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Westudy the joint dynamics of foreign capitalflowsand real activity
during the recent boom-bust cycle of the Spanish economy, using a
three-country New Keynesian model with credit-constrained
households and firms, a construction sector and a government.
We estimate the model using 1995Q1-2013Q2 data for Spain, the
rest of the Euro Area (REA) and the rest of the world. We show that
falling risk premia on Spanish housing and non-residential capital, a
loosening of collateral constraints for Spanish households andfirms,
aswell as a fall in the interest rate spreadbetween Spain and theREA
fuelled the Spanish output boom and the persistent rise in foreign
capital flows to Spain, before the global financial crisis. During and
after the global financial crisis, falling house prices, and a tightening
of collateral constraints for Spanish borrowers contributed to a
sharp reduction in capital inflows, and to the persistent slump in
Spanish real activity. The credit crunch was especially pronounced
for Spanish households; firm credit constraints tightened later and
more gradually, and contributed much less to the slump.
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1. Introduction
After the launch of the Euro in 1999, Greece, Ireland, Portugal, Spain, and other countries in the EU
periphery ran sizable current account deficits. This was often accompanied by output and construction
booms in these countries, and by inflation rates above the Euro Area average. In the wake of the global
financial crisis (2008e09), private capital flows to the periphery countries fell sharply, and a strong
contraction in real activity and asset prices occurred.1 This paper provides a quantitative analysis of the
joint dynamics of the trade balance and real activity in Spain, the largest of the Euro Area countries that
received sizable capital inflows after the creation of the Euro, and then experienced a sudden stop. We
do so using a three-country New Keynesian Dynamic Stochastic General Equilibrium (DSGE) model
consisting of Spain, an aggregate of the Rest of the Euro Area (REA) and an aggregate of the rest of the
world (ROW).2 We estimate the model using quarterly data for Spain, the REA and the ROW during the
period 1995Q1-2013Q2. The Spanish block of the model has a rich structure that allows us to capture
the key features of the Spanish boom-bust cycle. In particular, we assume a construction sector and a
government; Spanish households and non-financial firms face collateral constraints (�a la Kiyotaki and
Moore (1997)). The model assumes nominal price and wage rigidities, as well as demand and supply
shocks in goods, labor and asset markets. We use the model as a laboratory for quantifying the key
drivers and transmission mechanisms that have affected the Spanish economy since 1995.

The creation of the Euro eliminated intra-Euro Area currency risk and led to a convergence of
Spanish interest rates to the lower interest rates in the REA. Two other factors that may have caused the
boom in the Spanish economy were loosening credit conditions, and asset bubbles. Our estimates
suggest that these three factors all fuelled a sharp rise in Spanish investment and house prices, and
increased the fragility of the balance sheets of Spanish households and non-financial firms. During the
global financial crisis, a fall in Spanish asset prices, and a tightening of collateral constraints, led to a
sharp improvement in the Spanish trade balance and current account, and to a persistent fall in Spanish
residential and non-residential investment and output. The credit crunch was especially pronounced
for Spanish households. Firm credit constraints tightened later and more gradually, and contributed
much less to the slump.

Our analysis highlights the key role of domestic asset bubbles (explained in themodel by exogenous
asset risk-premium shocks) for the Spanish boom-bust cycle. In related analyses (not based on
quantitative models), Reis (2013) and Fern�andez-Villaverde et al. (2013) argue that the pre-crisis boom
in Spain (and in other Euro Area periphery countries) was largely driven by the convergence of Spanish
interest rates to REA rates. While our model estimates show that interest rate convergence mattered
for Spain, we find that asset bubbles and the loosening of credit constraints for households and firms
had a more pronounced role.

In the aftermath of the global financial crisis, Spanish real house prices continued to fall, while
equity prices stabilized after 2010. Household deleveraging during this period has been achieved
through a fall in residential investment, while aggregate consumption as a share of GDP has remained
comparatively stable. The tightening of firm credit constraints during the aftermath of the global crisis
was partly off-set by a fall in the risk-premium on production capital. During the Spanish sovereign
debt crisis, foreign private lending to Spain fell sharplydhowever, credit to Spanish households and
non-financial firms was stabilized through the massive substitution of foreign private lending by
central bank lending. The recovery of the world economy and increased productivity growth in Spain
also contributed to the Spanish trade balance improvement, in the aftermath of the global financial
crisis.

Our paper contributes to the literature that quantifies financial shocks before and during the
financial crisis. By analyzing a wider range of financial shocks (interest rate spreads, risk premia on
housing and production capital, shocks to collateral constraints of households and firms) in an esti-

mated open economy model, we can more precisely identify the timing and relative importance of

1 See Hale and Obstfeld (2014) and Hobza and Zeugner (2014) for detailed overviews of capital flows in the European Union.
2 Throughout this paper, the term ‘Euro Area’ (EA) refers to the 17 countries that were members of the Euro Area in 2013. REA

is the EA less Spain.
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individual financial shocks. In related studies, Justiniano et al. (2013, 2014) quantify the effect of
household leveraging and deleveraging in the US economy, using a calibrated DSGE model.3 These
authors emphasize the importance of distinguishing changes in credit due to shocks to loan-to-value
(LTV) ratios from changes in credit induced by asset price fluctuations. Justiniano et al. argue that
shocks to LTV ratios per se cannot explain the recent boom-bust cycle of US house prices. The results in
the paper here (for Spain) are consistent with this conclusion. We show that the boom-bust cycle in
asset prices and real activity is better explained by shocks to risk premia on housing and other capital
assets. Different from Justiniano et al., the model here also allows for credit constraints for firms. The
fact that within the Euro Area monetary policy only very partially targets the Spanish economy is an
additional amplifying mechanism, in our model.

Several recent empirical studies have also highlighted the role of housing and credit markets for the
dynamics of the current account (e.g., Aizenman and Jinjarak (2013), Chinn et al. (2013), Obstfeld and
Rogoff (2010)). The paper here analyzes that role using an estimated DSGE model. The present paper is
also related to a literature that analyzes current account dynamics using DSGE models (e.g., Kollmann
(1998, 2001), Erceg et al. (2006), Gomes et al. (2012), Hürtgen and Rühmkorf (2014)); by contrast to the
paper here, that literature has typically used calibrated models (not estimated), and it has abstracted
from housing markets and the key financial frictions and shocks considered in the present model.

The economic events in Spain (and other European periphery countries) during the past 15 years are
reminiscent of the boom-bust cycles characterized by capital inflows and sudden stops experienced by
many economies in Latin America and Asia during the 20th century; see Adalet and Eichengreen (2007)
for an empirical overview. The theoretical literature on sudden stops uses highly stylized models; see,
e.g., Calvo (1998). By contrast, the present paper analyzes a boom-bust cycle linked to international
capital in- and outflows, using a fully-fledged estimated DSGE model. Economic theory suggests that a
country's external balance reflects domestic and foreign macroeconomic and financial shocks, and the
structural features of the domestic and foreign economies. This underscores the importance of
analyzing the external balance using an estimated state-of-the art dynamic general equilibrium model
that captures the relevant shocks, and their transmission to the macroeconomy.

The paper here builds on in't Veld et al. (2012) who analyzed the Spanish business cycle using a
small open economy model that assumes a housing sector and credit constrained household, while
firms are not credit constrained. As the creation of the Euro has increased financial integration in
Europe, the present paper assumes that Spanish households too can borrow internationally, subject to
collateral constraints (we also assume that firms are financially constrained, as mentioned above). In
addition, the paper here uses a three-country model that allows to better capture the key external
shocks affecting Spain.

Sect. 2 describes the Spanish macroeconomy since the 1990s. Sect. 3 presents our model. Sect. 4 and
5 discuss the econometric approach and present the empirical results.

