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MOTIVATION

� �... the U.S. economic expansion appears to be solidly on
track. Nevertheless, the outlook for real activity faces a
number of signi�cant risks, including the possibility that house
prices and construction could retrench sharply...� (Fed Vice
Chairman Roger W. Ferguson, Jr., March 3, 2006)

� �[I]t is di¢ cult to dismiss the conclusion that a signi�cant
amount of consumption is driven by capital gains on some
combination of both stocks and residences, with the latter
being �nanced predominantly by home equity extraction�
(Alan Greenspan, 2005)
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OUR GOAL

Build and estimate a quantitative, small-scale model of the housing
market and the macroeconomy with �nancing frictions on the
household side.
Two sectors: consumption sector (sticky prices), housing sector
(�exible prices)
Features that we want to capture:

� Role of housing as collateral for loans, and potential wealth
e¤ects on consumption

� Long-run trends and cyclical movements in housing prices and
housing investment

� Contribution of the recent housing boom to consumption and
investment growth

� Contribution of monetary policy to house price dynamics
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OUR MAIN FINDINGS

1. Heterogeneous trends in productivity explain long-run
movements in house prices and housing investment

2. Most of house price �uctuations can only be accounted by
preference shifts

3. Spillovers from housing market to the rest of the economy are
not large, but not negligible either

4. If the Fed had tried to de�ate the housing boom, there would
have been strong negative macroeconomic consequences
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RELATED PAPERS

� Four main elements in our paper:
(1) multi-sector structure with housing;
(2) nominal rigidities and monetary policy;
(3) �nancing frictions;
(4) lots of shocks;
Several papers have looked at these issues (our claim: we are
the �rst to integrate 1 to 4).

� Greenwood Hercowitz (1991), Davis Heathcote (2005) �> (1)
� Edge Kiley Laforte (2005), Bouakez Cardia Ruge-Murcia
(2005) �> (1)-(2)-(4) , little emphasis on housing

� Gervais (2002), Peterson (2004), Diaz Luengo-Prado (2005),
Nakajima (2005) �> (1)-(3), no aggregate shocks

� Many papers look for single-bullet explanations of housing
booms, outside DSGE framework (Martin 2006, Brunenrmaier
Parker 2006, Piazzesi Schneider 2006)
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OUTLINE

1. Model

2. Data and estimation strategy

3. Estimation results

4. Model experiments: the recent housing boom, consumption
and monetary policy

5. Extensions
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1. THE MODEL
Main modeling choices

� Two Sectors

� Y�sector produces consumption and business investment
(using capital and labor)

� IH�sector produces new homes (using capital, labor and land)
� Two Types of Households

� Patient Households work, consume, buy homes, rent capital
and land to �rms and lend to impatient households

� Impatient/Credit Constrained Households work, consume, buy
homes and borrow against the value of their home
(We set up preferences in a way that, for small shocks, the
constraint is always binding)
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THE MODEL
Other modeling choices

� Di¤erent trend technological progress across sectors (C , IK ,
IH)

� Sticky prices in the non-housing sector (Calvo-style price
rigidity and indexation), �exible house prices

� Central bank runs monetary policy
� Real rigidities: habits in consumption, imperfect labor mobility
across sectors, capital adjustment costs

� Private debt contracts are in nominal terms
� Di¤erent types of shocks
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FIRMS

� Maximize pro�ts:

maxYt/Xt +qt IHt � (∑witnit + Rctkct�1 + Rhtkht�1 + Rlt lt�1)

� where

Yt =
�
Act
�
nα
ctn

01�α
ct

��1�µc kµc
ct�1

IHt =
�
ActAht

�
nα
htn

01�α
ht

��1�µh�µl kµh
ht�1l

µl
t�1

� Two types of households/workers (more on this below)
α : wage share accruing to unconstrained households
1� α : wage share accruing to constrained households
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FIRMS (continued)

Yt : intermediate good, price of 1/Xt relative to the �nal good
Final good produced by �retailers�, each producing a di¤erentiated
good
The retailer pricing decision (subject to Calvo constraint and
indexation constraint) implies:

logπt � ιπ logπt�1 = βgC (Et logπt+1 � ιπ logπt )

�επX log
�
Xt
X

�
+ log ut

επX = f (ιπ, θπ, βgC )
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UNCONSTRAINED / PATIENT HOUSEHOLDS

� Maximize utility

E0
∞

∑
t=0
(βgC )

t zt

 
log (ct � εgC ct�1) + jt log ht

�τt
�
n1�ν
ct + n1�ν

ht

� 1+η
1�ν

!

