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Abstract

We use a PCHVAR model to examine the importance of bank risk-taking, house-
hold indebtedness and financial globalization for monetary policy transmission
across twelve euro area countries using quarterly data ranging from 1999Q2 to
2018Q4. Our results suggest that the decrease of real housing prices after a contrac-
tionary monetary policy shock is larger when the leverage levels of the banking and
the household sector are high. Further, a higher level of financial openness leads
to a stronger contraction in real GDP and a larger fall in real housing prices after a
positive monetary policy shock. Moreover, an average of 66% of the decline in the
growth rate of real GDP and 51% of the fall in real housing prices is attributable to
cross-country differences in the degree of financial openness. Household indebt-
edness accounts for 33% of the decline in real GDP growth and 44% of the fall
in real housing prices. The risk-taking channel of monetary policy transmission
explains an average of 60% of the decline in the growth rate of real GDP and 55%
of the fall in real housing prices in the euro area, highlighting the importance of
this channel for the transmission of monetary policy to housing markets.
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1 Introduction

Understanding the transmission of monetary policy shocks to the real and financial side
of the economy is one of the most important fields in monetary economics. While the
early empirical literature on monetary policy transmission used a single-country setup
and often focused solely on the US economy (see e.g. Christiano et al. 1999), latter
studies such as Mihov (2001), Dedola and Lippi (2005) and Ciccarelli and Rebucci
(2006) have undertaken a cross-country comparison of estimated single-country vector
autoregressions. As pointed out by Peersman (2004), such comparisons are not always
straightforward as the size of the monetary policy shocks and the reaction function of
the monetary authority differ across countries.

The development of more appropriate vectorautoregressions facilitated a better un-
derstanding of the determinants of the monetary policy transmission mechanism by ex-
ploiting the cross-country dimension. This has led to further and more robust insights
on the transmission mechanism in general, at the expense of cross-country insights,
however. For instance, Assenmacher-Wesche and Gerlach (2008) use a panel vector
autoregressive model estimated with data from seventeen advanced economies to study
the role of financial structure, measured by indicators such as the level of the mortgage-
debt-to-GDP ratio or the securitization of mortgages, in the transmission of monetary
policy to output, inflation and asset prices. The findings reveal significant asymmetries
in the transmission process between country-groups separated according to the above
mentioned financial characteristics.

Recent studies, such as Georgiadis (2013) and Georgiadis (2015), have employed
a cross-country setting to gain further insights into the transmission of monetary pol-
icy shocks. While focusing the empirical analysis on the euro area economies, they
find significant asymmetries in the monetary policy transmission mechanism. These
asymmetries arise because of cross-country differences in the composition of the manu-
facturing sector and the structure of the financial system. Short run effects are driven by
sectoral characteristics, whereas in the medium run labor market rigidities and financial
structure seem to play a bigger role (Georgiadis 2013).

Extensive research, e.g. by the European Central Bank, has highlighted the relative
importance of the interest rate channel and the bank lending channel for the transmission
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Stein 1994). The relevance of the interest rate channel and the bank lending channel for
the transmission mechanism depends on several characteristics underlying the economy.
If interest sensitive sectors contribute a higher share to domestic GDP output and price
dynamics seem to be shaped by the interest rate channel (Sala 2002). The significance
of the bank lending channel is determined by the relative importance of bank funding
compared to funding through capital markets (Bernanke and Gertler 1995).

By contrast, Borio and Zhu (2012) have highlighted the importance of the "risk-taking
channel" of monetary policy transmission whereafter monetary policy affects the per-
ceptions of risk and the resulting risk-taking behavior of financial intermediaries leading
to fluctuations in the provision of liquidity. Bekaert et al. (2013) documents also the link
between monetary policy and market risk measured by the VIX index. Adrian and Shin
(2010) provide a possible explanation for the mechanism underlying the link between
liquidity and market risk. Accordingly, changes in market risk are related to balance
sheet adjustments by financial intermediaries which are due to changes in equity trig-
gered by fluctuations in asset prices. In this sense, variations in financial leverage are
procyclical. The risk-taking channel is not limited to the domestic economy, however.
As argued by Bruno and Shin (2015) as well as Lee and Bowdler (2020), fluctuations
in the leverage of financial intermediaries and the resulting variation in cross-border
capital flows are central for spillovers of monetary policy shocks.

In the present paper, we use the panel conditionally homogenous vector autoregres-
sive (PCHVAR) model from Georgiadis (2012) in order to contribute to recent findings.
We condition the monetary policy transmission mechanism on the level of bank lever-
age, the level of household leverage and the degree of financial openness in order to
study the significance of the risk-taking channel, the relevance of household indebted-
ness and the importance of cross-border capital flows in the transmission of monetary
policy shocks to output and housing prices.

The remainder of this paper is organized as follows: Section 2 gives a brief overview
on the choice of the conditioning variables. Section 3 outlines the methodological
framework. Section 4 presents the empirical results along with several robustness checks.

Finally, section 5 concludes.



