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1 Introduction

The recent boom and bust cycle in housing prices in many advanced economies
has refreshed the debate on the drivers of housing cycles and the role of the hous-
ing sector in amplifying economic volatility, as well as the appropriate response of
the monetary authorities. The case of Spain is of special interest since its recent
economic expansion has been characterised by sustained growth of residential in-
vestment, private consumption, credit and housing prices for more than a decade.
Moreover, during this period nominal and real interest rates fell to exceptionally
low levels during the convergence period in order to enter the european Economic
and Monetary Union (EMU). As a result, a large current account deficit emerged,

reaching almost 10 percent of GDP at the peak of the cycle in 2007.

In addition to growing external imbalances, a special source of concern for the Span-
ish economy was the loss of monetary policy autonomy after entering the EMU. In
countries with their own national currency and monetary policy, such as the US,
the UK, Australia and New Zealand, the central bank can increase interest rates
to slow down the growth rate of housing prices (although in practice they were not
successful in doing so in the most recent cycle), and also respond to a housing price
collapse.! However, Spain belongs to the EMU, and the European Central Bank sets
rates according to the inflation rate of the Harmonised Index of Consumer Prices
(HICP) of the Euro area as a whole. This means that monetary policy cannot be

the first line of defense in response to negative sector- and country-specific shocks.

The recent evolution of the Spanish economy since 1996, including the housing mar-
ket boom-bust cycle, is shown in Figures 1 thru 4. The period of convergence to
and adoption of the euro (1996-2007) was characterized by declining interest rates,
and increased residential investment and house price growth rates. The demand for
housing was further increased by the high levels of inmigration and the baby boom
generation (which peaked in the early 1970s in Spain) turning into adulthood, fu-
elling residential investment and even further increasing house prices. This increase
in housing prices raised wealth and borrowing capacity of house owners who, in

principle, could use these mechanisms to finance other consumption.? The growing

'Mishkin (2007) suggested that in response to a 20 percent housing price drop in the United
States, the Federal Reserve should cut interest rates between 75 and 175 basis points, depending
on the assumptions about the transmission mechanism.

2However, we should note that estimates of the marginal propensity to consume out of housing
wealth in Spain are lower than in other countries. Bover (2005) obtains estimates of about 0.01-



current account deficit is the other indicator of the magnitude of the consumption
and borrowing boom, and the large savings-investment imbalance was financed from

abroad. Since late-2007, the boom cycle has turned into a bust.

Hence, in this paper we study the response of a small economy in a currency union
(such as the Spanish one) to fluctuations in housing prices and residential investment.
First, we present VAR evidence that shows the response of private consumption,
residential investment, aggregate GDP, and real house prices to an interest rate
shock and to a housing demand shock. We show that a decrease of interest rates
and a positive housing demand shock lead to a rise in both final consumption and
residential investment, a finding labelled as “comovement” in the literature when

studying US data.

Then, we rationalize our findings by building a two-country, two-sector model of
a currency union in the spirit of Benigno (2004) and Rabanal (2009). The model
includes durable and non-durable goods. Holding durables (i.e. housing) not only
provides utility to the consumer but is also a vehicle for savings. In addition, the
international dimension of the model implies that the savings and investment balance
need not hold period per period at the country level. This will allow us to explain
how increased credit demand in one country of a currency union can be met through
funds coming elsewhere in the union. We calibrate the model, and examine the
reaction of domestic variables and the nominal interest rate to a monetary policy
shock and a demand/preference shock in the durable sector. Overall, the demand
shock and the interest rate shock produce effects on the main aggregates of the
economy similar to the ones observed in the VAR. Then, we conduct a robustness
exercise to understand how important are labor market and credit market rigidities
in understanding the transmission of housing demand and monetary shocks in the
economy. As opposed to the existing literature that stresses the role of financial
frictions and borrowing constraints to explain comovement, we find that the effect
of labor market rigidities has important implications for the persistent response
of variables to shocks, and to explain the comovement between consumption and

residential investment.

In the last section of the paper we study the policy options for a small open economy
such as the Spanish one, that faces large sector-specific shocks. In addition to

our benchmark currency union model, we consider two additional cases. In the

0.02.



first one, we assume that Spain follows a Taylor rule which is similar to the one
followed by the rest of the EMU. In the second case, we examine what would have
happened if the Spanish authorities, outside the euro, had tried to "lean against the
wind" and included house price inflation in their reaction function. We find that if
Spain had followed an inflation targeting regime with a pure floating exchange rate,
the monetary policy reaction to a domestic demand shock would not have been
very different than that of belonging to a currency union. If we allow the central
bank to react to house prices, the initial boom in housing inflation and residential
investment can be reduced. However, to achieve stability in the housing market
using the nominal interest rate as a policy tool leads to an important and persistent
contraction in the non-durable sector. Hence, even if the Spanish authorities had
kept monetary policy management, it is not clear that they would have chosen to

"lean against the wind".

The rest of the paper is organized as follows. In section 2, we present some VAR-
based evidence. In section 3, we present the model, and in section 4 we discuss
at length the quantitative implications of the model. The robustness checks are
presented in section 5 and in section 6 we analyze the effects of belonging to the

EMU. We leave section 7 for concluding remarks.

2 The VAR Response to Housing Demand and
Interest Rate Shocks

In this section, we present evidence on the response of main macroeconomic variables
to housing demand and interest rate shocks with the help of a Vector Autoregressive
(VAR) model. Several papers in the literature have studied the response of durable
and non-durable consumption to a monetary policy shock using a VAR and the
recursive identification scheme of Christiano, Eichenbaum, and Evans (1999, 2005).
This approach consists of identifying the effect of the monetary policy shock by
using the Cholesky decomposition of the variance-covariance matrix of the reduced
form residuals of the VAR. Papers following this approach include Erceg and Levin
(2006) and Monacelli (2009).

In addition, we seek to identify a housing demand shock from the VAR. We do so by

assuming that the housing demand shock affects the real price of housing within a



period, but it does not affect its quantity: in the short run the supply of housing is
fixed, and demand shocks must be absorbed via price movements. In practice, this
shock leads to an increase of residential investment and prices, thereby confirming
our labeling. In the last part of the section, we discuss several robustness results
that include: introducing euro area variables into the system, extending the sample

period, and using sign restrictions to identify the housing demand shock.

We estimate the following VAR using £ variables:

L
Y, =C+> AY,;+ Bu
j=1
where Y, is a kxl vector of observable variables, C' is a kxl vector of constants,
A; are kxk matrices that collect the effect of endogenous variables at lag j on
current variables, L is the lag length in the VAR, B is a kxk lower triangular matrix
with diagonal terms equal to unity, and w; is a kxl vector of zero-mean, serially

uncorrelated shocks with diagonal variance-covariance matrix.

