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Abstract

We estimate a two-country Dynamic Stochastic General Equilibrium model for
the US and the euro area including relevant housing market features and examine
the monetary policy implications of housing-related disturbances. In particular, we
derive the optimal monetary policy cooperation consistent with the structural spec-
ification of the model. Our estimation results reinforce the existing evidence on the
role of housing and mortgage markets for the US and provide new evidence on the
importance of the collateral channel in the euro area. Moreover, we document the
various implications of credit frictions for the propagation of macroeconomic distur-
bances and the conduct of monetary policy. We find that allowing for some degree of
monetary policy response to fluctuations in the price of residential goods improves
the empirical fit of the model and is consistent with the main features of optimal
monetary policy coooperation in response to housing-related shocks.
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1 Introduction

This paper aims at analyzing the importance of housing markets and household credit
frictions for the conduct of monetary policy within an open-economy framework. In so
doing, our contribution intends to bridge a gap between the growing strand of literature
focusing on credit frictions in closed economies characterized by the presence of nominal
rigidities!, and the existing estimated New Open Economy Macroeconomics models 2.
We estimate a two-country Dynamic Stochastic General Equilibrium model for the US
and the euro area including relevant housing market features and examine the monetary
policy implications of housing-related disturbances.

The macroeconomic literature has recently shown a particular interest in understanding
the role played by credit market frictions faced by households in determining business
cycle dynamics. More specifically, the conduct of monetary policy in the presence of such
frictions has attracted a special attention. A common feature across the existing theoreti-
cal frameworks is the influence of housing collateral on households consumption decisions.
The empirical evidence suggests the existence of a fraction of consumers in the economy
who face binding collateral constraints when approaching loans and mortgage markets. As
a result, institutional arrangements in such markets, as well as different housing market
structures can potentially affect households’ home-purchasing and consumption decisions
in a significant way. Most of the existing literature has been focusing on a closed-economy
setup, thus abstracting from international factors and cross-country spillovers®.

In modeling the closed-economy setup, we follow a recent strand of literature which - like
Kiyotaki and Moore (1997) - considers a dual structure on the household side, with agents
belonging to two different groups according to their intertemporal discount factor. House-
holds’ heterogeneity generates equilibrium debt as the result of intertemporal borrowing
between more and less impatient agents. Building on lacoviello and Neri (2009)and No-
tarpietro (2007), we define a two-agent, two-sector economy for each country, where the
impatient agents face collateral requirements when asking for mortgages or loans. Firms
produce nondurable consumption goods (which can be traded internationally) and resi-
dential goods (which are considered non-tradable). The latter serve two purposes: they
can be directly consumed, thus providing utility services as any durable good, or they can

be used as collateral in the credit market, to obtain extra funds for financing consumption.

1See Tacoviello (2005), Tacoviello and Neri (2009) and Monacelli (2009) among others.

2See Adjemian, Darracq Pariés, and Smets (2008), Adolfson, Laséen, Lindé, and Villani
(2005),De Walque, Smets, and Wouters (2005), and Rabanal and Tuesta (2006)

3 An exception is Christensen, Corrigan, Mendicino, and Nishivama (2007), who estimate a small open
economy model for Canada.



The role of collateral constraints in closed economies has been estimated in DSGE models
by lacoviello and Neri (2009) and Notarpietro (2007), who report the relevance of housing
market shocks in shaping consumption dynamics in the US. We focus here on the role of
housing market factors and credit frictions in explaining both closed and open-economy
fluctuations. In particular, we estimate structural parameters such as the relative share of
borrowers in the two economies, and we show how they affect the transmission mechanism
of housing market and monetary policy shocks both domestically and internationally.
The use of an explicit two-country setup allows for estimating and testing for the existence
of structural differences across the two economies. On the open-economy side, we intro-
duce most of the common features of estimated open-economy DSGE models, following
closely Adjemian, Darracq Paries, and Smets (2008). In particular, we assume that finan-
cial markets are incomplete internationally. However, we do not allow for international
trade of private debt, so that the borrowers can only access domestic credit markets; the
savers can instead trade two nominal risk-less bonds denominated in the domestic and
foreign currency respectively. The model is estimated on US and euro area quarterly data,
over the period 1981 I: 2005 IV, using full-information Bayesian techniques.

Moreover, in order to put into perspective the monetary policy response to economic
disturbances originating in the housing sector, we derive the optimal monetary policy
cooperation consistent with the structural specification of the model. As in Adjemian,
Darracq Paries, and Smets (2008), the Ramsey approach to optimal monetary policy coop-
eration is computed by formulating an infinite-horizon Lagrangian problem of maximizing
the conditional aggregate welfare of both countries subject to the full set of non-linear
constraints forming the competitive equilibrium of the model. We solve the equilib-
rium conditions of the optimal allocation using second-order approximations to the policy
function. In this paper, we restrict our analysis to the assessment of the optimal policy
tolerance for relative house price fluctuations. We do not intend to explore systematically
all the factors that shape optimal policy in our modeling framework. Such an exercise
would go beyond the scope of the present contribution and is left for future research. We
consider instead the optimal monetary policy response to housing-related shocks which,
under standard Taylor rules, generate strong relative house price changes and ample
asymmetries between the savers’ and the borrowers’ reactions.

The main contributions of the paper cover several dimensions. First, our results reinforce
the existing evidence on the role of housing and mortgage markets for the US and provide
new evidence on the importance of the collateral channel in the euro area. In particular,

we estimate different versions of the model, considering high or low shares of borrowers in



the economy. Our results suggest notably that the share of impatient households is higher
in the US than in the euro area. We also find that the estimated shares of borrowers are
quite sensitive to the specification of a priori distributions, which ultimately should be
set based on appropriate economic considerations.

Second, in terms of economic propagation of non-housing related shocks, the presence
of credit frictions alters significantly the relative responses of aggregate consumption and
non-residential investment. Moreover, we find that structural housing-related shocks have
significant spillovers on non-residential consumption through the collateral channel and
the share of borrowers in the economy. Nonetheless, the residential sector is somewhat
unaffected by shifts in the share of borrowers due to its dual nature of flexible-price, non-
traded goods producing sector. In terms of international spillovers, the transmission of
housing preference shocks on economic activity is found to be relatively limited and lower
than in the case of demand shocks affecting the tradable sector. Finally, housing shocks
play a key role in generating negative comovement across countries for both real housing
prices and residential investment.

Third, we find that allowing for a monetary policy response to house prices improves the
empirical fit of the model, and paves the way for a deeper analysis of optimal monetary
policy cooperation in the proposed framework®. From a normative perspective, some
degree of monetary policy reaction to fluctuations in the price of residential goods is con-
sistent with the main features of optimal monetary policy response to housing-related
shocks. Based on welfare computations when only housing shocks are allowed, the esti-
mated Taylor rule augmented with real housing prices turns out to be welfare-improving
compared with the benchmark case, in particular for the US economy. Beyond this, the
optimal allocation suggests that the heterogenous responses across households and the
associated welfare losses in terms of imperfect risk sharing should be counteracted, even
at the cost of short term inflation volatility. Compared with the estimated rules, our
results indicate that the optimal international transmission of positive housing-related
shocks leads to a more pronounced monetary policy tightening in the foreign country and
to a negative adjustment of housing prices and quantities as well as domestic demand for
non-residential goods.

The rest of the paper is organized as follows. Section 2 describes the main decision
problems of the structural model. Section 3 presents the results of the Bayesian estimation.
Section 4 explores the international propagation of housing-related shocks in the estimated

model. In section 5 we investigate the monetary policy response to housing shocks, both

4We use the expressions "house price" and "price of residential goods" as synonymous in the text.



from an historical perspective - by estimating Taylor rules augmented with real housing

prices - and through an analysis of the optimal allocation.

2 Theoretical model

The world economy is represented by two symmetric countries, labelled Home (H) and
Foreign (F'). Each country is modeled as a two-agent, two-sector economy, producing
residential and non residential goods®. Non-residential final goods are produced by a
continuum of “single-good-firms” indexed on [0, 1], mixing local production with imports.
More precisely, in each country final producers for local sales and inputs operate in perfect
competition and aggregate a continuum of differentiated products purchased from Home
and Foreign intermediate-sector firms. The latter are monopolistic competitors and exert
some market power through the setting of prices. The residential-goods sector has a
similar structure, but final and intermediate goods are not traded.

We assume that in each country there exists a continuum of infinitely-lived households,
the number of which is proportional to the number of firms. Following the seminal con-
tribution of Kivotaki and Moore (1997), we consider two types of households in each
country, differing in their relative intertemporal discount factor. More precisely, a frac-
tion (1 — w) of households in country H (and, symmetrically, (1 — w*) in F') are relatively
more patient, and the remaining w (resp. w*) are impatient. Households receive util-
ity from consuming both nonresidential and residential goods, and disutility from labor.
Residential goods are treated here as durable goods, and serve two purposes: they can
be either directly consumed or used as collateral in the credit market. Private debt is
generated in equilibrium as the result of intertemporal trade among the patient agents
(who act as lenders), and the impatient agents (who act as net borrowers). The existence
of frictions in household credit markets is captured by imposing a perpetually binding
collateral constraint on the entire group of impatient agents®.

In the following, we present the structure of the model and some derivations for country

H. Analogous derivations hold true for country F.

®We follow closely lacoviello and Neri (2009) and Notarpietro (2007) in defining the closed-economy
setup for each country.

6As a consequence, we will use the terms impatient (patient) and borrower (saver) as interchangeable
throughout.



2.1 The borrower’s program

Each impatient agent b € [0,w]| receives utility from the following instantaneous utility

function:
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where )?f is an index of consumption services derived from non-residential final goods
(C®) and residential stock (D"):
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with the parameter hp capturing habit formation in consumption of non-residential goods.
We introduce three stochastic terms in the utility function: a preference shock 5? , a
labor supply shock X (common across sectors) and a housing preference shock, e”. The
latter affects the relative share of residential stock, wp, and modifies the marginal rate of
substitution between non-residential and residential goods consumption. All the shocks
are assumed to follow stationary AR(1) processes.

Households receive negative utility from labor in each sector, Ngv,t and N, ,. The spec-
ification of labor supply assumes that households have preferences over providing labor
services across different sectors. In particular, the specific functional form adopted implies
that hours worked are perfectly substitutable across sectors. Lo and Lp are level-shift
terms needed to ensure that the impatient’s labor supply equals one in steady state.
Impatient agents in each country can trade a nominal risk-less bond denominated in the
domestic currency, but they cannot access the international financial markets to finance
their expenditure plans. In addition, they do not save nor accumulate capital. Total
savings and investment decisions in each country are implemented by the savers, as we
show later.

Under these assumptions, each borrower maximizes utility function (1) subject to an

infinite sequence of real budget constraints:
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"We use the non-residential goods price level as a deflator.
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where ¢ € (0,1) is the residential good depreciation rate, T ; = P%t’t is the relative price of
residential goods in terms of non-residential goods, Bl}it is the stock of nominal debt issued
by the borrower at time ¢, R;_; is the nominal interest rate paid on the existing amount of

debt élf{,tq and m; is the gross non-residential good inflation rate. W&t and ngt denote

the borrower’s nominal wages in the two sectors. TT i) are government transfers . Finally,
Zﬁ’ is the stream of income coming from state-contingent securities, allowing the borrowers
to hedge against wage income risk. Given separability of preferences, trading such assets
ensures that all borrowers have identical consumption plans. Therefore, we can drop the
superscript b and simply use a” to denote variables related to the borrowers.

In each period ¢, all the borrowers have limited access to credit markets, as summarized

by the following (nominal) collateral constraint:

= ~ 1
BH,t < 5tLTV (1 - X) 1D {PD,t-HD E}
t

where y € [0, 1] is the fraction of the residential good that cannot be used as a collateral.
Such a parameter is an indirect measure of the flexibility of the mortgage market. The

term (1 — x) thus provides a proxy for the observed loan-to-value ratio, which is subject

to a stationary stochastic shock X7V, The collateral constraint can be conveniently
rewritten in real terms as follows:
7 7~ Tt+1
e <=7V (L= E i B )
t

_ By
where by, = F*.

Summing up, the impatient agent maximizes (1) subject to the infinite sequence of (3)
and (4) holding with equality®. We report the first order conditions for this problem in
the Appendix.