2 On the Choice of the Conditioning Variables

Our choice of the conditioning variables is based on recent trends regarding structural
changes of financial systems. The rise in cross-border capital flows observable over
recent years has led to an increased interconnectedness of the economies around the
world. As shown by Milesi-Ferretti and Tille (2011), such financial globalization is to a
major extent driven by a rise in international bank flows between advanced economies,
both through a rise in cross-border bank lending as well as through lending by foreign
subsidiaries. This positive trend in financial integration was especially observable in
the period preceding the global financial crisis as European banks channeled liquidity
to U.S. asset markets leading to the build-up of vulnerabilities in the real estate sector
(Shin 2012). During the global financial crisis, the decline in gross capital flows was
primarily driven by a reduction in cross-border bank flows. The intensity of the decline
in capital inflows can be linked to macroeconomic factors such as the growth in the
credit to GDP ratio and the level of gross external debt before the crisis (Eichengreen
and Gupta 2017; Milesi-Ferretti and Tille 2011).

The high financial sector leverage experienced in recent decades is a possible threat
for the stability of the macroeconomy. The evidence points to an increased importance
of credit cycles for financial stability and an increasing role of credit in shaping the
dynamics of the business cycle not only temporarily but as a recurrent phenomenon
(Jorda et al. 2013; Schularick and Taylor 2012). Accordingly, the expansion in credit
and the resulting rise in financial leverage results in a greater susceptibility of the finan-
cial system to shocks with severe negative implications for the real economy, such as
a decline in output and investment, once financial instabilities unfold (Schularick and
Taylor 2012). As shown by Jordd et al. (2013) the intensity of the credit expansion
determines the severity of the contraction in output.

Regarding the composition of credit aggregates, it is observed that the importance of
mortgage credit compared to business credit has risen over recent decades (Bezemer et
al. 2016). This rise in the share of mortgage lending by financial intermediaries has led
to a change in the composition of bank balance sheets and facilitated a change in banking
practices (Jorda et al. 2016). The positive trend in mortgage lending was accompanied
by rising household debt levels that exceeded the rise in asset values during the same

time span leading to rising household leverage ratios (Jorda et al. 2017).



The expansion of household indebtedness and the rise of household leverage ratios
have been a remarkable feature in most industrialized countries over the past decades
(Zinman 2015). The rise in household debt poses several challenges for financial sta-
bility, however. First, if household debt exceeds sustainable levels, the risk of default
after a negative income shock increases. Second, a negative shock to housing prices
increases the fragility of the household sector as collateral values decline. Lastly, given
the growing share of mortgages issued to private households on bank balance sheets,
an increased fragility of the household sector diminishes the resilience of the banking
sector, as the quality of bank balance sheets declines (Jorda et al. 2016; Kuhn et al.
2020).

The left hand panel in the first row of figure 1 reveals considerable heterogeneities
underlying the twelve euro area countries included in our empirical analysis with a de-
coupling of bank leverage in Ireland surrounding the financial crisis episode. A similar
pattern is observable in the right hand panel of figure 1 which displays the level of
household leverage in the twelve euro area countries. With Austria and Germany as an
exception, it further shows a positive trend in household leverage until the beginning
of the euro crisis. In addition to the high level regarding financial openness in the euro
area, the panel in the second row of figure 1 shows a positive trend in financial glob-
alization for the majority of the euro area countries until the start of the financial crisis
period. Given these heterogeneities in the structural characteristics and their increas-
ing role for the stability of the macroeconomy we expect significant asymmetries in the

transmission of monetary policy shocks across the individual euro area countries.
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Figure 1: The left hand panel in row one plots the level of bank leverage measured as the ratio of
financial assets over equity of monetary financial institutions in the twelve euro area countries
included in the empirical analysis. The right hand panel in row one plots the level of household
leverage measured as credit to households and non-profit institutions serving households to
domestic GDP. The panel in row two plots the level of the KOF financial globalisation index.



3 Data and Methodology
3.1 Data Description

The data consists of quarterly time series of twelve euro area countries ranging from
1999Q2-2018Q4 which together account for 97% of euro area GDP. Bank leverage is
defined as the ratio of financial assets over equity of monetary financial institutions
(MFI). Financial assets include currency and deposits, debt securities and loans (Lequi-
ller and Blades 2014). We follow Jorda et al. (2017) and measure household leverage
as the ratio of private credit to GDP. Hence, household leverage is measured by total
credit to households and non-profit institutions serving households in relation to do-
mestic GDP.

According to the general convention in the literature, leverage and credit are endoge-
nous. As we want to measure structural changes of the financial system, we need ex-
ogenous measures of bank leverage and the household credit-to-GDP ratio. In order
to obtain weakly exogenous conditioning variables, we extract the trend component of
the bank leverage and household credit-to-GDP time series by means of the Hodrick-
Prescott (HP) filter. The underlying idea is that the trend component of the HP-Filter
operates under a different frequency than the cyclical component. We assume that GDP
and housing prices operate under the business cycle frequency. As we have quarterly
time series, we choose a smoothing parameter of 1600. The resulting trend component
of the bank leverage and household leverage time series should be roughly uncorrelated
with the GDP growth and housing prices time series.