!/
The vector of endogenous variables is divided as follows: Y; = | Y}, R, Y% |,

where Y7, is a group of macroeconomic variables predetermined when monetary
policy decisions are taken, R; is a relevant interest rate, and Y5; contains the variables
affected contemporaneously by monetary policy decisions. As is customary in the
literature, to identify the interest rate shock we place the nominal interest rate after
the macroeconomic variables. On the other hand we assume that house prices can
respond to changes in monetary policy within a period: as an asset price, housing
prices are likely to respond contemporaneously to changes in the nominal interest
rate, so we include them in Y5,. Hence, we identify the housing demand shock as
the shock that affects housing prices within a period, after taking into account the

effect that changes in the interest rate have on housing prices.?

2.1 Data

The vector of observable variables is divided the following way. In Y3; we include: (i)
real household consumption of final goods in Spain, (ii) real residential investment

in Spain, and (iii) real GDP in Spain. We use as a relevant interest rate (R;) the

3We have also estimated a VAR with the ordering Y; = [ Yi: Yo Ry ]/ and the results are
very similar to the ones we present.



reference interbank rate. Finally, we include in Y5; real house prices in Spain. All
variables are introduced in the VAR in levels after taking natural logarithms, except

for the nominal interest rate that we introduce directly in levels.

Private consumption, residential investment and GDP come from Spanish national
accounts data and are deflated by the Spanish GDP deflator. Nominal housing prices
come from the OECD and are deflated by the HICP in Spain. In studies involving
US data the Federal Funds rate is typically the variable used as an indicator of
the stance of monetary policy, following the study of Bernanke and Blinder (1992).
Spain relinquished its monetary policy autonomy when it joined the EMU January
1st, 1999, and hence a domestic reference rate is no longer available. We choose
the 3-month interbank rate as the reference interest rate. From 1999 we use the
3-month Euribor rate, and before the EMU period we use the 3-month MIBOR rate
(the Madrid Interbank rate). Note that because of this reason, we call our shock an

interest rate shock rather than a monetary policy shock in the VAR.

The relevant interbank interest rate for mortgages in Spain is the 12-month rate.
In practice, using the 3-month or the 12-month rate delivers the same results, since
the reference rate set by the FEuropean Central Bank, the 3-month interbank rate
and the 12-month interbank rate move very closely together. We estimate the VAR
from 1997:01 to 2008:04 at a quarterly frequency, with 2 lags. While the euro
was launched in 1999, monetary policy in Spain followed its european counterparts

closely in 1997-1998, and this allows us to include 8 more observations in the system.

2.2 Results

In Figures 5 and 6 we present the impulse responses of the five variables to an increase
in interest rates and a housing demand shock. We present the mean and 85 percent
confidence bands.* With respect to a monetary policy shock, the impulse responses
are qualitatively similar to those shown by Monacelli (2009) for the US economy.
The interest rate shock takes the form of an increase of about 25 basis points in
the nominal interest rate. It takes some time for the effects of the shock to build
up in the economy: household consumption peaks after 12 quarters and residential
investment peaks after 7 quarters. The peak response of residential investment is

about 5 times larger than that of private consumption. Real house prices decline

4Given the short sample, it is difficult to obtain significance at the conventional 95 percent
interval.



with an increase in the nominal interest rate.

On the other hand, following a housing demand shock, real house prices immediately
increase by 1.2 percent, and residential investment increase by a similar magnitude
one period later (because of the assumptions built in to identify the shock). Inter-
estingly, household consumption also increases over time, peaking after 12 quarters
at about 0.25 percent. While the effect is small, it is statistically significant at the
85 percent level. These are the features that our model will reproduce, in partic-
ular the comovement in the response of both private consumption and residential

investment to shocks.

2.3 Robustness

We have conducted several robustness exercises with our VAR-based evidence, which
are not presented here to save space, but are available upon request. In the first
extension, we include the Harmonized Index of Consumer Prices (HICP) inflation
and real GDP growth in the euro area to control for the endogenous response of
interest rates. In this case, we find that the qualitative results do not change. This
suggests that, from the Spanish perspective, changes in interest rates can be seen as
purely exogenous shocks. Second, we have also experimented by using the sample
period 1980-2008. All the results are very similar to the ones presented here, except
in the response of real house prices to a monetary policy shock, which is small
and nonsignificant. Finally, we have used sign restrictions as in Uhlig (2005) and
Cardarelli et al (2009) to identify the effects of housing demand, housing supply and
monetary policy shocks, and found that the main message of Figures 5 and 6 does

not change.

3 The Model

The theoretical framework consists of a general equilibrium two country, two sector
model in a single currency area. The countries are of size n and 1 — n, and each of
them produces two types of goods, durables and non-durables, under monopolistic
competition and nominal rigidities. Only the non-durable goods are tradable. Pro-
ducers of the final durable good sell its product to domestic households only in each

country, which allows them to increase their housing stock. For this reason, we use



the terms “durable good production” and “residential investment” interchangeably

throughout the paper.

Since our VAR analysis has only focused on the effects of monetary and demand
shocks on the housing sector and the spillover effects to the macroeconomy, the
model will only include these shocks, so we leave aside technology shocks in the
current analysis. In what follows, we present the home country block of the model.

The analogous foreign country variables will be denoted by an asterisk.

3.1 Households

Each household j in the home country maximizes the following utility function:

Ey {Zﬁt [V log(Ctj —eCiq) + (1 - ’V)f? IOE’;(DD - % } (1)

where C’f denotes consumption of non-durable goods, D? denotes consumption of
durable goods and L{ is the labor disutility index. 5‘? is a housing preference shock,

which follows an AR(1) process in logs.

The utility function denotes external habit formation, as in Smets and Wouters
(2003) and Iacoviello and Neri (2010). /3 is the discount factor and 7 is the inverse
elasticity of labor supply. The parameter € denotes the importance of the habit stock,
which is last period’s aggregate consumption (Cy_1). In addition, consumption of
non-durables is an index composed of home and foreign consumption goods:

C
o—1 i to—1 to—1

Ci = |7 (Cd,) @ +(1—r)ic (Ch,) @ , where (o >0 (2)

where C}'{’t and C’};ﬂ,t are, respectively, consumption of the home non-durable goods
and consumption of foreign non-durable goods by the home agent, and 7 is the
fraction of domestically produced non-durables at home. Finally, following Iacoviello
and Neri (2010), we assume that there is imperfect substitutability of labor supply

across sectors, such that the labor disutility index can be written as:

1
; N 1+ N 14 | T+
Lg — |:aLL <LtC,J> r + (1 _ a)*LL <L?:J> L:| " , where Ly, > 0 (3)



where Li’j denotes hours worked by household j in each sector i = C, D, and « is the
economic size of each sector. This imperfect substitutability implies that there is a
costly labor reallocation across sectors following a shock. Note that when ¢, = 0 the
aggregator is linear in hours worked in each sector, so there are no costs of switching

from working in one sector to the other.

