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Abstract

We assess the effects of the ECB’s recent unconventional monetary policy measures by 

estimating a global VAR that exploits panel variation among all euro area economies and 

explicitly takes into account cross-country interdependencies. Unconventional monetary 

policy measures have benefi cial effects on activity, credit, infl ation and equity prices, and lead 

to a depreciation of the exchange rate. Most euro area members benefi t from these measures, 

but with a substantial degree of heterogeneity. Cross-country spillovers account for a sizable 

fraction of such dispersion, and substantially amplify effects. Countries with less fragile 

banking systems benefi t the most from unconventional monetary policy measures. Compared 

to expansionary conventional monetary policies, unconventional measures are particularly 

effective in reducing fi rms’ fi nancing costs and boosting credit.

Keywords: unconventional monetary policy, euro area, GVAR, heterogeneity, spillovers.

JEL classifi cation: C32, E52, E58.



Resumen

En este docuemento se evalúa el efecto de las medidas no convencionales de política 

monetaria adoptadas recientemente por el BCE por medio de un modelo VAR Global que 

explota la variación existente entre las variables de las economías que conforman el área del 

euro y tiene en cuenta de forma explícita las interdependencias entre países. La estimación 

del modelo muestra que las medidas de política monetaria no convencional tienen efectos 

positivos sobre la actividad, el crédito, la infl ación y el precio de los activos, y producen una 

depreciación del tipo de cambio. La mayoría de los países miembros se benefi cian de estas 

medidas, pero existe un elevado grado de heterogeneidad. Una parte muy signifi cativa de 

esta heterogeneidad se explica por las interacciones entre las economías del área del euro, 

recogidas explícitamente en nuestro modelo, que a su vez amplifi can sustancialmente los 

efectos estimados. Si se compara con la política monetaria convencional (expansiva), las 

medidas de carácter no convencional parecen ser más efectivas en la coyuntura actual para 

reducir el coste de fi nanciación de las empresas y potenciar el crédito.

Palabras clave: política monetaria no convencional, área del euro, GVAR, heterogeneidad, 

spillovers. 

Códigos JEL: C32, E52, E58.
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1 Introduction

The events since the collapse of Lehman Brothers in September 2008 led central banks

around the world to employ unconventional monetary policy (UMP) measures to fulfill

their mandate of price stability. In the case of the ECB, the monetary policy response to

the crisis has been shaped by the particularly large degree of heterogeneity across euro

area members. In this vein, ECB President Mario Draghi stated:

“We faced severe impairments to the transmission of monetary policy across

the euro area, with marked heterogeneity from country to country. This called

for unconventional measures tailored to the specific frictions at hand.” Draghi

(2014)

Besides country heterogeneities, also interactions among members of the euro area play

an important role on determining the effectiveness of UMP measures through spillover

effects. In this respect, President Draghi also observed that:

“Today’s economic and monetary union is larger and more diverse than

a single country, such as Germany. It is highly integrated but still at times

fragmented. And it comprises a very large number of policy-makers on fiscal,

structural and other economic matters.

All policy-makers have to recognise that we belong to EMU together and that

policies as well as policy inaction create spillovers for other members. This

is an enormous responsibility for governments and other economic policy-

makers.” Draghi (2013)

These remarks suggest that the assessment of the effectiveness of recent ECB’s UMP

measures requires dealing with heterogeneities and interdepencies across members of the

euro area. In this paper we shed light on these issues by estimating a global VAR (GVAR),

a multi-country model which exploits panel variation amongst all current members of the

monetary union. The model is composed by two blocks: a system of national VAR models

in which cross-country interactions are explicitly taken into account, and a VAR model for
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the common monetary policy. Two features of this framework are particularly attractive.

First, being a multi-country model, the GVAR deals with country heterogeneities and

allows for an assessment of asymmetries in the transmission of UMP measures. And

second, the model allows monetary policy to affect a given economy not just directly,

but also indirectly via cross-country interactions. Hence by taking into account spillovers

across members of the euro area, the GVAR allows for a better identification of the impact

of UMP shocks.

We estimate our model over the period January 2007 - September 2015, and study

the effects of UMP shocks both for the whole euro area and for all member countries.

Unconventional monetary policies have beneficial effects on aggregate output and infla-

tion, confirming their role as a stabilization tool. UMP shocks also increase credit, equity

prices, and lead to a depreciation of the exchange rate. At the disaggregated level, UMP

shocks benefit most of the euro area members, with substantial degree of heterogeneity.