Financial openness is measured with the financial globalization subindex of the KOF
Globalisation Index. The KOF financial globalization index is available for a wide range
of economies. It covers a long time span ranging from 1970 to 2017 and is updated on
a yearly basis. The subindex measures de facto financial globalization covering a wide
range of capital flow categories. Specifically, the index comprises foreign direct invest-
ment, portfolio investment and debt flows as well as reserves and primary income pay-
ments (Gygli et al. 2019). The index is interpolated from yearly to quarterly frequency.
The VIX index of the Chicago Board Options Exchange is included as a common ex-
ogenous variable and serves as a proxy for the degree of global risk aversion.

The real GDP and real housing prices series are measured in quarter-to-quarter per-

centage changes. Outliers larger than three times the interquartile range are replaced by



the median value of the respective time series. The VIX index is in logs. The short-term
interest rate, MFI leverage, household leverage and the KOF financial globalization in-
dex are in levels.

Table (1) summarizes the variables and their transformations. The augmented Dickey-
Fuller, Philips-Perron and Kwiatkowski-Philips-Schmidt-Shin test results regarding the
stationarity of the real GDP and real housing prices series are mixed. To keep interpre-

tation simple, first differences are taken.

Table 1: Variables and transformations

Endogenous Variables log First Difference Source
Real GDP . . OECD
Real housing prices . . OECD
Short-term interest rate OECD

Conditioning Variables

MFI leverage ECB
KOF financial globalization index KOF
Household credit-to-GDP ratio BIS

Common Exogenous Variable

VIX . CBOE

3.2 Country-Specific SVAR Models

As the first step of the empirical analysis we examine the dynamics of the short-term
interest rate, real housing prices and real GDP in country-specific structural vector au-

toregressive (SVAR) models of the following form

Ayr = Ac+ Allit1 + Al + 4 (1)

where y; is a (K x 1) vector of endogenous variables, ¢ a (K x 1) vector of con-
stants, A is a (K x K) lower—triangular matrix, A’ = Aq; for j = 1,...,q and
v =Agy ~ (0,2, = AX, A") where g, fort = 1,... tisa (K x 1) vector of white noise
with g, ~ (0,%.) a (K x K) positive definite matrix. The contemporaneous relation-
ships between the endogenous variables are described by the matrix A. The shocks are

recursively identified. Hence, the A-Matrix is constructed so that the first variable has



a contemporaneous effect on the other variables, the second variable has a contempora-
neous effect on all other variables except variable one, and so on. Thus, the following

A-Matrix is prepared:

a;; O 0
A=lay ax O
azy @32 ass

As we assume that real GDP is a slow moving variable, reacting to changes in real
housing prices and the short-term interest rate with a time lag, we order it first. The
short-term interest rate is ordered last as it is assumed that it reacts contemporaneously
to real GDP and real housing prices. Hence, the monetary authority observes real output
and real housing prices before setting the interest rate (Christiano et al. 1999). Thus, the
order of the endogenous variables in the country-specific SVAR models is as follows:
(1) real GDP, (2) real housing prices, (3) short-term interest rate.

The decision on the optimal lag length is based on the Akaike information criterion,
the Hannan-Quinn and the Bayesian information criterion. The information criteria
suggest different lag lengths for each country. In theory, the optimal lag length should
be chosen so that the residuals are white noise. To test the normality of the residuals
we consider the Jarque-Bera Test. The test results reveal that the distribution of the
residuals can hardly be considered as normal. As the sample size is rather small, we
use the adjusted Portmanteau and the Breusch-Godfrey LM tests to assess whether the
residuals are autocorrelated. The tests report mixed results for some countries in the
panel. As the test results depend on the lag length of the SVAR models we choose the
optimal lag length in order to minimize the remaining autocorrelation in the residuals.
Finally, we consider a lag length of two for every country-specific SVAR model except

for Ireland where a lag length of one is chosen.

3.3 The PCHVAR Model

The methodological framework of the panel conditionally homogenous vector autore-
gressive (PCHVAR) model developed by Georgiadis (2012) allows the estimated re-
duced form coefficients to differ according to unit-specific properties. The model can

be written in the following form



Vit = ¢ + Pp(Zit)Yir—p + Byti—q + €it (2)

where y;; is a (K x 1) vector of endogenous variables, ®; is a (K x K) matrix of
coefficients, v; a (K x 1) vector of common exogenous variables and ¢;; a (K x 1) vector
of white noise with £;; ~ (0,3.) a (K x K) positive definite matrix. The coefficient
matrices ¢, depend on the unit-specific vector z;. The coefficients ¢; ,,,(zi) with j =
I,...,p,n=1,...,Kandm = 1,..., K in ®, are approximated by the following

functional form

(bj,nm (Zit> ~ 7T-(Zit)’yj,nm (3)
with 7(zi) = [m(zi), m2(zit), - - -, 7-(zit)] being a 1 x 7 vector of polynomials and
Yimm = (Vjmm1, Vimm2, - - - Vimms) @ T X 1 vector of polynomial coefficients.

The polynomial 7(z;;) is obtained by the following equation

T(Zit)Vinm = (L, m1(Z1it—1), T2(Z2it—1)] X Vjnm 4)

The coefficients in ®; are replaced by the polynomial approximations in equation (3).
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Equation (2) can be rewritten as follows

P l
Yit = C; + er x [ @ 7'(zi)|Yis—j + ZBQ X Vt—q + Eit

j=1 g=1
P ! (5)
=c + er X Tjt—j + ZBq X Vt—q + €it
j=1 g=1

=c + Fj X Xi,t—j + Bq X V;_q + €t

with X, 5 = (2, 1,74 95,25, ), [ = (I'1,Te,...,T), B= (B, By,...,By)
and Vi_, = (41, V9, . .., Vi—g).

