasticitywith respect to consumption in the aggregate and across cit-
ies, which allows us to interpret the retail employment response as a con-
sumption response. To convert the elasticity we estimate into a marginal
propensity to consume out of housing wealth (MPCH), we divide by the
housing consumption ratio, which averaged 2.17 from 1985 to 2016. This
yields anMPCHof 3.3 cents on the dollar. For the reasons discussed above,
this estimate reflects both the partial equilibrium and local general equi-
librium responses of consumption to housing. To isolate the partial equi-
librium effect, we divide it by an estimate of the local fiscal multiplier.
Nakamura and Steinsson (2014) estimate the local fiscal multiplier to be
approximately 1.5. Dividing our housing wealth effect estimate by the
local fiscal multiplier yields a partial equilibrium MPCH of 2.2 cents on
the dollar.
Our approach of combining several reduced-form estimates to identify

a structural parameter is an application of the general method of simulta-
neous equations identification. The identification challenge is that multi-
ple structural systems can give rise to the same reduced-form estimates.
For example, the cross-regional housingwealth effectmay be large because
the partial equilibrium effect of house prices on consumption is large or
because local general equilibrium effects are large. Identification requires
making restrictions on the system. In our example, the restrictions are ex-
clusion restrictions: for example, shocks to government spending do not
directly affect consumption demand (they affect consumption through
income). The key point in our argument is that allowing for more sources
of exogenous variation (government spending shocks) helps identify the
system even though it enlarges the system. We discuss how the identifi-
cation problem and solution are closely related to structural vector auto-
regression (VAR) methods. A general lesson is that researchers who use
regional variation can benefit fromapproaching their estimates as compo-
nents of a system of simultaneous equations. In this context, shocks to
government purchases are particularly useful in identifying local general
equilibrium effects because the direct effect of the shock on demand is
known. We discuss how this simultaneous equations approach is valu-
able in many situations where the object of interest is the direct effect of
a change in demand whether it arises from housing wealth effects, credit
supply shocks, foreign demand, or other sources.
We present several refinements of the basic idea of dividing by the local

fiscal multiplier. The most important refinement from a quantitative per-
spective is to allow for the fact that an increase in house prices stimulates
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local construction activity. This is a separate channel from the standard
consumption multiplier because the initial partial equilibrium increase
in demand is not consumption but residential investment. We derive a
simple formula for isolating the partial equilibrium effect of house prices
on consumption in the presence of effects on local construction activity. To
evaluate this formula, we need an estimate of the response of construction
activity to house prices. We present such an estimate using an analogous
research design to that used in Guren et al. (2020). The refined formula
yields an estimate of the partial equilibrium housing wealth elasticity of
0.040 or a partial equilibrium MPCH of 1.8 cents on the dollar.
A second important refinement is to allow for dynamics. In a dynamic

context, there is no single fiscal multiplier. Rather there is an entire im-
pulse response of output to a fiscal shock. For the dynamic case, we de-
velop amatrix version of the simple formula that applies in the static case.
For example, the dynamic version of our formula involves the inverse of a
matrix with the (i, j) element giving the effect of a fiscal shock at date j on
output at date i (amatrix version of dividing by the localfiscalmultiplier).
Using simulations, we explore how well our static formula performs
when the data are generated by a dynamic model. We show that under
some conditions it holds almost exactly. In the richest dynamic structural
model we consider, our simple static formula accounts for the bulk of the
needed adjustment but somewhat underestimates it.
In our analysis, we address Davidoff’s (2016) critique of the use of het-

erogeneous supply constraints—such as those captured by the Saiz (2010)
housing supply elasticity estimates—as instruments for home prices.
Davidoff points out that if housing markets experience a common de-
mand shock but move along different supply curves, then prices and
quantities should be negatively correlated: the most constrained cities
should see the largest housing price responses but the smallest housing
quantity responses. However, Davidoff shows that there is a positive re-
lationship betweenhousingprice growth and the growthof housingunits.
Our construction employment estimates confirm Davidoff’s critique ap-
plies at business cycle frequencies.2

We show that a model that allows for differences between short-run
and long-run housing supply elasticities can address Davidoff’s critique.
We consider a version of our dynamic model in which short-run housing
supply elasticities are low in all cities, but housing supply elasticities are
more heterogeneous in the long run. This distinction reflects both the time
it takes to plan and develop new housing units (which makes short-run
elasticities low in all cities) and differences in constraints on land supply
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that are not binding in the short run but may bind in the long run as in
Nathanson and Zwick (2018). House prices, like other asset prices, are
forward-looking in nature and, as a result, are primarily determined by
the long-run elasticity of housing supply even in the short run. The short-
run construction response, on the other hand, reflects the short-run con-
straints faced by housing developers. Consider two cities that have the
same short-run supply elasticity but differ in the long-run supply elas-
ticity. A common shock to expected future housing demand will move
prices differently across the two cities due to expectations about future
housing supply responses. Furthermore, expectations about larger future
capital gains (or smaller future capital losses) will imply that the shock
results in a larger change in current housing demand in the citywith a less
elastic long-run housing supply curve. In terms of construction, both cit-
ies move along the same short-run housing supply curve but by different
amounts. Theupward-sloping short-run supply curveyields apositive cor-
relation between prices and quantities even though the changes in prices
are generated primarily by a common demand shock moving the cities
along different (long-run) supply curves.
The idea of dividing cross-regional estimates of housing wealth effects

by estimates of the localfiscalmultiplier to arrive at an estimate of the par-
tial equilibrium effect of changes in house prices on consumption implic-
itly assumes that existing evidence on the localfiscalmultiplier is stronger
than for the partial equilibrium effect of house prices on consumption.
However, if the reverse is true, our method is just as useful. In this case,
we can use our method to infer the size of the local fiscal multiplier from
the combination of cross-regional estimates of housingwealth effects and
estimates of the partial equilibriumeffect of house prices on consumption.
More generally, in the context of housing wealth effects, our method im-
plies that cross-regional estimates can provide information about some
combination of the local fiscal multiplier and the strength of partial equi-
librium effects.
The key idea we explore in this paper is that the general equilibrium

adjustment to a change in private consumption is equivalent to the general
equilibrium adjustment to a government spending shock. This demand
equivalence idea is also explored in several contemporaneous papers.
In the context of a two-period model of the stock market wealth effect,
Chodorow-Reich, Nenov, and Simsek (2020) derive a demand equiva-
lence result that links the direct spending response to the change in the
local wage bill. Wolf (2019a) lays out conditions under which demand
equivalence holds exactly for the impulse responses of a dynamic model
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andWolf (2019b) applies those results to cross-regional comparisons and
local general equilibrium. In our analysis, the relationship between im-
pulse responses is expressed in terms of thematrix relationship described
above.3 Applying this result directly is challenging because it requires
that the researcher observe the full dynamic response to the shock of in-
terest and a fiscal spending shock that has the same dynamics as the (as
yet unknown) partial equilibrium response of interest. However, we
show that the simpler static adjustment works fairly well across several
alternative specifications of a fully dynamic model. As each of these pa-
pers considers a different application, taken together, they demonstrate
that the demand equivalence logic that is common among them is useful
in a variety of contexts.4

Interpreting cross-regional estimates is tricky because of general equilib-
rium effects. On the one hand, these estimates include local general equi-
librium effects. The focus of this paper is getting from the cross-regional
estimates to partial equilibrium effects by removing local general equilib-
rium effects. On the other hand, cross-regional estimates difference out
national general equilibrium effects. This implies that cross-regional esti-
mates do not directly answer questions about aggregate effects (e.g.,what
is the aggregate effect of fiscal stimulus, the China shock, or the 2000s rise
and fall of houseprices).A rapidly growing recent literature hasusedmulti-
region general equilibrium models to assess what cross-regional estimates
imply about these macro questions (e.g., Nakamura and Steinsson 2014;
Beraja, Hurst, andOspina 2019;Herreno 2020). Oneway to do this type of
analysis is to use the cross-regional estimate to distinguish among com-
peting general equilibriummodels and then see what the favored general
equilibriummodel implies about the macroeconomic question of interest
(Nakamura and Steinsson 2018).
The paper is organized as follows. Section II lays out the challenge the

paper seeks to address. Section III presents adjustments of cross-sectional
estimates of the housingwealth effect for local general equilibrium effects
in simple static environments. Section IV explains that our adjustment of
the housingwealth effect is an application of estimating one equation in a
system of simultaneous equations. Section V provides a fully structural,
multi-region macro model of the housing wealth effect on consumption.
Section VI derives the matrix adjustment for local general equilibrium ef-
fects in the dynamic model presented in Section V. Section VII discusses
the importance of distinguishing between the short-run and long-run
housing supply elasticities. Section VIII conducts a Monte Carlo analysis
of the fully structural model to evaluate the accuracy and robustness of
the simple adjustment used in Section III. Section IX concludes.
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II. Interpreting Cross-Regional Regressions

To address the issue of how to interpret cross-regional regression coeffi-
cients, it is useful to consider a concrete example. The example we focus
on is the estimation of the housingwealth effect. A relatively standard es-
timating equation for a regional estimate of the housing wealth effect is

Dci,t = wi + yt + bDpi,t + εi,t, (1)

where i indexes cities, t indexes time,Dci,t is the first difference of log con-
sumption in city i,Dpi,t is thefirst difference of log house prices in the city,
wi is a city fixed effect, yt is a time fixed effect, and εi,t captures unmodeled
influences. The coefficient of interest is b, which gives the elasticity of
local consumption with respect to local house prices.
To identify the causal effect of local house prices on local consump-

tion, researchers must confront the twin challenges of reverse causation
andmeasurement error. A common approach to overcoming these chal-
lenges is premised on the view that house prices differentially respond
to aggregate housing demand shocks across cities due to differences in
housing supply elasticities. This approach is, for example, used by Mian
et al. (2013), Mian and Sufi (2014), and Guren et al. (2020). Let’s suppose
we have used such a shift-share approach to form a causal estimate of b.
The question we ask is, How should we interpret this estimate?
Let’s suppose for simplicity that the consumption function of house-

holds in the regional economies under consideration is a linear function
of household income yi,t, house prices pi,t, interest ratesRt, and the source
of aggregate variation that drives house prices; call it Xt

ci,t = Cyyi,t + Cppi,t + CRRt + CXXt, (2)

where Cy, Cp, CR, and CX are the coefficients in this linearized consump-
tion function. Later in the paper, we describe an example of a model
where such an equation arises, although in a dynamic model consump-
tionwill depend not only on current income and prices but also on future
income and prices. In this consumption function, the coefficient Cp has a
straightforward interpretation as the amount consumption changeswhen
house prices rise holding incomes and other prices fixed. In other words,
Cp summarizes a partial equilibrium experiment.
Let’s now suppose that regression equation (1) is estimated on data