Spillover effects account for a sizable fraction of such dispersion, and substantially amplify

the effects of UMP shocks. Countries with less fragile banking systems benefit the most

from unconventional monetary policies, both in terms of direct and spillover effects. When

comparing the effects of UMP shocks with those arising from standard conventional mon-

etary policies, we find that unconventional measures are particularly effective in reducing

firms’ financing costs and boosting credit. We read this evidence as suggesting that the

ECB’s unconventional monetary policies, thanks to its more targeted nature, have been

particularly effective at reducing financial fragmentation and thus expanding credit.

This paper links to the recent strand of the literature dealing with the quantification

of the macroeconomic effects of unconventional monetary policy in the euro area. Gi-

annone et al. (2011) and Gambacorta et al. (2014) show that recent UMP measures

have positive and significant effects on output of the eurozone.1 Boeckx et al. (2014)

also show that most of the euro area countries benefit from UMP measures, and docu-
1Several papers have alternatively analyzed the effects of UMP measures undertaken by central banks

in other advanced economies: for instance, Krishnamurthy and Vissing-Jorgensen (2013) and Feldkircher
and Huber (2016b) for the US, Kapetanios et al. (2012) for the UK, Schenkelberg and Watzka (2013)
for Japan, while Baumeister and Benati (2013) compare the effects of policies by the US Federal Reserve
and the Bank of England.
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ment that countries with less capitalized banks feature lower output effects. In our paper

we borrow from Boeckx et al. (2014) the identification strategy of UMP disturbances,

which relies on extracting the exogenous innovations to the ECB’s balance sheet using

zero and sign restrictions. However we depart in at least one important dimension: while

the authors employ independent country-specific Structural VAR models, we consider a

multi-country framework in which cross-country interactions are explicitly modeled. We

show that accounting for spillover effects is crucial for a proper quantification of the size

and dispersion of the effects of UMP shocks.

Our paper also relates to the literature studying heterogeneities in the transmission

of ECB’s monetary policy. In this respect, Ciccarelli et al. (2013) show that the impact

of conventional monetary policies on aggregate output was stronger during the financial

crisis, especially in countries facing increased sovereign financial distress. More recently,

Georgiadis (2015b) shows that the transmission of conventional monetary policy shocks

across economies of the euro area displays asymmetries which are driven by a number of

key country-specific structural characteristics. The author proposes a mixed cross section

GVAR model which allows to capture the endogenous two-way feedback loops between

the common monetary policy of the ECB and euro area economies. In this vein, we follow

the methodology of Georgiadis (2015b) to study heterogeneities in the transmission of

unconventional monetary policies across members of the euro area.

And finally, our paper links to the literature on the international transmission of mon-

etary policy shocks. In this respect, two recent papers analyze the international spillovers

stemming from US conventional monetary policies: Georgiadis (2015a) provides evidence

that spillovers are generally large, and often larger than domestic effects; Feldkircher and

Huber (2016a) also estimate sizable spillovers, which internationally transmit through

interest rate and exchange rate. Similarly to these studies we employ the GVAR method-

ology, but here we focus on analyzing spillover effects of UMP shocks across euro area

economies. In this respect, our paper links to Bluwstein and Canova (2016), which study

the effects of UMP measures of the European Central Bank on a set of European countries

not adopting the euro, and find that spillovers are larger in countries with more advanced

financial systems and a larger share of domestic banks.
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The structure of the paper is as follows. Section 2 describes the empirical analysis:

the GVAR model, the data and the specification of the model, the identification strategy,

and the estimation. Section 3 presents the results of the analysis. Section 4 discusses

robustness checks. Section 5 concludes.

2 The Empirical Analysis

2.1 The GVAR Model

The analysis is based on a GVAR modeling framework as firstly developed in Pesaran

et al. (2004) and extended in Dees et al. (2007). We explicitly model each member

economy of the euro area in the spirit of the mixed cross section GVAR developed in

Georgiadis (2015b). The model consists of two blocks: (i) a system of 19 national VAR

models in which cross-country interactions are explicitly modeled; (ii) a VAR model for

common factors which affect all euro area countries, for instance the ECB’s monetary

policy. Figure 1 depicts a stylized graph of the structure of the model. Monetary policy

shocks affect a given economy not just directly, but also indirectly via cross-country

interactions. Moreover, the common monetary policy depends on economic developments

at the euro area level, hence the model allows to capture the endogenous two-way feedback

loops between countries and the common monetary policy of the ECB.