The estimation of the model in equation (5) occurs via ordinary least squares.

To compute the impulse responses, we start by writing the model in equation (2) in

canonical form

/

Yit C1 (I)l(zit) (I)2(Zit) T (I)p(zit) Yit—1 B Vt—1
Yit—1 Co p 0 e 0 Yit—2 B V2
=X . ) x S e o R RO R e
I : : :
Yit—p CN 0 T ce 0 Yit—p Bq Vt—q

Yie = Ci + ®(zi)Yie—1 + BVion + Tt
through recursive substitution we obtain

Yie = Ci + @(zit) Y1 + BVie1 + T
= C; + ®(zi) P(zit—2)Yie—2 + ©(zit) BVi—o + O(zit) Yir—1 + Tir

= it [T 0z Yoo+ Z I 0z )] BYies + Z @ ()] Tims
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By premultiplying the above equation by the matrix J = [I},, 0, ..., 0] we get

T = JC+ T[] 0z )| Yoo + T [Hizlcb(z;t,q)] BV + I3 [T ()] 77T
j=0 Jj=0

Yir = Ci + NsYir—s + Zaj (Zit—j) Bjve—; + Z%‘ (Zit—j)€it—j

J=0 J=0

Finally, we obtain the impulse response coefficients from the matrices
Z%’ (Zie—j) (6)
j=0

4 Econometric Results
4.1 Impulse Response Functions of the PCHVAR Model

Figure 2 displays the real GDP responses for different conditioning variables resulting
from the PCHVAR estimation. The results reveal a positive relationship between the
extent of the contraction in real GDP and the degree of financial openness, the level
of bank leverage and the level of household leverage. Consequently, a higher degree
of financial openness, a higher level of bank leverage and a higher level of household
leverage seem to intensify the contraction in real GDP after a positive monetary policy
shock.

sr to gdp sr to gdp sr to gdp
I\

4 90 80 20 49 g 6040 20 40 100

Figure 2: The figure shows the orthogonalized impulse response functions of real GDP to a shock in
the short-term interest rate generated by the PCHVAR model. The left-hand panel plots the
impulse responses for varying degrees of financial openness. The middle panel plots the
impulse responses for varying levels of bank leverage. The right-hand panel plots the impulse
responses for varying levels of household leverage.

The subfigure on the left hand side shows the response of real GDP to a positive one
standard deviation monetary policy shock for varying degrees of financial openness.

The trough increases from -0.01% at the lowest degree of financial openness to -0.08%
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at the highest degree of financial openness. Overall, the degree of financial openness
seems to have only a minor impact on the contraction in real GDP as the percentage
changes are relatively small.

The subfigure in the middle shows the response of real GDP to a one standard devi-
ation monetary policy shock for varying levels of bank leverage. The trough increases
from -0.02% at the lowest level of bank leverage to -0.08% at the highest level of bank
leverage. Similar to our results regarding the degree of financial openness, the level of
bank leverage has only a minor impact on the contraction in real GDP.

The subfigure on the right hand side displays the response of real GDP to a one stan-
dard deviation monetary policy shock for varying levels of household leverage. The
trough increases from -0.03% at the lowest level of household leverage to -0.11% at
the highest level of household leverage. Hence, the impact of a contractionary mone-
tary policy shock seems to be stronger when households are relatively more indebted.
This result is explainable by changes in household liquidity (Cloyne et al. 2019). Ac-
cordingly, the contraction in real GDP leads to a decrease of aggregate income. The
resulting decrease of aggregate expenditure contributes to the decline in real GDP. The
decrease of expenditure is stronger for indebted households as they hold a relatively low
amount of liquid wealth constraining the possibility to substitute the decline in income
with liquidity. Moreover, a contractionary monetary policy shock depresses inflation
leading to a transfer of wealth from debtors to creditors. In other words, the debt burden
increases leading to a reduction in expenditures. However, as the monetary policy shock
is temporary, the latter effect might only have a minor impact (ibid.). Moreover, as the
percentage changes are relatively small, the level of household leverage is only of minor
relevance for the contraction in real GDP.

Figure 3 shows the real housing price responses for different conditioning variables
resulting from the PCHVAR estimation. The estimation reveals a positive relationship
between the extent of the contraction in real housing prices and the degree of financial
openness, the level of bank leverage and the level of household leverage after a positive
one standard deviation monetary policy shock.