generated by equation (2). In this case, what is the interpretation of the
coefficient b? First, the variation in consumption coming from CRDRt +
CXDXt and any other aggregate factors that may enter the consumption
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function is common across cities and will be absorbed by the time fixed
effect yt. Notice that this means that the direct effect of the shock on con-
sumption and any national general equilibrium effects that are mediated
by national prices will not be captured by the coefficient b.
What about effects that the shock may have on local income Dyi,t? To

the extent that Dyi,t is correlated with Dpi,t, our estimate of b in equa-
tion (1) will not only reflect the partial equilibrium housing wealth ef-
fect,Cp, but also the response of consumption to changes in local income.
Unfortunately, there is a compelling reason to expect Dyi,t and Dpi,t to be
correlated even when a sophisticated identification strategy is employed.
The partial equilibrium housing wealth effect CpDpi,t will itself raise de-
mand for locally produced goods and thereby bring about an increase
in local incomes. This implies that bwill reflect not just the partial equilib-
rium effectCp but also local general equilibrium effects induced by the ini-
tial partial equilibrium effect.
An alternative, more direct, approach to estimating the partial equi-

librium effect of house prices on consumption is to regress an individual-
level consumption measure on changes in house prices and a control for
individual-level income by ordinary least squares (OLS; e.g., Campbell
and Cocco 2007) or instrumenting for changes in house prices (e.g., Ala-
dangady 2017). It is important to note, however, that these studies use
city-level house price variation.Without the individual-level income con-
trol, the coefficient on house prices in this type of regressionwill therefore
include local general equilibrium effects. Furthermore, as Campbell and
Cocco (2007) and Aladangady (2017) stress, there are several reasons
why including individual-level income as a control is unlikely to purge
the regression coefficient on changes in house prices of the local general
equilibrium effects. First, individual-level income is likelymeasuredwith
error. If so, changes in house prices may be a useful proxy for changes
in income and the resulting omitted variable bias will include some com-
ponent of the local general equilibrium effect. Second, changes in over-
all individual-level income are likely to have different statistical proper-
ties (e.g., less persistence) than changes in income induced by changes
in house prices. This means that the marginal propensity to consume
(MPC) out of these different sources of income is likely different, which
implies that controlling for individual-level incomewould not accurately
capture the local general equilibrium effects of house price changes.
Third, there are likely other local general equilibriumchannels thatwould
not be controlled for by including individual-level income such as changes
in the local price level.
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This logic appliesmore generally outside the context of housingwealth
effects. Although there are some situations where individual-level varia-
tion allows the direct estimation of a partial equilibrium effect, in many
situations the most convincing identification strategies rely on regional
variation. In other situations, all variations are by definition regional. In
these cases, one must remove the local general equilibrium effects to ob-
tain an estimate of the partial equilibrium effect.

III. A Simple Adjustment for Local General Equilibrium Effects

In this sectionwederive a simple adjustment of cross-sectional regression
estimates of the housing wealth effect for local general equilibrium ef-
fects. The idea is that researchers who have constructed estimates of the
housing wealth effect using cross-sectional regressions at the metropoli-
tan or state level, can use this adjustment to recover a rough estimate of
what their regression results imply about the partial equilibrium effect
of house prices on consumption. The simple formulas we derive in this
section are based on several approximations and simplifying assump-
tions. In Sections V and VI, we then present a fully specified multi-region
general equilibrium model and an exact adjustment formula for this
model. Later in the paper we show that the simple adjustment derived
in this section is very close to the exact adjustment in certain cases and rea-
sonably close in others.

A. The Fiscal Multiplier as a Measure of Local General
Equilibrium Effects

Our central idea is that estimates of the local fiscal multiplier can be used
to gauge the strength of local general equilibrium effects. We start by il-
lustrating this in a very simple static case. The economy consists of two
equally sized regions: “home” and “foreign.” Each region has three mar-
kets: a goods market, a housing market, and a labor market. In the home
region, the two relative prices are the realwagew and the price of housing
p, both denominated in goods. Suppose goods are produced with labor
according to the production function Y = N, where Y is goods produced
andN is labor supply. Labor supply is given by a functionN(w, p, T) that
depends on the wage, the price of housing, and taxes T. Household de-
mand for goods is given by C(w, p, T). In addition to this private con-
sumption demand, goods are used for public consumption in amount
G, whereG is exogenous.We assume that taxes are set at the national level
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and satisfy a government budget constraint. It is important to our argu-
ment that both regions face the same taxes.
In this simplest case, we ignore trade across regions and across time;

these features are added in Subsection III.C and Section V, respectively.
The aggregate resource constraint is then Y = C(w, p, T) + G. Although
this resource constraint is very standard, it embeds the important as-
sumption that an increase in demand from private consumption requires
the exact same supply response as an increase in demand from the gov-
ernment. For housing, we specify an excess demand function H(w, p, T,
s), where s is an exogenous shock. Because we only use data on the price
of housing and not on the quantity of housing, we do not need to specify
housing supply and demand separately.
Given these assumptions, the equilibrium level of wages and house

prices in this home region is given by the solution to the following two
equations:

C(w, p, T) + G = N(w, p, T) (3)

H(w, p, T, s) = 0, (4)

taking G and T as given.
The foreign regionmirrors the home regionwith relative prices denoted

w* and p*. These prices satisfy equations

C(w*, p*, T) + G* = N(w*, p*, T) (5)

H(w*, p*, T, s*) = 0: (6)

There are two important assumptions here. First, note that these are
the same functions C, N, and H as in the home region but with different
arguments. Second, in the foreign region the government spending dif-
fers from the home region, but the taxes do not.
We make two additional simplifying assumptions. First, there are no

wealth effects on labor supply,Np ; ∂N=∂p = 0. This assumption implies
that changes in housingwealth are not supply shocks in addition to being
demand shocks. We view this assumption as being a reasonable approx-
imation to reality in the short run. Second, we assume that house prices
are independent of income,Hw = 0. This assumption is less likely to hold
in reality. We relax it in Subsection III.D. It is, however, helpful to make
this assumption in this first pass to simplify the exposition.
Suppose we observe an instrumental variables (IV) estimate of the

housing wealth effect based on regional variation. In our notation, this is
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dŶ=dp̂ = (dŶ=ds)=(dp̂=ds), where s is the shock (instrument) used to esti-
mate dŶ=dp̂ and a hat denotes a cross-regional difference: Ŷ = Y - Y*. The
trouble is that this IV estimate is the total derivative of consumption with
respect to house prices, not the partial derivative Cp. The total derivative
includes local general equilibrium effects; for instance, the initial shock
may raise wages and lead to an increase in local consumption, whichwill
further raisewages and increase local consumption, and soon. Toget from
the IV estimate to the partial equilibrium effect of house prices on con-
sumption Cp, we need to adjust for these local general equilibrium effects.
To this end, take the total derivatives of equations (3) and (5) with re-

spect to G and take the difference across regions of the resulting expres-
sions to arrive at

Cw
dŵ
dG

+ Cp
dp̂
dG

+ 1 = Nw
dŵ
dG

: (7)

Note that the effect of taxes does not appear because T̂ = 0 as both re-
gions face the same taxes. This lines upwell with the empirical estimates,
which include a constant term or time fixed effects and are therefore es-
timated off of cross-regional differences that omit factors that affect all
regions equally. Taking total derivatives of equations (4) and (6) with re-
spect to G and rearranging yields dp̂=dG = 0. Then equation (7) implies
dŵ=dG = 1=(Nw - Cw).
Taking total derivatives of equations (3)–(6) with respect to s and per-

forming similar manipulations yields the response of prices to s. In sum-
mary, we have the following matrix of the price response to the two
shocks:  

dŵ
dG

dŵ
ds

dp̂
dG

dp̂
ds

!
= ½Nw - Cw�-1

 
1 -

Hs

Hp
Cp

0
Hs

Hp
(Cw - Nw)

!
: (8)

We similarly differentiate the resource constraint. This yields the re-
sponse of Ŷ to the two shocks:5

dŶ
dG

= Cw
dŵ
dG

+ Cp
dp̂
dG

+ 1 (9)

dŶ
ds

= Cw
dŵ
ds

+ Cp
dp̂
ds

: (10)
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Combining equations (8) and (10) yields

dŶ
ds

= -Cp
Hs

Hp

Nw

Nw - Cw

dp̂
ds

= -
Hs

Hp
,

which in turn yields the regional IV estimate of the housing wealth effect

dŶ
dp̂

=
dŶ=ds
dp̂=ds

= (1 - CY)-1Cp, (11)

where CY ; Cw=Nw is the MPC out of income. From this we see that the
regional IV estimate of the housing wealth effect is equal to the partial
equilibrium response of consumption to house prices Cp multiplied by
a local general equilibrium feedback factor (1 - CY)-1.
Notice also that equations (8) and (9) imply that the local fiscal multi-

plier is equal to

dŶ
dG

= 1 +
Cw

Nw - Cw
= (1 - CY)-1: (12)

The local fiscal multiplier is, thus, exactly equal to the local general
equilibrium factor in equation (11). Intuitively, an increase in home prices
of one unit spurs an extra Cp of spending, which then triggers local ad-
justments in wages with accompanying consumption effects. These same
local adjustments occur when the initial spending is due to a government
spending shock.
An important feature of government spending shocks is that their size

is known: the dollar amount of the government spending is observed
(or the dollar amount that is explained bywhatever instrumentwe are us-
ing to identify exogenous variation in government spending). This iswhy
the “direct effect” in equation (12) is equal to 1 as opposed to some un-
known scaling factor. This feature makes the local fiscal multiplier esti-
mates particularly useful asmeasures of local general equilibrium effects.
Combining these last two equations, we get that

Cp =
dŶ=dp̂

dŶ=dG
: (13)

In other words, the partial equilibrium effect of house prices on con-
sumption, Cp, is equal to the cross-regional IV estimate of the housing
wealth effect, dŶ=dp̂, divided by the local fiscal multiplier, dŶ=dG. An
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estimate of the local fiscal multiplier can therefore be used to convert a
cross-regional IV estimate of the housing wealth effect into an estimate
of the partial equilibrium effect of house prices on consumption.
In Guren et al. (2020), we estimate an MPCH of 3.3 cents on the dollar.