2.2 The saver’s program

The patient agents, s € [w, 1], are characterized by a higher intertemporal discount factor
than the borrowers, and thus act as net lenders in equilibrium. They own the productive
capacities and make decisions on investment plans to build the capital stock which will
be rented out to intermediate firms. The savers can trade two nominal risk-less bonds

denominated in the domestic and foreign currency. Financial markets are assumed to be

8Tt is immediate to show that the collateral constraint always binds in the deterministic steady state,
under general conditions. We assume here that it continues to bind in a sufficiently small neighborhood
of the steady state, so that the model can be solved by taking a first order approximation.
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incomplete internationally. We introduce a risk premium on the international financing
of domestic consumption expenditures. Such risk premium is a function of real holdings
of foreign assets in the entire economy. Each patient agent receives instantaneous utility

from the same type function (1) adopted for the impatient?:
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The saver maximizes its utility function subject to an infinite sequence of the following

period budget constraint:
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where S; is the nominal exchange rate, 77}’ are government transfers and IIj are dis-
tributed profits. Capital is sector-specific and the savers decide in which sector to invest.
The expression
Ry K] — @ (u]) K}

represents the sector-specific nominal return on the real capital stock minus the cost
associated with variations in the degree of capital utilization'’. Bj;, and Bj,, are the
individual saver’s holdings of domestic and foreign bonds denominated in local currency.
The risk premium function W(-,-) is differentiable, decreasing in both arguments and
verifies U(0,0) = 1. The functional form used for the risk premium is ¥(X,Y) =
exp (—xasX —2xY). The term £2° is a unitary-mean disturbance affecting the risk

premium.

9Variables related to the saver are denoted with a superscript s, as opposed to b, used for the borrowers.
YOFollowing Smets and Wouters (2007), we assume that the income obtained from renting out capital
services depends on the level of capital augmented for its utilization rate. Moreover, the cost of capacity
utilization is zero when capacity is fully used (®(1) = 0). We assume the following functional form for

the adjustment costs on capacity utilization: ®(X) = % (explp(X —1)]—1).
8



As for the borrowers, we maintain the assumption that state-contingent assets are traded
within the group of savers, in order to hedge against wage income risk. The corresponding
stream of income is denoted Aj. As a result, all savers have identical consumption plans
in equilibrium and we can therefore drop superscripts s.

The optimality conditions characterizing the solution of the saver’s problem are reported
in the Appendix.

In the following, we will refer to the saver’s and borrower’s user costs of residential invest-
ment (the exact definition of which can also be found in the Appendix). The user cost
indicators drive the substitution effects between durable and non-durable goods for each
household type. The aggregate user cost, denoted R is defined as the weighted

average of the saver’s and borrower’s user costs.

2.3 Labor supply and wage setting

The labor market structure is modeled following Schmitt-Grohe and Uribe (2006). In
both countries, households of each type (patient, impatient) provide homogeneous labor
services, which are transformed by monopolistically competitive unions into differentiated
labor inputs. As a result, all household of the same type supply the same amount of hours
worked in each sector, in equilibrium.

In each sector j (j = C,D), we assume the existence of perfectly competitive labor
packers, who buy the individual agents’ labor supplies N;t (1 = B,S) and aggregate
them using a Cobb-Douglas function, to produce the aggregate labor indicators L¢; and
L p; that enter the firms’ production functions (see later). We specify the details of the
labor packers profit-maximization problem below.

We also assume that in each sector j (j = C, D) there exist monopolistically competitive
labor unions indexed by i (i = B, S), representing the patient and impatient households,
respectively. Unions differentiate the homogeneous labor provided by households, creating
a continuum of measure one of labor services (indexed by z € [0, 1]) which are sold to the
above-mentioned labor packers in each sector. Each union thus faces the following labor

demand (originating from sector-specific labor packers):
HPw

W,aa(2)\ me
Lji(2) = <_I}/,t.( t )) Ljit
J7Z7

where z € [0,1], p, = 93111

entiated labor services, which we assume to be constant across types and sectors. L;;,

and 6, > 1 is the elasticity of substitution between differ-



measures demand for labor type ¢ by firms in sector j,

1 1 Hw
Lj,i,t = |:/ Lj,i,t(z)”_wdz]
0

while W, ; ; denotes the nominal wage set by union ¢ in market j at time t'':

1—pw

1
W]',i,t = |:/ Wj7i7t(2)1““fd2:|
0

Clearly, our structure gives rise to four different wages in equilibrium, each corresponding
to a specific worker type (patient, impatient) in a specific sector (C, D). Unions set wages
on a staggered basis. Every period, each union faces a constant probability 1 — a,;; of
being able to adjust its nominal wage. If the union is not allowed to re-optimize, wages

are indexed to past and steady-state inflation according to the following rule:

Y I 111;1
Wiae(2) = [ [T Wy0a(2)

where 1I; = % and &' denotes the degree of indexation in each sector, for each type.

Taking into account that unions might not be able to choose their nominal wage optimally
in the future, the optimal nominal wage let(z) is chosen to maximize intertemporal
utility under the budget constraint and the labor demand function. The Appendix reports
the first order conditions for this program written in a recursive form, and an expression
for the aggregate wage dynamics.

We can now define the labor packers’” Cobb-Douglas production function as follows:

(1-w) w

S B

L;=w“(1- w)(l_w) —]\g’t —]\ij’t
Aj7SVt AjVBVt

B S
gt th
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where

"The following definitions also hold:

and
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and the term AY,

state variable that evolves as follows:

denotes wage dispersion in sector j, related to agent i. Such term is a

Hw

i ijl T pw—1
AV = (1= awji) (Wiie) T | pa o

HFw

by o T
Ty i AY ( Wit )“wl 1T, !
wjisi -1 - T
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Notice that wage dispersion is inefficient, as all job varieties are ex-ante identical 2. The

solution to the labor packers’ cost-minimization problem also determines the following
wage indices:
(Wis)' ™ (Wp.)”

W, =
gt ww(l _ w)lfw

2.4 Investment decisions

The patient agents own capital and rent it out to the intermediate goods-firms at the
sector-specific rental rate Ri’ (j = C, D). Investment consists of the distributed non-
residential good only. The savers choose the investment and capacity utilization in each

sector to maximize their intertemporal utility, subject to the intertemporal budget con-

I ;
s »

where dx € [0,1] is the depreciation rate of capital, S is a non-negative adjustment

straint and the capital accumulation equation:

Kg:(l_(sK) i 1+5t

cost function formulated in terms of the gross rate of change in investment, Itj /Itj_l,
and el is an efficiency shock to the technology of capital accumulation, common to both
sectors. The functional forms adopted are S (z) = ¢/2 (x — 1) for country H and
S (x) = ¢*/2 (x—1)* for country F, with ¢ and ¢* constant. The resulting first order

conditions read:

Q: = PE, { - (Quir(1 = 0) + Riyyuryr — (I)(ut+1>):| el

]t ]t / ( ]t >:| I
1-5 - S e +
Qt [ (It—1> It—l It—l !

Ay (L1 ? L
8, |Qua et ( ) (2
= 1

see Schmitt-Grohe and Uribe (2006)

12
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Rf = @’(ut)

where A,Q); is the Lagrange multiplier associated with the capital accumulation equation.
We follow Smets and Wouters (2003) in introducing an ad hoc shock £ that accounts for

fluctuations in the external finance risk premium.

2.5 Distribution sector for non-residential goods

Non-residential goods in each country are produced by a continuum of companies that,
operating under perfect competition, mix local production with imports. There is a home
bias in aggregation, n, which pins down the degree of openness in steady state. The + —th

distributor technology, Vi € [0, 1], is given by

£—1

1 1 -1 1¢-1
Vo= [nvig + -ty

23 23

in the domestic country and

3
1 =1 1 -1l e—1
* ok * * *
v = [ n)t v ety ]

2 )
in the foreign country, with ¢ denoting the elasticity of substitution between bundles Yy

and Yr. The degrees of home bias are subject to shocks. Since only the difference of

openness rates enters the linearized aggregate equations in the absence of adjustment

n

An "
\VA

costs on imports, home bias shocks are expressed as n; = n\/e>" and n} =

Cost minimization determines import demands:
Yoy = n (Tuy) ™ Ye, Y = (1= ) (T, Tuy) ™Y,

o\ —§
* * x \ € vrx * * F, *
YF,t =Ny (TF,t) Y/, YH,t =(1-n;) ( t) Y, (8)

Distribution prices are defined by:

P - [ntP;ij (- nt)P}f] e

1
1-¢

P = [ Ple o+ (1= ) P

P Pr . .
whereas T} = PZ’Z and Ty = 5+ denote the interior terms of trade. We also make use of
, H,t

.
Py

. . P
the relative prices Ty, = =5 and T, = 5"
’ t

P
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2.6 Final non-residential goods sector

In country H, final producers for local sales and imports are in perfect competition and
aggregate a continuum of differentiated intermediate products from home and foreign
intermediate sector. Yy and Yy denote the continuum of differentiated goods produced
respectively in country H and F. The elementary differentiated goods are imperfect

substitutes with an elasticity of substitution denoted ﬁ Final goods are produced with
1 H 1 M
the following technology Yy = [fol Y(h)ﬁdh} and Yp = [fol Y(f)ﬁdf] . In country F,
1 K 1 K
the corresponding indices are given by Y = [fol Y*(f)ﬁdf} and Y7, = [fol Y*(h)ﬁdh] :
For a domestic product h, we denote p(h) its price on local market and p*(h) its price

on the foreign import market. The domestic-demand-based price indices associated with
1—
imports and local markets in both countries are defined as Py = [fol p(h)ﬁdh} g , Py =
1 EEE, 1 EEE R 1 IR P :
Uy wrmmEan] " P = [y e ()RS and P = | [y p(£)TRdf| . Domestic

demand is allocated across the differentiated goods as follows

Vhel0,1 Y(h) = (M)“‘ Y, Y*(h) = (p*“”)*ﬁ i

Py Py,
vie YR = (3) e vin = (5L) v

2.7 Intermediate non-residential firms

Intermediate goods producers are monopolistic competitors and produce differentiated

products using a Cobb-Douglas mixing labour and capital services K, (+) = uy(-)K;(-):

{ Yi(h) = et (uf K1 ()™ LY (h)' ¢ = Q¢ vh € [0,1]
Yo(f) = eft (uf K2 ()" L () oo — Vfelo1]

where /! and 7 are exogenous technology shifters. Each firm sells its products both in
the local and in the foreign market. We denote Yy (h) and Yj;(h) (respectively Y7i(f) and
Yr(f)) the local and foreign sales of domestic producer h (respectively foreign producer
f) and define L%, (h) and LG*(h) (respectively L&*(f) and L%(f)) the corresponding labor
demand.

Local firms set prices on a staggered basis a la Calvo (1983). In each period, a firm h

(resp. f) faces a constant probability 1 — ay (resp. 1 — a7.) of being able to re-optimize

. . . . SEET . . 1 1

its nominal price. The average duration of a rigidity period is then T“an (resp. E)

If a firm cannot re-optimize its price, the price evolves according to the following simple
rule:

ST =

pe(h) = HH,t—1H
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with vy denoting price indexation.

Concerning exports, we assume that, in country H, a fraction n (respectively n* in coun-
try F') of exporters exhibit producer-currency-pricing (PCP) while the remaining firms
exhibit local-currency-pricing (LCP). Consequently, aggregate export prices denominated

in foreign currency are given by

Py, \ T L
. (i) (1) B
Sy

The aggregate LCP export price indices are accordingly defined as

~ 1 1 _11_ N 1 1 _11_ 1—p
Py =|—— [ p(h)" "dh d Pp= d .
H L_n/np() } , and Pp [1_77*/77*1?(1‘) f]

1-p

1 L1 1=p
Py = , and Pp = {77* (AS}P}J)H +(1—n") PP{“} )

1—p

We define the following relative prices RERy = %, RERp = Sii and T = lls_f;' Export
F

margins relative to local sales are denoted RERy = % and RERy = s]jf*'
F

ence of international price discrimination, these ratios measure the relative profitability
St P
P

In the pres-

of foreign sales compared with the local ones. Finally, RER; =

is the real exchange
rate.

The optimality conditions for the price-setting problem are reported in the Appendix.