The subfigure on the left hand side shows the response of real housing prices to a one
standard deviation monetary policy shock for varying degrees of financial openness. The
trough increases from -0.06% at the lowest degree of financial openness to -0.28% at the

highest degree of financial openness. The percentage change at a low degree of financial
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Figure 3: The figure displays the orthogonalized impulse response functions of real housing prices to a
shock in the short-term interest rate generated by the PCHVAR model.

openness is relatively small. However, at a high degree of financial openness, the results
reveal a more pronounced impact of financial openness on the fall in real housing prices.
These findings highlight the amplifying effects of international financial linkages on the
fall in real housing prices and demonstrate the importance of cross-border capital flows
for the transmission of monetary policy shocks to housing prices. The results can be
explained by assuming that a rise in the monetary policy rate leads to a retrenchment of
capital invested in the housing market. This process is amplified through the liquidation
of foreign investment positions (S4 and Wieladek 2015). One channel through which
the retrenchment of cross-border capital flows occurs are cross-border banking flows
(Milesi-Ferretti and Tille 2011). As shown by Shin (2012), in the run-up to the financial
crises starting in 2007, increasing cross-border banking flows channeled global liquidity
to U.S. asset markets. Our estimation results offer insights into the intermediating role
of global liquidity after a change in domestic financing conditions. The effects may
be intensified through a rise in global risk aversion which leads to a retrenchment of
capital flows on an aggregate level (Forbes and Warnock 2012). Overall, the findings
suggest that highly volatile capital flows have the potential to affect the transmission of
monetary policy with considerable consequences for asset price changes.

The subfigure in the middle shows the response of real housing prices to a one stan-
dard deviation monetary policy shock for varying levels of bank leverage. The trough
increases from -0.03% at the lowest level of bank leverage to -0.22% at the highest level
of bank leverage. Hence, we see a more pronounced impact of the level of bank leverage
on the fall in real housing prices after a positive one standard deviation monetary policy
shock at high levels of bank leverage. These findings lend support to the assumption that
a trend towards more leveraged financial institutions seems to result in an amplification

of monetary policy shocks through the banking sector. The change in banking practices
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is a more important determinant of the negative response of real housing prices. The
impact on housing prices demonstrates the potential consequences of an increased im-
portance of real estate lending for the business of financial intermediation. The effects
may intensify under the assumption that banks are subject to similar exposures leading
to heightened systemic risks (Greenwood et al. 2015).

The subfigure on the right hand side shows the response of real housing prices to a
one standard deviation monetary policy shock for varying levels of household leverage.
The trough reaches -0.03% at the lowest level of household leverage. It increases to
-0.38% at the highest level of household leverage. If we compare the PCHVAR impulse
response functions across the different conditioning variables, we notice that the level
of household leverage has the highest impact on the fall in real housing prices. Thus, a
positive trend in household leverage seems to serve as an important amplifier of mone-
tary policy shocks to the housing market. The finding that the impact of monetary policy
shocks is stronger for the response of housing prices suggests that an increasing share
of mortgages in the composition of household debt has considerable consequences for
the monetary policy transmission mechanism. The findings are in line with research
conducted by Iacoviello and Minetti (2003) showing that the impact of monetary policy
shocks on housing prices is stronger in financially more liberalized economies. Finan-
cial liberalization refers in this context to the relaxation of borrowing constraints such
as down-payment requirements or the removal of ceilings on lending rates. In addition,
compared to the PCHVAR model in which we restrict the transmission process on the
level of bank leverage, the estimation results show that household leverage seems to be
the more important determinant of the transmission of monetary policy shocks to hous-
ing prices. Hence, whereas the transmission of monetary policy shocks to the housing
market is shaped by changes in the leverage positions of the banking and household sec-
tors, a positive trend in household leverage seems to be a more important determinant

of the transmission mechanism.

4.2 Comparison of Impulse Response Functions

In this section, we focus on the significance of financial openness, bank risk-taking and
household indebtedness in shaping the transmission of monetary policy shocks to output
and housing prices. As the variation in the PCHVAR models depends solely on the con-
ditioning variables, we compare the impulse response functions of the country-specific
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SVAR models with the impulse response functions of the PCHVAR models in order to
examine the extent to which the empirical variation in the country-specific SVAR mod-
els might be explainable by the variation in the PCHVAR models. Although the identi-
fication schemes of the country-specific SVAR models and the PCHVAR models differ,
comparison is still possible as recursively identified shocks are basically equivalent to
orthogonalized shocks obtained by applying a cholesky decomposition. The difference
is that the recursive structure does not restrict the variance of the disturbances to unity
(Liitkepohl 2005).

4.2.1 Graphical Comparison

Figure 4 shows the output responses to a positive one standard deviation monetary pol-
icy shock of the country-specific SVAR models together with the responses estimated
by the PCHVAR models. The impulse responses of the PCHVAR models are fixed at the
average of the respective conditioning variable. Hence, they represent the response of
real GDP and real housing prices at the euro area average of the respective conditioning
variable. If the impulse responses generated by the PCHVAR models coincide with the
impulse responses of the country-specific SVAR models, we conclude that the empiri-
cal variation in the country-specific case can be explained by the euro area average of
the respective conditioning variable. Hence, the variation in the PCHVAR model which
depends on the respective conditioning variable has some explanatory power for the em-
pirical variation in the country-specific SVAR models. However, differences between
the country-specific impulse responses and the average PCHVAR impulse responses
point to asymmetries in the transmission mechanism across the euro area countries.