This estimate corresponds to the total effect captured by dŶ=dp̂. Naka-
mura and Steinsson (2014) estimate a local fiscal multiplier of about 1.5.6

Equation (13) then implies that the partial equilibriumMPCH is 2.2 cents
on the dollar.
B. Residential Investment

A potentially important channel that we abstract from above is the re-
sponse of residential investment to changes in house prices: an increase
in house prices may induce an increase in residential investment, which
then induces local general equilibrium effects. We now augment the sim-
ple model above to allow for this channel. In this case, the equilibrium
level of wages and house prices in the home region are given by the solu-
tion to the following two equations:

C(w, p, T) + I(p, T) + G = N(w, T) (14)

H(p, T, s) = 0: (15)

Relative to the previous example, we have added demand for local
goods coming from residential investment I(p). We maintain the “one
good” setup in which output produced with labor can be converted into
consumption, government purchases, and residential investment. This
implies that an increase in residential investment leads to a supply re-
sponse and a general equilibrium response on wages and incomes that
unfolds in the same way as changes in demand coming from private or
public consumption.Wewill have to account for this response to recover
the partial equilibrium response of consumption to house prices. In ad-
dition, we assume that residential investment is independent of income
conditional on house prices, Iw = 0.
The foreign region againmirrors the home region. In an approach sim-

ilar to the approach used in Subsection III.A, manipulation of the equilib-
rium conditions and resource constraints shows the regional IV estimate
of the housing wealth effect for this case is

dŶ
dp̂

=
dŶ=ds
dp̂=ds

= (1 - CY)-1(Cp + Ip): (16)
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The difference from the approach used in Subsection III.A is that there
are two partial equilibrium effects: one for consumption and another for
residential investment.
The addition of residential investment does not affect the regional fis-

cal multiplier (as we have assumed that Iw = 0). The regional fiscal mul-
tiplier (1 - CY)-1 can, therefore, again be used to adjust for local general
equilibrium effects, which yields

Cp =
�

dŶ=dp̂

dŶ=dG

�
-Ip:

Because Iw = 0, Ip = dÎ=dp̂. Wemust, however, also take account of the
fact that the increase in residential investment contributes to dŶ=dp̂. In
this case, we have dŶ=dp̂ = (dĈ=dp̂) + (dÎ=dp̂). Using these expressions,
we can rewrite the above equation as

Cp =
�
(dĈ=dp̂) + (dÎ=dp̂)

dŶ=dG

�
-
dÎ
dp̂

: (17)

In this case, we need a regional estimate of the response of residential
investment to a change in house prices in addition to the regional housing
wealth effect and fiscal multiplier estimates. We use changes in construc-
tion and real estate employment as a proxy for residential investment.Us-
ing a quarterly panel of core-based statistical area (CBSA)-level employ-
ment and house prices covering 1990–2017, we estimate an analogous
specification to the housingwealth effect estimatewe present in column 2
of table 1 of Guren et al. (2020). Results are reported in table 1 and we fo-
cus on our preferred “sensitivity” instrument. Our estimated elasticity is
0.362 (with a standard error of 0.053). To convert this to a simple deriva-
tive, we must divide by the ratio of housing wealth to residential invest-
mentH=I, whichwe estimate to be 28.2.7 This yields 0.013 as our estimate
of dÎ=dp̂. Plugging in this estimate along with our estimates of the hous-
ing wealth effect and fiscal multiplier into equation (17) yields a partial
equilibrium MPCH estimate of 1.8 cents on the dollar.

C. Demand Leakage Due to Trade

The analysis above ignores the fact that the data used to estimate the
regional housing wealth effect come from regional economies that are
open to trade with other regions. This implies that some of the extra de-
mand induced by higher house prices “leaks out” to other regions. Let f
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be the expenditure share on local goods. Households display home bias
when f > 1=2. Here, again, we maintain the “one good” assumption,
which in this case implies that the real exchange rate between the re-
gions is fixed and equal to one. We relax this assumption in Section V.
Building on equations (14)–(15), we have the following system:

f C(w, p, T) + I(p, T)½ � + (1 - f) C(w*, p*, T) + I(p*, T)
� �

+ G = N(w, T),

(1 - f) C(w, p, T) + I(p, T)½ � + f C(w*, p*, T) + I(p*, T)
� �

+ G* = N(w*, T),

H(p, s, T) = 0,

H(p*, s*, T) = 0:

In this case, it is important to distinguish between local expenditures
and local output. We define E = C(w, p, T) + I(p, T) to be home expendi-
tures. Regional IV estimates of the housing wealth effect measure the
response of expenditures to house prices, not the response of output
to house prices. With this definition of local expenditures, we can use
Table 1
Elasticity of Construction and Real Estate Employment to
Home Prices

Sample Period 1990–2017

Ordinary least squares .470***
(.025)

Sensitivity instrument .362***
(.053)

Saiz instrument .500***
(.102)
Note: The specification is the same as the specification used for
table 1 in Guren et al. (2020) except that the dependent variable
is construction and real estate employment rather than retail em-
ployment. “Ordinary least squares”uses no instrument. “Sensitiv-
ity instrument” uses the sensitivity instrument described inGuren
et al. (2020). Saiz uses an instrument that interacts Saiz’s elasticity
with the national change in houseprices. All three approaches use
the same control variables: two-digit industry shares with date-
specific coefficients, the cyclical sensitivity controldescribed inGu-
ren et al. (2020), and the analogously constructed controls for dif-
ferential city exposure to interest rates and the Gilchrist-Zakrajsek
excess bond premium along with CBSA and division-time fixed
effects. Standard errors are two-way clustered at the time and
CBSA level.
***Indicates statistical significance at the 0.1% level.
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similar manipulations of the equilibrium conditions and resource con-
straints as in Subsections III.A and III.B to derive the regional IV esti-
mate of the housing wealth effect:

dÊ
dp̂

=
dÊ=ds
dp̂=ds

= (1 - UCY)-1(Cp + Ip), (18)

and the local fiscal multiplier:

dŶ
dG

= (1 - UCY)-1, (19)

where U ; 2f - 1. Once again, we see that the cross-regional housing
wealth effect dÊ=dp̂ is equal to a partial equilibrium effect (Cp + Ip) mul-
tiplied by a local general equilibrium effect, which is exactly equal to the
local fiscal multiplier dŶ=dG.
The strength of the local general equilibrium effect is tempered by the

degree of openness of each regional economy. Trade linkages attenuate
the differences in activity across regions because some of the extra spend-
ing in the home region spills over onto the foreign region. In our simple
model, this is captured by the factor U in the denominator on the right-
hand side of equation (19). This factor runs from zero to one depending
on the degree of home bias of demand. In a more complex model with
movements in the relative prices of home and foreign goods, the elasticity
of substitution between home and foreign goodswould also play a role in
determining the size of this attenuation.
Combining the last two equations, using the fact that dÊ=dp̂ = (dĈ=

dp̂) + (dÎ=dp̂), the fact that Ip = dÎ=dp̂, and rearranging yields

Cp =
(dĈ=dp̂) + (dÎ=dp̂)

dŶ=dG

" #
-
dÎ
dp̂

, (20)

which is no different from equation (17). In other words, the attenuation
due to openness has no impact on our analysis because it only shows up
in the size of the local general equilibrium effect, which we measure in
the data. There is, however, some subtlety to this outcome. The housing
wealth effect is measured in terms of an expenditure response whereas
the fiscal multiplier is measured in terms of a production response and
normally we would think that production is more attenuated than ex-
penditure. However, in specifying the model we assumed that the gov-
ernment buys a purely local good, not a mix of home and foreign goods.
So, the production response to a government spending shock is no more
attenuated than the expenditure response to house prices.
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D. Income Effects on Housing

We now allow for an income effect on the price of housing. In this case,
the housing market equilibrium conditions become

H(w, p, s, T) = 0,

H(w*, p*, s*, T) = 0,

where housing demand now responds towages. The goodsmarket equi-
librium conditions are the same as in Subsection III.C. We can again use
similar manipulations of the equilibrium conditions and resource con-
straints as in earlier sections to derive the regional IV estimate of the
housing wealth effect:

dÊ
dp̂

=
dÊ=ds
dp̂=ds

= (1 - UCY)-1(Cp + Ip), (21)

and the local fiscal multiplier:

dŶ
dG

=
�
1 - UCY + U

Cp + Ip
Nw

Hw

Hp

�-1

: (22)

Derivations of these equations, which encompass all the derivations
in this section as special cases, are presented in appendix A.
Notice that the housingwealth effect is the same in this case as in Sub-

section III.C: equation (21) is the same as equation (18). However, the
local fiscal multiplier is different: equation (22) is different than equa-
tion (19). This means that the addition of income effects on house prices
breaks the exact equivalence between the local fiscal multiplier and the
local general equilibrium effects induced by a change in house prices.
The reason for this is that part of the response to the government spend-
ing shock comes through house prices and the housingwealth effect, but
we would like to isolate only the part of the fiscal multiplier that relates
to wage adjustments.
To this end, suppose we observe an estimate of the response of house

prices to income dp̂=dŶ.8 Some further manipulation of the equilibrium
conditions yields

Cp =
(dĈ=dp̂) + (dÎ=dp̂)

dŶ=dG

" #
1 - U

�
dĈ
dp̂

+
dÎ
dp̂

�
dp̂

dŶ

" #-1
-
dÎ
dp̂

: (23)

This expression, which we derive in appendix A, differs from equa-
tion (20) by the term in the large bracket. This term represents the
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adjustment to the localfiscalmultiplier estimate that is needed to focus on
the part of general equilibrium effect that comes from change in wages.
We need two extra pieces of data to be able to evaluate equation (23).

First, we need an estimate of U = 2f - 1. We use Nakamura and Steins-
son’s (2014) estimate of f = 0:69, which implies U = 0:38.9 Second, we
need an estimate of the response of house prices to income dp̂=dŶ. Lamont
and Stein (1999) provide a set of short-run estimates of the income elastic-
ity of house prices, which implies that it is less than 0.8 and more likely
near 0.3.We use 0.3 as our estimate, but our conclusions are little changed
by using 0.8. This estimatemust be divided by the ratio of housingwealth
to total expenditures of 2.02 to yield a value of 0.149 for the derivative
dp̂=dŶ in equation (23).
Together, these numbers imply that the term inside the large bracket

in equation (23) is 0.998. In other words, allowing for income effects on
housing implies that the simple idea of dividing the housing wealth ef-
fect by the local fiscal multiplier is off by only a minuscule amount. Tak-
ing this effect into account does not affect the implied partial equilib-
rium MPCH to the precision we are reporting.