2.8 Residential goods sectors

Final producers of residential goods operate in perfect competition and aggregate a contin-
uum of differentiated domestic intermediate products. Final and intermediate residential
goods are non-traded. The elementary differentiated goods are imperfect substitutes with

elasticity of substitution denoted # Final goods are produced with the following tech-

nology Zp = [fol ZD(h)idh] " The price of a domestic product h is denoted by pp(h).

1 1-
The aggregate price index is defined as Pp = [fol pD(h)mdh} MD. Domestic demand

rD
is allocated across the differentiated goods as follows: Zp(h) = (p%if))im Zp.
Residential goods are produced by combining capital, labor and land. We assume that in
every period of time the savers are endowed with a given amount of land, which they sell
to the firms in a fixed quantity. We assume that the supply of land is exogenously fixed
and that each residential goods intermediate firm takes the price of land as given in its

decision problem. Producers make use of a Cobb-Douglas technology as follows:
Zpo(h) = & (uP KL, (h))™ LY (h)' =P =< L(R)7 = Qp vh e [0,1]
Zp(f) = &2 (uP KPA(f)) LP*(h) ! ersmee L ()7 — O, vfelo1]
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where /"2 and £{'°* are exogenous technology parameters and £,(h) denotes the endow-
ment of land used by producer h at time t.

As in the non-residential sector, firms are monopolistic competitors. However, we assume
here that residential prices are perfectly flexible, so that in each period firms set their

price as a constant markup mup over the marginal cost MCp; defined as follows'?:

—ap—« @D «
im0 [B4)" f

6;41704%]3(1 — ap — ag)-ap=erann) (ap)** Tp,

MCD#/ - (9)

where p; denotes the relative price of land deflated by non-residential goods price!.

2.9 Government and monetary authority

In each country, public expenditures G are subject to random shocks €. The government
finances public spending with lump-sum transfers.

Monetary policy is specified in terms of an interest rate rule targeting CPI inflation, output
and their first difference. In the benchmark specification, we do not include housing prices
in rule. Written in deviation from the steady state, the interest rate rule used has the

following form:

7o =prio1+ (1= p) (rame1 +1yYe1) +7ar (76 — m1) + 74, (Yo — ye-1) + log (55) (12)

where lower case letters denote log-deviations of a variable from its deterministic steady-

state.

13The same assumption about residential prices is adopted in lacoviello and Neri (2009). We have
estimated a version of the model in which Calvo-type nominal price rigidities are allowed in the residential
sector, and obtained evidence in favor of almost perfectly flexible prices. Hence, we have decided to
maintain the assumption of flexible housing prices, in order to reduce the overall number of parameters
to be estimated.

M Notice that cost minimization implies:

Zp
pi=ocTp, 7 . (10)
t
and b
tht _ 1—OéD—Oé£ (11)
Ry PuPKP | ap
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2.10 Market clearing conditions

Aggregate investment and capital stock are given by:
=(-wi (13)
K] =(1-w) K’ (14)

for y = C, D. Similar relations apply for country F.
Aggregate domestic demands for non-residential goods are given by:
Y= wCi+ (1 —w)Cy+ IS + IP + G + & (uf) KO\ + ® (uP) KP, (15)
Vi = w'Cf 4+ (1 —w*)CF + IC + IP* + Ge8 + ® (uf™) K& + ® (uP*) KP4 (16)
Aggregate non-residential productions satisfy:
Zy =&} (uf K7 )(L9) 7 = Qe (17)
27 = e (uf KE)™ (L) - g (18)

Market clearing conditions in non-residential goods markets lead to the following relations:

—£ * * T;;,t - *
Zr=mApy (Tae) > Y+ (1 —ny) A, T | Y (19)
t
Zi = nz‘A*F,t (Tr,) " Y + (1= ng) Apy (TiTwy) " (20)

where Ay = [ (300) " an, &gy, = f2 (52) 7 an, A = J) (L) af and

Apy = fo <p]§Fft)> T f measure price dispersions among products of country H and F,

either sold locally or exported.

Similarly, aggregate productions of residential goods read:
Zpy =&l (uP KP)™ (LP), ™" £f* — Qp (21)
Ziyu = < (uP"KE3)™ (L") £ — 0 2)

t

Market clearing conditions for the residential markets are

Zpe=Apa |w (D= (1=8)Dyy) + (1= w) (D = (1= 6)Dyy)| (23)
Zp =D o (5: ~(L=0)D) +(1=w) (D) = (1 =6)D)]  (24)
where Ap, = fo <pDTjt)) ~"dh and Ap, = fo (pD]iD(h)> " dh measure price dis-

persions among non-residential intermediate goods of country H and F.
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Equilibrium in the bond markets implies that B}, + Bj, = Bj, and By, + Br, = Bp,.

Moreover, demand for bonds denominated in currency F' issued by agents in country H

is given by
StBry B, _ StBri-1 Bl
PtR;‘,k Pth Pt Bt
Teu .
+ T Y+ RERt?YHi -Y (25)
t

where RE R, is the real exchange rate measured with consumer prices net of consumption
taxes.

The aggregate conditional welfare measures for each type of agent in each country are
defined by WE, = [ Wpdb and Wi, = [ Wids, and WE; = [*" WP*db and Wi =

fll_w* W;*ds, respectively.

3 Bayesian Estimation

The model is estimated on US and euro area data using Bayesian likelihood methods.
For each country, we consider 11 key macroeconomic quarterly time series from 1981ql
to 2005g4 °: output, consumption, non-residential fixed investment, hours worked, real
wages, GDP deflator inflation rate, CPI inflation rate, 3 month short-term interest rate,
residential investment, real house prices and total household debt. We also use the ex-

change rate and the US current account'®

. All variables are linearly detrended prior to
estimation.

In the following, country H represents the US and country F' the euro area. Euro area
parameters and shocks are therefore denoted with a *, in line with the notation adopted
in the previous section. We summarize here the exogenous stochastic shocks that we

introduce:
e Efficient shocks: technology (e, e/, €2, {'P*), investment (¢}, £/*), labor supply

(eF, eF*), public expenditure (¢¢, £9*), consumption preferences (2, e2*), housing

preferences (e, eP*), relative home bias (¢2"), loan-to-value ratio (¢£TV, eLTV*),

e Inefficient shocks: PPI markups (¢, ef*), CPI markups (677, eF*) external
finance risk premium (%, ¢2%), UIP (£25).

e Monetary policy shocks (eff, ef*).

5The choice of the estimation sample reflects the availability of housing sector data for the euro area.
16See Appendix for a detailed description of the dataset.
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We also allow for the existence of common factors on some specific shocks. The motivation
relies on the two-country nature of the model, which is supposed to capture cross-country
dynamics only, while leaving the interactions between the two regions and the rest of the
world unexplained. However, shocks originating from the rest of the world, or unspecified
spillovers cannot be ruled out ex ante. Therefore, we modify the shocks structure to
account for additional sources of economic fluctuations. As a first step, we include possible
common factors on productivity shocks in the non-residential sector (f/!), CPI markup
shocks (fETT) and monetary policy shocks (fff) 17,

In addition, like Adjemian, Darracq Pariés, and Smets (2008), we introduce some correla-
tions among structural shocks, to account for possible unmodeled spillovers. In particular,
since we use US total net trade instead of bilateral net trade data in estimation, we intro-
duce a correlation between the US home bias preference shock and the euro area public
expenditure shock. Such correlation - denoted p, ¢+- is meant to capture rest-of-the-
world shocks that affect the US current account, with moderate immediate impact on
euro area output. Moreover, considering the weak structural interpretation attributed
to UIP shocks in a first-order approximation of the model, it seems justified to allow
for links with other shocks. Hence, we include in the estimation some correlation terms
between the UIP shock and other efficient shocks, in order to account for the impact of
fundamental shocks on the time-varying risk premium. In particular, we consider correla-
tions between the UIP shock and the US non-residential productivity shock (paas) and
between the UIP shock and government expenditure shocks in both areas (pgas) and
(pc= as). The presence of such terms helps the model generating the observed positive

comovement between consumption and business investment.

3.1 Calibrated parameters

Some parameters are excluded from the estimation and have to be calibrated. These are
typically parameters driving the steady state values of the state variables, for which the
econometric model based on detrended data is almost noninformative.

In particular, the discount factors are calibrated to 0.99 for the patient agents and 0.96
for the impatient agents'®. The calibration is the same for the US and the Euro Area.

The implied equilibrium real interest rate is 4% in annual terms'?. The depreciation

1"The three common factors were selected on the basis of their significance in explaining macroeconomic
fluctuations and the implied marginal data density.

18See e.g. Tacoviello (2005) and Tacoviello and Neri (2009) and Monacelli (2009) for a thorough discus-
sion of the calibration of the discount factors in a similar setup.

19The steady-state level of the interest rate is pinned down by the savers’ intertemporal discount factor.
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rate for housing, 4, is equal to 0.01, corresponding to an annual rate of 4%, whereas the
depreciation rate of capital is set to 0.1. Markups are constant across countries and equal
to 1.3 in the goods markets (for both nonresidential and residential goods) and 1.5 in
the labor market (in each sector). The relative share of residential goods in the utility
function, wp, is set to 0.1 in both countries. The value is chosen to pin down the steady
state ratio of residential investment to GDP. The intratemporal elasticity of substitution,
1p, is equal to 1. The relative shares of inputs in production are 0.3 for capital and 0.7
for labor in the nonresidential goods sector, while in the residential sector we assign a
weight equal to 0.1 to land, and reduce the share of capital to 0.2, in order to maintain
the level of labor intensity unchanged.

Finally, we calibrate the loan-to-value ratio (determined by the terms (1 — x) and (1 — x*)),
to 0.8 in both areas. Although these two parameters could in principle be included in the
estimation set, keeping them fixed - at the same level - helps focusing the attention on the
estimation of the relative shares of borrowers (w and w*). Moreover, existing empirical
studies?® document the presence of a substantial degree of heterogeneity within the euro
area in terms of mortgage markets flexibility, with some countries as the Netherlands
being close to the US, and others (e.g. Germany and Italy) displaying a much smaller
degree of flexibility. The proposed calibration of y* thus provides an approximate average

across European countries.

3.2 Prior distributions

Prior distributions of the structural parameters are assumed to be the same across coun-
tries, following a common practice in the literature?!. The standard errors of the structural
shocks are assumed to follow a Uniform distribution over the [0,6] interval??, while the
persistence parameters follow a Beta distribution with mean 0.5 and standard deviation
0.2. The UIP-correlations are normally distributed in the (0,1) interval, whereas the
remaining correlation terms are uniformly distributed.

About the parameters of the monetary policy reaction function, we follow Smets and
Wouters (2005)and Adjemian, Darracq Paries, and Smets (2008) quite closely. The inter-
est rate smoothing parameter follows a Beta distribution with parameters 0.75 and 0.1.
The parameters capturing the response to changes in inflation and output gap follow a

Gamma distribution with parameters 0.3 and 0.1, and 0.12 and 0.05, respectively. Con-

20Gee Calza, Monacelli, and Stracca (2007).
21Gee, among others, Smets and Wouters (2005).
22Four shocks deviate from this assumption: stQ, which is uniformly distributed over [0,20], ¢/ and

9% which are U[0,10], and e!* , which follows an Inverted Gamma (0.5, Inf).
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cerning the short-run response to inflation and output gap, the prior distributions are
a Normal with mean 1.5 and standard deviation 0.25, and a Gamma with parameters
0.12 and 0.05, respectively. About preference parameters, the intertemporal elasticity of
substitution, which is common to both household types, follows a Gamma distribution
with mean 1 and standard deviation 0.375. The habit formation parameters are specific
to savers and borrowers, following a Beta distribution with parameters 0.5 and 0.1. The
elasticity of labor supply is the same for both household types and sectors, and has a
Gamma(2, 0.75) prior distribution. On the production side, the adjustment cost parame-
ter for investment and the capacity utilization elasticity, which are common to residential
and non-residential sectors, follow respectively a Normal(4, 1.5) and a Beta(0.5, 0.15)
prior distributions. About nominal rigidities, the Calvo parameters for price setting in
the non-residential sector and wage settings in each sector are distributed according to
a Beta distribution with mean 0.75 and standard deviation 0.05**. The indexation pa-
rameters are instead centered around 0.5, with a standard deviation of 0.15. Finally,
concerning the open economy parameters, we use fairly noninformative distributions for
the elasticity of intratemporal substitution, the parameters related to the share of PCP
producers, the degree of home bias in consumption and the elasticity of foreign exchange
risk premium with respect to past exchange rate changes. The prior on the elasticity of
the risk premium to net foreign assets is a Normal(1,0.25), the parameter being re-scaled
by a factor 100.