Each national economy i is modeled as a VARX(pi,qi),

Yi,t = ci +
pi∑

j=1
AijYi,t−j +

qi∑
j=0

BijY
∗

i,t−j +
qi∑

j=0
CijXt−j + uit (1)

where uit is a vector of reduced form residuals; ci is a vector of intercepts; Aij, Bij, and Cij

are matrices of coefficients. The vector Yit includes domestic variables which represent the

domestic macroeconomic and financial conditions of the economy. The vector Y ∗
it contains

foreign-specific variables, which represent the influence of the main economic partners of

a given economy and capture the relative spillovers. These variables are calculated as

weighted averages of the corresponding domestic variables of other countries, with weights

based on bilateral trade flows. Specifically, the Y ∗
i,t variables are constructed as

Y ∗
i,t =

N∑
j=1

wi,jYj,t with wi,i = 0 ∀i = 1, . . . , N,
N∑

j=1
w̃i,j = 1 (2)
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Figure 1: Structure of the GVAR
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Notes: the graph shows the structure of the model in a simplified setting with four countries and two country-specific
variables given by GDP and HICP. In practice, the model includes all current members of the euro area and a larger set of
country-specific variables.

The vector Xt includes common variables, such as monetary policy, which enter in each

country-specific model. Common variables follow the process

Xt = cx +
px∑

j=1
DjXt−j +

qx∑
j=1

FjỸt + ux,t (3)

where uxt is a vector of reduced form residuals; cx is a vector of intercepts; Dj and Fj are

matrices of coefficients. The vector Ỹt is composed by weighted averages of all countries’

domestic variables, where weights are based on GDP shares, and capture the effects of

macroeconomic developments at the euro area level on the common factors. In order to

identify such effects, we assume that Ỹt enters in the model with a lag. Intuitively, this

amounts to assume that the monetary authority observes today the state of the economy

at the euro area level, and decides monetary policy measures which will take place the

subsequent month.

Foreign-specific variables are linear combinations of the endogenous variables, Y ∗
i,t =

WiYt, where Wi are country-specific matrices defined by the trade weights. Hence we can

write each country-specific model as

Gi0Yi,t = ci +
pi∑

j=1
GijYi,t−j +

qi∑
j=0

CijXt−j + uit (4)
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where Gi0 = (I − Bi0Wi) and Gij = (Aij +BijWi). We can then stack all country-specific

models to obtain

G0Yt = c +
p∑

j=1
GjYt−j +

q∑
j=0

CjXt−j + ut (5)

where Yt = (Y ′
1,t, . . . , Y

′
N,t)′, G0 = (G′

10, . . . , G
′
N0)′, c = (c′

1, . . . , c
′
N)

′ , Gj = (G′
1j, . . . , G

′
Nj)′,

Cj = (C ′
1j, . . . , C

′
Nj)′, p = max(pi), and q = max(qi).

Moreover, we can exploit the fact that euro area variables are weighed averages of

country-specific variables, Ỹt = W̃Yt, where W̃ is a matrix based on GDP weights, to

combine the two blocks of the global VAR model, in order to obtain

H0Zt = h0 +
p∑

j=1
HjZt−j + ũt (6)

where the vector Zt = (Y ′
t , X

′
t)

′ which includes all country-specific and common variables,

and

H0 =
[

G0 −C0
0 I

]
, h0 =

[
c
cx

]
, Hj =

[
Gj Cj

FjW̃ Dj

]
, ũt =

[
ut

ux,t

]
.

Provided that the H0 matrix is invertible, we can obtain the GVAR(p) in its reduced

form,

Zt = h̃0 +
p∑

j=1
H̃jZt−j + vt (7)

where h̃0 = H−1
0 h0, H̃j = H−1

0 Hj, and vt = H−1
0 ũt are reduced form shocks vt with zero

mean and full variance-covariance matrix Σ.

The dynamic properties of the global model are now determined by the Zt process,

including impulse response functions. In this respect, we can express the reduced form

shocks as a linear combination of structural shocks εt so that V εt = vt, where structural

shocks are normalized to have unit variance I = E(εtε
′
t). This implies the restriction that

V V
′ = Σ. In practice, we are interested in identifying two specific columns of V which

characterize the impact effects of unexpected unconventional and conventional monetary

policy shocks. To do so, we employ a combination of sign and zero restrictions as discussed

in section 2.3.
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2.2 Data and specification of the model

The data used in the analysis have monthly frequency over the period January 2007

- September 2015. During this period the ECB has intensively employed non-standard

monetary policy measures, which justifies our choice of the sample period. In this respect,

many authors have emphasized that the use of data prior to the financial crisis may not

be adequate to assess the effects of the recently adopted unconventional monetary policy

measures, see for instance Lenza et al. (2010) and Boeckx et al. (2014).