� subject to budget constraint:

ct +
kct
Akt

+ kht + qt (ht � (1� δh) ht�1) + φt + plt (lt � lt�1)

= wctnct + whtnht + (Rct + (1� δk ) /Akt ) kct�1
+ (Rht + 1� δk ) kht�1 + ft + bt � Rt�1bt�1/πt + Rlt lt�1

� φt : quadratic adjustment costs for the two types of capital
ft : pro�ts from monopolistic competition
lt : stock of land rented to �rms (�xed)
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CONSTRAINED / IMPATIENT HOUSEHOLDS

� Maximize utility, discount future more heavily (β0 < β)

E0
∞

∑
t=0

�
β0gC

�t zt
0@ log

�
c 0t � ε0gC c 0t�1

�
+

jt log h0t � τt
�
n01�ν0
ct + n1�ν0

ht

� 1+η0
1�ν0

1A

� subject to budget constraint

c 0t +qt
�
h0t � (1� δh) h

0
t�1
�
= w 0ctn

0
ct +w

0
htn

0
ht +b

0
t �

Rt�1
πt

b0t�1

� and to borrowing constraint

b0t � mEt
�
qt+1h0tπt+1/Rt

�
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MONETARY POLICY

Rt = (Rt�1)
rR
�

πrπt

�
GDPt

gCGDPt�1

�rY
rr
�1�rR

eRt
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SHOCKS

� Stationary AR(1)
zt : preference (discount factor) shock
jt : housing demand shock
τt : labor supply shock
eRt : monetary shock (iid)
ut : markup/in�ation shock (iid)

� Trend-stationary shocks

ln Act = t ln (1+ γAC ) + lnAct , lnAct = ρAC lnZct�1 + εct

ln Aht = t ln (1+ γAH ) + lnAht , lnAht = ρAH lnZht�1 + εht

ln Akt = t ln (1+ γAK ) + lnAkt , lnAkt = ρAK lnZkt�1 + εkt
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MARKET CLEARING

Ct + IKct/Akt + IKht = Yt � φt
ht + h0t � (1� δh)

�
ht�1 + h0t�1

�
= IHt .

By Walras�law, bt + b0t = 0.
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HOW DOES THE MODEL WORK?

1. At a basic level, it works like an RBC model with sticky prices
in the Y�sector, like an RBC with �ex prices in the IH�sector

2. Sector speci�c shocks or preference shocks can shift resources
from one sector to the other

3. Role of housing, debt and borrowing constraints

Housing as collateral generates wealth e¤ects on consumption
from �uctuations in house prices Debt in nominal terms
creates the potential for debt de�ation e¤ects
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ROLE OF TRENDS
1. Log preferences and Cobb-Douglas yield balanced growth
2. C and qIh grow at the same rate over time.
3. Real �xed investment can grow faster than C , if there is
investment-speci�c technological progress

4. Real housing investment can grow slower than C , if land is a
limiting factor and technological progress Ah is �slow�

5. Long-run growth rates (in gross terms)

gC = gIKh = gq�IH = 1+ γAC +
µc

1� µc
γAK

gIKc = 1+ γAC +
1

1� µc
γAK

gIH = 1+ (1� µl ) γAC +
µcµh
1� µc

γAK + (1� µh � µl ) γAH

gq = 1+ µlγAC +
µc (1� µh)

1� µc
γAK � (1� µh � µl ) γAH .
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2. ESTIMATION

1. Use historical data (1965Q1-2005Q4) on US

2. Eight shocks in the model

3. Use logged raw series for per capita C , q, Ih, Ik
demeaned R and π
demeaned hours per capita Nc and Nh (no big deal)

4. Some parameters (input shares, discount factors) calibrated
prior to estimation to match the usual ratios
β = 0.9925, β0 = 0.97,Y = N0.65c k0.35c , IH = N0.75h k0.15h l0.10

Target (K + qH) /GDP = 3, (qH) /GDP = 1.3,
(δhqH) /GDP = 0.06

5. Other parameters estimated by Bayesian techniques
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2. ESTIMATION (continued)

� We estimate 32 parameters.

� 14 standard deviation and autocorrelation of the shocks
� 3 for the rate of technological progress γAC , γAH , γAK
� 2 capital adjustment costs φk , φh
� 2 habit formation ε, ε0

� 4 labor supply ν, ν0, η, η0

� 2 for Phillips curve θ, ι

� 3 for Taylor rπ, rY , rR
� 2 for �nancing frictions α, m
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THE DATA (1)

1965 1975 1985 1995 2005
­0.5

0

0.5

1

1.5
Real consumption

1965 1975 1985 1995 2005
­0.5

0

0.5

1

1.5
Real residential investment

1965 1975 1985 1995 2005
­0.5

0

0.5

1

1.5
Real house prices

1965 1975 1985 1995 2005
­0.5

0

0.5

1

1.5
Real fixed investment



Introduction The Model Estimation Results Counterfactuals Extensions Conclusions

THE DATA (2)