IV. Identification in a System of Equations

The arguments we made in the previous section may seem special. In
fact, they are applications of a general method for identification that is
used pervasively in economics: simultaneous equations estimation. To
see this and to see how cross-regional estimates can be used in other set-
tings to identify partial equilibrium responses, it is useful to recast what
we have done as an application of the general method of identification
when variables are determined by a system of equations. In doing this,
we see that our approach to identifying partial equilibrium responses
from cross-regional estimates is mathematically closely related to iden-
tification of structural VARs (another prominent example of simulta-
neous equations identification in macroeconomics).
Using this simultaneous equations perspective, it is easy to verify

whether we have the necessary sources of variation to identify the partial
equilibrium effect of interest.We see formally that the partial equilibrium
housing wealth effect is not identified by cross-regional housing wealth
effect estimates alone but is identified with the help of cross-regional re-
sponses to government spending shocks.
To keep things as simple as possible, we focus on the example from

Subsection III.A. Appendix B shows that the same argument applies for
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the more complicated system considered in Subsection III.D. Appendix B
furthermore provides other examples of systems of equations—namely,
one involving local credit supply shocks and another involving foreign
demand shocks—where government spending shocks are again useful
to identify the direct (partial equilibrium) effect of the shock.
Consider equations (3)–(6) from Subsection III.A. Linearizing these

equations and using Y = N(w) and its inverse, w = N-1(Y), we can write
this as a system of three equations

Ĉ = Cpp̂ + CYŶ

Ŷ = Ĉ + Ĝ

0 = Hpp̂ + Hsŝ,

where CY = Cw=Nw as before. This system has three endogenous vari-
ables Ĉ, Ŷ, and p̂ and two exogenous variables Ĝ and ŝ. The exogenous
variables Ĝ and ŝ are the “structural shocks” affecting this system.
We can rewrite this system as

XC = zD, (24)

whereX and z are rowvectors given byX = (Ĉ, Ŷ, p̂) and z = (Ĝ, ŝ);C and
D are matrices of coefficients. Let’s now postmultiply the system by C-1

to obtain the reduced-form representation of the system:

X = zDC-1: (25)

Our goal is to estimate Cp (an element of C). However, what we esti-
mate using the reduced-form response of Ĉ to ŝ is an element of DC-1,
which is influenced by other aspects of the system such as the response
of Ĉ to Ŷ.
Formally, the identification challenge is that multiple structural sys-

tems (eq. [24]) can give rise to the same reduced form (eq. [25]). We can
see this by postmultiplying equation (24) by an arbitrary 3 � 3 matrix
F. This yields X(CF) = z(DF). The reduced form of this system is

X = z(DF)(CF)-1 = zDC-1:

The F and F-1 cancel out implying that this alternative structural system
yields the same reduced-form system. For example, the same reduced-
form response ofC to s can arise ifCp is small andCY is large or vice versa.
To identify the system, we need to place restrictions on the system (on

C and D) such that there is no scope to transform the system with an F
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without violating one or more of the restrictions. To be more precise, we
need restrictions so that the only allowable F is the identity matrix.
Note the analogy to structural VARs. A structural VAR is A(L)Yt = ut

(with A(0) = I) and Rut = et, where ut are the reduced-form errors and et
are the structural errors. Equation (25) in our application is analogous to
Rut = et in the structural VAR setting. In structural VARs, identification
involves placing restrictions on R, just as in our setting identification in-
volves placing restrictions on D and C. However, there are some differ-
ences. In structural VARs, the typical assumption is that et is not observed
but has the same dimension as ut (same number of shocks as variables).
Researchers place restrictions on R (and use the variance-covariance ma-
trix of ut) to identify the remainder ofR (and et). In our case, the structural
shocks z are observed, but zmayhave a smaller dimension thanX.We are
interested in identifying an element of C but can only observe elements
of DC-1. Our case is more analogous to identification of structural VARs
with observed external instruments.
As our interest is in identifying the partial equilibrium housing wealth

effect, we focus onwhether the coefficients in thefirst equation of our sys-
tem—the linearized consumption function—are identified. This is less
demanding than identifying the whole system because we can allow for
transformations of the system that change the other equations as long
as they do not change the first equation. In other words, we need only
be sure that the first column of any transformation F is the first column
of the identity matrix.
In general, identification of (parts of) a system of equations requires a

certain number of restrictions. Intuitively, the number of observed facts
must equal the number of unknown parameters of interest. In the simul-
taneous equations literature, this is known as the “order condition” (see,
e.g., Wooldridge 2010, section 9.2.2). In addition, the restrictions must
result in a system that has certain rank. Intuitively, the facts must each
provide information about the system that is independent of any linear
combination of the other facts. This is known as the “rank condition.”
Finally, identification requires a normalization.
We begin by discussing the order condition for our case. As our system

contains three endogenous variables, we need two restrictions on the sys-
tem to satisfy the order condition. Inour example, these restrictions are that
neitherG nor s appears directly in the consumption function. These restric-
tions are similar to the exclusion condition in an IV regression. Without
excluding G from the consumption function, we would not be able to tell
if a large fiscal multiplier reflects a large CY or a large direct effect ofG on
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C. But to understand the local general equilibrium amplification of the
housing wealth effect we specifically want to know CY. Notice that if
we dropped Ĝ from the system, we would have only one restriction
and we would not be able to satisfy the order condition for identification
of Cp without making a direct assumption about CY.
We now turn to the rank condition. Our restrictions can be represented

by the matrices

RC =

 
0 0 0

0 0 0

!
  RD

 
1 0

0 1

!
,

such that

(RCC + RDD)|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
;R

e1 = 0, (26)

where e1 ; (1, 0, 0)0 selects the first column of R.
Now suppose we transform the system by postmultiplying it by F. As

we want the first columns of C and D to be identified, we want to make
sure that only an Fwith the first column e1 can satisfy the restrictions on
the system. In this case, F does not transform the first column ofC andD,
which houses the coefficients of the first equation in the system. To sat-
isfy the restrictions on the system, F must satisfy

(RCCF + RDDF)e1 = RFe1 = Rf1 = 0, (27)

where f1 ; Fe1 is the first column of F.
Our goal is that F does not transform the first equation in the system

so itsfirst column is the first column of the identitymatrix, that is, f1 = e1.
So the question is what must be true of R such that f1 can only satisfy
equation (27) if f1 = e1? To answer that, we want to make sure that R
maps any vector other than e1 to a nonzero vector. This requires that
all of the columns ofR other than the first one are linearly independent.
Or equivalently, the rank ofRmust be one less than the number of equa-
tions, whichmeans two in our case. This is the rank condition. It is easily
verified for our system.
The final requirement for identification is a normalization. The rank

condition only requires that f1 = e1 up to a scalar multiple and so a nor-
malization is needed to pin down this scalar. In our system, the first equa-
tion has a natural normalization: when we write Ĉ = Cpp̂ + CYŶwe have
imposed that the coefficient on Ĉ is 1. Together, these conditions—the
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rank condition with a normalization—are necessary and sufficient for
identification (Wooldridge 2010, Thm. 9.2).
Clearly if there are fewer than two restrictions, the rank ofR cannot be

two because R has fewer than two rows. (This is the order condition.)
Suppose thatG did not appear in the second equation andwas therefore
absent from the system altogether. In this case, we would only have one
restriction to place on D and C and the order condition would fail. Intro-
ducing a second exogenous source of variation (G) is therefore crucial
for identification in our application.
One potentially useful piece of prior knowledge we have about G is

that the coefficient on G in the resource constraint is 1 (i.e., we know
the direct demand effect of theG shocks). However, the argument above
does not make use of this information. Suppose we introduce an un-
known parameter YG such that the second equation becomes

Ŷ = Ĉ + YGĜ:

Even though we do not know YG, we can still identify Cp by the argu-
ment above. The reason is that in our reduced formwe are implicitly as-
suming that we observe both dŶ=dĜ and dĈ=dĜ. Differentiating the re-
source constraint gives

dŶ

dĜ
=
dĈ

dĜ
+ YG:

The parameter YG can then be found from the difference between
dŶ=dĜ and dĈ=dĜ.
However, if we instead assume that we are not able to observe the

consumption response dĈ=dĜ directly, then we do need to use the prior
knowledge that YG = 1. To see this, eliminate Ĉ from the system so we
have a system of two endogenous variables in two unknowns Ŷ and p̂:

(1 - CY)Ŷ = Cpp̂ + YGĜ

0 = Hpp̂ + Hsŝ:

Our goal is still to identify Cp. So, we are interested in identifying the
first equation.We can impose the restriction that ŝdoes not appear in the
first equation. This suffices for the order and rank conditions to be sat-
isfied. The knowledge that YG = 1 then provides the crucial normaliza-
tion we need to complete the identification. This shows that one aspect
of government spending shocks that can make them more valuable for
identification of partial equilibrium responses than other shocks is the
fact that we know the size of the shock.
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V. Dynamic Model

We now present a microfounded, dynamic model of multiple regions.
After presenting themodel, we show how the arguments laid out in Sec-
tions III and IV can be applied in the context of this model.

Demographics. There are two regions: “home” and “foreign.” The
population of the entire economy is 1 with a share n in the home region.
All variables are expressed in per capita terms.

Preferences. Households maximize

E0S
t=0

btu(Ct,Nt,Ht;Xt),

where the arguments are consumption, labor supply, units of housingHt

chosen at date t and held to date t + 1, and an aggregate housing demand
shock Xt. The period utility function is given by

u(C,N,H;X) =

�
C - N1+n

1+n

�k

(H - X)1-k
� �1-j

- 1
	 


(1 - j)
:

Note that consumption and leisure are substitutable in the style of
Greenwood, Hercowitz, and Huffman (1988), which eliminates wealth
effects on labor supply, an assumption we maintained in Section III.
Wemodel the housing demand shock using a Stone-Geary formulation,
but this exact specification is unimportant.Whatmatters is that there is a
shock that changes the marginal rate of substitution between housing
and nondurables.10

Commodities and technology. Consumption Ct is a Cobb-Douglas
bundle of final goods produced in both home and foreign regions:

Ct = f-f(1 - f)-(1-f)Cf
H,tC

1-f
F,t ,

where CF,t is the consumption in the home region of the good produced
in the foreign region.11We use * to denote foreign variables. So,C*H,t is the
consumption in the foreign region of the good produced in the home re-
gion. We assume

C*t = f*-f* (1 - f*)-(1-f*)C*f
*

F,t C*
(1-f*)

H,t :
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The parameters f > n and f* > 1 - n capture the degree of home bias
in demand for goods. The price index for the consumption bundle in the
home region is Pt = Pf

H,tP1-f
F,t , where PH,t and PF,t are the prices of the fi-

nal goods produced in the home and foreign regions, respectively.
Each region produces a final good using a continuum of intermediate

inputs. The production of the final good satisfies

Yt =
� ð1

0
yt(z)

h-1
h dz
� h

h-1

:

Each intermediate good is produced linearly with labor according to
yt(z) = Nt(z).