With regards to the common variables in Xt, we follow Boeckx et al. (2014) and

consider the ECB’s balance sheet as our key indicator of unconventional monetary policy.

Specifically, we use the year-on-year rate of growth of ECB’s total assets. We also include

a measure of financial stress and economic risk at the eurozone level, proxied by the

CISS indicator of Holló et al. (2012). There are a number of reasons why we include

a measure of financial distress at the euro area level. First, the strong and positive

correlation between the rate of growth of ECB’s assets and the CISS index suggests

that a large component of the central bank’s balance sheet is endogenous. To disentangle

exogenous disturbances and endogenous responses of ECB’s balance sheet, we impose sign

restrictions on responses of financial distress as in Boeckx et al. (2014). Secondly, the

CISS index may capture relevant effects of international factors which strike the eurozone

as a whole, such as global uncertainty or developments in commodity markets. In this

respect, Kremer (2016) includes the CISS index in an otherwise standard macro-financial

SVAR model and documents the important role of financial distress for the euro area.

Among the common variables we also include the interest rate on Marginal Refinancing

Operations (MRO) to proxy for conventional monetary policy. Over the course of the

recent eurozone’s crisis, the ECB responded with a diversified package of non-standard

measures, while at the same time conventional monetary policy was exhausting its scope

as the MRO rate gradually approached its zero lower bound. There is evidence that,

while being operative, the interest rate instrument has been effective in avoiding a more

severe recession. For instance, Ciccarelli et al. (2013) document that the impact of

conventional monetary policy on aggregate output has been stronger during the financial
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crisis, especially in countries facing increased sovereign financial distress. Finally, we

include a measure of interbank market’s liquidity, proxied by the spread between the

EONIA and the MRO rate, and 5-years-on-5-years inflation swaps developed in Gimeno

and Ortega (2015) as a proxy for inflation expectations at the euro area level.

We focus our analysis on the 19 euro area member economies, and for each economy we

use data on macroeconomic and financial indicators. To account for the macroeconomic

conditions we include output and prices, which are proxied by the yearly rate of growth

of real GDP and of the Harmonized Index of Consumer Prices (HICP). Since GDP is at

quarterly frequency, we construct a monthly measure of real GDP using the Chow-Lin

interpolation procedure where monthly industrial production and the volume of sales in

wholesale and retail trade are the reference series.

In addition, we include other domestic variables to capture those relevant channels

of transmission of unconventional monetary policies that are not properly captured by

aggregate variables due to financial fragmentation. In particular, from the financial side,

we consider the yearly change of real equity prices to account for a portfolio rebalancing

channel. We also include the yearly change in the volume of new bank lending operations

to non-financial corporations, and a measure of cost of borrowing for firms as developed

in Gilchrist and Mojon (2014), to account for a credit channel. Finally, we also include

the real effective exchange rate. All nominal variables are deflated by the domestic HICP.

Due to data limitations, some country-specific models do not include all indicators.

In order to capture potential spillovers across countries, we consider country-specific

weighted averages of trade partners’ real GDP growth. Weights are computed using cross-

country bilateral trade flows, where data come from the World Input Output Database

(WIOD). Turning to the feedback variables Ỹt, we include weighed averages of all country-

specific variables, where weights are based on shares of real GDP in the eurozone. Finally,

we use the same GDP weights for aggregating country-specific impulse responses at the

euro area level. Table A.1 summarizes the variables employed in the GVAR and data

sources, while Table A.2 reports the specification of each country model.
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2.3 Identification

The fact that during our sample the ECB has undertaken a large variety of unconventional

monetary measures means that its balance sheet may not be a perfect indicator for each

of them, but it is probably the closest proxy to a policy instrument that one can find.

In order to disentangle exogenous movements from endogenous reactions of the ECB’s

balance sheet, we borrow the identification strategy of Boeckx et al. (2014), which use a

combination of zero and sign restrictions on impulse responses. In particular, we identify

exogenous balance sheet shocks by requiring that an expansion of the balance sheet (1)

reduces the EONIA-MRO spread and (2) does not increase financial distress, measured

by CISS. Table 1 summarizes the identification strategy.