The budget constraint of the home agent, in nominal terms, is given by:

weLy? wpPLp?
+ +

PCCI+PPIP + PAAI+B) < R,_\B/ + XC XD
t t

(R + P A} +11

(4)
where P¢ and PP are the price indices of durable and non-durable goods, to be
defined below, W/ is the nominal wage in each sector i« = C, D, and Bf denotes
uncontingent nominal assets that are traded among households across the monetary
union, and that pays (or costs) a gross nominal interest rate R, > 1. Following
Iacoviello and Neri (2010), X7 denotes the mark up (due to monopolistic competition
in the labor market) between the wage paid by intermediate firms and the wage
that households receive (the details of the nominal rigidities in the labor market are
discussed below). H{ denotes nominal profits, because firms are ultimately owned by
households. A; denotes the level of land owned by households, which is purchased at
a price P2 and which is rented to durable intermediate goods producers at a rental

rate of R

]tD 7 denotes residential investment to increase the housing stock. We assume that

the law of motion of the housing stock evolves as follows:

17 D,j
1=S{ 55 || L (5)
L7y

where 0 denotes the rate of depreciation of the housing stock and, following Chris-

DI =(1-6)Di_, +

tiano, Eichenbaum, and Evans (2005), we introduce an adjustment cost function,
S (.), which is convex (i.e. S”() > 0). Furthermore, in the steady state S = S = 0
and S” > 0. The aim of introducing this cost is to allow for the possibility that the

model can generate hump-shaped responses of residential investment to shocks.

We assume that households in the home country have to pay a premium above the
union-wide riskless nominal interest rate as the country’s debt level as a percentage

of GDP increases. This assumption is needed to obtain a well-defined steady state



for the aggregate level of debt.” The relevant interest rate for the home-country

households and the union-wide interest are related as follows:

~ B, B
Rt—Rt—eXp[/@(Pth_—ﬁ)]—l (6)

where P, is the aggregate price level, to be defined below, and Y; is real GDP, also to
be defined below. R; is the riskless interest rate and x is the risk premium elasticity.
This risk premium depends on aggregate variables, such that each household takes
this effect as given when choosing between consuming durables, non-durables, and

saving. Note that the risk premium is declining in the net foreign asset position of

Bt
’ PYy”

the country as a percentage of GDP

We can separate the household’s decision in a two stage process. First, households
choose the amount of labor to supply to each sector, and the consumption of durables
and non-durables. Second, they allocate how much to spend on home and foreign

produced goods, taking into account that,

PtCCt = PH,tCH,t + PF,tCF,t

where Pp; denotes the price of home non-durable consumption goods and Pr; the
price of foreign non-durable consumption goods. The variables corresponding to the
foreign country are denoted with an asterisk, but the prices of foreign non-durable
consumption goods do not carry it because they are also set in euros, and there is

no price discrimination across countries.

The first order conditions to the household problem are given by:°

Ue, = M PC (7)

Up, = py — B(1 — 5)Etﬂt+1 (8)

5See Schmitt-Grohé¢ and Uribe (2003).
6Since all households behave the same way, we drop the j subscripts in what follows.
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Absent adjustment costs to residential investment, these three equations can be

reduced to the following condition:

P_tD _ 1 - 75? (Cr —eCy)
Py v Dy

+B(1 - 8)E, KC,: - 60’5‘1) Pﬁl} .

C
Ct+1 — f‘:Ct Pt+1

Note that if the durable good was in fact non-durable (i.e. 6 = 1), this condition
simply states that the marginal utilities of consumption should equal relative prices.
Since the durable good has a residual value the following period, this induces the

extra-term of holding an additional unit of the durable good.

A standard Euler equation for the consumption of non-durable goods is:

~ PC Ct —€Ct1>:|
1 = BRE, | =L ( . 10
o t{Ptqu Cry1 — eCy (10

A similar Euler equation for land is as follows:

. R\, + P
R, =E, <%> (11)
£

such that households are indifferent between investing in land and riskless bonds.
The allocation of nondurable consumption expenditures between home and foreign-

produced goods is:

P\
OH,t =T P_tc Ct (12)
Pr,\ ¢
Cre=(1—71) <£) C,. (13)
t

The price index for non-durables is (the CPI):
(PE)' = [r (Paa) ™ + (1 = 7) (Pra) ] . (14)

The utility maximization problem of foreign country households is quite similar. We
assume that the functional forms for preferences are the same across countries, but

allow for different parameter values. That is, v* is the weight of non-durables in the

11



utility function, and 7* the fraction of domestically produced non-durables.

3.2 Wage Setting

Nominal wage stickiness is introduced as in Smets and Wouters (2007) and Iacoviello
and Neri (2010), so we omit most functional forms here and refer the interested
reader to those papers. Households supply homogeneous labor services to unions.
These unions differentiate these labor services and set wages subject to a Calvo-type
restriction, where the probabilities in each sector of not being able to readjust wages
in a given period are 0¢c and 0p . They offer these labor services to wholesale
labor packers, who reassemble these services into homogeneous labor composites,

which are in turn hired by intermediate firms from these packers.

Under Calvo wage setting and with partial indexation to past non-durable (CPI)
inflation (with coefficients ¢y and ¢p yy,), the wage-setting equations can be log-
linearized into the following wage Philips curves, where lower case variables denote

percent deviations from steady-state values:

Wtc - Wto—1 + Aptc - ‘PC,WAptc—l = BE; (Wto+1 - Wtc + Apgi-l - SOC,WAptC)

PROW AT 1 a1 4 (o — o)1 — a)lP —Wf (15)

1—c¢

CW (1—bc,w)(1—B0c,w)

where k = and
Oc,w ’

wy —wpy + Apf — <PD,WA]9£1 = BE; (W?H —w) + Aptc+1 - <PD,WAptC)

APV EZE (o= (1= a) + I+ (p— el —wP | (16)

1-6 1-56
where DWW — { D,V‘é)( Bop.w)
DWW

3.3 Producers

There is a continuum of intermediate goods producers, indexed by h € [0,n] in
the home country, and by f € [n,1] in the foreign country, that are imperfect

substitutes of each other, and that supply final goods producers in each sector.

12



There is a continuum of final goods producers in the two sectors that operate under
perfect competition and flexible prices. Producers of the final durable good sell
their products to domestic households only in each country. Producers of the final
non-durable good sell their products to domestic and foreign households. Hence,
it is important to distinguish the price level of domestic non-durable consumption
goods, Pp 4, which does not coincide with the price level of non-durables or CPI

(PF) because of the presence of imported non-durable goods, whose price is Pr;.