Housing supply. The supply of housing satisfies

Ht = (1 - d)Ht-1 + Iat M1-a
t : (28)

Here we assume that the construction of new residential housing
units requires two inputs: residential investment It and construction per-
mits Mt, which are sold by the federal government. The construction
permits are a tractable way to represent a variety of factors that limit
housing supply including zoning regulations and limits to new land
supply. The elasticity of supply of the construction permits may differ
across regions giving rise to different housing supply elasticities. Resi-
dential investment requires a mix of local and imported inputs analo-
gous to the mix used for consumption:

It = f-f(1 - f)-(1-f)IfH,tI
1-f
F,t :

Markets. The two regions share the same money, which serves as the
numeraire. Final goods markets are competitive and completely inte-
grated across regions. The prices of intermediate-goods firms are sticky.
These firms receive an opportunity to change their price each period
with 1 - x as in Calvo (1983). The labor markets are local to each region
and competitive with real wages denoted wt. Units of housing trade at
relative price pt. Households trade a nominal bond that pays interest it
between t and t + 1. Let PtBt be the nominal value of bond holdings in
the home region at the end of period t. We consider two cases for asset
markets. In the “incomplete markets” economy, there is only trade in
risk-free nominal bonds. In the “completemarkets” economy, the regions
also trade state-contingent assets in quantities At at prices Nt,t+1. In the
completemarkets economy, the bond is redundant, but it can still be priced
and this price will enter our monetary policy rule.
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Intermediate-goods firms produce profits, which are rebated to the
households in the region. We use Dt to denote the real profits received.
We impose a portfolio holding cost in the style of Schmitt-Grohé and
Uribe (2003) whereby holding bond position Bt incurs a flow cost zB2

t .
This portfolio cost implies that steady-state wealth holdings in each re-
gion are determinate. This can be viewed as a crude approximation to
precautionary savings motives that decline with wealth.

Government. The government purchases goods, sells construction per-
mits, and sets monetary policy. Let Gt and G*

t be per capita spending in
home and foreign regions, respectively. The government buys local goods
in each region. The exogenous process for Gt is

Gt = (1 - rG)�G + rGGt-1 + eG,t: (29)

G*
t is independent of Gt but follows the same process.
The government’s monetary policy may be described by a rule for the

nominal interest rate:

1 + it = b-1 + Jp(pn
t p

*1-n
t - 1) + Jy n log

�
Yt

�Y

� �
+ (1 - n) log

�
Y*t
�Y

� �
, (30)

where policy responds to the population-weighted averages of inflation
and output.
The government sells construction permits according to the rule

Mt = �Mpgt : (31)

The parameter g is the elasticity of construction permits granted with
respect to the price of housing. This parameter is meant to reflect some
combination of the stringency of zoning regulations and the availability
of suitable vacant land. The government sets the relative price of a per-
mit, qt, equal to its marginal product in construction of new housing
units. It is fairly standard to model housing supply as combining a flow
of new land or permits with residential investment. We assume that the
supply of permits is price elastic whereas the literature typically as-
sumes it is constant (Davis and Heathcote 2005; Favilukis, Ludvigson,
andVanNieuwerburgh 2017; Kaplan,Mitman, andViolante 2020). Later,
we allow the regions todiffer in their permit supply elasticities (i.e.,g ≠ g*)
in the spirit of identification schemes that follow Saiz (2010).
The government imposes lump-sum taxes in nominal amounts PtTt

and P*
t T*t . The national government budget constraint is

nPH,tGt + (1 - n)P*
F,tG*

t = nPtTt + (1 - n)P*
t T*t + nPtqt + (1 - n)P*

t q*t :
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We assume that the government taxes each region equally (per capita)
in nominal terms.

Market clearing. The market for home goods clears if

Yt = f

�
PH,t

PF,t

�f-1

(Ct + It) +
1 - n
n

(1 - f*)
�
PH,t

PF,t

�-f*

(C*t + I*t ) + Gt, (32)

where PH,t=PF,t is the real exchange rate. This expression involves local
and home expenditures on the bundles of home- and foreign-produced
goods. The cost-minimizing bundle depends on the degree of home bias
and the real exchange rate. Similarly, the market for foreign goods clears if

Y*t =
n

1 - n
(1 - f)

�
PH,t

PF,t

�f

(Ct + It) + f*
�
PH,t

PF,t

�1-f*

(C*t + I*t ) + G*
t : (33)

Bond market clearing requires

nBt + (1 - n)B*t = 0:

Decision problems. Under incomplete markets and assuming certainty
equivalence so that the real return on bonds is treated as known, Rt ;
(1 + it)=pt+1, the household maximizes

S
∞

t=0
btu(Ct,Nt,Ht;Xt),

subject to the budget constraint

ptHt + Ct + Bt + zB2
t = WtNt + Dt + Rt-1Bt-1 + ptHt-1(1 - d),

where Rt is the gross real interest rate between t and t + 1.12 The intra-
temporal optimality conditions of the household’s problem imply

~Ht = xt~Ct

Nn
t = wt

where

~Ct ; Ct -
N1+n

t

1 + n

~Ht ; Ht - Xt

xt ;
1 - k

k

�
pt - Et pt+1(1 - d)b

uC,t+1

uC,t

� � �-1

:
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Abstracting from the portfolio holding cost, we have

~Ct = k
Rt-1Bt-1 + ptHt-1(1 - d) + S∞

t=tR-1
t,t Yt - 1-k

kxt
Xt - N1+n

t

1+n

h i
S∞

t=tR
-1
t,tXt,t

, (34)

where

Rt,t ; Rt,t-1Rt-1  8t > t

Xt,t ; btRt,t

�
xt
xt

�(1-k)(1-j)
" #1=j

,

and Rt,t = 1. See appendix C.1 (apps. C–E are available online) for the
derivation.
Turning to construction, a representative competitive real estate de-

veloper maximizes revenue from new houses less material and permit
costs:

max
It,Mt

ptIat M1-a
t - It - qtMt

� �
:

The first-order condition of this problem with respect to It and equa-
tion (31) implies

It = a
1

1-a �Mpg+
1

1-a
t , (35)

so the supply of new housing is

IaM1-a
t = (apt)

a
1-aMt:

Finally, intermediate-goods producers set their reset prices, P
⌣

t, to
solve

max
P
⌣

t

EtS
∞

t=t
xtlt,t

�
P
⌣

t

Pt

- wt

�
yt

" #

where lt,t is the discount factor between t and t and subject to the de-
mand curve for their variety yt = Yt(P

⌣

t=PH,t)-h. This problem gives rise
to a forward-looking inflation response to variations in the real wage
and the real exchange rate (see app. D.1).

VI. Adjusting for Local General Equilibrium Effects
in the Full Model

Wenow showhow the static relationships derived in Section III relate to
dynamic relationships in the context of the dynamicmodel.We consider
a perfect foresight transition lasting T periods. We assume that the two
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regions are equally open to trade. Given their unequal sizes, this implies
1 - f* = n=1 - n(1 - f). We define U ; f + f* - 1. Furthermore, to keep
the expressions in this section as simple as possible, we assume that
prices are perfectly rigid. This implies that the real exchange rate is con-
stant at one.
Taking a cross-regional difference of the market-clearing conditions

(eqs. [32] and [33]) yields

Ŷ = U (Ĉ + Î) + Ĝ, (36)

where Ŷ is a column vector of length T that gives values of Yt - Y*t for all
t ∈ f1, ::: , T g. Ĉ, Î, and Ĝ are defined similarly.
Linearizing the consumption function shown in equation (34) around

a symmetric steady state and taking a cross-regional difference yields

Ĉ = Cpp̂ + CYŶ, (37)

where CY is a T � T matrix where the [t, s] element gives the coefficient
of the response of Ct to Ys and the matrixCp is defined similarly.CY is the
intertemporal MPC matrix highlighted by Auclert, Rognlie, and Straub
(2018). Notice that X, taxes, and interest rates do not appear in this ex-
pression because these variables are common across regions and drop
out when we take the difference.
Linearizing the residential investment response (eq. [35]) around a

symmetric steady state and taking a cross-regional difference yields

Î = Ipp̂, (38)

where we abstract (for now) from regional heterogeneity in land supply.
Combining equations (36), (37), and (38) yields

Ŷ = UM(Cp + Ip)p̂ + MĜ (39)

whereM ; ½I - UCY�-1. Using equations (37), (38), and (39), local expen-
diture is given by

Ĉ + Î = M(Cp + Ip)p̂ + CYMĜ, (40)

where we have used the definition of M to note that I + CYUM = M.
From this last equation, we can calculate the impulse response of ex-

penditures to home prices as

dÊ
dp̂

= M(Cp + Ip), (41)
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where Ê ; Ĉ + Î and dÊ=dp̂ is a T � T matrix in which the (t, s) element
gives the response of expenditure in period t to a change in house prices
in period s. This is the dynamic analog to our static (scalar) IV estimate
dÊ=dp̂ from the setting discussed in Section III.
Notice that, just as in Section III, the regional impulse response is

equal to the partial equilibrium response Cp + Ip multiplied by a local
general equilibrium feedback factorM. Our next task is to relate this lo-
cal general equilibrium feedback factor to observables. To this end, we
linearize housing demand,H(p, Y, T, R,X), and housing supply (eq. [28])
and equate them, which yields

Hpp + HRR + HYY + HTT + HXX = HS
pp:

Taking a cross-regional difference and rearranging yields

p̂ = pYŶ, (42)

where
pY ; (HS

p - Hp)-1HY,

andHY is the response of housing demand to income. Substituting equa-
tion (42) into equation (39) and rearranging yields

Ŷ = I - UM(Cp + Ip
� 

pY�-1MĜ: (43)

From equation (43) the impulse response of output to government
spending is:

dŶ
dG

= I - UM(Cp + Ip
� 

pY�-1M: (44)

Here again, dŶ=dĜ is a T � T matrix in which the (t, s) element gives
the response of output in period t to a change in government spending in
period s. This is the dynamic equivalent of the static (scalar) local fiscal
multiplier from the setting discussed in Section III.
Rearranging equation (44) and using the fact that dp̂=dŶ = pY we have

that

M =
�
I - U

dÊ
dp̂

dp̂

dŶ

�
dŶ
dG

:

Plugging this expression for M into equation (41) and rearranging
yields

Cp =
dŶ
dG

" #-1�
I - U

dÊ
dp̂

dp̂

dŶ

�-1 � dÊ
dp̂

�
-Ip: (45)
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This result is a dynamic analog to the main result in Subsection III.D
(see eq. [23]). Aswe note above, in this dynamic setting, the components
dÊ=dp̂, dŶ=dG, and so on are matrices rather scalars. If these matrices
have important off-diagonal elements, then the logic of our static exam-
ples is complicated by dynamic responses of the economy. However, if
the contemporaneous responses are large relative to the dynamic re-
sponses (i.e., the matrices are close to diagonal), then the logic of the
static economy goes through because in that case equation (45) reduces
to the same scalar relationship as equation (23).
VII. Long-Run Heterogeneity in Housing Supply