Table 1: Identification of monetary policy shocks

ECB total MRO EONIA- CISS Real GDP HICP New credit
assets rate MRO spread index growth inflation growth

Balance sheet shock ≥ 0 ≤ ≤ 0 0 0

Interest rate shock 0 ≤ ? ? ≥ ≥ 0

Notes: ≥ indicates that response is restricted to be non-negative, ≤ to be non-positive, ? is left unrestricted, 0 to be zero
on impact (and unrestricted afterwards). Sign restrictions are imposed on impact and up to three months after the shock.
Zero restrictions are imposed on impact only. Responses of inflation expectations, equity prices, cost of debt, and real
effective exchange rate are left unrestricted.

Restriction (1) captures the fact that exogenous expansions of the ECB balance sheet,

by increasing the liquidity surplus, are effective in reducing the EONIA and its spread

with the policy rate. This fact is documented on a number of recent studies. For instance,

Lenza et al. (2010) have shown that measures undertaken by the ECB in the aftermath of

the crisis had sizeable effect in compressing spreads on loans and interest rates. Abbassi

and Linzert (2012) find that non-standard monetary policy measures as of October 2008

helped to lower Euribor rates by more than 80 basis points. Beirne et al. (2011) analyze

the effects of the covered bond purchase programme (CBPP) on both the primary and

secondary bond markets and find that it has contributed to a decline in money market

term rates and to improve market liquidity in important segments of the private debt
securities market.
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By postulating restriction (2) we are disentangling exogenous shocks to the ECB’s

balance sheet from endogenous expansions. The expected endogenous expansion which

we rule out arises when for instance higher financial distress induces banks to increase their

demand for liquidity, which gets satisfied by the Fixed Interest Rate with Full Allotment

(FRFA) policy implemented by the ECB very early on during the crisis.

Sign restrictions are imposed on impact and up to three months after the shock. We

also assume that balance sheet shocks have a lagged impact on the real economy, by

imposing zero impact effects on impact on output and prices. The rationale is that the

monetary authority observes today’s output and prices when deciding its policy measures,

so that these variables do not react contemporaneously to the monetary policy surprise.

This assumption has been extensively used in the literature (e.g. Peersman and Smets,

2003; Ciccarelli et al. 2013). We also impose a zero restriction on impact on credit, to

capture its sluggish nature. And finally, to distinguish balance sheet movements from

standard conventional monetary policy, we impose a zero restriction on impact on the

MRO rate. The impulse responses of the remaining variables are left unrestricted.

In addition, we identify a standard conventional monetary policy shock by means of

zero and sign restrictions. Specifically, we require that a lowering of the MRO policy rate

increases output and inflation of the euro area. In practice, we do not impose that output

and inflation increase in all euro area member economies, just that the average response

across countries is positive, weighted by real GDP shares. These restrictions are imposed

from one up to three months after shock, while there is a zero restriction on impact, to

be consistent with the identification of the UMP shock. Following the same rationale,

we impose a zero restriction on impact for the impulse response of credit. Finally, to

disentangle conventional and unconventional monetary policy shocks, we require that the

balance sheet does not react on impact. As for the UMP shock, impulse responses of the

remaining variables are left unrestricted.

Importantly, by requiring a positive response of activity and prices to an exogenous

reduction of the policy rate, we are implicitly imposing the effectiveness of conventional

monetary policy shocks. This assumption is not necessarily agnostic, as it has been
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recently advocated in Arias et al. (2015). Conversely, we are agnostic about whether

exogenous balance sheet shocks are effective in boosting activity and prices, which is one

of the key questions we address in this paper.

The implementation of the sign restrictions is based on the algorithm developed in

Arias et al. (2014). In practice, we draw 5000 matrix rotations for each of the 2000 boot-

strap replications of the GVAR. This relatively high number of draws allows for obtaining

a sufficient number of accepted draws for confidence intervals.2 Moreover, robustness

checks on the identification strategy are reported in section 4.

2.4 Estimation

Due to the large amount of coefficients of the GVAR, the direct estimation of equation (7)

is practically unfeasible with standard techniques. To overcome the curse of dimension-

ality, the idea is to conduct the estimation of the model on a country-by-country basis.

First, we estimate each country-specific model under the assumption that foreign-specific

and common factors are weakly exogenous. Then, we estimate the model for the common

factors, taking into account that the feedback variables Ỹt are predetermined as they enter

with a lag.