The dynamics shown by the impulse response functions of the country-specific SVAR
models are in line with standard macroeconomic theory. As expected, an increase in the
monetary policy rate leads to a contraction in output. GDP reaches a trough after about
ten quarters in almost all countries included in the panel. Exceptions are Greece, Spain
and Ireland where output contracts immediately. In general, it takes about twenty to
thirty quarters until the shock vanishes. Obviously, in most of the countries, output rises
in the first quarter before it contracts showing a puzzling behavior (Uhlig 2005).

The country-specific impulse responses of Germany, France, Italy, Austria and the
Netherlands show similarities with the PCHVAR impulse responses at the average of

financial openness. Differences with respect to the timing and strength of the trough
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Figure 4: Impulse responses of real GDP to a one standard deviation monetary policy shock generated
by the country-specific SVAR models and the PCHVAR model. The blue dash-dotted line
refers to the impulse response of the PCHVAR model at the average of financial openness.
The green dashed line shows the impulse response at the average of bank leverage and the red
dotted line the impulse response at the average of household leverage.

and the return to baseline are observable, though. With Italy as an exception, figure
1 reveals that these countries show a moderate to high degree of financial openness
compared to the other euro area countries included in the analysis. Hence, the degree of
financial openness has some explanatory power for the contraction in real GDP after a
positive one standard deviation monetary policy shock.

On the contrary, the country-specific real GDP impulse responses of Spain and Fin-
land show similarities with the PCHVAR impulse response at the average of household
leverage. Although there are differences with respect to the strength and timing of the
trough and the return to baseline, the shape of the country-specific real GDP response of
Spain is similar to the PCHVAR impulse response at the average of household leverage.
Figure 1 indicates that Spain and Finland show a moderate to high level of household
leverage compared to the other euro area countries included in the panel. These obser-
vations lead us to conclude that the level of household leverage offers some explanatory
power for the contraction in real GDP after a positive monetary policy shock. However,
as already noted, the percentage changes of real GDP are relatively small suggesting a
minor impact of the conditioning variables on the contraction in real GDP.

Figure 5 shows the housing price responses to a positive one standard deviation mon-
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etary policy shock of the country-specific SVAR models together with the responses
estimated by the PCHVAR models. Regarding the impulse responses of the country-
specific SVAR models, we see a contraction of housing prices in almost all countries.
Differences with respect to the timing of the trough are observable, though. In some
countries the fall in housing prices occurs shortly after the shock has hit the economy

indicating a higher sensitivity. In general, the trough is reached in the first fifteen quar-

ters.
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Figure 5: Impulse responses of real housing prices to a one standard deviation monetary policy shock
generated by the country-specific SVAR models and the PCHVAR model. The blue dash-
dotted line refers to the impulse response of the PCHVAR model at the average of financial
openness. The green dashed line shows the response at the average of bank leverage and the
red dotted line the response at the average of household leverage.

The impulse response functions for Austria and Belgium increase on impact showing
signs of a puzzle similar to the "price puzzle" (Eichenbaum 1992, p. 1002). The price
puzzle refers to increases in inflation after a positive monetary policy shock. Following
Sim’s (1992) explanation, it might be caused by anticipated inflationary pressures due
to a rise in commodity prices. The monetary contraction then has a dampening effect on
the rise in inflation. However, as we are dealing with real housing prices, the occurrence
of the puzzle appears to be surprising as it implies that either nominal housing prices
rise higher than goods prices do or that housing prices decrease less than goods prices

do. Nevertheless, the rise in housing prices might be due to what is thought to be a posi-
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tive innovation in monetary policy.! Indeed, Miranda-Agrippino and Ricco (2019) point
to frictions due to asymmetric information between economic agents and the monetary
authority that are likely responsible for the puzzling responses after a monetary policy
shock. Accordingly, a rise in the policy rate is interpreted either as an unexpected mone-
tary policy innovation or an endogenous response of the monetary authority to improved
economic fundamentals. In the presence of informational frictions, agents confuse the
monetary policy shock with an aggregate demand shock to which the monetary authority
endogenously responds leading to the puzzling behavior of output and prices.

If we compare the country-specific impulse response functions with the impulse re-
sponse functions generated by the PCHVAR model, we see that the country-specific re-
sponses of Germany and France show similarities with the PCHVAR impulse responses
at the average of household leverage. Again, differences with respect to the timing and
strength of the trough and the return to baseline are observable. These obsevations apply
to Spain and Ireland as well. The deeper trough observable in Spain and Ireland points
to further empirical factors not included in the PCHVAR models but relevant for the
transmission of monetary policy shocks. With the exception of Germany and France,
figure 1 reveals that the level of household leverage is on a moderate to high level com-
pared to the other countries included in the panel. Based on these observations, we
notice that the level of household leverage has some explanatory power for the fall in
real housing prices after a positive one standard deviation monetary policy shock.

The graphical comparison conducted in this subsection is more speculative in nature.
In the following section we use further econometric methods to sharpen our understand-
ing of the importance of financial openness, bank-risk taking and household indebted-

ness for the monetary policy transmission mechanism.