3.3.1 Final Goods Producers

In the durable sector, final goods producers purchase intermediate goods producers

and aggregate them according to the following production function:

1 7D
1 op n op—1 op—1
(-) D/ YP(h) *p dh] (17)
n 0

Profit maximization delivers the following demand for individual, intermediate non-

VP =

durable goods:

vom = (L£50) v (18)

where the price level is given by imposing the zero-profit condition,

= (L[ o a) ™

In the non-durable goods sector, expressions are similar but with an appropiate
change of notation since the price level of domestic non-durables and of a basket of

durables is not the same. The aggregate production function is:

1 c
1 Eel n orn—1 oc—1
(—) “[veayE dh] | 19)
n 0

individual intermediate non-durable goods demand is:

T

13



Y (h) = (Egﬁ,h))_ac Ve, (20)

where the price level is:

1

Pff = {1 / R0 dh} o

n

3.3.2 Intermediate Goods Producers

There is a continuum of intermediate goods producers, indexed by h € [0,n] in the
home country, and by f € [n, 1] in the foreign country, that are imperfect substitutes
of each other, and that supply final goods producers in each sector. Intermediate
goods producers face a Calvo-type restriction when setting their price. In each
period, a fraction 1 — 6; in each sector (i = C, D) receives a signal to reset prices
optimally. In addition, a fraction ¢, (i = C, D) index their price to last period’s

sectorial inflation rate whenever unable to reoptimize.

Intermediate nondurable goods in both countries are produced with labor:

Y:°(h) = LE(h), for all h € [0,n]. (21)
YO(f) = LE(f), forall f € [n,1].

Intermediate goods in the durable sector are produced combining land and labor

with the following Cobb-Douglas production function:

YP(h) = (A1) 2 [LP(W)]", for all h € [0,n]. (22)
YP(f) = (A0 [LP(H]™7 forall f € [n,1],

where ap denotes the labor share in the housing sector. In the remaining part of this
subsection, we work out the conditions for the home country firms’ pricing decisions.
In the nondurable sector, cost minimization implies that the real marginal cost of

production equals the real wage:

_ Wtc

MCy = Be
t

(23)

14



In the durable sector, after imposing that the supply of land is fixed (A, = A), the

marginal cost is given by:

1 wp

oo pe () (), (24)

MCP =

where we have substituted for the optimal expression of the rental rate of land:’

R (1 —aD) WLy

ol A

Firms in the durable sector face the following maximization problem:

%p
. Pt )
MCLIPtD(h)EtZHIBAtHk = — MCE, | Y2 (h)

subject to future demand

PD(h) (PDk . ¢p|~
Y2, (h) = ot ) “ve,
t+k Pt?—k PtD—l t+k
kAtrk s

where Ay 41, = 8 is the stochastic discount factor, and A; is the marginal utility

Xt
of non-durable consumption.

The optimal choice is given by:

3\

AT
e Z BEOE A,y (H St ) MCP, YL,
o _ 9D
PtD a (O’D — I)Et [e%s) k (H )¢D l1-op (25)
S 05N (H H—) Y2,
\ k=0 s=1 ° J
Given the assumptions about Calvo pricing, the evolution of the price level is:
1 1 op
—0pD —0pD —0o
r2 = {on [P, (@2 )] -0 ()N

Firms in the non-durable sector face a similar maximization problem, and hence the

optimal price and the evolution of the price level have similar expressions, with the

"We choose the level of A, such that the level of real wages is the same across sectors in the
steady-state.
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appropiate change of notation.

3.4 Closing the Model
3.4.1 Market Clearing Conditions

In each intermediate good, supply equals demand. We write the market clearing
conditions in terms of aggregate quantities. Hence, we multiply per-capita quantities
by population size of each country. Total production in the non-durable sector is

equal to total domestic consumption and exports:

VS =nCuy+ (1 —n)Cyp, (27)

while residential investment is used to increase the domestic housing stock:
Y. =n[D;,— (1 -0)D;4]. (28)
Total hours worked equals labor supply in each sector:
/ LE(h)dh = / LE dj (29)
0 0
/ LP(h)dh = / LP7dj. (30)
0 0
Market clearing in the international bonds market is:
nB;+ (1 —n)B; =0. (31)
Finally, the evolution of aggregate net foreign assets is:

TLBt = TLRtletfl + (1 — TL) PH,tCItT,t — TLPFJCF’t. (32)

3.4.2 Monetary Policy Rule

In order to close the model, we need to specify a rule for monetary policy, which

is conducted by the European Central Bank with an interest rate rule that targets

16



CPI inflation and also exhibits interest rate inertia:

_ / PEMU | pEMUN\ "17177R
R, = {R <#) ] R exp(e]’). (33)

I:IEMU

where the euro area CPI is given by a geometric average of the home and foreign

country CPlIs, using the country size as a weight:

PtEMU _ (Ptc)n (Ptc*)l—n.

4 Calibration

In the steady state, we assume zero inflation, a trade balance of zero, and that the
net international position of both economies is zero. Therefore, we only need to
solve for the per-capita values of the home country, which are the same as those in
the foreign country. We also assume that the degree of monopolistic competition in
both types of goods is the same (0 = op = o), and hence the ratio of prices is
one. Now, we solve for the levels of consumption of durables, non-durables, hours,
and the economic size of each sector. The optimal steady-state ratio of durable to
non-durable consumption is:
C A= B0-9)

The fraction of spending allocated to non-durable consumption over total spending

(o) is equal to:

C JR—
C+6D

Note that v and a cannot be calibrated independently. Given values for «, 9, 5, we

Q.

can solve for the value of v in the utility function.

To ensure that the level of real wages in both sectors is the same (despite different
_ _ 1 71D
labor shares), we need to calibrate A = (a%) =" As a result, from the labor

supply conditions by households,
(1—a)L° =aL”, (35)

which means that agents spend a fraction a of time working in the non-durable

sector, and a fraction 1 — « in the durable sector.
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Table 1 summarizes the values of the exogenous and endogenous parameters of the
model. We set as the home country Spain, and the foreign country the rest of the
EMU. Hence, we set the size of the home economy to n = 0.1. We set the size of
the construction sector at 1 — o = 0.1, both in Spain and in the EMU, which is
roughly the average size for the value added of the construction sector in the last
decade. We calibrate the bilateral trade parameter (7) based on total imports from
the EMU to Spain over total spending, and calibrate its analogous parameter in the

EMU (7*) in a similar way.

For the parameter capturing the debt elasticity to the domestic interest rate, the
technology, preference and nominal rigidities parameters, we use the estimated val-
ues in a companion paper of ours.® In that paper, we imposed the same parameter
values across countries (except the bilateral imports ratio), so we follow this strategy
here. Therefore, the value for k is fixed to 0.02, which captures the idea that interest
rates spreads between Spain and the EMU have been negligible during this period.
In Aspachs-Bracons and Rabanal (2010), the posterior mean estimate for the labor
market rigidities, ¢z, is 1.2, a value which is very similar to the one estimated by
TIacoviello and Neri (2010) using US data. We also calibrate the degree of habit
formation ¢, the elasticity of labor supply 7, the elasticity of substitution between
home and foreign goods ¢, and the investment adjustment cost parameter v, from

our companion paper.