For each country-specific model we choose a relatively parsimonious lag structure

by setting the lag order of the endogenous variables, pi, equal to two. The lag order of

foreign-specific and common variable, qi, is set equal to zero, which implies that exogenous

variables enter just contemporaneously in each country model. This assumption mimics

the structure of widely-used dynamic factor models in which unobserved common factors

affect just contemporaneously the idiosyncratic variables. With respect to the model for

the common factors, we fix the lag order of the endogenous variables px equal to two, and

we set the lag order of the feedback variables qx equal to two.

In principle, such parsimonious structure of lag orders may not adequately capture

the serial correlation of the modeled variables. However the GVAR model, due to its high

cross-sectional dimension, may allow for very complex univariate dynamics. The idea
2We have also experimented identifying just the UMP shock, by using either 500 or 5000 matrix

rotations for each bootstrap replication, and results are virtually identical.
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is that a N -dimensional VAR(1) process admits an ARMA(N ,N − 1) representation of

each univariate, provided no root cancelations occur (see for instance Harvey, 1990). Our

GVAR combines N = 88 processes, it has lag order equal to two, hence it may adequately

account for very articulated processes. To verify that this is the case, Figures A.2 and

A.3 report the sample autocorrelation functions of the GVAR residuals. Most of residuals

are serially uncorrelated, which confirms that the model captures most of the persistence

of the data.

3 Results

In this section we first present the effects of unconventional monetary policy shocks at

the euro area level, focussing on the key transmission channels. Then we focus on the

effects at the country level, to study the degree of heterogeneity in responses and its

potential determinants. To dig further on this issue, we compare the country-specific

effects produced by UMP shocks with those obtained by conventional monetary policy

surprises.

3.1 Aggregate effects and transmission channels of UMP shocks

We first present the effects of unconventional monetary policy shocks for the aggregate of

the euro area. To do so, we aggregate the country-specific impulse responses (medians,

16th and 84th percentiles) using GDP shares. Figure 2 plots the impulse responses to an

exogenous, one percent increase, in the rate of growth of total ECB assets, where solid

lines represent median estimates while the areas cover the 16th – 84th percentiles. The

UMP shock leads to a persistent increase in total assets which fades out after two years.

Given the imposed sign restrictions, both the EONIA-MRO spread and the CISS index

fall. The response of the policy rate is not significant at any horizon, hence it confirms

that the UMP shock does not imply a reaction of conventional monetary policy.
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Figure 2: Euro area wide responses to an unconventional monetary policy shock
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Notes: responses to a one percent increase in growth of ECB assets. Solid red lines represent the median estimates and
blue areas denote the 16th and 84th percentiles.

Output growth and inflation significantly increase, with peak effects of about 0.08%

and 0.03%, respectively. Dynamic responses are hump-shaped and fade out after roughly

6 months, in line with the literature (e.g. Boeckx et al., 2014). Despite a significant

increase in inflation, inflation expectations do not significantly react to the UMP shock,

and therefore suggest that the data cannot uncover a signaling channel at work. This

result is consistent with van den End and Pattipeilohy (2015), which show that shocks to

the size or composition of the ECB’s balance sheet have no substantial effects on long-term

inflation expectations. Potentially, inflation expectations at the short-term may better

capture reactions to UMP shocks. We rule out this explanation in section 4.3, where

we employ data on inflation expectations at either 2-years-on-2-years or 1-year-on-1-year,

and show that responses of inflation expectations are, albeit positive, still not significant.
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Alternatively, if market agents rapidly internalize the expected effects of UMP an-

nouncements, most of the variation in measured expectations should occur around ECB’s

announcements. In this respect, the ECB’s balance sheet, which captures the actual un-

dertaking of programs rather than the announcements, may not allow to precisely identify

the reaction of inflation expectations. In section 4.4 we explore this possibility using a

measure of shadow interest rate developed in Wu and Xia (2016) as alternative unconven-

tional monetary policy indicator. Despite this measure should account for announcement

effects, results show that inflation expectations do not significantly react to UMP shocks.

Real equity prices significantly increase, with a peak of about 0.8% after one month,

and the response fades away after few months. This evidence provides support to a

portfolio rebalancing channel. Moreover, results suggest that also the channel of the

exchange rate is at work. The real effective exchange rate strongly depreciates, as the

impulse response falls by about 0.12% and fades away in less than one year. This result

is in line with findings in van den End and Pattipeilohy (2015), in which an expansion of

the central bank’s balance sheet is associated with a depreciation of the euro.