To provide a convincing assessment of the accuracy of the simple adjust-
ment formula that we present in Section III, we need a model that can
roughly match our empirical estimates for the observables that enter
that adjustment formula: the local housing wealth effect, the local fiscal
multiplier, and the local effect of house prices on construction. Our esti-
mates of the local housing wealth effect and local effect of house prices
on construction rely on an identification strategy that exploits heteroge-
neity in housing supply curves across cities interacted with aggregate
home price changes as an instrument. Research using this identification
strategy has proxied for city-level housing supply elasticities with topo-
graphic features of the cities (Saiz 2010) or equilibrium sensitivity of lo-
cal house prices to regional house price variation (Guren et al. 2020).
We can introduce heterogeneity in housing supply elasticities into the

model we present in Section V and assess whether this model canmatch
our empirical estimates. When we do this, we find that the response of
residential investment to house prices is far from our empirical esti-
mates. In fact, this response is negative in the model: when we calibrate
themodel to have g and g* equal to the 10th and 90th percentiles, respec-
tively, of the elasticities estimated by Saiz (2010), the model implies an
elasticity of residential investment to house prices of -12. In contrast,
the empirical estimateswe present in Section III are positive, ranging from
0.36 to 0.50.
The left panel of figure 1 illustrates the economics behind this counter-

factual prediction of the model. The panel plots housing supply curves
for two cities with different supply elasticities. In response to a common
demand shock, the less elastic city (represented by line S) has a larger
price response but a smaller quantity response.13 Davidoff (2016) has
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critiqued estimates of the housing wealth effect based on the identifica-
tion strategy described above on the grounds that quantity growth has
been larger for inelastic cities than elastic cities. Our finding that con-
struction employment responds positively to changes in house prices
is another piece of evidence on quantities that is at odds with the simple
view of heterogeneous housing supply curves discussed above.
However, it is relatively simple to remedy this empirical failing of our

model by allowing for differences between short-run and long-run
housing supply elasticities. Suppose, in particular, that housing supply
is inelastic in all cities in the short run but becomes more elastic in the
long run in one of the cities. The two panels of figure 1 illustrate this with
the right panel depicting the short run and the left panel depicting the
long run. The equilibrium price of housing is forward looking as current
housing demand depends on expectations of all future capital gains on
housing. As a result, the equilibriumhousing price is largely determined
by long-run forces in the housing market. However, the incentives to
construct and sell new houses depend on the current availability of in-
puts to construction and the current price of houses. Therefore, the con-
struction response depends much more on short-run forces in the hous-
ing market. The short-run equilibrium in the housing market reflects
different endogenous changes in housing demand across regions re-
flecting the different expected capital gains going forward. Short-run
housing demand will increase more in the region in which a larger cap-
ital gain is expected and this moves that region further up the common
short-run supply curve. This logic generates a positive response of con-
struction to house prices even though regional house price fluctuations
reflect differences in (long-run) housing supply elasticities.
Fig. 1. Long-run and short-run housing supply curves. A color version of this figure is
available online.
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We use a regime-switching formulation to model short-run and long-
run differences. We assume that the economy is currently in the short-
run regime and is expected to switch to the long-run regime with 2%
probability each period after which it will remain in the long-run re-
gime. In the short run, the supply of land available for construction is
fixed in both regions (g = g* = 0). In the long run, the supply of land re-
sponds to house prices but differentially in the two regions (g < g*).
When we simulate the economy, we assume that the economy is always
in the short-run regime and the long-run regime never materializes.
Construction in both regions reflects movements along the same short-
run supply curve whereas house prices are differentially affected by ag-
gregate changes in housing demand that move expectations along the
heterogeneous long-run housing supply curves.

VIII. Monte Carlo Analysis

We are now ready to use the dynamic model developed in Sections V
and VII to assess the accuracy of the simple adjustment for local general
equilibrium effects that we derived in Section III (eq. [23]). We do this by
presenting results from a series of Monte Carlo simulations of different
versions of the dynamic model. Recall that discrepancies between the
appropriate size of the adjustment in our full model and the simple ad-
justment formula arise from the nondiagonal elements in equation (45).
We will work with equation (23) rewritten in terms of elasticities:

∂ log C
∂ log p

=
e

dŶ
dG

�
1 - Ue �C

�Y
d log p̂
d log Ŷ

�
2
64

3
75 -

�I
�C
d log Î
d log p̂

(46)

where

e ;
d log Ĉ
d log p̂

+
�I
�C
d log Î
d log p̂

and we define log X̂ = logX - logX*.
The left-hand side of equation (46) is the partial equilibrium response

of consumption to changes in house prices. In a dynamic setting, this
depends not only on current house prices but also on the entire future
excepted path of house prices. In our model, we compute the partial
equilibrium effect using the analytical consumption function (eq. [34]),
and the exact dynamics of house prices implied by the model. Specifi-
cally, we first simulate the general equilibriummodel. Then for each period
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of this simulation, we feed the resulting current house price and expected
future path for house prices into the household’s analytical consumption
function and calculate the household’s consumption (holding everything
other than the path for house prices constant). This yields a series for con-
sumption in the home and foreign regions. Finally, we regress the cross-
regional difference in consumption on the simulated cross-regional differ-
ence in house prices and take the regression coefficient from this regression
as the partial equilibrium response of consumption to house prices. See
appendix C for additional details.
To calculate the right-hand side of equation (46) in ourmodel, we per-

form two simulations of the model. First, we simulate the model with
only aggregate housing demand shocks. The output from this simula-
tion allows us to calculate d log Ĉ=d log p̂ and d log Î=d log p̂. We do this
simply by running an OLS regression of the change in log C and log I,
respectively, on the change in log p in themodel and including time fixed
effects. By limiting the shocks to aggregate housing demand shocks in
this simulation, we are estimating using the same variation that we iso-
late with our sensitivity instrument in Guren et al. (2020). Next, we sim-
ulate the model with only region-specific government purchases shocks.
The output from this simulation allows us to calculate dŶ=dĜ and
d log p=d log Y in a similar fashion. Conceptually, when we calculate
d log p̂=d log Ŷ from the output of this simulation, we are implicitly using
government purchases as an instrument for changes in local output. Fi-
nally, �C=�Y and �I=�C are steady-state ratios and U ; f + f* - 1 is a mea-
sure of home bias all of which we assume are known to the analyst.
A. Model Calibration

We calibrate the model as follows. A time period is a quarter. We set the
population share of the home region to be 2% with the interpretation
that the home region is a city and the foreign region is the rest of the
country. We set the home-bias parameter f = 0:4 based on the share of
shipments in the Commodity Flow Survey that goes to the same metro
area. We set the elasticity of substitution between varieties to be h = 6.
We normalize the steady-state supply of construction permits, �M, so

that the steady-state relative price of a unit of housing is one. We set the
depreciation rate on housing to 3% annually. We target a 4.4% share of
residential investment to gross domestic product (GDP), which is the
average ratio over the period 1970–2019. This implies that the residential
investment share in the construction of new houses (i.e., one minus the
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land share) is a = 0:38. The home and foreign regions differ in their land
(construction permit) supply elasticities, g. We set them to match the
10th and 90th percentiles of the elasticity estimates from Saiz (2010),
which are 1.05 and 4.39. The Saiz estimates reflect the response of hous-
ing units, which we interpret as the change in Ht. The (long-run) price
elasticity of housing supply in the model is ½a=(1 - a)� + g. Therefore,
we set g = 0:45 and g* = 3:78.
Turning to preferences, we set the subjective discount factor b = 0:99,

andwe set k = 0:58 to target a 25% expenditure share on housing, which
is the average housing expenditure in the Consumer Expenditure Survey
(CEX) in 2018. We set the labor supply elasticity to n = 1 and the coeffi-
cient of risk aversion to j = 2. We set a steady-state G=Y ratio of 20% and
we use standard interest rate rule parameters Jp = 1:5 and Jy = 0:125.
Regional government purchases follow independent AR(1) processes

with quarterly persistence of 0.95. The housing demand shock follows
an AR(1) with the same persistence. We set the scale of the portfolio
holding cost to z = 10-4. We set the quarterly Calvo adjustment proba-
bility to 11% to target the point estimate of 0.030 of the inflation response
to local government spending shocks reported byNakamura and Steins-
son (2014). We consider the robustness of our results to our parameter
choices in Subsection VIII.F.
B. Complete Markets

As a starting point, we consider a complete-markets version of our
model. In this version, the consumption response to house prices is a
function of the current user cost only. We also start with a specification
inwhich prices are fully rigid (x = 1), houses are produced entirely from
land with no material inputs (a = 0), and the land supply elasticities are
fixed at their long-run values. The partial equilibrium housing wealth
effect is particularly simple to compute in this case. Equating the mar-
ginal utility of consumption between regions yields

Ct - w
L1+n
t

1+n

C*t - w
L*1+nt

1+n

=
�

pt - Et qt+1pt+1(1 - d)½ �
p*t - Et ½qt+1p*t+1(1 - d)�

�(1-k)(j-1)
j

, (47)

where qt+1 is the stochastic discount factor for payoffs at t + 1. The region
with a higher user costwill consumemore nondurables and less housing.
With mean-reverting house price dynamics, a higher price of housing is
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associated with a larger user cost, which induces a positive relationship
between nondurable consumption and house prices.
Results for this version of our model are shown in the first column of

table 2. The first four rows of this table report the components of the
right-hand side of equation (46). We describe above how these are cal-
culated from the Monte Carlo simulation. The first row reports the mea-
sured housing wealth effect (d log Ĉ=d log p̂) in this version of the model
is 0.022. The second row reports the local fiscal multiplier (dŶ=dG) is
1.477. The third row reports the construction response (d log Î=d log p̂),
which in this version of the model we assume to be zero. Finally, the
fourth row reports the income elasticity of house prices (d log p̂=d logŶ)
is small with complete markets (-0.004).
Using equation (46), we can combine these four responses from the

model to calculate the partial equilibrium housing wealth effect implied
by our simple formula. The fifth row in the table reports that for the
complete-markets model this turns out to be 0.015. Row (6) then reports
the actual partial equilibrium housing wealth effect for this version of
the model, which also turns out to be 0.015. In other words, in this ver-
sion of the model, our simple adjustment formula is very accurate. Be-
cause there is no construction response and the income elasticity of house
prices is small, our formula boils down to dividing the measured hous-
ing wealth effect by the local fiscal multiplier. Finally, row (7) reports
the magnitude of the error associated with the implied housing wealth
effect relative to the error associated with the measured housing wealth
effect defined as jRow 5 - Row 6j=jRow 1 - Row 6j.
Table 2
Monte Carlo Analysis of Housing Wealth Elasticity

(i) (ii) (iii) (iv)

Complete markets ✓

Rigid prices ✓ ✓

Construction ✓

Long-run housing supply heterogeneity ✓

(1) Measured housing wealth effect .022 .121 .151 .144
(2) Local fiscal multiplier 1.477 1.499 1.451 1.465
(3) Construction response 0 0 0 1.613
(4) Income elasticity of home prices -.004 .032 .151 .167
(5) Implied partial equilibrium housing wealth effect .015 .081 .104 .072
(6) Actual partial equilibrium housing wealth effect .015 .063 .078 .041
(7) Relative error .000 .306 .368 .295
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C. Incomplete Markets