The main estimated parameters driving the aggregate amount of credit frictions in both
economies are the country-specific shares of impatient agents (w and w*). In the bench-
mark estimation, the priors for those parameters are set as Beta distribution, with mean
0.35 and standard deviation 0.05. This choice is similar to the one of lacoviello and Neri
(2009). The model is still well-defined when the share of borrowers goes to zero so that the
estimation of the parameters is not affected by a singular point in zero. Given the crucial
role of w and w* in the model, we also investigate the fit of the model with alternative

prior distributions. We return to this in the next section.

3.3 Posterior distributions

Table 1 reports the mode, the mean and the 10th and 90th percentiles of the posterior

distribution of the structural parameters, obtained using the Metropolis - Hastings algo-

23In the estimation exercise we impose that the same level of nominal rigidity applies to the saver’s
and borrower’s wages in a given sector. Such restriction is motivated by the availability of sector-specific,
as opposed to individual-specific data on wages.
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rithm. Some of the results are similar to estimates found in the literature using similar
models, without a housing sector for the US and the euro area (see for example Smets
and Wouters (2005) or Adjemian, Darracq Pariés, and Smets (2008)). We concentrate
here on those features that are more closely related to our expanded modeling framework
with respect to the sectoral structure of the economy and the heterogeneity of households’
types.

Among the stochastic exogenous disturbances, the government expenditure, UIP risk pre-
mium and housing preference shocks have the highest estimated persistence. In particular,
the estimated means for the autoregressive parameter of the housing preference shocks
are 0.97 for the US and 0.99 for the Euro Area. Such a high estimated degree of per-
sistence suggests that the process will tend to explain a lot of the long horizon forecast
error variance of the real variables. In general, the housing sector processes display a
high persistence, as the estimated values for pap, prryv and py all lie above 0.93 in both
countries.

About the behavioral parameters, the intertemporal elasticity of substitution, oc, is well
below the prior mean: the estimated posterior means are in fact 0.64 for the U.S. and
1.06 for the Euro Area. The habit persistence parameters (hp and hg, respectively)
indicate a much lower degree of persistence in the consumption plans of the borrowers,
as opposed to the savers, in both areas. The estimated degrees of price stickiness in
the non-residential goods sector are generally higher than the prior mean (0.75), and in
particular the estimates are higher in the Euro Area than in the U.S., confirming a result
reported in Smets and Wouters (2005) and Adjemian, Darracq Pariés, and Smets (2008).
In the benchmark estimation, residential property prices are specified as flexible. This
assumption is supported by estimations of Calvo parameters for the residential goods
price setting very close to zero in both countries (results not reported here). Given such
low levels of nominal rigidities, we preferred to keep the flexible price assumption. Wages
are estimated to be slightly more flexible in the Euro Area, both in the non-residential
and in the residential sector. All the indexation parameters, however, seem to be poorly
identified, as indicated by the similarity of prior and posterior distributions.

Regarding open-economy parameters, our estimates are broadly similar to the ones of Ad-
jemian, Darracq Paries, and Smets (2008), with nonetheless a lower estimate for the trade
elasticity. Finally, about the monetary policy reaction function, the baseline estimates
tend to suggest that monetary policy reacted relatively more strongly to inflation in the
U.S. than in the euro area over the estimation sample. Interest rate smoothing was also

more pronounced in the euro area.
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We turn now to the parameters capturing the share of borrowers in each economy (w
and w*). In the baseline specification, the estimated posterior modes are 0.24 and 0.19,
respectively for the US and the euro area. Such values are below the prior mean, which
is set at 0.25. The shape of the posterior distributions suggests that the data are not
very informative on this direction. We therefore conduct some sensitivity analysis on the
prior specification of w and w* . Table 4 reports the estimates obtained when the prior
distributions are shifted towards a mean of 0.5. In this case the estimated posterior modes
are 0.46 and 0.42, respectively. Again, a look at prior and posterior distributions suggests
a lack of information from the data. We also estimate the model using uniform priors,
which leads to posterior values for the shares around 5% (estimation not reported here).
Notably, however, even with uninformative priors, the estimation never sets the share of
borrowers to 0, which would be possible in our parametric setting. In terms of marginal
log-data density, the value reached in the benchmark specification is -2485.19 , compared
to -2509.115 with high-share priors and -2478.3 with uniform priors.

Overall, our results suggests that w and w* are not strongly identified given the dataset
used. The presence of borrowers does not seem to be rejected, as all specifications lead
to strictly positive values for such shares, but model comparison based on marginal data
density would favor lower shares than in the benchmark estimation. A possible explana-
tion for such a weak identification is related to the informational content of the observable
variables, as opposed to the model-generated series. Although the model defines individ-
ual consumption plans for borrowers and savers, in practice only aggregate consumption
data are observable in each sector, for a given country. Therefore, it is difficult to extract
information on individual characteristics - such as habit persistence in consumption, or
the relative weight of patient and impatient agents in the group of consumers - from
aggregate data. Consequently, the prior distributions will have a substantial impact on
the posterior estimates and should be carefully chosen based on economic information
which may not be adequately reflected in the dataset. The prior specifications adopted in
our exercise seem satisfying in terms of steady-state aggregate levels of households’ debt
compared to GDP and are in line with those adopted in similar studies (see [acoviello and
Neri (2009)).

3.4 Second order moments

Table 5 compares some selected second-order moments implied by the estimated model

to the corresponding moments measured in the data. We use both linearly detrended and
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HP-filtered data *.

In terms of real variables comovement, we match the sign of almost all correlations. In
particular, we replicate the negative comovement between the exchange rate and the
current account, and the negative correlation between relative consumption and the real
exchange rate, thus accounting for the consumption-real exchange rate anomaly (see Chari,
Kehoe, and McGrattan (2002)). Our setup, including various types of shocks, thus appears
to be more appropriate than standard stylized NOEM models in generating such an
observed feature of the data. Given our set of common shocks across countries, the
cross-country correlation of output is positive in the model, although lower than in the
data. The measured comovement of consumption in the data is not robust to the filtering
method nor to slight modifications in the sample length: still, the model generates too low
correlation. The presence of common trends in the exogenous shocks to non-residential
goods productivity, monetary policy and CPI helps the model generating enough cross-
country spillovers, which are reflected into small but positive international correlations in
real activity.

The volatilities of US residential and business investment are slightly underestimated in
the model with respect to the data. In the euro area, the estimated standard deviation of
residential investment is higher than the observed one, whereas the volatilities of house
prices and business investment are lower. About the open economy variables, the estimates
display and overweighted exchange rate volatility and an underweighted current account
volatility. Overall, a better match between the data and the estimated model is obtained
when we use HP-filtered series.

Turning now to the housing variables, the correlations of consumption and residential
investment with real house prices are qualitatively reproduced by the model, albeit on
the low side concerning consumption. However, the model-generated correlations of con-
sumption and aggregate output with residential investment are substantially below the
sample ones. This may suggest the introduction of some common shocks across sectors,
such as government spending or productivity shocks. Regarding the cross-country cor-
relations of housing prices and residential investment, some attention should be devoted
to the measurement of international comovement in the housing sector. Over the full
estimation sample, the cross-country comovement of residential investment is negative

when we use detrended data, but positive with HP filtering. For real housing prices, the

24More precisely, the different sepcifications of the model are all estimated on linearly detrended data.
When reporting second-order moments, we filter the model statistics using linear detrending and HP
filter, respectively. Columns 2 to 4 and 5 to 8 in Table 5 thus compare model-generated moments with
the data, using the same filtering procedure.
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correlation is positive and lower with HP filtering than with detrending. Against this
background, the model implies almost no correlation for both housing prices and residen-
tial investment. Given the uncertainty about the true evidence to match, it is important
to identify the type of structural disturbances which can allow for either positive or neg-
ative cross-country correlations. We address such issue in the next section. Turning to
prices, although the full-sample cross-country correlation of house prices is positive, the
comovement, becomes negative if we exclude the period 1998 ql: 2005 4. During such
period in fact, house prices in both countries show some clear evidence of a higher local
trend, which a simple linear detrending procedure cannot completely offset?>. Therefore,
when focusing on the most stable part of our dataset, we can infer that a negative interna-
tional comovement is actually observed in the data for both house prices and residential
investment. All in all, it is very likely that the size of our sample is not large enough to
capture the unconditional second order moments of housing data given the considerable
length of cyclical fluctuations in the housing sector. The dataset may in fact only cover
two medium-term housing cycles.

A final consideration regards the implications of stronger credit frictions in terms of sim-
ulated moments. Table 5 also presents the outcome from the estimated model with high

priors on the shares of borrowers?.

The High-Borrower specification seems to improve
upon the benchmark model in several dimensions. In particular, the domestic corre-
lations between consumption and housing variables are slightly higher. Moreover, the
cross-country correlations of consumption, and to a lesser extent, housing variables in-

crease marginally.

3.5 The contribution of housing shocks to economic fluctuations

Table 6 reports the unconditional variance decomposition of the macroeconomic vari-
ables, emphasizing the contribution of housing-related structural shocks. The aggregate
role of housing shocks (both on the supply side, as in the case of technology and LTV-
ratio shocks, and on the demand side, as for the housing preference shock) is particularly
relevant in explaining the dynamics of housing production and house prices. Housing
preference shocks are the main determinants of real house price fluctuations, while they
contribute less than sector-specific productivity shocks in explaining residential invest-
ment. Concerning household debt in the two areas, housing preference and loan-to-value
ratio (LTV) shocks explain more than 75% of the volatility. This reflects the model

25Qver the same period, residential investment also shows signs of a trend, especially in the US.
26The corresponding posterior estimates are reported in Table 4
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mechanics, with the borrowers adjusting very sharply and immediately to shocks that
directly affect the collateral constraint®’. Overall, the relative flexibility of house prices
allows for significant adjustments in response to sectoral shocks.

The spillovers of housing-related shocks to the non-residential goods sector are modest.
Housing preference shocks explain around 5% and 3% of consumption volatility in the
euro area and the US respectively, while the contribution of LTV and productivity shocks
is lower. Regarding other domestic variables, a relevant feature concerns the contribu-
tion of housing preference shocks to CPI inflation and nominal interest rate fluctuations,
which range between 5 and 10% in the euro area. Such results are related to the higher
persistence of the shock for the euro area as shown in the previous subsection.

Turning to the open-economy dimension, housing shocks are essentially affecting a non-
tradable sector with flexible prices. Consequently, with interest rate rules targeting the
non-residential inflation rate, both the direct trade channel and the scope of exchange-rate
adjustment are relatively muted in response to housing shocks, compared with distur-
bances originating from the tradable sector. Regarding more specifically the international
spillovers on real activity, the role of housing shocks is indeed quite limited. In addi-
tion, the estimated model implies a relatively low transmission of domestic shocks across
countries®.

In order to explore the sensitivity of the structural decomposition of business cycle fluc-
tuations to the amount of credit frictions in the economy, Table 7 replicates the previous
exercise moving the share of borrowers in the two countries to zero and to the esti-
mates obtained in the High-Borrower case. We observe that the structural decomposition
of house price and residential investment fluctuations are hardly affected by the size of
credit-constrained consumers in the economy. Therefore, the main implications of varying
the borrowers’ shares can be analyzed through the aggregate substitution effect between
residential and non-residential goods, which guides the macroeconomic transmission from
prices and quantities in the residential sector to consumption and non-residential invest-
ment. Consumption is the most affected variable: the contribution of housing-related
shocks reaches 23% in the US and 17% in the euro area with high shares of borrowers,

against less than 1% when borrowers are absent. A similar pattern is observed for GDP.

2TThis is typically the case of LTV shocks and housing preference shocks, which have a sizeable influence
on real housing prices and thus on the collateral value.