Finally, the responses related to the credit indicators have the expected signs, since

new credit operations increase while at the same time the cost of credit falls. This result

suggests that credit is a relevant transmission channel of UMP. However, the effects are

barely significant for the cost of credit and not significant for the new credit operations.

A possible reason is that there is a large degree of heterogeneity across country responses

which is masked by aggregating country-specific effects. In the next section we show that

indeed there exist a large dispersion of effects and investigate its sources.

3.2 Heterogeneous effects of UMP shocks

We now present the effects of UMP shocks at the country level. Figure 3 provides a

preliminary sense of the extent of heterogeneity in effects across countries, by plotting

the median peak responses of inflation and output growth to the common UMP shock,

grouped by interquartile ranges. Figure A.1 plots the same statistics, joint with the rel-

ative one-standard-error bands. We point out two results. The effects of UMP shocks

are positive and statistically significant in most euro area countries. Second, there are
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important heterogeneities in terms of magnitudes of effects, despite the substantial un-

certainty of estimates. With respect to effects on inflation, Estonia features the highest

increase (about 0.10%), followed by Latvia, Luxembourg, and Spain (about 0.06%). Con-

versely, the smallest effects are observed in France, Germany, and Italy (about 0.03%),

and Cyprus, for which the effect is not significantly different from zero. Regarding the ef-

fects on output growth, Baltic countries feature the highest increases, while interestingly,

effects are negligible in Spain, or not statistically significant in Portugal and Greece.

Figure 3: Geographic variation of responses to UMP shocks
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Notes: maps display the median peak responses of HICP inflation and real GDP growth to a one percent increase in
central bank’s total assets growth.

One interesting question is to assess the role of cross-country interactions in determin-

ing the impact of of unconventional monetary policies via spillover effects. To this end,

we compare the effects of UMP shocks with those arising from a model in which cross-

country linkages are not taken into account. While the identification strategy of the UMP

shocks remains the same, we consider an alternative version of the country-specific mod-

els in (1) which omits the set of foreign-specific variables Y ∗
i . In this way, cross-country

linkages and resulting spillover effects get neglected. Specifically, every country model is

now expressed as

Yi,t = c̃i +
pi∑

j=1
ÃijYi,t−j +

qi∑
j=0

C̃ijXt−j + ũit (8)



BANCO DE ESPAÑA 22 DOCUMENTO DE TRABAJO N.º 1631

In this alternative model, UMP shocks affect a specific country i through their direct effect

coming from the vector of common factors Xt, but any effect from other countries j �= i is

absent. As in the benchmark model, we assume that the process for the common factors is

defined by equation (3). We can then decompose the originally estimated impacts into two

components: (i) direct effects, which are estimated from the model without linkages; and

(ii) spillovers, which are the difference between the effects obtained from the benchmark

model and those arising from the model without linkages.

Figure 4 plots the median peak responses of output growth and inflation to a one

percent UMP shock, decomposed into direct effects (dark blue bars) and spillovers (light

blue bars). We point out two results. First, spillover effects dramatically amplify the

effects of UMP shocks. Without spillovers, the (unweighed) average peak response of

output growth is about 0.06%, while the effect is doubled (0.12%) when accounting for

spillovers. Similarly, the average peak responses of inflation are about 0.03% and 0.05%,

respectively without and with spillovers. Second, a substantial part of the heterogeneity

in effects is due to spillover effects. In absence of cross-country interactions, effects on

output growth range in between 0.02% and 0.12%, while effects on inflation lie in between

zero and 0.07%. When spillover effects are taken into account, the range of responses of

output growth significantly increases (0.03% — 0.31%), as well as the range of responses

of inflation (0.01% — 0.11%).

To sum up, most euro area members benefit from UMP shocks, with a significant

degree of heterogeneity. A substantial component of the effects is attributable to cross-

country interactions and the resulting spillovers. One take-away from this analysis is that

it is crucial to account for cross-country interdependencies and spillovers when assessing

the effectiveness of monetary policy across euro area countries. By neglecting cross-

country interactions, the model substantially underestimates the effects of UMP shocks.

Importantly, the model does not capture spillover and spillback effects between the euro

area and the rest of the world. As shown in Georgiadis (2015c), abstracting from such

higher-order transmission channels may lead to underestimate spillovers. In this vein, our

spillover estimates are conservative, in the sense that the relevance of spillovers could be

amplified when accounting for interactions with the rest of the world.



BANCO DE ESPAÑA 23 DOCUMENTO DE TRABAJO N.º 1631

Figure 4: Direct and spillover effects of UMP shocks
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Notes: figures display the median peak responses of real GDP growth and HICP inflation to a one percent increase in
central bank’s total assets growth.
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3.3 Why are effects of UMP shocks heterogeneous?