The second column of table 2 reports results for a version of our model
with incomplete markets but maintains the assumption that prices are
rigid and that no resources are used in constructing houses.With incom-
plete markets the determination of the consumption response to house
prices is more complicated as it is affected by expectations of future in-
comes and user costs (see eq. [34]). In this case, the off-diagonal elements
of the matrices in equation (45) become more important and it need not
be the case that these dynamic relationships can be summarized by sim-
ple regressions. We find that the measured housing wealth effect is
0.121. Using equation (46) to adjust for local general equilibrium effects
yields an implied partial equilibrium housing wealth effect of 0.081.
However, the actual partial equilibrium housing wealth effect is a bit
lower at 0.063. In this case, the adjustment implied by our formula goes
in the right direction but does not go far enough. Here the relative error
is about 1/3 as large after applying our formula.
D. Incorporating Price Responses

The assumption of rigid prices implies that both regions face the same
real interest rate. When prices respond differentially in the two regions,
real interest rates differ across regions. Suppose that the home region ex-
periences a larger increase in activity. It will then also experience a larger
increase in inflation, which reduces the real interest rate and further
stimulates demand in the home region. However, the differential price
response changes the real exchange rate, which reduces the demand for
goods from the home region and increases the demand for goods from
the foreign region. On one hand, these differential price responses affect
the fiscal multiplier, so in principle, adjusting the measured housing
wealth effect by the fiscal multiplier may fully account for these effects.
On the other hand, the price responses further complicate the dynamics
of the responses in ways that may not be fully captured by our approach.
The third column in table 2 allows for some degree of price flexibility.

Specifically, we set the quarterly Calvo adjustment probability to 11%
to target the response of inflation to local government spending shocks
of 0.030 reported by Nakamura and Steinsson (2014). In this case, we
find that the measured housing wealth effect rises to 0.151. The local fis-
cal multiplier is reduced due to the expenditure switching effect. The
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combination of these two changes raises the implied housing wealth ef-
fect to 0.104. Even though real interest rates do not change in the partial
equilibrium calculation, the partial equilibrium housingwealth effect de-
pends on the particular dynamics of house prices that we feed into the
calculation and the house price dynamics change as a result of price ad-
justments. As a result, the actual partial equilibriumhousingwealth effect
is somewhat larger in this case rising to 0.078. Again, our simple adjust-
ment formula somewhat underestimates the needed adjustment. The rel-
ative error is 0.368 in this case.

E. Adding Construction

The fourth column of table 2 presents results for a version of the model
in which we allow for resources to be used in the construction of hous-
ing; that is, we set a equal to its calibrated value of a = 0:38. To generate
a positive response of residential investment to changes in house prices,
we also introduce the regime-switching dynamics for g and g* described
in Section VII. This version of the model yields a construction response
of 1.613, which is somewhat higher than the value we estimate in the
data (0.363). If we instead assume that the housing supply elasticities
g and g* differ in the short run, the model generates a construction re-
sponse of -12. The short-run/long-run distinction reverses the sign of
the construction response even though the heterogeneous response of
house prices still reflects differences in supply curves across regions.
The measured housing wealth effect in this case is 0.144. Taking ac-

count of the construction response and using the local fiscal multiplier
to adjust for the local general equilibrium effect yields an implied hous-
ing wealth effect of 0.072. The actual partial equilibrium housing wealth
effect is 0.041. As in the previous two cases, our simple adjustment some-
what understates the needed adjustment. The relative error is 0.295 in
this case.

F. Robustness

Table 3 reports results for several variants of the model specification in
column (iv) of table 2. We focus our robustness analysis on this model
specification because it is the richest one in table 2 and the one that
comes closest to the magnitudes of the measured housing wealth effect
and construction response. Each column in table 3 reports results for a
version of the model in which we vary one or two parameters and leave
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the remaining parameters at their baseline values. Column (i) reduces
the quarterly persistence of the government spending shocks from its
baseline value of 0.95 to 0.90. This change has little effect on our results.
Column (ii) reduces the persistence of the aggregate housing demand
shock from the baseline of 0.95 to 0.90. This change slightly raises themea-
sured housing wealth effect and implied partial equilibrium housing
wealth effects, while leaving the actual housing wealth effect virtually
unchanged. Overall, columns (i) and (ii) are reassuring that the exact de-
tails of the dynamics of the changes in house prices and changes in gov-
ernment spending are not crucial to the performance of our adjustment.
Column (iii) of table 3 considers a case with more price flexibility and

less openness. Making prices more flexible leads to a smaller fiscal mul-
tiplier due to expenditure switching after a government purchases shock
while making the economies less open raises the fiscal multiplier. The
combination of parameters considered here is close to those used by Na-
kamura and Steinsson (2014). In this case, we see a large increase in the
measured and actual housing wealth effect and fiscal multiplier relative
to our baseline. Our simple adjustment still yields an implied housing
wealth effect much closer to the true partial equilibrium effect with the
relative error now falling to about 1/9 on account of the larger role of
the fiscal multiplier.
Column (iv) considers a case where j→ 1. In our baseline model with

j = 2, housing demand shocks (changes in Xt) raise the marginal utility
of consumption due to the interaction in the utility function between
consumption and housing. This leads to a strong direct response of con-
sumption toX shocks. AsX is an aggregate shock, this force affects both
regions equally and is differenced out in the cross section, but it implies
Table 3
Monte Carlo Analysis of Housing Wealth Elasticity: Robustness

(i) (ii)

(iii)

(iv)

rG = .9 rΩ = .9
x = .75

j → 1J = .7

Measured housing wealth effect .144 .167 .341 .262
Local fiscal multiplier 1.449 1.465 2.318 1.466
Construction response 1.613 1.613 1.613 1.613
Income elasticity of home prices .082 .167 .208 .165
Implied partial equilibrium housing wealth effect .073 .088 .104 .154
Actual partial equilibrium housing wealth effect .041 .041 .074 .110
Relative error .305 .372 .111 .287
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a very strong response of aggregate consumption toX in the time series.
This does not occur in the casewith j→ 1 as the utility function becomes
additively separable between consumption and housing and the time-
series housing wealth effect is more comparable in magnitude to the
cross-sectional housing wealth effect. Despite the very different behav-
ior of aggregate consumption with j→ 1, the cross-sectional results are
similar to our baseline.

G. Summary

The analysis we present in this section shows that the simple static for-
mula we derive in Section III to adjust estimates of housing wealth ef-
fects for local general equilibrium effects tends to somewhat underesti-
mate the needed adjustment. In our richest specification, column (iv) of
table 2, the adjustment yields an estimate of the housing wealth effect
that has an error that is 1/3 as large as that associatedwith themeasured
housing wealth effect. More fully accounting for the dynamics of the re-
sponses to house prices as in the matrix relationships discussed in Sec-
tion VI may yield a more accurate estimate of the partial equilibrium ef-
fect. However, the much simpler approach of using our static formula
seems to account for the bulk of the needed adjustment (roughly 2/3).
IX. Conclusion

Cross-regional empirical estimates have become part of the macro-
economist’s toolkit, but the appropriate interpretation of these estimates
can be difficult as they often blend together partial equilibrium responses
with local general equilibrium effects.We argue that researchers can ben-
efit from approaching cross-regional estimates as part of a system of si-
multaneous equations that also integrates other sources of evidence on
the magnitude of local general equilibrium effects, such as evidence on
the magnitude of fiscal multipliers.
This approach allows researchers to decompose the effects they esti-

mate into the components arising from the direct partial equilibrium ef-
fect and those arising from local general equilibrium effects. We apply
this methodology to analyzing regional estimates of housing wealth ef-
fects and show that an important part of the estimated regional effects
likely arise from local general equilibrium effects. Gauging the relative
importance of the partial and local general equilibrium components of
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these effects is crucial to developing appropriate microfoundations for
the housing wealth effect.
In our analysis of housing, we also address a recent critique by Da-

vidoff (2016), who points out that if housing markets experience a com-
mon demand shock but move along different supply curves, then prices
and quantities should be negatively correlated. The relationship in the
data is the opposite.We show, however, that amodel that allows for dif-
ferences between short-run and long-run housing supply elasticities can
address Davidoff’s critique. In such a model, expectations about future
capital gains imply that the common aggregate shock results in a larger
change in current housing demand in the citywith a less elastic long-run
housing supply curve.

Appendix A

Derivation of Key Equations in Section III

Here we derive the key equations in Subsection III.D. The derivations of
the corresponding equations in earlier subsections of Section III are spe-
cial cases of this derivation. To get the results in Subsection III.C, set
Hw = 0. To get the results in Subsection III.B, set U = 1. Finally, to get
the results in Subsection III.A, set Ip = 0.
We start by taking derivatives of the first two equations in Subsec-

tion III.Cwith respect toG—these equations represent the goodsmarket
equilibrium conditions in Subsection III.D as well as Subsection III.C.
This yields

f(Cp + Ip)
dp
dG

+ fCw
dw
dG

+ (1 - f)(Cp + Ip)
dp*

dG
+ (1 - f)Cw

dw*

dG

+ (CT + IT)
dT
dG

+ 1 = Nw
dw
dG

,

(1 - f)(Cp + Ip)
dp
dG

+ (1 - f)Cw
dw
dG

+ f(Cp + Ip)
dp*

dG
+ fCw

dw*

dG

+ (CT + IT)
dT
dG

= Nw
dw*

dG
:

Subtracting the second of these equations from the first and rearranging,
we get

(Nw - UCw)
dŵ
dG

- U(Cp + Ip)
dp̂
dG

= 1, (A1)
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whereU = 2f - 1 and hatted variables denote cross-regional differences,
for example, p̂ = p - p*.
Next, we take derivatives of the first two equations in Subsection III.D

with respect to G. This yields

Hw
dw
dG

+ Hp
dp
dG

+ HT
dT
dG

= 0,

Hw
dw*

dG
+ Hp

dp*

dG
+ Ht

dT
dG

= 0:

Subtracting the second of these equations from the first yields

Hw
dŵ
dG

+ Hp
dp̂
dG

= 0: (A2)

Similarly, we now take derivatives of the goods market and housing
market equilibrium conditions with respect to s and then take cross-
regional differences to arrive at

(Nw - UCw)
dŵ
ds

- U(Cp + Ip)
dp̂
ds

= 0, (A3)

Hw
dŵ
ds

= Hp
dp̂
ds

= -Hs: (A4)

We can now solve equations (A1)–(A4) for the relative response of
house prices and wages to the two exogenous shocks: 

dŵ
dG

dŵ
ds

dp̂
dG

dp̂
ds

!
= M

 
1 -U(Cp + Ip)

Hs

Hp

-
Hw
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!
, (A5)

where

M =
�
Nw - UCw + U(Cp + Ip)

Hw

Hp

�-1

:

Define total home expenditures as E = C(w, p, T) + I(p, T) + G. The de-
rivative of total home expenditures with respect to s is

dE
ds

= (Cp + Ip)
dp
ds

+ Cw
dw
ds

+ CT
dT
ds

:
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Taking the difference between this equation and the foreign version of
this equation yields

dÊ
ds

= (Cp + Ip)
dp̂
ds

+ Cw
dŵ
ds

:

Using equation (A5) we then get that

dÊ
ds

= -(Cp + Ip)NwM
Hs

Hp

and

dÊ
dp̂

=
dÊ=ds
dp̂=ds

=
Cp + Ip
1 - UCY

, (A6)

where, again, CY ; Cw=Nw. Next, we differentiate home output and for-
eign output with respect to G and take the difference to get

dŶ
dG

= U(Cp + Ip)
dp̂
dG

+ UCw
dŵ
dG

+ 1:

Using equation (A5) we then get that

dŶ
dG

= NwM: (A7)

Taking the ratio of equations (A6) and (A7) yields

dÊ=dp̂

dŶ=dp̂
= (Cp + Ip)

1 - UCY + U Cp+Ip
Nw

Hw

Hp

1 - UCY
:

Manipulation of this equation yields

dÊ=dp̂

dŶ=dp̂
= (Cp + Ip)

�
1 - U

dÊ=dp̂

dŶ=dp̂

dp̂
dG

�
,

which can bemanipulated further to yield equation (23) in the main text.