4.2.2 Polynomial Regression Analysis

After a graphical comparison of the impulse response functions, we proceed with a
quantitative examination and regress the impulse responses of the country-specific SVAR
models on the PCHVAR impulse responses at the average of the respective condition-

ing variables. Provided that the estimated coefficients are significant we take this as

"We deal with this pattern in the section on robustness checks. Specifically, we estimate the country-
specific SVAR models including the quarterly growth rate of the consumer price index as an endoge-
nous variable. This specification is motivated by the assumption that the rise in housing prices might
be caused by inflationary pressures associated with a rise in rent prices.
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evidence that the empirical variation in the country-specific SVAR models can be ex-
plained by the structural characteristics included in the PCHVAR models.
The polynomial regression equation for real GDP and real housing prices respec-

tively, looks as follows

[R;_SVAR =+ ﬁlIRfCHVAR + BZ(IRfCHVAR)2 +¢; (7)

where i = (1,2,..., N) indexes countries and j = (1,2, ...,1) indexes the computed
average responses of the PCHVAR models?.

Table (2) shows the adjusted R? for each country-specific polynomial regression.
Choosing France as an example, about 92% of the empirical variation in the GDP re-
sponse can be explained by the degree of financial openness. Additionally, the level
of bank leverage explains about 89% of the variation in the GDP response. However,
taking Ireland as an example, the results show a weaker link between the responses of
real GDP and real housing prices and the degree of financial openness and the level of
bank leverage. Obviously, most of the empirical variation in the country-specific real
GDP responses is attributable to differences in the degree of financial openness. For the
majority of countries, financial openness and bank leverage seem to be more important
for variations in the GDP impulse responses. On the contrary, household leverage seems
to be more important for variations in the housing price impulse responses. Compared
to the degree of financial openness and the level of household leverage, bank risk-taking
seems to be the more important determinant for the transmission of monetary policy
shocks to housing prices. This result is at odds with our PCHVAR estimation results as
they lead us to conclude that household leverage is a more important determinant of the
transmission of monetary policy shocks to housing prices. However, the difference in
the results may be due to the averaging of the PCHVAR impulse responses.

After calculation of the average adjusted R? over each column in Table (2) we claim
that 66% of the decline in the growth rate of real GDP and 51% of the fall in real housing
prices is attributable to cross-country differences in the degree of financial openness.
Bank risk-taking explains on average 60% of the decline in the growth rate of real GDP

and 55% of the fall in real housing prices. Household indebtedness accounts for 33% of

Note that in order to improve the significance of the estimated coefficients, we drop the quadratic term
for some country-specific regression equations. Please refer to the appendix for detailed regression
results.
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the decline in the growth rate of real GDP and 44% of the fall in real housing prices.

Table 2: Polynomial regressions adjusted R?

GDP response HP response
Country FINOP BLev HLev FINOP BLev HLev

DEU 0.6965 0.5259 0.1788 0,8309 0.8950 0.8382
FRA 0.9220 0.8932 0.5242 0.8813 0.9182 0.7904
ESP 0.7973 0.8016 0.7261 0.8959 0.8863 0.7669
ITA 0.7027 0.5126 0.2038 0.2014 0.3097 0.0913
AUT 0.8218 0.7267 0.2223 0.4166 0.4762 0.5350
BEL 0.6736 0.4835 0.1721 0.3180 0.2528 0.2057
FIN 0.5887 0.7171 0.5341 0.1164 0.1170 0.0711
GRC 0.5318 0.5351 0.2693 0.2627 0.2007 0.1415
IRL 0.3683 0.3595 0.3071 0.2832 0.3774 0.2557
NLD 0.5925 0.4955 0.3407 0.4823 0.5951 0.4335
PRT 0.6335 0.5211 0.2257 0.7938 0.8639 0.6893
EST 0.6309 0.6658 0.2832 0.6433 0.7223 0.5067

Note: The second column shows the adjusted R? obtained from regressing the
country-specific SVAR real GDP response on the PCHVAR real GDP response
at the average of financial openness. The third column refers to the PCHVAR
GDP response at the mean of bank leverage. The fourth column to the PCHVAR
GDP response at the mean of household leverage. The fifth column refers to the
PCHVAR real housing price response at the average of financial openness. The
sixth column shows the PCHVAR housing price response at the mean of bank
leverage. Finally, column seven displays the PCHVAR housing price response at
the average of household leverage.

4.3 Robustness Checks

As there might be exogenous factors not included in the analysis such as global eco-
nomic activity or the development of commodity prices, we check the robustness of
the results generated by the PCHVAR models by repeating the estimation choosing
world GDP and oil prices as exogenous variables. The time series are taken from the
World Bank World Development Indicators and FRED databases, seasonally adjusted
and measured in logs and first differences to obtain percentage changes. The world GDP
series is interpolated from yearly to quarterly frequency. The analysis shows that the re-
sults of the PCHVAR models are robust with respect to the change of the exogenous

variables.
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Changing the order of the endogenous variables is a standard way for checking the
validity of the estimation results. We reorder the endogenous variables as follows: (1)
Real GDP, (2) Short-term interest rate, (3) Real housing prices. The GDP responses
of the PCHVAR models and the country-specific SVAR models are robust under this
alternative order of the endogenous variables. The impulse responses of housing prices
differ in their initial responses. This might be caused by the change in the contempora-
neous relation between housing prices and the short-term interest rate. However, as we
are foremost interested in the impact of a monetary policy shock, it is reasonable to or-
der the short-term interest rate last and assume that initial changes in GDP and housing
prices are included in the reaction function of the monetary authority.