2. Dynamics of the Spanish macroeconomy

For most of the decade up to 2007, GDP growth in Spain exceeded growth in the REA (see Fig. 1a).
But the global crisis hit Spain severely, with the year-on-year GDP growth rate falling to �4.6% in
2009Q2. Spain experienced a weaker recovery in 2010e11 than the REA, and entered into a second-dip
recession in 2012. During the Spanish boom years, the growth of domestic demand exceeded GDP
growth. In particular, the ratios of residential and non-residential investment to GDP both grew by
about 5 percentage points until the financial crisis, and then experienced a downward correction of the
same amount (Fig. 1b). By contrast the Spanish consumption-to-GDP ratio rose only mildly until the
crisis, and then fell slightly. The Spanish trade balance/GDP ratio showed a large and persistent decline
between the end of the 1990s and 2007 (reaching �6% in 2007). The trade balance then rose rapidly in
2008, was stable at about �2% until the end of 2010, and then started to improve again, reaching

positive values in 2012e13 (Fig. 1c). These trade balance fluctuations were largely driven by the sizable

3 See also Eggertsson and Krugman (2012) and Guerrieri and Lorenzoni (2012) for theoretical analyses of the macroeconomic
effects of a credit constraint tightening, in a closed economy.



Fig. 1. Spain: 1995Q1-2013Q2. 1a Year-on-year GDP growth (%): Spain and REA. 1b Real demand shares % (ratios to real GDP, base yr.
2000). 1c Trade balance (TB), current account (CA) and gov't deficit (GOC), % GDP. 1d Savings, investment, net exports, % GDP. 1e Net
foreign claims against Spanish sectors, % GDP. 1f Nominal interest rates,% p.a. 1g YoY Growth of GDP deflator and house price, %.
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rise in Spanish investment during the boom, and the subsequent contraction of investment. The
Spanish saving rate showed positive co-movement with the investment rate (rising during the boom,
and falling after the crisis), but fluctuated much less (Fig.1d).4 The Spanish balance of net foreign in-
come and transfers has become gradually more negative during the sample period (reflecting Spain's
growing net foreign liabilities). Spain's current account balance has, thus, been smaller than the trade
balance; however, the fluctuations of the current account are dominated by the dynamics of the trade
balance (Fig. 1c).

The external deficits prior to the crisis led to a strong rise in Spain's net foreign liabilities–from
around 20% of GDP in the mid-1990s to more than 90% of GDP by 2009 (Fig. 1e). The rise in the trade
balance since the global crisis has stabilized Spain's net foreign liabilities. Flow of funds data show that
the sharp increase in Spanish net foreign liabilities before the crisis was largely driven by a rise in the
net foreign liabilities of the Spanish corporate sector, especially of banks; the net foreign liabilities of
the financial sector reached 50% of annual GDP in 2008Q1, and stayed at about that value until 2011Q2.
After 2011Q2, foreign investors sharply reduced their lending to Spanish commercial banks. Those
banks then borrowed from the Bank of Spain to repay foreign liabilities, and the Bank of Spain bor-
rowed abroad, essentially from the ECB (‘target balances’). This official financing stabilized aggregate
Spanish net foreign liabilities (see Fig. 1e).

Spanish inflation (GDP deflator) averaged 3.5% p.a. in 1995e2007, and thus markedly exceeded the
EA average (2.0%); the financial crisis led to a fall in inflation, below average EA inflation (Fig. 1g). Thus,
the Spanish real effective exchange rate appreciated steadily during the boom period, and depreciated
during and after the bust. High inflation also implied that Spain had markedly lower real interest rates
than the REA, prior to the financial crisis. Real house prices (relative to the GDP deflator) rose by 80%
between 2001 and 2008, and have been falling steadily since then; by 2012 real house prices had fallen
back to their 2003 values. This suggests that a housing bubble developed in Spain, before the crisis.

Before the launch of the Euro (1.1.1999), Spanish nominal interest rates were markedly higher than
rates in the REA. The creation of the Euro led to a convergence of Spanish nominal rates to Euro Area
rates. The average Spanish government interest rate (interest payments/sovereign debt stock) fell from
around 9% in the late 1990s to below 4% by 2010, but has since risen again (Fig. 1f). While Spanish
households' borrowing costs have moved in line with the ECB policy rate, typically around 200 bps
higher, there has been a marked increase in interest rates for non-financial firms in recent years,
despite falling policy rates.

Before the crisis, Spain's public finances were in better health than the Euro Area average. Spanish
government balances improved markedly between the mid-1990s and the mid-2000s (Fig. 1c). The

crisis then led to a sharp deterioration of public finances.
3. Model description

We consider a three-country world consisting of Spain, the rest of Euro Area (REA), and the rest of
the world (ROW). The Spanish block of the model is rather detailed, while the REA and the ROW blocks
are more stylized.5 The Spanish block assumes two (representative) households, firms and a govern-
ment. Spanish households provide labor services to firms, and accumulate housing capital. The two
households have different rates of time preference. The more patient household owns the country's
firms, and holds financial assets. The other (impatient) household borrows from the domestic patient
household and from abroad, using her housing capital as collateral. We refer to the patient and
impatient household as ‘Ricardian’ and ‘credit-constrained’, respectively. There is an intermediate

goods producing sector in Spain that uses domestic labor and capital; the sector borrows domestically

4 The ‘saving’ rate in Fig. 1d is s≡(GDP-private consumption-government consumption)/GDP; thus NX/GDP ¼ s-investment/
GDP; NX: net exports (all variables are in nominal terms).

5 The Spanish block builds on the QUEST model of the EU economy (Ratto et al., 2009). Other versions of that model have
been estimated with US and German data (in 't Veld et al. (2011); Kollmann et al. (2014)). The presentation here abstracts from
factor adjustment costs and variable capacity utilization rates assumed in the estimated model. Also, we only present the main
exogenous shocks. The detailed model is available in a Not-for-Publication Appendix.
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and internationally, using production capital as collateral. A Spanish final good sector combines do-
mestic and imported intermediates and produces a homogeneous final good that is used for domestic
consumption, capital accumulation and exports. Spanish intermediate goods firms are monopolists;
Spanish wages are set by monopolistic trade unions. Nominal intermediate good prices and wages are
sticky. All other markets are competitive. The Spanish government levies distorting taxes and issues
debt. We next present the key aspects of Spanish agents' decision problems, and we then give an

overview of the REA and ROW model blocks.
3.1. Spanish households

A household's welfare depends on consumption, hours worked and her stock of housing
capital. Household h ¼ r,c (r: Ricardian, c: credit-constrained) period t utility, Uh

t ; is:
Uh
t ≡lnððCh

t � h Ch
t�1Þðs�1Þ=s þ ðsHÞ1=sðHh

t Þðs�1Þ=sÞs=ðs�1Þ þ uLt
1

1�k
fð1� Lht Þ1�k � 1g with 0<h<1 and

0< shH; k;u
L
t : C

h
t ;H

h
t and Lht � 1 are consumption, the housing stock and the labor hours of worker h in

period t, respectively. There is habit persistence for consumption. The household's time endowment is
normalized at 1, so that 1� Lht is the household's leisure. uLt is an exogenous random preference shock
(common to both households). All exogenous randomvariables in themodel follow independent AR(1)
processes. The subjective discount factor of household h ¼ r,c, bht;tþ1; is an exogenous random variable,
with 0<bct;tþ1 <brt;tþ1 <1: Date t expected life-time utility of household h, Vh

t ; is defined by

Vh
t ¼ Uh

t þ Etbht;tþ1V
h
tþ1:

3.1.1. The Spanish Ricardian household
The Ricardian household owns all domestic firms, and she holds one-period bonds issued by do-

mestic and foreign borrowers. The household's period t budget constraint is:

�
1þ tC

�
ptCr

t þ
�
1þ tC

�
pHt I

H;r
t þ Tr

t þBrtþ1 ¼ ð1þ rtÞBrt þ
�
1� tW

�
wtLrt þdivit þdivHt þdivKt ; (1)

where Brtþ1 are nominal bond holdings at the end of date t; the interest rate earned on those bonds, rtþ1,
equals the policy rate. All bonds are denominated in Euros. IH;rt is the agent's housing investment. The

law ofmotion of her housing stock isHr
tþ1 ¼ IH;rt þð1� dHÞHH;r

t where 1<dH<1 is the depreciation rate of

housing.pt ;pHt and wt are the final good price, the house price and the wage rate, respectively. tC is a
(constant) tax rate on consumption and house purchases, while tW is the labor income tax rate; Tr

t is a
lump-sum tax. divIt ;div

H
t and divKt are the dividends of the intermediate goods, construction and in-

vestment good sectors.
A large bodyof researchfinds that house prices (and other asset prices) are not closely tied to interest

rates or to other macroeconomic fundamentals. For Spain, this is i.a. documented by Hott and Jokipii
(2012). Building on Bernanke and Gertler (1999), we thus assume that housing investment decisions
are subject to non-fundamental shocks.6 Specifically, the Ricardian household's Euler equation for
housing capital is disturbed by a stationary exogenous shock (with zero unconditional mean), zHt :

1 ¼
�
1� zHt

�
Etrrt;tþ1

n�
1� dH

�
pHtþ1

.
ptþ1 þ Ur

H;tþ1

.
Ur
C;tþ1

o��
pHt

.
pt
�
; (2)

where Ur
C;tþ1 and Ur

H;tþ1 are marginal utilities of consumption and of housing in tþ1, while
rrt;tþ1≡b

r
t;tþ1U

r
C;tþ1=U

r
C;t is the household's intertemporal marginal rate of substitution (external habit
formation is assumed). We refer to zHt as a ‘housing risk premium’ shock, and to house price changes

6 This is admittedly a simple (but widely used) short-cut for generating asset bubbles. Tractable micro-foundations for sizable
time-varying risk-premia in large-scale DSGE models such as ours have not yet been developed. Adam et al. (2011) study simple
models with learning (and near-rational beliefs) that can generate persistent and large asset price swings. Integrating this
mechanism into the model here is beyond the scope of the present paper, but would be an interesting avenue for future
research.
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driven by zHt as housing ‘bubbles.’ Bubbles can, e.g., be interpreted as representing expectational biases
(waves of optimism or pessimism) regarding future housing returns. A rise in zHt could also capture
what Gorton (2010) calls a ‘panic’, i.e. a rise in subjective uncertainty about future asset prices which
leads investors to dump these assets, thus leading to a fall in asset values.

3.1.2. The Spanish credit constrained household
The impatient household borrows domestically and internationally, subject to collateral constraints

indexed to the value of her housing stock, pHt H
c
t : D

c;d
tþ1 � c

c;d
t pHt H

c
tþ1 and Dc;f

tþ1 � c
c;f
t pHt H

c
tþ1; whereDc

tþ1
and Dc;f

t denote the household's domestic and foreign debt, at the end of period t.cc;dt ;c
c;f
t >0 are do-

mestic and foreign loan-to-value (LTV) ratios. We posit separate domestic and foreign borrowing
constraints, in order to disentangle the role of domestic and foreign credit supply shocks for the
Spanish economy. These constraints are assumed to always bind in equilibrium (to ensure this, we
posit that the rate of time preference of the constrained household is markedly greater than that of
Ricardian and foreign agents).

The period t budget constraint of the constrained household is

�
1þtC

�
ptCc

t þ
�
1þtC

�
pHt I

H;c
t þTct þ

�
1þ rct

��
Dc;d
t þDc;f

t

�
¼Dc;d

tþ1þDc;f
tþ1þ

�
1�tW

�
wtLct ; (3)

where IH;ct ≡Hc
tþ1�ð1�dHÞHc

t and Tc
t are housing investment and a lump sum tax, respectively. rct is the

interest rate on household loans. We assume that domestic and foreign lenders charge the same
household loan rate (available loan rate data do not allow to distinguish between rates charged by
domestic and foreign lenders). That rate equals the policy rate plus an exogenous spread, sprct : r

c
t ¼ rt þ

sprct ; this is a short-cut for modeling costly financial intermediation.7 The credit-constrained house-
hold's Euler equation for housing capital is disturbed by the same bubble shock zHt as the Ricardian

household's Euler condition.
3.2. Spanish firms

3.2.1. Intermediate goods producers
In Spain, there is a continuum of intermediate goods indexed by j2[0,1] that are imperfect sub-

stitutes. Each good is produced by a single firm. Firm j has technology Zjt ¼ qtðKj
tÞaðNj

tÞ1�a; where
Zjt ;K

j
t ;N

j
t are the firm's output, capital stock and labor input. Total factor productivity (TFP), qt>0, is

exogenous and common to all firms. As all firms face symmetric decision problems, theymake identical
choices; we thus henceforth omit the firm superscript j (the superscript i indicates that a variable
pertains to the intermediate goods sector). In period t, an intermediate good firm issues domestic and
foreign debt, denoted by Di;d

tþ1 and Di;f
tþ1; respectively. It faces the collateral constraints

Di;d
tþ1 � c

i;d
t pKt Ktþ1; Di;f

tþ1 � c
i;f
t pKt Ktþ1; wherepKt is the price of capital, whileci;dt and c

i;f
t are the firm's

domestic and foreign LTV ratios. The law of motion of production capital is Ktþ1 ¼ ð1� dKÞKt þ IKt ; with
0<dK<1, where IKt is gross investment. The period t dividend of an intermediate good firm is

divit ¼ pitZt þ Di;d
tþ1 þ Di;f

tþ1 �
�
1þ rit

��
Di;d
t þ Di;f

t

�
�wtLt � pKt I

K
t � ptkit ; (4)

where the (domestic and foreign) loan rate paid by the firm,rit ; equals the policy rate plus an exogenous
spread,sprit: rit ¼ rt þ sprit : pit is the price charged by the firm, while pKt is the price of production
capital. At t, the firm faces a downward sloping demand curve for her output, with exogenous price
elasticity εt>1 that equals the substitution elasticity between different intermediate good varieties (see
below). The firm bears a real cost kit≡

1
2gPðpit � ð1þ pÞpit�1Þ2=pt (in final good units) of changing her
price, where p is the steady state inflation rate.

7 Kollmann et al. (2011, 2012, 2013) develop models with a banking sector, in which interest rate spreads reflect bank
operating costs. For simplicity, the paper here does not explicitly include a banking system. Here, we treat spreads as taxes on
debt levied by borrowers; those taxes are rebated to borrowers in a lump sum fashion (lump sum taxes in borrowers' budget
constraints are expressed net of those rebates).
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The firm maximizes the present value of dividends Vt ¼ divit þ Etrit;tþ1$ðpt=ptþ1Þ$Vtþ1; where rit;tþ1
is a stochastic discount factor that is strictly smaller than the intertemporal marginal rate of substi-
tution of the Ricardian household: rit;tþ1 ¼ ð1� zitÞrrt;tþ1; where 0< zit <1 is an exogenous random
variable. zit might reflect a ‘principal agent friction’ (Hall (2011)) between the owner and the man-
agement of the firm. The firm's Euler equations for debt and capital are:

1¼
�
1�zit

�
Etrrt;tþ1ðpt=ptþ1Þ

�
1þ ritþ1

�
þl

i;d
t ; 1¼

�
1�zit

�
Etrrt;tþ1ðpt=ptþ1Þ

�
1þ ritþ1

�
þl

i;f
t ; (5)

1 ¼
�
1� zit

�
Etrrt;tþ1ðpt=ptþ1Þ

n
ð1� 1=εtþ1Þpitþ1MPKtþ1

.
pKt þ ð1� dÞpKtþ1

.
pKt

o
þ l

i;d
t cit þ l

i;f
t c

i;f
t þJt ;

(6)

where l
i;d
t ; l

i;f
t � 0 are the Lagrange multipliers of the domestic and foreign collateral constraints;

MPKtþ1≡qtþ1a(Ktþ1)a�1(Nt)1�a is the date tþ1 marginal product of capital. The term Jt depends on the
future marginal price-adjustment cost (Jt is zero, in steady state). We assume that the wedge zit is
sufficiently big, so that the collateral constraints always bind in equilibrium.8 zit induces fluctuations in
the price of capital that are unrelated to (conventional) fundamentals; we thus refer to zit as the ‘non-
residential capital risk premium’ shock.