Appendix B

Additional Examples of Identification in Systems of Equations

This appendix presents three example systems of equations and demon-
strates that in each of them the government spending shock is needed to
identify the coefficient of interest.
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B.1. Example from Subsection III.D

We start by showing that the argument regarding identification in Sec-
tion IV applies to the richer setting considered in Subsection III.D.
Linearize the equations of the model and take the difference across re-

gions to yield

Ĉ = Cpp̂ + CYŶ

Î = Ipp̂

Ŷ = U(Ĉ + Î) + Ĝ

0 = HYŶ + Hpp̂ + Hsŝ

where we have substituted out for wages using ŵ = N-1
w Ŷ and defined

CY = CwN-1
w andHY = HwN-1

w as in Section IV. There are four endogenous
variables (Ĉ, Î, Ŷ, p̂) and two exogenous variables (Ĝ, ŝ).Wewill write the
system as (Ĉ, Î, Ŷ, p̂)C = (Ĝ, ŝ)D, where the coefficient matrices are

C =

 
-1 0 U 0

0 -1 U 0

CY 0 -1 HY

Cp Ip 0 Hp

!
  D =

 
0 0 -1 0

0 0 0 -Hs

!
:

The restrictions on the first equation are

RC =

 
0 1 0 0

0 0 0 0

0 0 0 0

!
  RD =

 
0 0

1 0

0 1

!

such that (RCC + RDD)e1 = 0. The three restrictions are exclusion restric-
tions that exclude I, G, and s, respectively, from appearing directly in
the consumption function. To check the rank condition, formR = RCC +
RDD:

R =

 
0 -1 U 0

0 0 -1 0

0 0 0 -Hs

!
,

which has rank 3 provided that Hs ≠ 0 so the rank condition is satisfied.
The first equation has a natural normalization as the coefficient on C is
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-1. If we drop G from the system, we lose one restriction and the order
condition fails.
B.2. Local Credit Supply Example

The spirit of this example is that credit markets for investment spending
are (partially) segmented across space perhaps due to banking relation-
ships. The credit supply shock could represent a shock to the banks serv-
ing a given region that affects the supply of credit to the region leading
to a change in local interest rates. We first argue that fiscal shocks are
needed to identify the investment demand curve, and then we solve
for the coefficients from the investment demand curve as a function of
the reduced form estimates. Here, we focus on a single regional econ-
omy and the variables can be interpreted as deviations from national
averages that are absorbed by time fixed effects.
The system is

Y = C + I + G

I = Irr + IyY

C = CyY

b = bII

b = bss + brr

where the endogenous variables (Y, I, C, b, r) correspond to output, in-
vestment, consumption, credit quantity, and interest rates. The exoge-
nous variables (s, G) correspond to a credit supply shifter and govern-
ment purchases. In order, the equations are the resource constraint, an
investment demand curve, a consumption function, credit demand, and
credit supply.
The consumption and investment equations are both identified in that

they satisfy the rank condition and have a natural normalization. With-
out the shock to G, the investment demand curve is not identified as the
order condition fails: there are three excluded variables and five endog-
enous variables. Intuitively, the problem is that the reduced form shows
that investment reacts after a shock to s, but we do not know if Ir is small
and IY is large or vice versa. The fiscal shocks provide information about
the magnitude of Iy.
With the reduced form estimates in hand, we can solve for Ir as fol-

lows. Define the following IV estimates:
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dY
dG

=
-biIr + br

biCyIr - biIr - brCy - brIy + br

dr
dY

;
dr=dG
dY=dG

= -
biIy

biIr - br

dC
dY

;
dC=dG
dY=dG

= Cy

dI
dr

;
dI=ds
dr=ds

=
Ir(Cy - 1)
Cy + Iy - 1

:

The reduced forms are expressions involving structural parameters
given by (ratios of) the appropriate elements ofDC-1. Manipulating these
expressions yields

Ir =
dI
dr

M

M ;
dY
dG

�
1 -

dr
dY

dI
dr

-
dC
dY

�
:

(B1)

HereM is our “adjusted” fiscal multiplier as we need to adjust the fiscal
multiplier in a similar manner to what we did in Section IV. The IV re-
gression dI=drmeasures howmuch investment responds to a given change
in local interest rates. When we measure the local fiscal multiplier, we
capture the channels operating through Iy, Cy, and the effect on local in-
terest rates as credit demand rises.We need to remove the effect on inter-
est rates just as we removed the effect of fiscal shocks on house prices in
Section IV.We also need to adjust for the role of consumption in the fiscal
multiplier. Specifically, we are interested in how a unit movement in in-
vestment is amplified. The direct effect, first round, second round, and so
on are given by

Output response 1, Iy + Cy, (Iy + Cy)2, ⋯

Investment response 1, Iy, Iy(Cy + Iy), ⋯

The investment response is therefore 1 + ½Iy=(1 - Cy - Iy)� = M. It is then
straightforward to solve for Iy. Rearranging M yields

Iy =
(M - 1)

�
1 - dC

dY

�
M

:
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B.3. Foreign Demand Example

Consider the system

Y = C + G + Xss

C = CYY

where there are two endogenous variables Y and C and two exogenous
variables G and s where s is an instrument for foreign demand. Xs is an
unknown coefficient that gives the direct output effect of a change in s.
For example, s could be China exposure, but we do not know howChina
exposure translates to a change in local demand because there may be
more or less scope for local production to transition to other goods for
which demand is still strong after the China shock. The goal is to estimate
Xs. Substitute the second equation into the first,

Y = MG + MXss,

where M ; 1=(1 - CY). In the absence of the fiscal shock, we only iden-
tify the product MXs. With the fiscal shock, we can determine M. One
way to relate this to the discussion of identification in Section IV is to
write the equation with the coefficient of interest on s,

(CY - 1)Y + G + Xss = 0,

and note that without G we lack a normalization.
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(2014), Mian and Sufi (2014), Nakamura and Steinsson (2014), and Martin and Philippon
(2017). See Nakamura and Steinsson (2018) and Chodorow-Reich (2019) for further dis-
cussion of this literature.

2. Davidoff (2016) shows that the change in housing units from 1980 to 2010 was neg-
atively correlated with Saiz’s housing supply elasticity across cities. The long-horizon
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quantity response is lessworrisome than the business cycle quantity response because dif-
ferential demand trends across cities can be absorbed by city-level fixed effects in a panel
specification (Guren et al. 2020).

3. Wolf describes his results in terms of addition and subtraction of impulse response
functions. To understand the connection, a simplified version of our result is CPE = F-1E,
where F is the matrix in which the (i, j) element gives the response of output at horizon i to
a change in government spending at horizon j and the column vector E is the measured
housing wealth effect impulse response. Wolf expresses his result as CPE+ (F - I)CPE = E
where (F - I)CPE is the private consumption response to the fiscal shock that has the same
dynamic profile as the partial equilibrium housing wealth effect.

4. Groundwork for these papers was provided by Auclert and Rognlie (2020) who
show that the general equilibrium effects of a shock to consumption can be separated into
a partial equilibrium path of consumption and a general equilibrium multiplier matrix
that does not depend on the shock that perturbs consumption.

5. Here we use the demand side of the economy to form the quantity responses (eqs. [9]
and [10]). As we are analyzing equilibrium changes in quantities, we can use either the
demand response or supply response to the equilibrium prices and arrive at the same
answer.

6. Nakamura and Steinsson find larger multipliers in regional data than in state data.
As the analysis of the housing wealth effect is undertaken at the city (CBSA) level, it
may be appropriate to use a fiscal multiplier somewhat below 1.5.

7. We construct this estimate as (H=C)(C=I). Between 1985 and 2016, the average ratio of
H=C was 2.17, where H is measured as the market value of owner-occupied real estate
from the Flow of Funds and C is measured as total personal consumption expenditures
(PCE) less PCE on housing services and utilities from the National Income and Product
Accounts. Over this same period, I=C was 0.077, where I is residential investment from
the National Income and Product Accounts.

8. Think of this as an IV estimate. For example, in the current model dp̂=dŶ can be es-
timated as a ratio of responses to exogenous variation in government spending: (dp̂=dG)=
(dŶ=dG).

9. Nakamura and Steinsson estimate the local fiscal multiplier based on state-level
data, whereas Guren et al. estimate the housingwealth effect on consumption at the CBSA
level. Incorporating trade linkages into our analysis is accounting for the fact that the local
fiscal multiplier is attenuated by trade linkages so it makes sense to use a value of J con-
sistent with the geographic unit used to estimate the fiscal multiplier.

10. In addition to changing the marginal rate of substitution between housing and
nondurables, a shock toXt also affects the marginal utility of consumption as the extra de-
mand for housing is not fully satisfied in equilibrium. This can lead to a strong consump-
tion response to Xt in the aggregate time series, but it equally affects both regions and
therefore does not influence our cross-sectional analysis.

11. Including the term f-f(1 - f)-(1-f) in the definition of the bundle simplifies the ex-
pression for the price index.

12. This case applies to the steady-state, perfect foresight transitions and first-order ac-
curate solutions to stochastic economies.

13. Appendix E describes this negative relationship between quantities and prices in
econometric terms and shows that our adjustment formula from Section III remains valid
with heterogeneous housing supply curves.
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