Having calibrated the real side of the economy, we now proceed to discuss the cali-
bration of the degree of nominal rigidity in each sector and country. In the literature,
there is a long standing debate on the degree of nominal rigidities between housing
and the other sectors of the economy, and how this might affect the transmission
mechanism of monetary policy. For instance, Carlstrom and Fuerst (2007) use the
evidence on frequency of price adjustments in the durable and non-durable sectors
of Bils and Klenow (2004) to argue that prices in the housing sector are more flex-
ible than in the consumption goods sector. Using this calibration is problematic
because, in the model, a monetary contraction leads to an expansion of residential
investment that is at odds with the data. This result arises because the differing

degree of nominal rigidity across sectors causes a strong movement of relative prices.

We also use the values estimated in Aspachs-Bracons and Rabanal (2010) to calibrate

8In Aspachs-Bracons and Rabanal (2009), we use standard Bayesian methods to estimate a
DSGE model similar to the one presented here for Spain and the rest of the EMU using data
between 1995 and 2008.
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the nominal rigidities. Hence, we set prices to be more sticky in the non-durable
sector, 0 = 0.87, than in durable goods, #p = 0.34. Nominal rigidities parameters
are assumed to be the same between Spain and the rest of the EMU.? We assume
that the Calvo lotteries for wage setting imply average durations of wage contracts
of one year (0c.w = 0pw = 0.75) and we also assume full indexation to last period’s
inflation, given the way wage contracts are set in Spain.!’ Finally, we also calibrate

the parameters of the Taylor rule according to the estimates in our companion paper.

4.1 Impulse response functions

In this section, we discuss the main features of the model by presenting the impulse
response functions of a monetary policy shock and a housing preference shock. We
obtain the model’s dynamics by taking a log-linear approximation around the steady

state. In Appendix A we detail the full set of linear equations of the model.

4.1.1 Monetary policy (") shock

Figure 7 presents the impulse response functions of the main variables in Spain to
an expansionary monetary policy shock in the euro area. We choose the size of
the shock e} in the Taylor rule expression (33) to simulate an increase of 25 basis
points on impact in the nominal interest rate. Following the shock, consumption
of both good types declines. Similar to what we obtained in the VAR, the effect is
quantitatively stronger in the durable sector, although we have trouble matching the
long lags in the transmission mechanism present in the data. Note that we obtain a
strong comovement between both sectors even though the degrees of nominal rigidity
in price setting are different across sectors. Why is this the case? After a monetary
policy tightening, and in response to lower demand, durable good producers can
decrease prices faster than the non-durable producers and, hence, the relative price
between durables and non-durables decreases (just as in the VAR-based evidence).
Wage stickiness limits the degree to which real unit labor costs differ across sectors

and, hence, the movement in relative prices is lower even under asymmetric nominal

9 Assuming that durable prices are flexible does not change the qualitative results of our analysis.
Aspachs-Bracons and Rabanal (2009) use information contained in survey evidence for the euro
area in, as explained in Fabiani et al. (2006), as priors.

10Smets and Wouters (2003) obtain a posterior mean of 0.66 for backward looking wage index-
ation in the euro area. Using this paramter value instead of full indexation does not change the
results.
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rigidities in price setting.!' In addition, costly labor reallocation limits the degree to
which sectorial output can differ due to different labor inputs. Hence, as we discuss
in the following section, labor market and wage rigidities are key to explaining the
data.

4.1.2 Housing preference shock (¢))

Next, we examine the effects of a housing preference shock in Figure 8. In their
study of the US economy, Iacoviello and Neri (2010) conclude that these type of
shocks explain a significant fraction of the volatility of house prices and residential
investment. Darracq-Parriés and Notarpietro (2009) reach a similar conclusion when
looking at euro area data, and Aspachs-Bracons and Rabanal (2010) find a similar
result when using data for Spain and the euro area. In the context of our model, one
could see these demand pressures as stemming from population changes: increased
immigration, the “baby boom” generation that in Spain peaked in the 1970s, and
changes in social attitudes that reduce the number of persons per households and

increase the number of household units.

The housing demand shock is normalized such that residential investment increases
about 10 percent above its long-run value, and the shock has an AR(1) coefficient
of 0.9. The preference shock in the durables sector also leads to an increase in
the relative price of durables. Given the small size of the Spanish economy with
respect to the Euro area, interest rates barely react to developments in the Spanish
economy, allowing it to experience a long-lived expansion in this sector. Note also
that non-durable output slightly increases with the housing demand shock, which
coincides with the VAR evidence presented above. However, as in Iacoviello and Neri
(2010), the positive response of non-durable consumption is quantitatively small. In
the following subsection, we seek to understand which mechanism in the model

generates the comovement between the two sectors.

5 Robustness checks

As argued by Calstrom and Fuerst (2007) and Monacelli (2009), if prices are flexible

in one sector but sticky in the other, then a monetary policy contraction will imply

1Di Ceccio (2009) finds a similar result in a two-sector RBC model.
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that output falls in the sticky price sector but will increase in the flexible price sector,
contradicting VAR evidence using US data. These papers suggest that introducing
credit constraints and/or labor market rigidities might help solve the comovement
problem even under heterogeneous degrees of nominal rigidity. Hence, in this section
we study how the impact of monetary and demand shocks changes for different
degrees of labor market rigidities and financial frictions in the context of our model.
The key to explaining the VAR evidence is the lack of flexibility in the labor market.

This is crucial when there are sector-specific shocks.

5.1 The role of labor market frictions

In Figures 9 and 10 we plot how the effect of both shocks changes as we remove
wage stickiness and indexation in both sectors (by setting Ocw = Opw = bew =
¢pw = 0), and the degree of labor market reallocation (by setting ¢z = 0). When
we removed a rigidity we do so for both countries. The first result to note is that
we do not find lack of comovement under a monetary policy shock. Even when both
types of rigidities are eliminated, i.e. wages are allowed to be fully flexible and the
work force can be reallocated instantaneously across sectors, non-durable output and
durable output decrease after a monetary policy tightening. Sticky wages are key to
explaining the fact that residential investment reacts more strongly than non-durable
consumption to a monetary policy shock. When there are no labor market rigidities,
real house prices experience a larger decline, and this tends to push demand for
housing upwards because: a) housing becomes cheaper and b) it is expected to
appreciate from a low level. By limiting the variability in real unit labor costs across
sectors and hence the relative price differential, wage stickiness helps in lowering the
response of residential investment and helps explain its higher sensitivity to interest
rate changes. But it does not affect the comovement properties of the model. Given
that the shock symmetrically affects both sectors, the introduction of labor market

reallocation rigidities does not affect the results in an important way.