Price stickiness implies that the inflation rate of local intermediates, pi
t≡lnðpit=pit�1Þ obeys an

expectational Phillips curve, pi
t � p ¼ riEtðpi

tþ1 � pÞ þ wi
�
pit=MCi

t � ε

ε�1

�
; up to a linear approximation.

Here MCi
t is the marginal cost on intermediate good firms and ε/(ε�1) is the steady state mark-up

factor. ri is the steady state subjective discount factor of intermediate good firms, and wi>0 is a coef-
ficient that depends on the cost of changing prices.

3.2.2. Spanish production of new capital goods
New residential and non-residential capital is generated using final output. Let JHt ¼ XH

t $x
HðIHt Þ and

JKt ¼ XK
t $x

KðIKt Þ be the amounts of final output needed to produce IHt ≡I
H;r
t þ IH;ct and IKt units of resi-

dential and non-residential capital, respectively. xH and xK are increasing, strictly convex functions,
while XH

t and XK
t are exogenous shocks. The prices of housing and production capital are

pHt ¼ XH
t x

H0ðIHt Þ and pKt ¼ XK
t x

K0ðIHt Þ: The dividends of the two investment good sectors are
divHt ¼ pHt I

H
t � ptJHt and divKt ¼ pKt I

K
t � ptJKt ; respectively.

3.2.3. Spanish final good sector
The final good is produced using the technology Yt ¼ ððsdt Þ1=nðDtÞðn=ðn�1Þ þ

ð1� sdt Þ1=nðMtÞðn�1Þ=nÞn=ðn�1Þ; with 0:5< sdt <1: Dt ¼ f R 1
0 ðZjtÞðεt�1Þ=εt djgεt=ðεt�1Þ is an aggregate of the

local intermediates, where εt>1 is the exogenous substitution elasticity between varieties; Mt is a
composite of intermediates imported from the REA and the ROW. The home bias parameter sdt is an
exogenous random variable. The price (¼marginal cost) of the final good is
pt ¼ ðsdt ðpitÞ1�n þ ð1� sdt Þðpmt Þ1�nÞ1=ð1�nÞ; where pmt is the import price index. The final good is used for
domestic consumption and investment, and exported: Yt ¼ Cr

t þ Cc
t þ Gt þ JHt þ JKt þ Xt ; where Gt and

Xt are government consumption and exports, respectively.

3.3. Wage setting in Spain

We assume a trade union that ‘differentiates’ homogenous labor hours provided by the twoworkers
into imperfectly substitutable labor services; the union then offers those services to intermediate
good-producing firmsethe labor input Nt in those firms' production functions is a CES aggregate of

these differentiated labor services. The union sets nominal wage rates of the differentiated labor

8 An alternative assumption ensuring binding collateral constraints would be that firms have a tax incentive to issue debt;
see Jermann and Quadrini (2012).
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services to maximize the sum of the expected life-time utilities of the two workers, subject to a
quadratic cost of changing the wage rate. This implies that the (log) growth rate of the nominal wage
rate, pw

t ≡lnðwt=wt�1Þ; obeys thewage Phillips curve, pw
t � pw ¼ bwEtðpw

tþ1 � pwÞ þ lwzwt ; up to a (log-)
linear approximation (e.g., Kollmann (2002)); here bw is a weighted average of the two households'
discount factors, pw is steady state wage inflation, and lw>0 is a coefficient that depends on the cost of
changing nominal wages; zwt is the gap between a weighted average of workers' marginal rates of

substitution between consumption and leisure, and the real wage rate.
3.4. Spanish government

The period t government budget constraint is ð1þ rgt ÞDg
t þ ptGt ¼ Dg

tþ1 þ tWwtðLrt þ Lct Þþ
tCfptðCr

t þ Cc
t Þ þ pHt ðIH;rt þ IH;ct Þg þ Trt þ Tc

t ; where Dg
tþ1 is government debt; the interest rate paid by

the government equals the policy rate plus an exogenous spread,sprgt : rgt ¼ rt þ sprgt : Before the
launch of the Euro, Spanish sovereign debt rates exceeded the REA rates. In December 1995 the EU
Council announced that the Euro would irrevocably be launched on January 1, 1999. During the
1996e1998 run-up to the Euro, the spread between Spanish and REA sovereign debt yields was
gradually eliminateddthe spread was close to zero between the launch of the Euro and the 2010
eruption of the Spanish sovereign debt crisis.

Government consumption and lump-sum taxes respond to GDP growth and to public debt. Real
government consumption is set according to the following policy rule:

cGt � cG ¼ rG
�
cGt�1 � cG

�
þ tGY

�
1
4
lnðYt�1=Yt�5Þ � gY

�
� tGD

�
Dg
t
	ðptYtÞ � D

�þ ε
G
t ; (7)

where cGt ≡Gt=Yt denotes government consumption normalized by real GDP, while gY is the steady state

quarterly growth rate of GDP; εGt is a white noise disturbance.9
3.5. Euro area monetary policy

Euro Area (EA) monetary policy is set as a function of EA inflation and GDP growth, according to an
interest rate feedback rule:

rt ¼
�
1� rR

�
r þ rRrt�1 þ

�
1� rR

�

tRp

�
1
4
ln
�
PEAt

.
PEAt�4

�
� p

�
þ trY

�
1
4
ln
�
YEA
t

.
YEA
t�4

�
� gEAY

��
þ ε

R
t ;

(8)
where PEAt and YEA
t are the EA CPI and EA real GDP; εRt is a white noise disturbance.
3.6. The REA and ROW blocks

The models of the REA and ROW economies are simplified structures with fewer shocks;
specifically, the REA and ROW blocks each consist of a New Keynesian Phillips curve, a
budget constraint for a representative household, demand functions for domestic and imported
goods (derived from CES consumption good aggregators), and a production technology that uses
labor as the sole factor input. The REA and ROW blocks abstract from capital accumulation. In the
REA and the ROW there are shocks to labor productivity, price mark-ups, the subjective
discount rate, the relative preference for domestic vs. imported goods, as well as monetary policy

shocks.

9 The estimated model also assumes government investment (set according to a rule similar to (7)); government capital
raises the productivity of intermediate good producers.
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3.7. Exogenous shocks

The estimated model assumes 44 exogenous shocks. Other recent estimated DSGE models likewise
assume many shocks (e.g., Kollmann (2013)), as it appears that many shocks are needed to capture the
key dynamic properties of macroeconomic and financial data. The large number of shocks used here is
also dictated by the fact that we use a large number of observables (39) for estimation, to shed light on
different potential causes of the Spanish boom-bust cycle. Note that the number of shocks has to be at

least as large as the number of observables to avoid stochastic singularity of the model.
4. Model solution and econometric approach

We compute an approximate model solution by linearizing the model around its deterministic
steady state. Following the recent literature that estimates DSGE models (e.g., Smets and Wouters
(2007)), we calibrate a subset of parameters to match long-run data properties, and we estimate the
remaining parameters using Bayesian methods.10 The 39 observables used in estimation are listed in
the Data Appendix. The estimation uses quarterly data for the period 1995Q1 e 2013Q2.