As already mentioned, the dynamics of housing prices might also be driven by changes
in consumer prices. To account for this, we include consumer price inflation as addi-
tional endogenous variable in the country-specific SVAR models. The time series is
taken from the OECD, seasonally adjusted and measured in logs and first differences.
We order inflation at an anterior position in the model as we assume that rent prices are
sluggish so that variations in inflation due to a change in rent prices occur slowly. The
endogenous variables are ordered as follows: (1) Real GDP, (2) CPI, (3) Real housing
prices, (4) Short-term interest rate. The resulting impulse response functions are sim-
ilar to the responses generated by the SVAR models without inflation. The puzzling
behavior of the initial housing price and GDP responses could not be eliminated as the
price puzzle is visible in Germany, Italy and the Netherlands. Additional output puzzles
are visible in Spain and Ireland. However, the initial positive output response for the

Netherlands is weaker.

4.3.1 Estimation in levels

As mentioned in section three, the test results regarding the stationarity of the time se-
ries are mixed. Hence, the country-specific SVAR models estimated in first differences
might be subject to mis-specification. In order to test this possibility, we estimate the
country-specific SVAR models in levels and draw a comparison to the country-specific
SVAR models in first differences (Georgiadis 2015). The real GDP and real housing
price series are measured in logs. Considering the responses of real GDP, the model in
levels generates stationary impulse response functions for Italy. For the other countries,

estimation in first differences eliminated the explosive behavior of the impulse response
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functions obtained from the model in levels. Although output puzzles are still visible,
the initial positive responses are less pronounced. The responses of housing prices ob-
tained from the model in levels are stationary for France, Spain, Italy and Belgium.
Estimation in first differences eliminated the explosive behavior of the housing price

impulse responses of the other countries in the panel.’

4.3.2 Estimation in fourth differences

The impulse response functions obtained from the country-specific SVAR models in
fourth differences are stationary for all countries included in the panel. For some coun-
tries, the output and price puzzles could be eliminated. This indicates that the initial
increase in output and prices is only of a temporary nature. For Spain, Austria, Bel-
gium and the Netherlands it takes about twenty years till the response of housing prices
to a monetary policy shock returns to baseline. The GDP response for Ireland hardly
vanishes. Because of non-stationarity of the GDP response obtained from the model in

levels, this result must be taken with caution.

5 Conclusion

The econometric results of this article reveal significant asymmetries in the monetary
policy transmission mechanism across the euro area. These asymmetries are due to
structural characteristics underlying the individual economies. Accordingly, the degree
of financial openness, the level of bank leverage and the level of household leverage
account for the amplification of contractionary monetary policy shocks to real GDP and
real housing prices. A polynomial regression analysis reveals that 66% of the decline in
the growth rate of real GDP and 51% of the fall in real housing prices is attributable to
cross-country differences in the degree of financial openness. Bank risk-taking explains
on average 60% of the decline in the growth rate of real GDP and 55% of the fall in real
housing prices. Moreover, household indebtedness accounts for 33% of the decline in
real GDP growth and 44% of the fall in real housing prices. Hence, the amplification
of monetary policy shocks to real economic activity occurs foremost through a rise
in international financial linkages. On the contrary, increasing bank risk-taking is an
important determinant of the transmission of monetary policy shocks to the housing

market.

3The estimated impulse response functions can be found in the appendix.

22



The asymmetries in the transmission process have significant implications not only
for the conduct of monetary policy but also for the process of economic integration in
the euro area. If one considers the differences in the member countries’ degree of fi-
nancial openness and the heterogeneity in the banking and household sectors, it is clear
that greater harmonization efforts are needed to reduce asymmetric reactions to mon-
etary policy shocks. Thus, our results call for policies to monitor and reduce possible
asymmetric reactions among currency union members after a common monetary policy
shock.

Against the background of the structural changes considered in this article, future
research could gain deeper insights by focusing on the endogenous mechanisms un-
derlying the interaction between monetary policy and the real and financial side of the

economy.
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Appendix

Table 3: Countries included and respective time series range

Country Time series range
Germany 1999Q2:2018Q4
France 19990Q2:20180Q4
Spain 1999Q02:20180Q4
Italy 1999Q2:2018Q4
Austria 20000Q2:2018Q4
Belgium 1999Q2:2018Q4
Finland 1999Q2:2018Q4
Greece 19990Q02:20180Q4
Ireland 2002Q2:2018Q4
Netherlands 1999Q2:2018Q4
Portugal 1999Q2:20180Q4
Estonia 2005Q2:20180Q4
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Figure 6: Real GDP responses in levels to a positive one standard deviation

Dash-dotted lines indicate 95% confidence intervals.
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monetary policy shock.
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Figure 7: Real housing price responses in levels to a positive one standard deviation monetary policy
shock. Dash-dotted lines indicate 95% confidence intervals.
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Figure 8: Real GDP responses in fourth differences to a positive one standard deviation monetary policy
shock. Dash-dotted lines indicate 95% confidence intervals.
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Figure 9: Real housing price responses in fourth differences to a positive one standard deviation mone-
tary policy shock. Dash-dotted lines indicate 95% confidence intervals.
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