On the other hand, since the housing preference shock is asymmetric by nature, the
model needs the labor market reallocation rigidities to explain the VAR evidence. In
Figure 10, we still calibrate the shock to deliver a 10 percent increase of residential
investment under the benchmark calibration. We keep the same size of the shock as
we change features of the model. When the workforce is allowed to be reallocated

instantaneously after the shock, non-durable output decreases while durable output
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increases by a larger amount, making it impossible to explain comovement. Wage
stickiness helps in increasing the persistent response of the endogenous variables
to the shocks, but does not affect the comovement properties of the model under
housing demand shocks. Therefore, the conclusion to this subsection is that each
rigidity (wage stickiness and costly labor reallocation) helps explain the comovement
between consumption and residential investment to a different type of shock. Hence,

both rigidities are needed.

5.2 The effects of financial frictions

An important reason for concern for policy makers is the accelerator effect associated
with fluctuations in housing prices. The nominal (and real) growth of the housing
sector increases the amount of collateral available, allowing households to borrow
more (or to save less in other instruments) and hence stimulates consumption. There
is a well established literature that highlights the role of collateral as a key element in
the amplification in the transmission mechanism of shocks through business invest-
ment (see Kiyotaki and Moore, 1997; and Bernanke, Gertler and Gilchrist, 1999).
More recently, a new strand of the literature has focused on the role of residential
investment in the transmission mechanism (see Aoki et al., 2004; Iacoviello, 2005;
Iacoviello and Neri, 2009; and Monacelli, 2009). We therefore proceed with our
analysis by studying how the impact of each shock changes when the fraction of

credit-constrained agents increase, and/or their borrowing capacity changes.

To evaluate the importance of financial frictions we analyze how the impact of
a monetary policy and housing preference shocks varies as the fraction of agents
with limited borrowing capacity increases, and their pledging capacity changes. We
extend the model of section 3 by assuming that a fraction 1 — A of agents face credit
constraints. In particular, we assume that these agents, which are typically labelled
as borrowers in the literature (see Monacelli, 2009), are more impatient than the

regular agents, whose mass is A, and that now we label as savers.

We denote all variables for borrowers with a superscript B.

. . t
Eo Y 8% |ylog(CPY —eCE)) + (1 = )¢ log(D) — TTro
t=0
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where all the indices of consumption and hours worked, and the law of motion of the
housing stock are the same as for the case of savers. Note that borrowers are more
impatient and discount the future at a lower rate: 3% < 3. Their budget constraint

in nominal terms is given by:

B,C,j B,D.j
WtCLt’ R P

PECH + PP + Ria 74 < 877 + — 4 7
t t

(36)

While borrowers can invest in housing, they do not own land as savers do. Also,
borrowers do not have access to international capital markets, and hence they obtain
credit from savers, who can trade in international bonds subject to an interest rate
differential, just as in Section 3. Borrowers face a collateral constraint that is tied

to the current value of durable goods (i. e. the housing stock they own):
Si7 < (1=x)D/ PP (37)

One can interpret the fraction y as a down-payment rate, and hence (1 — x) is the
loan-to-value (LTV) ratio. When house prices increase, borrowers are able to borrow

more in order to finance additional durable and non-durable consumption.!?

We present the impact effect of monetary and housing demand shocks as a function
of A and y in Figures 11 and 12. All other parameter values are set to those in
Table 1. We study an economy where A\ = 0.5 and that includes two levels of
indebtedness of borrowers: a low level (y = 0.5, corresponding to an LTV ratio
of 50 percent) and a high level (x = 0.1, which implies an LTV of 90 percent).
We obtain similar results to those reported in the existing literature: the responses
of both non-durables and durables consumption are larger when financial frictions
are tighter. By financial frictions being tighter we mean that either there is a larger
fraction of credit constrained agents (lower A) in the economy and/or their borrowing

capacity is more restricted (higher y).

After a monetary policy shock, the response of non-durable consumption does not
appear to be sensitive to different levels of financial frictions. The effects on residen-
tial investment are more important, especially to different specifications of the LTV,
1 — x. The tighter the credit conditions (lower LTV), the larger is the response of
durable output to a monetary contraction. The conclusions are similar when we an-

alyze the housing preference shock. The response of consumption is barely affected

2In an appendix available upon request we detail the full set of log-linearized equations.
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by the presence of financial frictions, especially when agents can borrow against it,
but the numerical differences are very small when comparing the response of non-
durable consumption to residential investment. The tightness of credit conditions
implicit in the LTV ratio affects the response of durable output, while the frac-
tion of constrained agents in the economy does not appear to play a major role in

amplifying the shock.

Overall, even if financial frictions seem to amplify the monetary and preference
shocks, their quantitative effects are rather small when compared with a model with
homogeneous agents and no credit constraints (but with labor market frictions). In
Aspachs-Bracons and Rabanal (2010) we estimated that the fraction of financially
constraints individuals in the Spanish economy was low and it did not improve
model fit. In the same spirit, Darracq-Parriés and Notarpietro (2009) have difficulty
identifying the fraction of credit-constrained individuals in a DSGE model of the

euro area, and show that this extension does not improve model fit.

This does not mean credit constraints are not present in the spanish or EMU data.
But they need to be modelled in a different way than has been included in the
literature since Iacoviello (2005). One avenue to study would be to allow agents to

borrow against their labor income, in addition to housing collateral.

6 The effects of belonging to the EMU

The tools available to Spanish policymakers to react to shocks were reduced substan-
tially when Spain joined the EMU. To analyze the consequences of having abandoned
monetary policy independence, we extend the model of Section 3 by assuming that
both countries can run their own monetary policy with different national curren-
cies as units of account.!> We therefore introduce Taylor rules for both countries
(Spain, and a hypothetic EMU without Spain) and an uncovered interest rate par-
ity condition, and we assume producer currency pricing for imports and exports of
non-durable goods, as in Lubik and Schorfheide (2006). The goal is to study the
reaction of a small open economy in a two country model when faced with housing

demand shocks.

130f course, the model abstracts from other potential benefits of joining a monetary union, like
the disappearance of exchange rate risk and the lowering of risk premia.
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In log linear terms, the uncovered interest rate parity reads as follows:
re —r; = Emery ., — nery — kb (38)

where ner; is the (log deviation from the steady state) of the nominal exchange
rate, defined as units of home country currency per unit of foreign country currency.
This equation links the interest rate differential to the expected depreciation of
the currency, and also includes the endogenous risk premium depending on the net

foreign asset position as percent of GDP of the economy (b;).