Specifically, we calibrate the model so that steady state ratios of main economic aggregates to GDP
match average historical ratios for Spain. The Spanish steady state ratios of private consumption,
residential investment and non-residential investment to GDP are calibrated at 59.0%, 6.9% and 12.1%,
respectively. The steady state shares of Spanish and REA GDP in world GDP are 1.3% and 13.0%,
respectively. The steady state trade share (0.5*(exportsþ imports)/GDP) is set at 28%, and the quarterly
depreciation rate of residential (non-residential) capital is 2.5% (1.0%). We set the steady state gov-
ernment debt/annual GDP ratio at 60% of GDP. The Spanish steady state real GDP growth rate and
inflation are set at 0.55% and 0.5% per quarter respectively.

The steady state rates of time preference of the Spanish Ricardian household and of foreign (ROW
and REA) agents are set at 0.5% per quarter. The steady state rates of time preference of the credit-
constrained household and of intermediate goods firms are set at a markedly higher value, 4% per
quarter, to ensure that the collateral constraints of these agents bind in all periods. The steady state
private [government] borrowing rate spread is set at 0.45% [0%] per quarter. The average ratio of the
bank debt of non-financial firms divided by the productive capital stock is 0.75, in the Spanish data. We
thus set the steady state total firm LTV ratio (sum of domestic and foreign LTV ratios) at 0.75. 34.6% of
the liabilities of Spanish banks were foreign, during our sample period; hence, we set the steady state
foreign LTV ratio of Spanish firms at 0.26 (¼0.346*0.75), and the steady domestic LTV ratio of firms at
0.49 (¼0.75e0.26). Calza et al. (2013) report that the typical LTV ratio for Spanish housing loans is 0.70.
We thus set the Spanish steady state ‘total’ household LTV ratio at 0.70. We estimate the steady state
household domestic LTV ratio through the lens of our model. The key results are robust to changing the

steady state LTV ratios (in a reasonable range).
5. Estimation results

5.1. Posterior parameter estimates

The posterior estimates of key structural parameters are reported in Table 1. (Estimates of all other
parameters can be found in a Not-for-Publication Appendix.) The steady state consumption share of the
Ricardian household is estimated at 0.52. Estimated habit persistence is sizable (h ¼ 0.73), which in-
dicates a sluggish adjustment of consumption to income shocks. The substitution elasticity for housing
services s is estimated at 0.56, i.e. consumption and housing are complements. Most forcing variables
are highly persistent; e.g., the estimated autocorrelations of the (exogenous) LTV ratios and interest
rate spreads are in the range of 0.9. According to the estimates, innovations to LTV ratios are volatile

(standard deviations in the range of 4%e6%). Themodel estimates also suggest substantial nominal and

10 We use DYNARE (Adjemian et al., 2011) to solve and estimate the linearized model.



Table 1
Prior and posterior distributions of key model parameters.

Prior distributions Posterior distributions

Distribution Mean s.d. Mean s.d.

(1) (2) (3) (4) (5) (6)
Household preferences
h Beta 0.70 0.10 0.73 0.05
k Gamma 1.00 0.40 1.31 0.39
s Gamma 0.50 0.10 0.56 0.11
Steady state consumption share of Ricardian households
Cr=C Beta 0.50 0.10 0.52 0.05
Autocorrelations of forcing variables
rðcc;dÞ Beta 0.85 0.07 0.88 0.06
rðcc;f Þ Beta 0.85 0.07 0.90 0.05
rðci;dÞ Beta 0.85 0.07 0.86 0.08
rðci;f Þ Beta 0.85 0.07 0.92 0.04
rðsprcÞ Beta 0.85 0.07 0.84 0.05
rðspriÞ Beta 0.85 0.07 0.93 0.01
Standard deviations (%) of innovations to forcing variables
sdðcc;dÞ Gamma 4.0 1.6 5.58 2.38
sdðcc;f Þ Gamma 4.0 1.6 5.85 1.84
sdðci;dÞ Gamma 4.0 1.6 4.16 1.65
sdðci;f Þ Gamma 4.0 1.6 5.87 1.94
sdðsprcÞ Gamma 1.0 0.3 0.83 0.19
sdðspriÞ Gamma 1.0 0.3 0.92 0.92

Notes: Cols. (1) lists model parameters; rðxÞ; sdðxÞ are the autocorrelation of variable ‘x’ and the standard deviation of the
innovation to x, respectively.cc;d and cc;f are exogenous LTV ratios facing Spanish credit constrained households when
borrowing from domestic and foreign lenders, respectively.ci;d and ci;f : corresponding domestic and foreign LTV ratios for
Spanish intermediate good producing firms. sprc and spri: interest rate spreads for loans to the Spanish credit-constrained
household and intermediate goods-producing firms. Col. (2) shows the distribution functions of the priors. Cols. (3),(4):
means and the standard deviations (s.d.) of the prior distributions of parameters. Cols. (5),(6): means and standard deviations of
the posterior parameter distributions (based on Random Walk Metropolis algorithm, 400,000 draws).
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wage stickiness.11 The model properties discussed in what follows are evaluated at the posterior mode
12
of the model parameters.
5.2. Dynamic effects of financial shocks

The model predicts standard responses of macroeconomic variables to TFP shocks and to monetary
and fiscal policy shocks. We thus focus here on financial shocks that played a key role for the boom and
bust cycle of the Spanish economy. Fig. 2 shows responses to negative shocks to risk premia on housing
and non-residential capital and to the interest rate spread facing private Spanish borrowers, as well as
to positive shocks to LTV ratios. All responses pertain to 1 standard deviation exogenous innovations.
Responses of the trade balance (normalized by GDP) and of the real household loan rate represent
differences from unshocked paths; responses of other variables are expressed as relative deviations
from unshocked paths.

The financial shocks considered in Fig. 2 all boost aggregate demand in Spain, and lower the Spanish
trade balancedhowever, they have differing effects on the composition of aggregate demand. Given

nominal rigidities, the rise in aggregate demand triggers a persistent rise in Spanish GDP and

11 The price and wage Phillips curves here are observationally equivalent to Phillips curves implied by Calvo (1983) price/wage
setting. Our estimates imply a (Calvo) average price and wage change interval of 4 quarters.
12 We also computed model-implied statistics (impulse responses, variance decompositions and historical decompositions) at
random parameter sub-draws of the Metropolis sample. Posterior means of those statistics are very close to statistics evaluated
at the posterior mode of the model parameters (results available on request).
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employment; the demand boost also raises Spanish inflation (at least initially), and hence induces a
Spanish real exchange rate appreciation. These responses are consistent with key facts about the
Spanish economy, prior to the financial crisis, namely strong growth, high inflation and a deteriorating
trade balance.

5.2.1. Negative shock to Spanish housing risk premium (positive house price bubble), Fig. 2a
A fall in the Spanish housing risk premium zHt (see (2)) raises Spanish residential investment and the

Spanish house price. The housing boom crowds out private consumption (as households devote a
greater share of their income to the purchase of new houses), and hence the saving rate (saving/GDP)
rises. Non-residential investment rises weakly on impact, before falling persistently below the
unshocked path. This is due to the fact that Spanish real interest rates fall in the short term, due to the
rise in Spanish inflation, but rise over the medium term (as the price level reverts towards its pre-shock
path). However, the total investment rate (total investment/GDP) rises strongly, due to the much more
pronounced rise in residential investment, and the trade balance falls.