28 A limited role for cross-country spillovers is a usual result in the literature (see Adjemian, Dar-
racq Paries, and Smets (2008) among others).
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4 Housing shocks and the international business cycle

In this section we provide a positive analysis of the role played by the housing sector
as both a part of the transmission mechanism and an independent source of economic
fluctuations®’. The impulse response functions analyzed here are based on the benchmark
estimated model. We also illustrate the effects of varying the degree of credit frictions
by comparing the outcomes of the benchmark model to the ones obtained by assuming
either that the borrowers are absent, or that their share in the economy corresponds to

the High-Borrower case.

4.1 Housing preference shock

A housing preference shock is defined here as an exogenous stochastic perturbation to the
marginal rate of substitution between non-residential and residential consumption in the
utility function of each agent. A positive housing preference shock thus generates a surge
in housing demand and house prices (see Figures 5 and 6). Both effects are quite persistent
over time, so that prices and quantities are still well above their steady state value after 20
quarters. The most interesting effect concerns the impact response of consumption, which
is positive and increasing in the share of borrowers. The positive response of aggregate
consumption is due to the collateral channel: by issuing more debt - made possible by the
positive valuation effect of higher house prices on the existing collateral - the borrowers can
finance extra consumption, thus consuming immediately more. Monetary policy responds
to a generalized increase in domestic demand by raising the interest rate, which in turn
causes an exchange rate appreciation. The current account deteriorates by a small amount
on impact and the excess domestic demand in the source country leads to a positive effect
on foreign output. The size of this spillover ranges between 0.05 and 0.1 which is, as
expected, smaller than the one originating from demand shocks in the tradable sector.
The exchange rate adjustment coupled with a monetary policy tightening induces in the
foreign country a broad substitution effect away from nonresidential and domestically-
produced residential goods. As a result, house prices and residential investment fall in
the foreign country.

All the above-mentioned effects are amplified when the share of borrowers increases: the
amplification mainly reflects the mechanical aggregation across the two different groups

of consumers. Without borrowing instead, the response of domestic consumption to the

29Gee the working paper version for a complete analysis of the transmission mechanism of non-housing
shocks.
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housing preference shock is muted. Intuitively, without impatient households, there is
no positive effect of higher house prices on consumption, because there is no collateral
to be affected. The increase in house prices generates a higher user cost of housing
for the savers (who now represent the entire group of households in the economy) and
calls for a substitution from residential investment to consumption. However, the overall
increase in domestic aggregate demand is lower than in the presence of borrowers. The
required increase in the interest rate is therefore much smaller, and so is the exchange
rate appreciation. The effect on the current account is consequently reduced, so that the

spillover on foreign output falls by a half compared to the baseline case.

4.2 Housing technology shock

A positive productivity shock in the residential sector generates a sharp and persistent
reduction in house prices, which are more flexible than nonresidential goods prices (see
Figures 7 and 8). Intuitively, firms in the housing sector can almost fully exploit the
technology improvement by adjusting prices and quantities in opposite directions. Resi-
dential investment indeed increases significantly on impact, with a persistent effect. The
behavior of domestic demand follows from the individual responses to the shock. For the
savers, an increase in housing supply, accompanied by a reduction in prices, generates a
higher demand for residential investment. Moreover, the decrease in house prices lowers
the savers’ user cost of housing, generating a substitution effect from nonresidential to
residential goods. Wage income also increases for the savers, who are accommodating the
increase in labor demand in the residential-goods sector through the provision of more
labor supply. The reverse holds true for the borrowers. A sustained decrease in house
prices induces a negative wvaluation effect on the existing collateral, making borrowing
more costly. As a result, the borrowers demand less of both goods compared with the
savers, and debt decreases on impact in the source country. In addition, the borrow-
ers have a stronger incentive to substitute residential investment for consumption goods
in order to relax their collateral constraint. The resulting negative aggregate effect on
consumption reduces CPI inflation, while aggregate output increases slightly.

Turning to the open-economy dimension, the transmission crucially depends on the re-
sponse of monetary policy to aggregate demand. In the benchmark case, aggregate de-
mand increases - reflecting the large increase in housing demand which offsets the fall
in consumption - and inflation falls. The central bank responds by raising the interest
rate. As a result, the exchange rate appreciates. The effect on the current account is very

close to zero, and a very small positive spillover is generated on foreign output. Foreign
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demand for domestically-produced goods falls, as well as house prices and debt.

Increasing the share of borrowers in the Home country reinforces the substitution effect
in favor of residential goods (as testified by a lower aggregate user cost of housing), which
dampens the initial response of aggregate consumption. Aggregate output also falls below
its steady-state level in the first quarter after the shock. Given the downward pressures on
consumer prices, monetary policy responds by decreasing the nominal interest rate, and
the exchange rate appreciation is reduced by one half with respect to the baseline case.
The current account now improves more, and a marginal negative spillover is generated on
foreign output, with a small but positive substitution effect from the nonresidential to the
residential goods sector. Conversely, setting the share of borrowers to zero increases Home
output, and calls for an increase in the nominal interest rate. The exchange rate appreci-
ation becomes larger than in the benchmark case, the current account now deteriorates,

and the the positive spillover on Foreign output is stronger.

4.3 Loan-to-value ratio shock

A positive shock to the loan-to-value (LTV) ratio corresponds to an exogenous, temporary
increase in the availability of funds to the borrowers in the domestic economy (see Figures
9 and 10). The borrowers thus demand more of both goods, driving house prices up. In
particular, the relative flexibility of prices in the housing sector originates a sharp and
sustained increase in house prices, whereas consumption-goods inflation moves slowly, due
to nominal rigidities. Debt increases, fostered by the positive valuation effect of higher
house prices on the existing collateral, and by the exogenous increase in the LTV ratio.
The rise in house prices increases the user cost of housing for the savers and generates a
substitution effect from residential investment to consumption. The increase in inflation
calls for an interest rate rise. As a consequence, the exchange rate appreciates on impact
and the current account deteriorates in the short term. However, the initial exchange rate
appreciation is rapidly followed by a depreciation of a similar magnitude. The LTV shock
generates a positive spillover on foreign output. The size of the spillover on economic
activity is however smaller compared to the effects of a housing preference shock, notably
reflecting a more moderate exchange rate adjustment. A broad substitution effect is
observed in the Foreign economy, away from residential goods and domestically produced
non-residential goods.

An increase in the share of borrowers reinforces the collateral channel in the Home coun-

try®’. Demand and prices increase more in both sectors, thus requiring a stronger response

30(Clearly, we do not consider here the case of no borrowers, which would imply the absence of a debt
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of monetary policy to inflation. The exchange rate swings are more pronounced, and all

the previously described spillover effects on the Foreign country are amplified.

4.4 Summing up

This section has provided a detailed description of the transmission of housing-related
shocks, with a special focus on the role played by credit market imperfections. Overall,
credit frictions alter the relative responses of aggregate consumption and non-residential
investment to exogenous shocks. More precisely, moving the share of borrowers is im-
plicitly equivalent to attributing more or less importance to credit constraints, thus in-
fluencing the propagation of standard demand and supply shocks. The housing sector
plays a special role in the model, due to its dual nature of flexible-price, non-traded goods
producing sector. On the one hand, prices and quantities are free to adjust almost instan-
taneously in response to external shocks, so that impact effects are typically large. On
the other hand, as the residential investment good is non-traded, sectoral shocks typically
generate small and indirect spillover effects on foreign country variables. The residential
sector is therefore somewhat unaffected by shifts in the share of borrowers: the impact
responses of prices and quantities are large enough that varying the size of the borrowers’
group only marginally affects the overall adjustment. Nonetheless, structural housing-
related shocks generate significant spillovers to non-residential consumption through the
collateral channel and therefore the share of borrowers in the economy.

On the open-economy side, housing-related shocks expand the dynamic correlation prop-
erties of the model, which may help capturing important features of the dataset. In
particular, there is evidence that the cross-country comovement of residential investment
and house prices may have been negative over an extended period of time. The traditional
"closed economy" set of non-housing related shocks generally induces a positive correla-
tion in both house prices and residential investment across countries. Only open-economy
shocks like foreign exchange risk premium or relative home bias disturbances generate
strong asymmetric responses for most of the variables across countries. The introduction
of housing shocks turns out to be helpful on this dimension. While housing technology
shocks require the absence of borrowing to generate a negative correlation between home
and foreign residential investment, the same result is obtained in the baseline estimation
for housing preference, and to a lesser extent, loan-to-value ratio shocks. More specifi-
cally, the increase in domestic demand induced by larger borrowing leads to an interest

rate raise and an exchange rate appreciation. Exports of non-residential goods increase.

channel, and prevent the existence of any LTV-ratio shocks.
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In the Foreign country the increase in the interest rate reduces the demand for residential
investment, which in turn drives house prices down. Housing preference shocks can thus

reproduce sizeable negative international comovement in residential investment.

5 Monetary policy and housing prices

In this section we examine the relationship between monetary policy and housing prices
along two dimensions. First, we evaluate whether the historical monetary policy conduct
in the US and the euro area features a specific response to house prices. Second, we
compare the macroeconomic transmission of housing shocks under the estimated Taylor
rules to the one generated under the optimal monetary policy cooperation. A complete
analysis of the normative prescriptions that could be derived in our framework is beyond

the scope of this paper, and is left for future research.

5.1 The model with an augmented Taylor rule

We report here the results of an additional estimation exercise, in which we allow the
central bank in each area to respond to fluctuations in house prices. In terms of modeling
assumptions, this amounts to augmenting the specified Taylor rules by including relative
house price changes as policy target variables.

The last three columns of 4 report the results obtained when we consider the following

modified Taylor rule®':

Ty = proo1 +rax (1 — mo1) + (1= p) (ram—1 +ryye—1) + 74, Ay + 127, Atp, + log (55)
(26)
We use a N(0,0.5) prior distribution for the parameter rar, (and i, ), thus allowing, in
principle, for both positive and negative systematic responses to house price inflation. The
corresponding estimated posterior modes equal 0.10 in the US and 0.17 in the euro area,
respectively. Both central banks thus feature a systematic mild increase in the interest rate
in response to positive housing inflation rates. The estimates of the remaining parameters
in the rule are quite robust to the modification, with the only exception of 7 - the response
to the inflation rate in the euro area - which increases from 0.84 to 1.473%.
Interestingly, the inclusion of these two additional coefficients in the estimation set largely

improves the fit of the model: the log marginal density increases from -2485.19 in the

31 An analogous expression is used for the euro area monetary policy rule.

32Geveral studies have documented the weak identification of the inflation level term in the policy rule,
whose inference proves not to be robust to slight changes in priors or rule specification (see Adjemian,
Darracq Parieés, and Moyen (2007) or Adjemian, Darracq Pariés, and Smets (2008) for example).
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benchmark specification to -2450.12 in the augmented-rule case. We could therefore con-
clude - using a goodness-of-fit criterion - that a more accurate description of the historical
conduct of monetary policy in the US and the euro area over the estimation sample
should include a systematic small but positive response to house price inflation®® . A
similar exercise is performed in Finocchiaro and Queijo von Heideken (2007), who esti-
mate a closed-economy model for the U.S. with a housing sector and credit frictions faced
by households and entrepreneurs, as in lacoviello (2005). Using different specifications
for the monetary policy rule, they show that, over the sample 1983 Q1: 2006 Q4, the
evidence does not support an active response of the Federal Reserve Bank to housing
price fluctuations. Our results thus contrast with theirs. Possible explanations for the
different findings may include: (i) the (augmented) Taylor rule specification, which in our
case also includes variations in inflation and output, as opposed to only levels as in their
exercise; (ii) the estimated degrees of nominal rigidities in the goods and labor market: in
particular, our estimates for the wage stickiness parameter are relatively higher; and (iii)
the open-economy dimension, which is absent in their framework, and may significantly
influence the estimated monetary policy conduct over the sample period.