In this case, the domestic interest rate becomes r;, while the foreign interest rate is

ri, and both follow Taylor rules targeting domestic CPI inflation:

re = Ygrie1+ (1= )40 + (1 — vg)vpAp) (39)
ry = Apri + (L= v)vAp (40)

Note that we assume that the coefficients of the Taylor rule (v and ) are the
same across countries. In addition, we consider that the home country can either
run a strict inflation targeting regime (v, = 0), or react to deviations in the durable

price inflation rate, v, > 0.

Finally, since we have assumed that there is producer currency pricing and that the

law of one price holds, non-durables inflation in both countries is given by:

ApS = TApws+ (1 —7)(Aprs + Asy) (41)
ApS" = (1 —7)(Apws — Asy) + 7 Apry (42)

such that movements in the nominal exchange rate affect directly the price of imports

and exports.

In Figure 13 we compare the impulse response functions of a housing demand shock
under a fixed exchange rate, a pure floating inflation targeting regime and a pure
floating regime with housing inflation targeting. We use the same calibrations dis-
cussed in Table 1. When we refer to the "No EMU" we set the parameter v, = 0,
while in the "No EMU-HP targeting" we set the parameter v, = 0.5. We have also
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studied the case in which the Spain Taylor rule targets the nominal exchange rate,
which results in an intermediate case between joining the EMU and running strict

inflation targeting.

Under a housing demand shock of the same size, the response of output is almost
the same when Spain belongs to the EMU or not. The small impact of this shock
into the euro area economy produces no reaction from the monetary authority, and
the Spanish economy experiences high growth rates in the durable sector, while the
non-durable sector barely reacts, and CPI-inflation does not change either. This
explains why the response of the main variables is almost the same because the
difference in the CPI inflation paths does not justify a stronger reaction from the

monetary authority outside the EMU.

Finally, we analyze the implications of having a monetary authority that not only
reacts to CPI inflation, but also to deviations in housing prices. The rationale for
this case is that we assume that the hypothetical monetary policy in Spain would try
to "lean against the wind" when faced with increasing house prices. After a housing
demand shock, inflation in the durable sector increases. Therefore, the response
of the monetary authority in this case consists of increasing interest rates, which
reduces non-durable consumption and residential investment, and CPI inflation.
Nominal house prices decline but real house prices increase. The collapse in non-
durable consumption comes from two channels. The first channel is higher interest
rates, and the second is the nominal exchange rate appreciation that comes with

higher interest rates.

Therefore, the monetary policy trade-off is the following: to offset the effects of
a housing demand shock, a recession in the non-durable sector of the economy is
necessary, a politically unacceptable consequence to many central banks. To the
extent that these reduced form demand shocks are capturing other developments in
the credit or housing markets (for instance, lax credit practices or tax breaks for
home ownership), using another tool directed at those imperfections would be better

than having monetary policy address these distortions directly.

7 Concluding Remarks

In this paper we have studied the recent evidence on interest rates, housing prices and

residential investment in Spain. We have presented some evidence based on a VAR
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model, and have rationalized our findings with a two-country, two-sector model with
housing demand and monetary shocks. One important caveat to the VAR evidence
is that the sample period for the VAR only includes a decade of data during a
period of transition, and hence the empirical analysis may be subject to nontrivial
small-sample bias—an issue recently emphasized by Chari, Kehoe, and McGrattan
(2008). Perhaps one direction for further research would be to use artificial data
drawn from stochastic simulations of the DSGE model in order to obtain a rough

gauge of the small-sample properties of the empirical analysis.

We have also examined the key features of the model in order to help explain the
results. Of all the mechanisms suggested in the literature, labor market rigidities are
necessary to obtain the right comovement between the two sectors of the economy.
The introduction of financial frictions helps in increasing the response of non-durable
goods consumption to both shocks, but this increase can also be achieved under other
modeling assumptions. The model is linearized around a steady state, assuming no
imbalances in trade or the current account. While this approach simplifies the
analysis considerably, it does seem to be a important departure from reality. Future
research regarding the implications of linearizing the model around a qualitatively

different steady state.should be considered.

We have studied the cost of losing monetary autonomy (i.e. through currency union
membership). We conclude that the behavior of the Spanish economy under its
own monetary policy or under euro membership does not change the outcome to a
housing demand shock due to the following reason: even if the shock has important
effects on residential investment and house prices, Spanish CPI inflation does not
change, and hence an inflation targeting monetary authority remains passive in
either case. However, if the Spanish monetary authority reacts to housing price
changes, the response of the main variables differs substantially, with high costs
in the non-durable sector: non-durable output suffers an important and persistent
contraction. Hence, it is not clear at all that if Spain had not belonged to the
EMU the boom-and-bust cycle in housing prices between 1996-2007 could have been

avoided by using monetary policy.

The case of other advanced economies provides additional evidence to support this
argument. Fatds et al. (2009) and Dokko et al. (2009) study the relationship
between the stance of monetary policy (proxied by Taylor rule residuals) and real

house price increases during 2002-2006. Both studies find that the cross-country
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relationship between the two variables is statistically weak. Both studies single out
the case of Spain, where monetary policy was about 300 basis points on average
below the prescriptions of a standard Taylor rule, and house prices appreciated
about 80 percent. But both studies also mention the cases of the United Kingdom,
New Zealand and Australia where monetary policy was not loose and yet the housing
price boom was sizable.!* Finally, Dokko et al. (2009) provide simulations based
on the FRBUS model and conclude, as we have shown in this paper, that monetary
policy tightening would likely only have marginal effects in containing a house price

bubble and might well be detrimental to other sectors of the economy.

14Tn this context, it might be interesting to note the position of the newly elected government
in the U.K. who is inclined to incorporate housing prices in a comprehensive measure of consumer
prices. In his letter of May 18, 2010 to the Governor of the Bank of England, the Chancellor of the
Exchequer George Osborne mentioned that “As we have discussed, over the longer term I would
welcome your views on how we might accelerate the process of including housing costs in the CPI in-
flation target.” The letter is available at http://www.hm-treasury.gov.uk/ukecon _mon _index.htm
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A Appendix: Linear approximation

Here we present the loglinear conditions. Also, we define the relative price of

. pp p
durables in terms of non-durables as @y = =, and the terms of trade as T; = PZ i
t ,

Also, w! denotes deviations from the real wage from steady-state values, defined as
nominal wage (W}) divided by the CPI (P°), for i = C, D.