5.2.2. Negative shock to risk premium on non-residential capital, Fig. 2b
A fall in the risk premium on Spanish non-residential capital zit (see (5), (6)) strongly raises non-

residential investment and the price of capital. Consumption and residential investment are crow-
ded out initially, but rise in the medium run (due to the persistent rise in GDP). The initial fall of
consumption (and its subsequent modest rise) imply that the saving rate rises. The total investment
rate rises too; the trade balance falls.

5.2.3. Negative shock to private borrowing rate spread in Spain, Fig. 2c
Fig. 2c shows the effects of a negative simultaneous shock to the Spanish private borrowing spreads

ðsprct and spritÞ: This shock induces a simultaneous rise in private consumption and in residential and
non-residential investment. The saving rate falls, and the investment rate increases, and thus the trade
balance deteriorates.

5.2.4. Positive shocks to Spanish household/firm loan-to-value (LTV) ratios, Fig. 2d & 2e
Shocks to firm LTV ratios and to household LTV ratios have different effects. However, domestic and

foreign LTV ratio shocks have identical macroeconomic consequences. This follows from the fact that
the Ricardian household is indifferent between lending domestically or internationally, and has free
access to the international financial market. We view these model features as realistic, given the
absence of exchange rate uncertainty and the high degree of financial integration in the Euro Area. In
response to an expansion in the foreign LTV ratio, the constrained household/firm borrows more
abroad. When a rise in domestic LTV ratios occurs, the higher loan demand is indirectly funded abroad,
as the Ricardian household accommodates the rise in domestic loan demand, by borrowing abroad (or
by reducing her international lending). Thus, domestic and foreign LTV ratio shocks have the same
effects on aggregate demand and on GDP, i.e. only total LTV ratios matter for real activity.

Fig. 2d shows that a positive shock to the credit constrained household's LTV ratio raises aggregate
consumption and residential investment, but that it crowds out non-residential investment; the saving
rate and the total investment rate fall.13 A loosening of the borrowing constraint faced by Spanish firms
boosts investment in productive capital, but it (initially) crowds out consumption and residential in-
vestment (Fig. 2e). However, the rise in non-residential investment exceeds the fall in residential in-
vestment, and thus the total investment/GDP ratio rises; due to the fall in consumption, the saving rate
rises too. Positive shocks to household and firm LTV ratios both worsen the trade balance.

In summary, reductions in risk premia on Spanish residential and non-residential capital, and a rise
of the firm LTV ratio all raise the Spanish saving and investment rates. By contrast, a rise in the
household LTV ratio lowers the saving and investment rates. A negative shock to Spanish interest rate

spreads lowers the saving rate, but raises the investment rate.

13 Steady state non-residential investment is twice as large as residential investment; the fall in non-residential investment
and the rise in GDP dominate the rise in residential investment, and the total investment/GDP ratio falls.



2a.

2b.

2c.

Fig. 2. Impulse responses to financial shocks. 2a Negative shock to Spanish housing risk premium. 2b Negative shock to risk pre-
mium on Spanish non-resident capital. 2c Negative shock to Spanish private interest rate spread. 2d Positive shock to Spanish
household foreign loan-to-value ratio. 2e Positive shock to Spanish firm foreign loan-to-value ratio. Note: A Spanish real appreci-
ation is represented by a rise in the real exchange rate. The ‘real interest rate’ is the real household loan rate.
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Fig. 2. (continued).
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5.3. Business cycle moments implied by posterior parameter estimates

Table 2 reports model-predicted and empirical standard deviations of key Spanish, REA and ROW
macroeconomic variables, as well as their correlations with Spanish GDP. The empirical statistics are
based on quarterly data for 1995Q1-2013Q2. (The statistics for all variables, except net exports/GDP,
pertain to logged first differences.) Empirically, the growth rates of Spanish private and government
consumption and investment are more volatile than Spanish GDP growth; these variables are all
positively correlated with Spanish GDP growth. Spanish net exports (normalized by GDP) are highly
volatile, and weakly countercyclical. Spanish inflation (GDP deflator) is less volatile than the GDP
growth rate, while the growth rate of the Spanish house price and the rate of appreciation of the
Spanish effective nominal exchange rate are more volatile than GDP growth. Spanish GDP growth is

positively correlated with REA GDP growth, but uncorrelated with ROW GDP growth.



Table 2
Model-predicted and empirical business cycle statistics (1995Q1e2013Q2).

Model Data

Standard
deviation, %

Correl. with
Spanish GDP

Standard
deviation, %

Correl. with
Spanish GDP

(1) (2) (3) (4) (5)
Spanish variables
GDP 0.74 1.00 0.66 1.00
Consumption (private) 1.07 0.51 0.91 0.80
Government consumption 1.46 0.41 1.09 0.34
Non-residential investment 3.00 0.49 2.82 0.73
Residential investment 4.14 0.46 3.15 0.72
Hours worked 0.74 0.75 0.93 0.92
Net exports/GDP 3.94 �0.03 3.74 �0.15
Nominal exchange rate 4.44 �0.20 4.20 �0.04
GDP deflator 0.77 0.10 0.48 0.60
House price 2.54 0.15 2.59 0.58
REA variables
GDP 0.85 0.12 0.64 0.69
GDP deflator 0.39 0.13 0.30 �0.03
ROW variables
GDP 1.00 0.19 0.79 0.07
GDP deflator 2.09 0.17 1.89 0.22

Note: For the variables listed in Column (1), the Table reports model-predicted standard deviations and correlations with
Spanish GDP (Columns (2)e(3)) and the corresponding empirical statistics based on quarterly data for the period
1995Q1e2013Q2 (Columns (4)e(5)). The statistics for all variables except net exports/GDP pertain to logged first differences of
these variables. ‘Inflation’ is a quarter-to-quarter rate. The ‘Nominal exchange rate’ is the effective exchange rate between Spain
and the ROW (a rise represents a Spanish appreciation). REA: Rest of Euro Area (EA less Spain); ROW: Rest of world.
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The estimated model captures most of these empirical regularities rather closely. In particular, it
captures the fact that Spanish domestic demand components are more volatile than Spanish GDP, and
it also matches the high volatility of Spanish net exports, of the Spanish house price and of the Spanish
effective exchange rate.14

5.4. Variance shares accounted for by different shock types

Table 3 reports the percentage shares of predicted variances (of variables considered in Table 2) that
are accounted for by different types of exogenous shocks. We group together related shocks, for the
sake of legibility. Specifically we consider these (groups of) shocks originating in Spain: (1) Housing
risk premium; (2) (Non-residential) Capital risk premium; (3) Household LTVs; (4) Firm LTVs; (5)
Interest rate spreads; (6) TFP and investment efficiency (‘Technology’); (7) Price mark-up; (8) Wage
mark-up; (9) Fiscal policy; (10) All shocks originating in the REA and the ROW, as well as shocks to trade
flows due to changes in the Spanish final good home bias (see Section 3.2.3) are summarized in a group
labeled ‘Trade’; (11) the remaining shocks are markedly less important for the main Spanish variables,
and are hence combined into a category labeled ‘Other’ shocks.

Spanish financial shocks (shocks to risk premia, LTV ratios and spread) explain about 20% of the
variance of Spanish net exports and of growth rates of Spanish GDP and hours worked, and 12% of the
variance of Spanish inflation; about half of those variance shares are accounted for by shocks to Spanish
LTV ratios and interest rate spreads. Household LTV shocks account for 40% of the variance of Spanish

consumption growth. Firm LTV shocks account for a non-negligible share of the variance of non-

14 The model-predicted correlation between Spanish and REA GDP growth (0.12) is positive but smaller than the empirical
correlation (0.69). This reflects the assumption that shocks originating in Spain and in the REA are independent. Standard open
economy models are generally unable to generate realistic cross-country output correlations, when independent shocks are
assumed (e.g., Kollmann (2013)). Empirically, aggregate supply and demand shocks are positively correlated across countries.
Model versions with correlated Spanish and REA shocks generate realistic cross-country output correlations.