1965 1975 1985 1995 2005
­0.02

­0.01

0

0.01

0.02

0.03
Inflation rate

1965 1975 1985 1995 2005
­0.02

­0.01

0

0.01

0.02

0.03
Short­term nominal interes t rate

1965 1975 1985 1995 2005
­0.2

­0.1

0

0.1

0.2

0.3
Hours worked goods sector

1965 1975 1985 1995 2005
­0.2

­0.1

0

0.1

0.2

0.3
Hours worked housing sector



Introduction The Model Estimation Results Counterfactuals Extensions Conclusions

THE BAYESIAN ESTIMATION

� We combine priors on the parameters of the model with the
likelihood function for the data

� The posterior density of the parameters does not belong to
any standard family

� Need to rely on Monte Carlo methods to draw parameters
from the posterior distribution (MCMH)
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3. RESULTS
Prior and Posterior Parameters: comments

1. Slow rate of technological progress in housing construction
(γAC = 0.30%, γAH = �0.29%)

2. Wage share of credit constrained households 1� α around 22
percent
Loan-to-value ratio m similar to prior (m = 0.80).

3. High price rigidity (θ = 0.92) and indexation (ι = 0.85)

4. High volatility of housing technology shocks

5. Low degree of labor mobility across sectors
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Selected priors (grey) and posteriors (black)
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Variables and estimated trends
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Impulse Responses: Housing Demand Shocks
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Housing Demand Shocks across agents
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Housing Demand Shocks and the Fraction of
Unconstrained Agents
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Impulse Responses: Monetary Shocks
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Impulse Responses: Goods Technology shock
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Impulse Responses: Housing Technology shock
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MODEL ESTIMATES: COMMENTS

1. Estimated model accounts well for the relative volatility of
each series

2. Most of �uctuations in house prices can be explained by
housing demand shocks

3. Most of �uctuations in housing investment come from sector
speci�c technology shocks

4. The model can account well for the trends.
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THE ROLE OF MONETARY SHOCKS

1. Sensitivity of residential investment to monetary shocks is
smaller than that of business investment

2. Somewhat puzzling in light of VAR evidence (e.g. Erceg and
Levin, 2006)

3. Key reason: sticky price sectors bear the large impact of a
monetary contraction
(for more on this, Barsky, House and Kimball 2006, Carlstrom
and Fuerst 2006)

4. The model elasticity of house prices to a monetary shocks is
of similar magnitude to what is found in VAR studies (Del
Negro and Otrok, 2006)
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4. COUNTERFACTUAL: THE RECENT HOUSING
BOOM

1. The historical decomposition shows that large part of the
recent house price increase was due to shifts in preferences

2. Because we can think of this shock as exogenous, we can
measure its contribution to consumption and investment
growth

3. We do so shutting o¤ preference shocks from 2002Q1
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SHUTTING OFF THE HOUSING BOOM
Blue lines: data (YOY growth), Red: no housing demand shock
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4. COUNTERFACTUAL: HOUSING BOOM AND THE
FED

1. Starting in 2002Q1, assume a permanent, unanticipated and
fully credible shift in policy

2. Fed responds now to real house prices and in�ation with the
same coe¢ cient

3. To prevent house prices from rising, monetary policy has to
tighten so much that the economy falls into recession
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FED RESPONDS TO HOUSE PRICES
Blue lines: data (from trend), Red: monetary policy responds to house prices
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5. EXTENSION: INTERMEDIATE INPUTS

� Production of new homes requires many intermediate inputs
(bricks, cement, wood �> kb)

� Assume these inputs are produced in the Y�sector, sold to
the IH�sector, and used in production of new homes,
according to

IHt =
�
ActAht

�
nα
htn

01�α
ht

��1�µh�µl�µb kµh
ht�1k

µb
bt

� We set a uniform prior for µb between 0 and 0.20, and
reestimate the model
We get larger elasticities of housing investment to house price
shock and to monetary shock (estimated µb = 0.15)

� Intermediate inputs work very similarly to sticky wages (we
get similar results when we add sticky wages to the model)
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BENCHMARK (blue) VS INTERMEDIATE INPUTS (red)
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CONCLUSIONS
What have we learned?

� We �nd it surprising and enlightening that the slow rate of
improvement in housing technology can account for the trends
in housing investment and housing prices so well

� We are somehow disappointed that big shifts in the MRS
between housing and consumption are needed to explain
house prices....

� ...but we have a good sense of how big the feedback e¤ects
from housing shocks are for the rest of the economy (they line
up with intuition, but are based on a microfounded model)
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CREDIT CONSTRAINTS OVER TIME

We recursively estimate the model parameters from 1965 to 1984,
moving the estimation window ahead one year at the time (last
window: 1986-2005).

1. A large fraction of the volatility decline is accounted by
decline of volatility of shocks
(Variance of the housing preference shock is only exception)

2. Monetary policy has become more inertial and more
aggressive towards in�ation

3. The fraction of credit constrained people exhibits a
hump-shaped pattern.
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