From the optimal decisions by savers we get the following:

qt — Ctl_—_gcg_l +P(is — ii-1) = py + BY(Eriggr — i) (43)
where ¢ = S7(.).
[1—=p(1=0)] (& —di) = py — B(L = 0) Bypuyyy (44)
Gt = Gt—1 + APtD - Aptc (45)
EACt = EtACt+1 - (]_ - 5)(7:15 - EtApg_l) (46)

Under Calvo wage setting and with partial indexation to past non-durable (CPI)
inflation (with coefficients ¢y and ¢p yy), the wage-setting equations can be log-

linearized into to the following wage Philips curves:

u)tc - Wf—1 + Apf - @C,WAptc—l = Bk, (Wtc+1 - Wtc + Apfﬂ - SDC,WAptC)

ROV (o= a+ I + (- )1 —a)lP —wl|  (47)

1-6 1-360
where kCW — ( C,Vié)( Bc,w)
oW

, and

W? - WtD_l + Aptc - SOD,WAPtC—l = BE; (WtD+1 - W? + Apg-l - SDD,WAptC>

RPW L ENT N — ) (1= a) + o] 1P + (¢ — )adS — wP (48)

1—¢

1-6 1-0
where K2V = { D,vz)( B9p.w)
DW
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The relationship between the domestic and the EMU-wide interest rates is as follows:
77'15 =Ty — /ﬁ]i)t (49)

where b, =(B:/Y;P,;) denotes the deviation of foreign assets as percent of GDP from

its steady-state value of zero.

The evolution of net foreign assets is:

~

1 (1—n)(1—171%)
by = Ebt—l + n

(C;I,t — tt) — (I —7)cpy (50)
The evolution of domestic and imported non-durable consumption is

cur =1 -7t +¢ (51)

Crr = —Tt + ¢ (52)

Here we list the evolution of the foreign country variables for households:

o —eck o N . .
q;:k - % + w(zt - Zt—1) = py + ﬂlb(EtZtH - Zt) (53)
[1— B =0 (€ —df) = uy — B(L — 8) Eypiyy, (54)
G =g+ ApP — ApY” (55)
eAc; = EyAc,, — (1 —e)(r — BE:ApEL)) (56)

wi — Wi+ AP = oweApy = BB (Wi —wf + Ap — wow ) +

c; —ec;_ * )k * * * * * . *
KOW —tl—; 1—1—[(@ — )t + I+ (=) (1= )P =W (57)
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W?* - W?—*l + Aptc* - QOD,WApthl = BLE, (thJ: - th* + Apﬁfl - QDD,WAP?*) +

cf —ec; + * .
WPV (= (1= a) T+ (7 =)l =P (59)

ow DWW are the same as in the home country. The demand for foreign

where s and &

and domestic goods is:

Chy =Tl +c (59)
Cpp=—(1 =7t +¢ (60)
where we have used the definition of the terms of trade, the fact that ¢, = —t;, and

the evolution of the terms of trade is given by:
by =161+ Apf - Apf. (61)

The deflators of the final goods are

Apy = yApy + (1 —~)Ap) (62)

Ap; =" Apy + (1—~")Ap” (63)

where CPI inflation is given by

Aptc =TApm+ + (1 — 7)App, (64)
Ap; t = (1 —7")Aput + 7" Apry (65)

The production functions are given by:

ye =1y (66)
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yl = aPlp (67)
y =1 (68)
yo = a1 (69)

And the pricing equations are given by

Ap{" — oo Apity = BE(Aphy — ocApf) + K9 [wf + (1 — 7)t,] (70)

where k€ = (1=0c)1-650c)
90 °

ApP — opApy, = BE(ApL, — opApP) + &P [wl + (1 =) —q]  (T1)

D _ (1-0p)(1-p6p)

where K )
D

For the foreign country, after assuming symmetric Calvo parameters, we get that:

Apl — ocApf | = BE(Apf, — ocAp)) + k€ [ — (1 — 7)t,] (72)

APE* - SDDAPE1 = BEt(Apg:l - ‘PDAP?*) + kP [wf* + (1 - @D)lf)* - qﬂ (73)

The market clearing conditions for the goods sectors read as follows:

(1—n)(1—171%)

ytc =Tcus + o Chrt (74)
ytc =TCpy + n(l%_nﬂcm (75)

dy = (1 = 0)dy_y + oy (76)

dy = (1= 8)d;_y + 8"y (77)

v =i (78)

v =i (79)
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while for the labor market it is:
= alf + (1 —a)lp (80)

=l 4 (1= ) (81)

To close the model, we specify a monetary policy Taylor rule conducted by the ECB:
re = Ygria + (1= ) (Ap7™MY) + & (82)
where the euro area CPI is given by

ApPMY = nApC 4 (1 —n)Ap” (83)
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B Tables and Figures

Table 1: Calibrated Parameters of the Model

1—17

1—71

0c,0D

Size of Spain inside the EMU
Share of the non-durable sector in the GDP

Fraction of EMU imports consumed in Spain

Fraction of Spain imports goods consumed in the EMU

Debt elasticity of the domestic interest rate
Elasticity of substitution between intermediate goods
Discount factor

Depreciation rate of housing stock

Habit formation

Labor supply elasticity

Elasticity of subs. between goods

Costly labor reallocation

Share of non-durable consumption in the CPI
Investment adjustment costs

Calvo lottery for the non-durable sector, prices
Calvo lottery for the durable sector, prices
Calvo lottery for the non-durable sector, wages
Calvo lottery for the durable sector, wages
Price indexation, non-durables

Price indexation, durables

Wage indexation, non-durables

Wage indexation, durables

Inflation parameter of the Taylor rule

Interest rate smoothing parameter of the Taylor rule

0.1
0.9
0.15
0.015
0.02

0.99
0.025
0.4
0.9
4.4
1.3
0.82
0.3
0.87
0.34
0.75
0.75
0.5
0.7

1.25
0.77
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1Y Interbank Rate (RHS)

= =House Prices (LHS, annual growth)

10

Figure 1: Nominal house prices and interest rates.

1Y Interbank Rate

= =Residential Investment (%GDP)

Figure 2: Residential Investment and interest rates.
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Figure 3: Mortgage credit and the current account.
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Figure 4: Demographic patterns
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Figure 5: Impulse response from VAR, monetary policy shock.
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Figure 6: Impulse response from VAR, housing demand shock.
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Figure 7: Impulse response to monetary policy shock. X axis: quarters after shock.
Y axis: percent deviation from steady-state values.
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Figure 8: Impulse response to a housing preference shock. X axis: quarters after
shock. Y axis: percent deviation from steady-state values.
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Figure 9:
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Impulse response to a monetary shock. The role of labor market frictions.
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Figure 10: Impulse response to a housing preference shock. The role of labor market
frictions.
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Figure 11: Impulse response to a monetary shock. The role

46

of financial frictions.



Consumption
0.25 .

0.2
0.15
0.1g

0.05

0 1 L L L
0 2 4 6 8 10 12
GDP
17 T T T
0.84 1
06 1
04 1
b
0.2 r
0 1 1 1 1 1
0 2 4 6 8 10 12
Real House prices
8 T T T T T
5 |
4 |
2 b
0 . . . . .
0 2 4 6 8 10 12

Figure 12: Impulse response to a housing preference shock.

frictions.
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Figure 13: Impulse response to housing preference shock. The effects of belonging to
the EMU. X axis: quarters after shock. Y axis: percent deviation from steady-state

values.
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