Some further observations concern the historical role of housing preference shocks in ex-
plaining business cycle fluctuations. Augmenting the monetary policy rule has two main
consequences (results not reported here). First, housing preference shocks account for a
larger fraction of the policy rate volatility. The interest rate in fact is now allowed to
endogenously respond to fluctuations in house prices, which in turn are mainly driven by
housing preference shocks in the model. Fluctuations in the policy rate will thus partly
reflect the need to counteract the effect of inflationary demand shocks in the housing sec-
tor. Second, and related to the previous point, housing preference shocks explain much
less of residential investment volatility, and to a lesser extent, of real house price fluctu-
ations. The effect is robust across countries. In the benchmark specification, a positive
demand shock in the housing sector - which moves residential investment and house prices
in the same direction - has a large and significant effect on residential investment. When
monetary policy is allowed to respond to housing inflation, the interest rate will move

up in response to a positive demand shock. As a consequence, the cost of borrowing will

33Beyond marginal data density comparison, we also assess the model’s ability to replicate the selected
second moments reported in 5. Along this dimension, the augmented Taylor rule model does not provide
a strong departure from the patterns obtained in the benchmark case. At the margin, the enriched
model reduces the correlation between non-residential consumption and real house prices compared to
the benchmark case, notably for the US, which may be less in line with data. At the same time, looking
at the in-sample root mean square errors, the augmented Taylor rule model provides some improvements
on most of the variables, in particular on real quantities (results are not reported here).
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increase, dampening the initial increase in the demand for housing. Overall, residential
investment will fluctuate less in response to movements in prices when the central bank is
more reactive. Real house price fluctuations will be reduced as well by the counteracting
effect of the monetary tightening.

Both effects are immediately recognized by looking at the impulse response functions
associated to a housing preference shock, reported in Figure 11. When monetary policy
responds to housing inflation, a larger increase in the policy rate is required in response
to the shock. The tightening reduces the initial increase in house prices and partially
counterbalances the surge in residential investment. Moreover, the overall effect on non-
residential consumption becomes negative, for the amplified increase in the interest rate
neutralizes the positive collateral effect on consumption.

Summing up, some degree of systematic response to house price inflation should char-
acterize the historical conduct of monetary policy in the two areas over the estimation
sample, at least according to model fit analysis. Importantly, under such behaviour, the
two economies would not display a positive effect on nonresidential consumption after a
housing demand shock, since the automatic increase in the interest rate would be sufficient
to offset the positive valuation effect of higher house prices on the existing collateral. The
next subsection discusses the transmission of the same shock under optimal monetary

policy cooperation.

5.2 The optimal monetary policy response to housing shocks

In order to derive the international monetary policy coordination we proceed as Adjemian,
Darracq Paries, and Smets (2008) and follow the Ramsey approach by formulating an
infinite-horizon problem of maximizing the conditional expected social welfare subject
to the full set of non-linear constraints that define the competitive equilibrium of the
model®*. Since we are mainly interested in comparing the macroeconomic stabilization
performances of different monetary policy regimes within a medium-scale open economy
framework including a wide set of shocks and frictions, we assume a fiscal intervention,
namely subsidies on labor and goods markets, to offset the first-order distortions caused
by the presence of monopolistic competition. From an operational point of view, we have
to face the issue that the zero lower bound on the nominal interest rate is an occasionally
binding constraint. To avoid high probabilities of hitting the zero bound under the Ram-
sey allocation, we thus follow Woodford (2003) in introducing a quadratic term in the

households welfare measure of each country, to penalize variations in the nominal interest

34The first order conditions to this problem are obtained using symbolic Matlab procedures.
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rate:

Wﬁ,t = ngt +(1—-w) Wlf,,t + )\REt25j (Riyj — R*)2

7=0
* * * * * - j *k * 2
Wgt i }?t +(1-w )Wﬁt + )\REtZBJ (Rtﬂ — R )
7=0

where A\p and A} are the weights attached to the cost of nominal interest rate fluctuations.
Instead of fixing this parameter to match a particular value of the probability to hit the
zero bound, we pragmatically calibrate those parameters so that, under the operational
optimal monetary policy coordination, the unconditional variance of the nominal interest
rates are close to the ones obtained with the estimated rules. The penalty needed to
achieve those standard deviations is substantially higher in the US than in the euro area.
Under this assumption, the probability to hit the zero bound is reasonably low, even for
zero steady-state inflation, which implies that the steady-state real rate is more than three
times the standard deviation of the interest rate®’.

The introduction of a housing sector and household credit frictions brings several impor-
tant dimensions to the analysis of optimal monetary policy cooperation. On the supply
side, monetary policy has to face policy tradeoffs stemming from the sectoral structure
of the economy, which are reinforced by nominal rigidities in price and wage setting (see
for example Aoki (2001) on this point). Moreover, the presence of a durable good has
relevant implications for the optimal allocation, as analyzed by Erceg and Levin (2005).
Finally, households heterogeneity and collateral constraints may not only change the pol-
icy dilemma regarding price stability and the stabilization of real quantities, but also
introduce an additional policy objective related to the dispersion of allocations across
household types. The existence of imperfect risk sharing between borrowers and savers,
in addition to international financial markets incompleteness, may in fact alter the tradi-

tional optimal policy prescriptions.

5.2.1 Housing preference shock

In this section we restrict our analysis to the assessment of the optimal policy tolerance
for relative house price fluctuations. More specifically, we consider the optimal monetary
policy cooperation in response to a housing demand shock, since this source of disturbance
has been shown to generate, under standard Taylor rules, strong relative house price

changes and ample asymmetries in the savers’ and borrowers’ reactions (see Section 3).

35Note that with the indexation schemes introduced in price and wage setting, the Ramsey steady state
is consistent with any inflation rate.
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Figures 11 and 12 compare the impulse response functions to a housing demand shock
under three different monetary policy specifications: (i) the estimated interest rate rules
of the benchmark model, (ii) the estimated interest rate rules augmented with house price
inflation, and (iii) the optimal international cooperation®® . Regarding domestic trans-
mission, the optimal allocation generates a more muted response of real house prices and
residential investment compared to the benchmark policy rules. The optimal spillover of a
positive housing demand shock to non-residential consumption is now negative, and aggre-
gate output contracts. These features are qualitatively unaltered under augmented inter-
est rate rules, albeit with a more pronounced pattern. Regarding international spillovers,
the exchange rate appreciates more on impact with the optimal and the augmented rules
than in the benchmark case. In the foreign country, the optimal allocation implies a
sharper adjustment of real variables while strongly stabilizing the inflation rate. Looking
more specifically at the relationship between optimal policy and augmented interest rules
in the two areas, the similarities seems to be tighter for the US, especially in terms of
domestic transmission.

In order to provide some intuition on the role of credit frictions in the optimal response
to house prices, the same exercise has been conducted setting the share of borrowers to
zero. The corresponding impulse responses are reported in Figures 13 and 14. Some
degree of control on house prices is still present in the optimal allocation. However, the
"lean against the wind" features of the augmented policy rules now differ more from the
optimal allocation.

The results illustrated above are consistent with those obtained using optimal (welfare-
based) simple interest rate rules. In particular, we consider the problem of optimally
choosing the two coefficients on house price inflation in the augmented policy rules, in
order to maximize aggregate welfare under housing preference shocks, keeping the other
parameters fixed. As expected, the optimal coefficients are both positive, even though
lower than in the estimated version of the model with augmented policy rules. In partic-
ular, the optimal response to house prices is higher for the US (0.04) than for the euro
area (0.02).

Summing up, this section has shown that, from a normative perspective, some degree
of monetary policy reaction to fluctuations in the price of residential goods is consistent

with the main features of optimal monetary policy cooperation, in response to a housing

36 All the other structural parameters, not directly related to monetary policy, are fixed at the mode of
their posterior distribution in the benchmark model estimation. When comparing these impulse response
to those presented in Section 2, some differences can arise due to the fact that we assume here that public
subsidies are offsetting steady-state distortions.
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demand shock. Based on welfare computations when only housing shocks are allowed, the
augmented Taylor rule estimation turns out to be welfare-improving compared with the
benchmark case, in particular for the US economy. Beyond this, the optimal allocation
suggests that the heterogenous responses across households and the associated welfare
losses in terms of imperfect risk sharing should be counteracted, even at the cost of mod-
erate short-term inflation volatility. The optimal international transmission of positive
housing demand shocks leads to a monetary policy tightening in the foreign country and
to a negative adjustment of housing prices and quantities, as well as domestic demand for

non-residential goods.

6 Conclusions

In this paper we have provided an original framework to explore the importance of housing
markets and credit frictions for the monetary policy conduct in open economy. We have
reproduced some stylized facts for the US and the euro area, and provided a systematic
analysis of cross-country business cycle dynamics. In particular, we have established that
while the collateral channel entails significant effects of housing-related shocks on real
activity domestically, the international spillovers are relatively smaller than in the case of
shocks that affect the tradable sector. Regarding monetary policy, we have documented
that, from a positive perspective, an accurate historical representation of monetary policy
conduct in the two areas over the sample should allow for a systematic response to house
price fluctuations. Moreover, from a normative standpoint, such a policy conduct is found
to be welfare improving. Our results point to at least two directions. First, a better
characterization of credit frictions may be required in order to understand the cross-
country propagation of housing shocks, and the related borrowing dynamics. Second, a
deeper analysis of the optimal monetary policy cooperation under housing-related credit
frictions may reinforce the preliminary results obtained here. We plan to explore such

dimensions in future work.
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A Supplementary model description

A.1 The borrower’s program

The impatient agent maximizes (1) under (3) and (4) holding with equality®’. We report
the corresponding first order conditions in the next paragraph.

Let us denote

Urx, = el X, ¢ (27)
~ 1 ~ ~ - 1
Uiy = (1— Pwp)™w (cy - hBCt_1> " XTP Ul (28)
1 1
1 6’ ) 1—¢b wp) "™
— Bhp (1 —lwp)™ (%) Ei{ /. ( g )~1~
Xt (CtJrl - hBCt) th_DlulX,tJrl
_ 1 (D "~
I/{/D,t = ef)wgD (Tt> U/X,t (29)
t
The first order condition related to non-residential consumption and residential stock are
respectively,
/~\t = a/C,t (30)
and
~ ~ s
ATpe = (1=x) e WME, {Tmﬂ i } (31)
t

"‘Z;{V/D,t + B (1 —6)E, {KtHTD,tH}
where A, and A,¥, are the multipliers associated to constraint (3) and (4), respectively.
Finally, the marginal value of additional borrowing is defined by the following "modified"
version of the standard Euler equation

U, =1-0E, {Ai“ i} (32)

At 7Tt+1

The set of optimality conditions is completed by the intratemporal trade-off between
consumption and leisure, which is analyzed in detail later. By rearranging equation (31)
it is possible to define the borrower’s user cost of residential investment as follows:

~ Tpes1 T At T,
Rp="Tp, [1-e"V (1~ \IJE{ D’t“il}— 1—0) B, § =220 33
D D,t( (= x) WE, To. R B( ) E; % o (33)

37Tt is possible to show that the collateral constraint always binds in the deterministic steady state,
under general conditions. We assume here that continues to hold in a sufficiently small neighborhood of
the steady state, so that the model can be solved by taking a first order approximation.
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A.2 The saver’s program

Let us denote

Z/{/X,t = Etﬁthdc (34)
1 1 1
Uty = (1 — Pwp)™ (C,— hCy_y) 8 XU, (35)
_ 1 1 1
(1= Pen) () 7 { (1 = ethywn) ™ (K] }
Xi (Cry1 — hCy) ™ Ulx 144
1
1 /DN "o
Ulp; =ePwip (—t) 7 Ulxy (36)
Xi
The first order condition related to non-residential consumption and residential stock are
respectively,
At - u/C,t (37)
and
ANp,=UIpe+v(1—9)E, {Ae1Tpssr} (38)

where A; is the multiplier associated with the budget constraint.
Patient households in both countries are allowed to trade in two one-period nominal
bonds, a domestic and a foreign one. First order conditions corresponding to the quantity

of contingent bonds imply that

P,
Ay = RyyEy |:At+1P : ] (39)
t+1
E,S S (Brs — Br) et P,
A:R*AS\IJ tit—’—l_l E, | A t+14¢
t t€¢ S, ) j2) PE, HlStPtH

where R, and R; are one-period-ahead nominal interest rates for country H and F' re-
spectively.
The previous equations imply an arbitrage condition on bond prices which corresponds

to a modified uncovered interest rate parity (UIP):

St41 P
R, _ E; |:At+1 St;t+1:| (10)
Rr&ftAS\II (Eést+1 -1, St(BF;BF>> E, [At+1 pi1i|
Rearranging equation (38) yields the definition of the saver’s user cost of residential
investment: AT
Rp =T, (1—7(1—5)@{ ak D’”l}) (41)
Ay TD,t
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A.3 Labor supply and wage setting

The first-order condition for the wage setting program of agent 7 in sector j can be written

recursively as follows:
-1

— wii Hwil
Wiie " HYd\ "
- W, wiji
Pt HQ,t

The resulting aggregate wage dynamics for each type in each sector is:

1 Hzfjgz T hw—1
(Wj,z’,t) T—pw — (1 — Oéwjz') Haw H;ng (42)
7 -1
1 Ht 1—paw
. . T—pw
_'_ &UJ‘]Z (W]717t71> . (wajfﬁlfwn )

wiji - i \1+or;i _Hw 1T 1 Haw—1 wii
Hl,i = [/]7Z (N],t) Lj, (Wj,i,t) pw—1 Oéw]zﬁzEt ( — f 1 ) H17i+1 (43)

wa],z [H] 7£w]'»’b
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H?,t = Aith7t (Wj,i,t) pw—1 4 awjiﬁiEt T 1—Eu;. H2,t+1 (44)
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with 3; =g ifi =S and 3, =vif ¢ = B. Also, W;,, denotes the real wage of type 7 in

sector j and A; is the marginal utility of consumption of type 7.