Table 3
Shares (in %) of model-predicted variances accounted for by different shock types.

Financial shocks All financial
shocks

LTV &
spread
shocks

Housing risk
premium

Capital risk
premium

House-
hold LTV

Firm
LTV

Interest rate
spreads

Tech-
nology

Price
mark-up

Wage
mark-up

Fiscal
policy

Trade Other

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
Spanish variables
GDP 4.11 5.80 7.98 0.38 0.66 7.98 12.40 4.80 11.10 29.86 14.88 18.95 9.03
Consumption

(private)
6.05 0.74 40.26 0.47 2.32 2.63 2.89 0.71 0.90 20.45 22.53 49.86 43.06

Government
consumption

3.82 1.21 1.84 0.24 0.56 2.79 5.74 8.82 61.79 8.22 4.90 7.69 2.65

Non-residential
investment

0.22 79.18 0.43 5.04 0.81 0.84 3.37 0.83 0.19 7.95 1.08 85.70 6.29

Residential
investment

81.95 0.07 5.61 0.04 0.34 0.12 0.41 0.21 0.07 1.17 9.96 88.03 6.00

Hours worked 5.49 5.18 9.43 0.33 0.77 6.28 16.84 13.25 4.80 19.45 18.13 21.22 10.54
Net exports/GDP 6.74 2.89 4.68 0.62 9.65 0.98 3.64 4.56 7.38 54.68 4.14 24.60 14.95
GDP deflator 2.48 2.24 6.28 0.18 0.65 16.64 25.11 17.62 2.55 19.78 6.43 11.84 7.12
House price 74.24 0.04 0.20 0.01 0.05 0.68 0.41 0.48 0.13 2.32 21.41 74.55 0.26
Nominal
Exchange rate

0.03 0.01 0.00 0.00 0.03 0.04 0.00 0.01 0.02 98.62 1.23 0.07 0.03

REA variables
GDP 0.02 0.00 0.01 0.00 0.00 0.04 0.02 0.01 0.01 98.29 1.57 0.03 0.01
GDP deflator 0.47 0.14 0.11 0.03 0.84 0.39 0.11 0.19 0.41 95.14 2.13 1.60 0.99
ROW variables
GDP 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 99.97 0.00 0.00 0.00
GDP deflator 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 99.86 0.00 0.00 0.00

Note: this Table reports % shares of the model-predicted variances of variables listed in Column (1) that are accounted for by the types of shocks listed above Columns (2)e(14). The sum of
the shares listed in Columns (2)e(12) is 100%. Column (13) reports the variance share explained by financial shocks (Columns (2)e(6)), while Column (14) shows the variance share
explained by LTV shocks and by shocks to Spanish interest rate spreads (sum of Columns (4)e(6)).
See Section 5.4 for discussion of shock types. The variances of all variables except net exports/GDP pertain to logged first differences of these variables. ‘Inflation’ is a quarter-to-quarter rate.
The ‘Nominal exchange rate’ is the effective exchange rate between Spain and the ROW (a rise represents a Spanish appreciation). REA: Rest of Euro Area (EA less Spain); ROW: Rest of
world.
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residential investment (5%), but matter very little for the other variables. About 80% of the variances of
Spanish non-residential investment growth is driven by non-residential capital risk premium (bubble)
shocks, while an equivalent share of the variance of residential investment growth and of the growth
rate of house prices is accounted for by housing risk premium shocks. Only about 6% of non-residential
investment variance is explained by LTV and spread shocks.

Trade shocks account for about 30% of the variance of Spanish GDP growth. Although foreign factors
play a non-negligible role, fluctuations in Spanish real activity are thus largely driven by local fac-
torsedomestic technology shocks (8%), price mark-up shocks (12%) and fiscal policy shocks (11%) ac-
count for non-negligible Spanish GDP variance shares. As Spanish GDP is much smaller than REA and
ROWoutput, more than 98% of the variance of REA and ROWGDP growth and inflation is driven by REA
and ROW shocks.

5.5. Decomposing Spanish historical time series

To quantify the role of the different shocks as drivers of historical Spanish macro data, we plot the
estimated contributions of the 11 groups of shocks described in Section 5.4 to the following Spanish
time series: the nominal trade balance divided by nominal GDP; nominal GDP minus private and
government nominal consumption normalized by nominal GDP (referred to as ‘saving rate’ in what
follows); nominal total investment divided by nominal GDP (‘investment rate’); the year-on-year GDP
growth rate; the real exchange rate. See Fig. 3aee, where lines with black lozenges show the historical
data. In each Figure, the horizontal line represents the steady state value (of the variable plotted in the
Figure). Vertical bars above the steady state (horizontal) line represent positive shock contributions to
a variable, while bars below the horizontal line represent negative contributions. Sums of all shock
contributions equal the historical data.

As discussed in Section 2, the dynamics of the Spanish trade balance is dominated by a sizable
expansion of the investment rate during the boom period, and a subsequent sharp correction. The
historical decomposition shows that negative shocks to risk premia (bubbles) on housing and non-
residential capital were major drivers of the long-lasting Spanish investment boom before the
2008e09 global financial crisis (see Fig. 3c), and thus these shocks contributed noticeably to the
gradual worsening of the Spanish trade balance (Fig. 3a). In 2007 (i.e. just before the start of the
financial crisis), the bubble shocks contributed roughly �2 percentage points to the observed Spanish
net exports/GDP ratio of close to �6%. (The housing risk premium shock was the main driver of the
expansion of residential investment and of the real house price in Spain, while the non-residential
capital risk premium shock was the main driver of the rise in non-residential investment.)

Shocks to LTV ratios too had a noticeable effect on saving, investment and the trade balance, during
the boom phase. For the saving rate and the trade balance, the household LTV ratio shocks mattered
more than firm LTV shocks. According to our estimates, the late 1990s saw a tightening of household
LTV ratios, as is evident from the growing positive contribution of household LTV shocks to the Spanish
saving rate (Fig. 3b) and trade balance between 1997 and 1999. However, after 1999 (launch of the
Euro), the estimates indicate a gradual loosening in household LTV constraints that lasted until the
financial crisis.15 During the global financial crisis, a sharp tightening of household LTV constraints
occurred. According to the estimates, firm LTV constraints too tightened in the late 1990s and then
loosened gradually. (This manifested itself in a negative contribution of the firm LTV shocks to saving
and investment rates in the late 1990s that subsequently became less negative, and then turned
positive in 2004.) However, that loosening only had a non-negligible positive effect on the saving and
investment rates in the last two years before the financial crisisdand even then its effect on the trade
balance remained very modest.

During the boom phase, the convergence of Spanish rates to REA rates (i.e. negative shocks to

Spanish borrowing rate spreads) had a sizable and persistent negative effect on the Spanish saving rate,

15 Fig. 3a and 3b show that, after 1999, the contribution of the household LTV shocks to the trade balance and the saving rate
became smaller, and turned negative in 2005. As discussed in Section 5.2, a rise in the household LTV ratio lowers the trade
balance and the saving rate.
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Fig. 3. Historical decompositions. 3a Spain: trade balance/GDP. 3b Spain: (GDP-private consumption-government consumption)/
GDP. 3c Spain: total investment/GDP. 3d Spain: year-on-year GDP growth. 3e Spain: log real exchange rate (deviation from steady
state). Note: The lines with black lozenges show the historical data. Thin horizontal line represents steady state values. Vertical bars
show contributions of different types of shocks to the historical data. Vertical bars above the horizontal (steady state) line represent
positive shock contributions to the historical data, while bars below the horizontal line represent negative contributions. The
(groups of) shocks are described in Section 5.4. In Fig. 3e, a Spanish real exchange rate appreciation is represented by a rise in the real
exchange rate.
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and a smaller positive effect on the investment rate; thus, the spread shocks made a significant and
persistent contribution to the deterioration of the Spanish trade balance, during that phase: between
the late 1990s and the financial crisis, the spread shocks lowered the Spanish trade balance/GDP ratio
by about 2.3 percentage points.