A.4 Price setting

The intermediate, non-residential good producing firm h chooses the price p;(h) to maxi-

mize its intertemporal profit:

. j ; YH /—i\ 1=vm
(1 = 7oss )Y () (P )™ (TF)

E; Z R
=0 ~MCy Py (Yairi(h) +Q)

. - N g\ T\ T
where YH,t-i—j(h) — <M) n—1 Pr ¢ <PH,t—1+]) H (H]) H) YH’H_j and MC'H_]- i

Pp ¢ Py 144 Pr—1
the real marginal cost deflated by the interior-producer-price and. Due to our assumptions

on labor and capital, the real marginal cost is identical across producers:

oo T
b efagf (1 — ag)t—2c) Ty,
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As a result, all the firms that can re-optimize at time ¢ will choose the same price. The

first order condition associated with the firm’s choice of p,(h) reads:

>© (1—m »)ﬁt(h) Pt <PH,t71+j)WH (ﬁj)lw
E Z&}{Et,tHYH,tH(h)PH,tH T Put Py \ P =0
7=0 —puMCiy;
This price setting scheme can be written in the following recursive form: ’;;(ht) = Mgz;z
where
< U1 o
Zmie = AMNMC Yy Thy + apgvyE, (ﬁ) ZH1 41 (46)
;711
and
_1
N Oy "
Zot = EfAtYH,tTH,t + agvE: m ZHoi41 (47)
;711

where ¢ represents a stationary cost-push shock. Accordingly, the aggregate price dy-
namics leads to the following relation:

L 1

Iy, 1 ( ZHU>E
l=ay | ——=—— +(1 -« ’ 48
H(H}fﬂnl ) (1 —a) (nz (48)

Analogous equations hold for foreign producers:

* e *\ ¥ % * H}J/Jrl a *
ZFl,t = Af MG, YF,tTF,t + apEy v p— ZF1,t+1 (49)
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where the real marginal cost for country F' is given by:

*(1—a x]
Wt( c) [R;I;; } c
e agf (1 — ag)—ee) Ty

MC; = (52)

Concerning exports, LCP exporters also set their prices on a staggered basis and face the

same type of nominal rigidities that affect local producers. Consequently, the inflation
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dynamics of LCP export prices for the country H, ﬁ}‘{,t, is described by the following

three equations:

n

5 ~ ﬁ*H t+1 ot
Zl*fl,t = AtMCtYﬁ,tTH,t + YK, P Zl*ﬂ,t—i—l
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Analogous equations hold for country-F LCP export price inflation:
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Finally, aggregate export price inflation rates and CPI inflation rates are given by

RER,
I3, = ——1I1
Hit RERp. Hit
RERp,
H — ) H*
Fit 7RERF¢,1 Fit
Tyt CPI
II, = 11
! TrHi-1 et
H;k _ Tﬁt H*’ CPIx

where the two additional shocks €1 and ¢F!" have been introduced.
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B Data

US series come from the BEA, the BLS, the Census Bureau and the Federal Reserve Board.
In particular, real house prices in the US are computed using the Census Bureau index
(house price index for new one-family houses sold including value of lot). US household
debt is obtained by the Federal Reserve Board Flow of Funds as a measure of total debt
outstanding, held by domestic nonfinancial sectors. Euro area data are taken from Fagan
et al (2001) and Eurostat. Concerning the euro area, employment numbers replace hours.
Consequently, as in Smets and Wouters (2005), hours are linked to the number of people
employed e} with the following dynamics:

* * 1_ﬁ)\€ 1_)\6 * *
e, = OByerq + ( )?( ) (l; —e)

House prices for the euro area are based on national sources and taken from the ECB web-

site®®. Residential investment is taken from Eurostat national accounts and is backcasted
using national sources. Households’ debt for the euro area also comes from the ECB
and Eurostat®. The exchange rate is the euro/dollar exchange rate. Due to statistical
problems in computing long series of bilateral current account and current account for the
euro area, we use the US current account as a share of US GDP. Aggregate real variables
are expressed in per capita terms by dividing through with working age population. All
the data are detrended before the estimation. Our structural description of the US and
euro area interactions assumes no rest-of-the-world and therefore remains, from a global
point of view, a reduced-form representation. As already mentioned, in order to take into
account sources of economic fluctuations emanating from other countries, we allow first
for common structural shocks. But we also introduce a correlation between the home
bias preference shock and the euro area public expenditure shock. Since we use the US
total net trade instead of bilateral net trade, we intend to capture, through this variable,
rest-of-the-world shocks that affect the US current account with moderate immediate im-
pact on euro area output. The correlation between the home bias shock and the Euro
Area public expenditures shock (pan,c), which acts as a GDP residual shock, is meant to
control for this drawback. Notice however that using total US trade instead of bilateral
trade broadens the data information on the rest of the world. Finally, given that, in the
first order approximation of the model, the UIP shock has a weak structural interpreta-
tion, examining the links with other shocks seems justified. Consequently, correlations

between the UIP shock and other efficient shocks are incorporated in the estimation and

38we applied some statistical interpolation methods to generate quarterly series

39Gee ECB Monthly Bulletin, October 2007, for the description of the data used
43



may account for the impact of fundamental shocks on time-varying risk premium. In
practice, the benchmark model features a correlation between the UIP shocks and the US
productivity shocks (pa as) as well as the government expenditure shocks (pg as, pe+.as)
from both countries. Those correlations were also selected according to their significance

and the improvement brought to the marginal data density™.

40The correlation between the home bias shock and EA government expenditures is introduced by
adding a term pa, ce~™ in the AR(1) of the EA government spending exogenous. The correlations with

the UIP shock are introduced by adding terms like (¢71)74:45 in the risk premium exogenous £
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Tab. 1: PARAMETER ESTIMATES 1

Shock names

A priori beliefs

A posteriori beliefs

Distribution Mean Std. | Mode Mean 7 Ty
oft Uniform 3 1.73] 035 035 029 041
of Uniform 3 1.73| 1.04 108 081 1.34
o& Uniform 3 173 3.02 3.08 268 346
ol Uniform 3 L73] 090 1.09 049 1.67
ol Uniform 3 1.73] 078 206 041 426
ol Uniform 10 577 | 571 579 299 8.56
oft Uniform 3 173] 015 0.15 0.13 0.8
of Uniform 3 173|023 024 020 027
op Uniform 3 173 121 122 105 1.39
otV Uniform 3 173 111 113 0.99 1.26
opP Uniform 5 289 356 394 231 549
ot Uniform 3 173|050 052 041 063
opP* Uniform 3 173 220 227 120 3.18
o Uniform 3 173|215 221 185 257
ol Uniform 3 173|025 029 015 042
ol Uniform 3 1.73] 024 035 0.12 0.59
o Uniform 5 289 328 353 1.92 5.03
ot Uniform 3 173|010 011 0.09 0.12
ob* Uniform 3 1.73] 027 027 0.23 0.31
oir* Uniform 3 173|085 0.85 074 0.96
ol TV Uniform 3 1.73] 077  0.78 0.68 0.89
opP* Uniform 3 173 141 144 112 1.76
ops Uniform 3 173|026 0.31 0.5 047
s Uniform 3 1.73| 041 043 035 0.50
ofF Uniform 3 173|013 013 0.09 0.16
ol H* Uniform 3 173|021 022 018 025
FA Uniform 3 173|002 012 0.00 022
Ff Uniform 3 1.73] 0.01 0.03 0.00 0.08
FEPI Uniform 3 173] 013 013 0.0 0.17
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Tab. 2: PARAMETER ESTIMATES 2

Parameter names

A priori beliefs

A posteriori beliefs

Distribution Mean Std. | Mode Mean 7 I
PAA Beta 0.5 0.2 | 0.82 0.62 0.28 0.92
PRR Beta 0.5 0.2 | 0.23 0.37  0.06 0.72
PCCPI Beta 0.5 0.2 | 0.21 0.26 0.07 0.44
PA Beta 0.5 0.2 | 0.90 0.90 0.86 0.93
B Beta 0.5 0.2 | 0.71 0.71  0.63 0.79
el Beta 0.5 0.2 | 0.83 0.82 0.75 0.90
oL Beta 0.5 0.2 | 0.11 0.13 0.03 0.23
1 Beta 0.5 0.2 | 0.89 0.76 0.56 0.96
PAp Beta 0.5 0.2 | 0.98 0.96 0.93 0.99
PLTV Beta 0.5 0.2 | 0.93 0.93 0.89 0.97
PH Beta 0.5 0.2 | 097 097 094 0.99
P A* Beta 0.5 0.2 | 0.92 0.92 0.89 0.95
PB* Beta 0.5 0.2 | 0.46 046 0.29 0.62
PG Beta 0.5 0.2 | 0.89 0.89 0.85 0.93
PL* Beta 0.5 0.2 0.09 0.12 0.02 0.22
pr- Beta 0.5 0.2 | 047 050 0.16 0.83
pAz Beta 0.5 0.2 | 097 094 090 0.99
PLTV* Beta 0.5 0.2 | 0.96 0.96 0.94 0.98
PH* Beta 0.5 0.2 1.00 0.99 0.99 1.00
PAS Beta 0.5 0.2 | 0.92 091 0.85 0.97
PAR Beta 0.5 0.2 | 0.99 0.97 094 1.00
pI,C Uniform 5 2.89 | 0.63 0.75 032 1.15
PIx,Cx Uniform 5 2.89 | 0.26 029 0.09 0.48
PG* An Uniform 75 433 | 447 430 287 5.72
PAAS Normal 0 1 0.02 0.02 -0.22 0.24
PG,AS Normal 0 1 0.03 0.04 0.00 0.09
PG*.AS Normal 0 1 -0.09  -0.09 -0.13 -0.05
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Tab. 3: PARAMETER ESTIMATES 3

Parameter names A priori beliefs A posteriori beliefs
Distribution Mean Std. Mode Mean 7 Ts

10} Normal 4 1.5 5.55 5.31 331 7.32
© Beta 0.5 0.15 0.78 0.77 0.65 0.90
oc Gamma, 1.5 0.375 0.64 0.63 0.50 0.76
h Beta 0.5 0.1 0.58 0.56 0.45 0.68
hp Beta 0.5 0.1 0.31 0.32 0.19 045
OLe Gamma, 2 0.75 2.55 277 149 4.10
Qe Beta 0.75 0.05 0.83 0.82 0.79 0.86
Qo Beta 0.75 0.05 0.84 0.84 0.80 0.88
Ewe Beta 0.5 0.15 0.42 0.44 0.22 0.66
Ewp Beta 0.5 0.15 0.59 0.56 0.32 0.81
ag Beta 0.75 0.05 0.89 0.89 0.86 0.92
YH Beta 0.5 0.15 0.55 0.54 0.38 0.70
o* Normal 4 1.5 2.47 260 144 3.71
p* Beta 0.5 0.15 0.89 0.87 0.78 0.95
oy Gamma, 1.5 0.375 1.06 1.10 094 1.24
h* Beta 0.5 0.1 0.83 0.77 0.63 0.90
h Beta 0.5 0.1 0.28 0.30 0.19 041
ch Gamma, 2 0.75 1.53 1.69 092 2.40
a;c Beta 0.75 0.05 0.81 0.81 0.78 0.84
ay, Beta 0.75 0.05 0.81 0.81 0.77 0.86
fwé Beta 0.5 0.15 0.26 0.28 0.12 0.44
fwz) Beta 0.5 0.15 0.44 0.47 0.22 0.70
o’ Beta 0.75 0.05 0.92 0.92 091 0.94
o Beta 0.5 0.15 0.51 0.51 0.38 0.64
Ae Beta 0.75 0.05 0.79 0.78 0.75 0.82
P Beta 0.75 0.1 0.79 0.79 0.74 0.83
- Normal 1.5 0.25 1.78 1.79 149 2.07
A Gamma, 0.3 0.1 0.26 0.26 0.18 0.34
ry Gamma, 0.12 0.05 0.11 0.11 0.06 0.15
TAY Gamma, 0.12 0.05 0.17 0.18 0.13 0.24
p* Beta 0.75 0.1 0.84 0.83 0.78 0.88
Ty Normal 1.5 0.25 0.84 090 0.69 1.12
TAx Gamma, 0.3 0.1 0.16 0.17 0.11 0.22
Ty Gamma, 0.12 0.05 0.17 0.17 0.12 0.23
Fay Gamma 012 005 | 0.14 015 010 0.20
13 Uniform 3 1.7321 1.27 1.55 092 218
n Uniform 0.5 0.2887 | 0.98 0.98 097 0.98
n Beta 0.5 0.28 0.98 0.90 0.80 1.00
n* Beta 0.5 0.28 0.86 0.80 0.62 1.00
X Normal 1 0.25 0.83 0.89 0.49 1.28
XAS Uniform 0.5 0.2887 | 0.21 0.21 0.13 0.29
w Beta 0.35 0.05 0.24 0.23 0.18 0.29
w* Beta 0.35 0.05 0.19 0.20 0.15 0.24
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Tab. 4: PARAMETER ESTIMATES COMPARISON

Parameters | High borrowers’ share Augmented Taylor Rule
Mode Il IQ Mode Il IQ
1) 4.70 250 6.46 511  3.38 7.08
%) 0.77 0.66  0.88 0.83 0.73 0.92
oc 0.67 0.54  0.83 0.75 0.67 0.86
h 0.49 036 0.63 0.59 0.46 0.69
hp 0.38 0.25 0.51 0.36 0.23 0.53
OLc 2.09 1.12 3.49 1.68 0.92 2.95
Qe 0.82 0.78 0.85 0.80 0.76 0.84
Qw 0.84 0.79 0.88 0.84 0.78 0.87
Ewe 0.46 0.25 0.72 0.42 0.22 0.70
Ewp 0.60 0.37  0.83 0.63 0.35 0.82
& 0.89 0.85 091 0.89 0.86 0.91
Yp 0.51 035 0.68 049 0.34 0.66
o* 1.69 0.78 3.22 434 3.15 6.33
o* 0.84 0.74 093 093 0.85 0.97
oh 0.99 0.57 1.20 0.79  0.68 0.96
h* 0.37 021 0.68 0.82 0.73 0.89
hy 0.31 019 044 0.35 0.21 0.49
0% 1.54 088  2.80 1.52  0.93 2.58
., 0.81 0.78 0.85 0.81 0.78 0.84
ay,, 0.82 0.77  0.86 0.82 0.77 0.86
e 0.36 0.18 0.55 0.27 0.12 0.43
. 0.48 0.23 0.72 0.40 0.21 0.68
- 094 092 095 091 0.88 0.93
Yy 049 035 0.60 0.59 0.46 0.73
Ae 0.79 0.75  0.82 0.80 0.77 0.83
p 0.78 0.74  0.83 0.79 0.73 0.83
T 1.90 1.62 2.20 1.86 1.54 2.20
TAx 0.29 020 0.38 0.28 0.19 0.37
ry 0.12 0.08 0.18 0.10 0.05 0.14
TAY 0.20 0.15 0.26 0.14  0.10 0.19
p* 0.86 0.81 091 0.88 0.83 0.91
T 1.39 084 1.84 1.47  1.15 1.85
A 0.19 0.13 0.28 0.20 0.13 0.27
ry 0.18 0.12 0.27 0.06 0.03 0.11
Ay 0.25 0.18 0.33 0.16 0.12 0.20
TATH 0.10 0.07 0.14
AT, 0.17  0.13 0.23
13 147 096  2.20 1.08 0.85 1.62
n 0.98 097 0.98 0.98 0.97 0.98
n 0.98 0.82 1.00 0.97 0.78 1.00
n* 0.78 0.63  1.00 0.76  0.58 0.98
X 0.96 048 1.33 0.85 0.42 1.25
Xas 0.19 0.12 0.26 0.19 0.12 0.29
w 0.46 0.40 0.51 0.22 0.18 0.28
w* 0.42 0.37 0.48 0.19 0.15 0.24
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Tab. 5: COMPARISON OF SECOND-ORDER MOMENTS

DETRENDED HP FILTERED

data Baseline High Borr.  Aug. Taylor | data Baseline High Borr.  Aug. Taylor
Standard deviation
US
Zi 2.14 1.91 1.99 2.03 1.25 1.18 1.27 1.30
Ct 1.90 1.76 1.93 1.76 0.84 1.07 1.28 1.11
I 6.11 5.03 5.45 5.52 3.78 2.62 2.89 3.01
Z Dt 11.21 9.17 9.18 8.43 6.51 5.22 5.27 4.99
Tpt 4.87 4.32 4.12 3.48 1.34 2.19 2.13 1.92
II; 0.27 0.30 0.31 0.29 0.18 0.26 0.26 0.25
Ry 0.46 0.30 0.35 0.30 0.30 0.22 0.25 0.22
Euro Area
zZf 1.67 1.15 1.48 2.17 0.88 0.84 0.93 1.19
cy 1.76 1.16 1.66 1.82 0.83 0.74 1.05 0.96
Iy 5.47 3.16 3.86 5.56 2.75 2.13 2.31 2.93
Zh 3.34 6.12 6.47 5.60 1.90 3.28 3.30 3.20
5, 6.24 3.17 3.17 2.78 1.88 1.55 1.51 1.33
IT 0.37 0.36 0.35 0.40 0.21 0.29 0.28 0.32
Ry 0.37 0.27 0.30 0.19 0.17 0.19 0.16
ASy 4.80 5.75 5.02 5.24 4.39 5.41 4.74 4.98
CA; 1.28 0.66 0.70 0.78 0.46 0.39 0.42 0.44
Correlations
Zy, Zf 0.22 0.09 0.14 0.14 0.27 0.13 0.17 0.16
Ci, Cf -0.03 -0.17 -0.03 -0.06 0.09 -0.04 0.05 0.08
Zpt, Z7, -0.47 0.00 0.01 0.00 0.23 0.00 0.02 0.03
Tpe, Th, 0.15 -0.03 0.00 -0.01 0.06 -0.01 0.04 0.07
ASy, CAt -0.23 -0.34 -0.24 -0.28 -0.15 -0.34 -0.22 -0.22
C{ez, RER;: -0.24 -0.21 -0.34 -0.25 -0.22 -0.26 -0.33 -0.16
Zy, Cy 0.80 0.68 0.70 0.70 0.84 0.69 0.72 0.73
Zi, It 0.64 0.72 0.67 0.74 0.65 0.65 0.60 0.72
Zity Zpt 0.52 0.17 0.15 0.12 0.62 0.08 0.08 -0.01
Tpt, Ct 0.12 0.30 0.31 0.10 0.47 0.32 0.43 0.02
Zpt, Tpt 0.25 0.40 0.41 0.38 0.35 0.49 0.50 0.45
Zpt, Ct 0.74 0.12 0.12 0.05 0.68 0.08 0.13 -0.05
zy, Cf 0.93 0.65 0.77 0.84 0.83 0.74 0.78 0.84
zZr, Iy 0.92 0.65 0.72 0.87 0.90 0.71 0.68 0.85
Z¥ Zhy 0.24 0.04 0.04 0.05 0.14 0.00 0.04 0.04
Th,s cr 0.52 0.11 0.16 0.16 0.57 0.15 0.31 0.08
Z5 Th, 0.41 0.42 0.39 0.34 0.25 0.42 0.42 0.37
ZhH CF 0.34 -0.07 -0.06 -0.07 0.20 -0.02 0.05 0.01
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Tab. 6: SHOCKS DECOMPOSITION OF UNCONDITIONAL VARIANCES

Domestic Housing Other Domestic Non Domestic
err LTV eD

Us

Zy 0.34 0.39 2.45 87.61 9.21
Cy 1.32 1.30 2.99 74.60 19.79
Zpt H7.65 0.04 31.93 9.98 0.40
Tpy  7.87 0.08 80.11 9.37 2.57
I, 0.15 0.01 0.02 66.21 33.61
Ry 0.09 0.48 2.11 87.53 9.79
By 2.94 36.16 49.26 10.55 1.09
Euro Area

zy 0.09 0.25 4.79 84.97 9.90
Cy 0.68 0.92 4.54 71.47 22.39
Z5, 59.51 0.04 34.36 5.62 0.47
Th, — 5.62 0.08 85.36 5.37 3.57
Iy 0.03 0.01 3.42 56.89 39.65
Ry 0.05 0.14 8.97 75.13 15.71
By 1.97 31.16 42.92 23.18 0.77
AS; 0.01 0.00 0.57 17.60 81.82
CA;  0.00 0.01 0.84 11.24 87.91
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Tab. 7: SHOCKS DECOMPOSITION OF UNCONDITIONAL VARIANCES:

SHARE OF BORROWERS.

VARYING THE

No Borrowers

High Borrowers’ share

Domestic Other Non Domestic Other Non

housing Domestic Domestic housing Domestic Domestic
US
Zy 1.35 89.85 8.80 9.76 80.90 9.34
Ci 0.94 78.62 20.44 22.65 61.25 16.10
Zpt 89.74 9.83 0.43 89.47 10.13 0.40
Tpoy 87.42 9.68 2.90 88.70 9.07 2.23
IT; 0.20 65.22 34.58 0.26 67.38 32.36
Ry 0.59 89.16 10.25 10.21 80.92 8.87
By - - - 89.10 9.92 0.98
Euro Area
zy 4.37 84.61 11.02 9.44 82.41 8.15
Cy 0.63 73.95 25.42 16.91 69.90 13.19
Zhy 94.04 5.54 0.42 93.54 5.95 0.51
15, 91.01 5.50 3.49 91.16 5.31 3.53
Iy 5.40 54.02 40.58 2.52 60.61 36.87
Ry 13.77 68.58 17.65 8.38 79.64 11.98
By - - - 76.95 22.25 0.80
AS, 0.72 17.35 81.93 0.65 18.33 81.02
CA; 1.23 10.23 88.54 0.80 13.19 86.01
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Fig. 1: Impulse Response Functions associated to a monetary policy shock in the US.
Benchmark model (plain lines and shaded areas), model with high borrowers (dotted lines with
circle), model with no borrowers (dashed lines with cross).
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Fig. 2: Impulse Response Functions associated to a labor supply shock in the US. Bench-
mark model (plain lines and shaded areas), model with high borrowers (dotted lines with circle),
model with no borrowers (dashed lines with cross).
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with circle), model with no borrowers (dashed lines with cross).
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Fig. 8: Impulse Response Functions associated to a housing technology shock in the euro
area. Benchmark model (plain lines and shaded areas), model with high borrowers (dotted lines

with circle), model with no borrowers (dashed lines with cross).
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Fig. 10: Impulse Response Functions associated to a loan-to- value ratio shock in the euro
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Fig. 11: Impulse Response Functions associated to a housing preference shock (US). Op-
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Fig. 12: Impulse Response Functions associated to a housing preference shock (euro
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Fig. 15: Impulse Response Functions associated to a housing technology shock (US). Op-
timal cooperation (plain lines), Benchmark Estimated Rules (dotted and circle lines), Augmented
Estimated Rules (dashed and cross lines).
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Fig. 16: Impulse Response Functions associated to a loan-to-value ratio shock (US). Opti-
mal cooperation (plain lines), Benchmark Estimated Rules (dotted and circle lines), Augmented
Estimated Rules (dashed and cross lines).
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