Our estimates suggest that the expansion in Spanish loan demand triggered by the housing and
non-residential capital bubbles and by falling spreads was not counteracted by a tightening of LTV
ratios; given the magnitude of asset price increases, the resulting credit expansion was substantial.

Especially after 2004 we even identify a sizable ‘active’ credit loosening, in the form of a marked rise in
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Fig. 3. (continued).
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LTV ratios, that accentuated the worsening of the Spanish trade balance. According to our estimates,
technology or fiscal policy shocks only had a very minor influence on Spanish saving and investment
rates in the boom phase.

Negative risk premium shocks and the loosening of LTV constraints also contributed noticeably to
strong Spanish GDP growth before the financial crisis (see Fig. 3d). The boom saw strong growth in the
employment of unskilled labor that was also fuelled by immigration. Hence, average Spanish labor
productivity and measured TFP fell during the boom years. The model interprets the strong employ-
ment growth (accompanied by low productivity growth) as induced partly by a fall in the wage mark-
up.

As discussed above (and documented in Fig. 3e), the Spanish real effective exchange rate appreci-
ated steadily until 2009, and then depreciated until 2013. The appreciation during the boom reflects
strong domestic demand driven i.a. by the fall in Spanish interest rate spreads and in housing risk
premia, as well as the rise in household LTV ratios. Low productivity growth during the boom also
contributed to high Spanish inflation and the real exchange rate appreciation (but low wage mark-ups
had an offsetting effect on inflation).

The 2008e09 ‘Great Recession’ was characterized by a strong decline of the Spanish investment
rate. Our estimates suggest that this was largely driven by a rise in housing and non-residential capital
risk premia that triggered a fall in the value of capital. In addition, household LTV constraints tightened
sharply in 2008. This combination of shocks explains also the relatively modest fall of the Spanish
savings rate in 2008e2009. Due to the strong decline of investment, the trade balance improved
markedly in 2008 (the global trade collapse during the recession also contributed to this). The 2008e09
drop in Spanish GDP too is mostly explained by the financial factors–in particular by a tightening of
household LTV constraints, and the rise in risk premia on housing and non-residential capital. Firm
credit constraints tightened later and more gradually, and contributed much less to the slump.

While the non-residential investment/GDP ratio began to recover gradually after 2009, residential

investment (and house prices) continued to fall after 2009 and thus exerted a drag on total investment
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and on GDP over the whole remaining period. In addition, Spanish interest rate spreads started to rise
during the 2010e11 sovereign debt crisis. However, financial shocks only explain a small part of the
persistent Spanish output slump, in the aftermath of the 2008e09 recession. Our estimates suggest
that, after 2009, fiscal austerity, and a rise in price and wage mark-ups too had a strong negative effect
on GDP growth.16 While the fall of the total investment rate continued to contribute to external
rebalancing, in the aftermath of the 2008e09 recession, a drop in the saving rate partly offset the fall in
the investment rate. (Two major facts explain the fall in the saving rate, namely the continued fall in
house price, and the muted fall in Spanish wages, interpreted in the model as a rise in the wage mark-
up, that stabilizes the consumption of credit-constrained households.) After 2010, Spanish net exports
were also positively affected by a rise in export demand, due to the gradual recovery of the world
economy, and by strong Spanish productivity growthethese factors also had a positive influence on
GDP growth, and on the saving rate (as collateral constraints and habit persistence dampen the
expansion of consumption, in response to a positive productivity shock).

5.6. Sensitivity analysis: the role of shocks to risk premia and to loan-to-value ratios

We also estimated a model variant without housing and non-residential capital risk premium
(bubble) shocks. That model variant fits the observables less well than the baseline model. The log
marginal likelihood (ML) of the baseline model is 5356.34, while the log ML of the model variant
without bubble shocks is 5210.14. (TheMLmeasures the out-of-sample predictive ability of themodel.)
This implies a Bayes factor (ratio of posterior odds to prior odds) of e146.20 that massively favors the
baseline model. In the ‘no-bubbles’ model variant, the estimated variances of household and firm LTV
ratios are close to 100%, and thus unrealistically large. The predicted standard deviations of the GDP
growth rate (0.81%), residential investment growth (7.90%), the net exports/GDP ratio (4.43%) and of
other key macro variables are larger than in the baseline model, and hence less close to the empirical
moments (0.66%, 2.82% and 3.74%, respectively), which also indicates that the ‘no-bubbles’ variant fits
the data less closely.

In addition, we considered a model variant with constant household and firm LTV ratios (while
allowing for residential and non-residential bubble shocks). The log ML of that model variant is
5314.24. Hence, that variant too fits the observables less well than the baseline modeldthough better
than the ‘no-bubbles’ model variant. Compared to the baseline model, the model version without LTV
shocks likewise generates predicted standard deviations of key macro variables that are larger and less
close to the data (predicted standard deviations of GDP and residential investment growth, and of the
net exports/GDP ratio: 0.80%, 3.39% and 5.99%).

Overall, these experiments suggest that residential and non-residential capital risk premium shocks
are more important than exogenous LTV ratio shocks for explaining the volatility of real activity.

6. Concluding remarks

This paper has used an estimated three-country New Keynesian model with financial frictions to
study the joint dynamics of foreign capital inflows and real activity during the recent boom-bust cycle
of the Spanish economy. The estimates suggest that a falling risk premium on Spanish housing capital, a
loosening of collateral constraints for Spanish households and firms, as well as the fall in the interest
rate spread between Spain and the REA fuelled the persistent rise in foreign capital flows to Spain
during the boom that preceded the global financial crisis. During and after the global financial crisis,
falling house prices, and a tightening of collateral constraints for Spanish borrowers contributed to a
sharp reduction in capital flows to Spain, and to a persistent slump in Spanish real activity. The credit
crunch was especially pronounced for Spanish household; firm credit constraints tightened later and

more gradually, and contributed much less to the slump.

16 The model predicts that GDP falls when price and wage mark-ups rise. The negative contribution of mark-up increases to
GDP growth during and after the recession is clearly noticeable in Fig. 3d. Spanish firm-level micro data also suggest a rise in
price mark-ups after the financial crisis; see Montero and Urtasun (2013).
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Data appendix

The model is estimated using GDP (real and deflator) growth rates and GDP (real and nominal)
shares. Specifically, the following 39 variables are used as observables:

� GDP growth (3) (Spain, REA and ROW),
� GDP shares (13): trade balances (Spain, REA, ROW), consumption, government consumption, gov-
ernment investment, transfers, construction investment, total investment, government deficit and
debt, net foreign asset, loans to firms.

� Prices (10): GDP (Spain, REA, ROW), consumption, import, export, construction, house, government
purchases, total investment.

� Spain, REA, Euro-Area and ROW (US) money market rates (3 months); Spanish government bond
rates; Spanish household and firm loan rates (7).

� Effective exchange rates (Spain and REA), wages, employment, number of retirees and number of
labor market non-participants (6).

The effective exchange rate, the ROW price index and ROW GDP are based on trade-weighted av-

erages across Spain's main trade partners. Data sources: Eurostat, ECB, Bank of Spain.
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