We have shown that the effects of UMP shocks are substantially heterogeneous across

countries. We now turn to investigate which structural features of the economy may be

good predictors of this heterogeneity. To this end, we regress the estimated effects over

a set of country-specific variables. First, we consider real GDP per capita as a proxy

for the level of economic development of a country. The effects of UMP shocks may be

different depending on the development of an economy through a variety of mechanisms.

For instance, as countries develop, they shift resources from manufacturing to services,

thus changing the sectoral composition of the economy. In the context of conventional

monetary policy, the industry structure of a country may affect the transmission of mon-

etary policy because sectors react differently to changes in the policy rate (e.g. Galesi

and Rachedi, 2016; Georgiadis, 2015b).

We then include an index of soundness of the banking sector, which is proxied by the

share of capital in total assets held by banks. The degree of soundness of countries’ bank-

ing systems may have important implications for the effectiveness of ECB’s non-standard

policies, due to the specific nature of these measures. Indeed, expansionary policies should

benefit banks’ balance sheets, but these stimuli may not necessarily translate into addi-

tional lending if banks need to reestablish the solidity of their balance sheets. In this

respect, a weak banking system may limit the effectiveness of UMP shocks, as it has

already been shown in Boeckx et al. (2014).

Further, we consider the level of unemployment as a proxy for various factors such as

aggregate demand conditions and labor market frictions. Expansionary UMP shocks may

have a limited effect on consumption, employment, and economic activity, if households

are borrowing constrained and thus, their demand is limited by current income. Similarly,

frictions in the labor market like strict employment protection regulations, are expected

to dampen the effectiveness of unconventional monetary policies by limiting job creation.

And finally we consider an index of ease of doing business developed by the World

Bank. Values of this index lie in between between zero and one hundred, where a low level

means that the regulatory environment is less conducive to the starting and operation of
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a firm. The index aggregates several indicators such as getting credit, enforcing contracts,

or resolving insolvency, and we use it as a proxy for all those frictions and barriers which

may impede the creation of new firms.

Figure 5: Peak responses of output growth and country characteristics

9 9.5 10 10.5 11 11.5
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Log real GDP per capita

P
ea

k 
re

sp
on

se
, o

ut
pu

t g
ro

w
th

correlation: -0.43

10 12 14 16 18 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Bank capital and reserves to total assets (in %)

P
ea

k 
re

sp
on

se
, o

ut
pu

t g
ro

w
th

correlation: 0.56

0 5 10 15 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Unemployment rate (in %)

P
ea

k 
re

sp
on

se
, o

ut
pu

t g
ro

w
th

correlation: -0.05

60 65 70 75 80 85
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Ease of doing business index

P
ea

k 
re

sp
on

se
, o

ut
pu

t g
ro

w
th

correlation: 0.31

A preliminary inspection of the data shows that there is substantial correlation be-

tween the effects of UMP shocks and the selected country-specific characteristics. Figure

5 plots the peak responses of output growth against country-specific features under study.

Less developed countries, as measured by real GDP per capita, benefit more from UMP

shocks. At the same time, higher effects are observed in those countries with a more

resilient banking sector. This result suggests the existence of a potential bottleneck in the

effectiveness of UMP shocks which works via the bank lending channel. The unemploy-

ment rate does not correlate with effects, while there is some evidence that countries with
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more favorable regulatory systems for firms’ operations are also those which experience

the larger gains in output growth.

Figure 6: Peak responses of inflation and country characteristics

9 9.5 10 10.5 11 11.5
0

0.02

0.04

0.06

0.08

0.1

0.12

Log real GDP per capita

P
ea

k 
re

sp
on

se
, H

IC
P

 in
fla

tio
n

correlation: -0.34

10 12 14 16 18 20
0

0.02

0.04

0.06

0.08

0.1

0.12

Bank capital and reserves to total assets (in %)
P

ea
k 

re
sp

on
se

, H
IC

P
 in

fla
tio

n

correlation: 0.55

0 5 10 15 20
0

0.02

0.04

0.06

0.08

0.1

0.12

Unemployment rate (in %)

P
ea

k 
re

sp
on

se
, H

IC
P

 in
fla

tio
n

correlation: 0.34

60 65 70 75 80 85
0

0.02

0.04

0.06

0.08

0.1

0.12

Ease of doing business index

P
ea

k 
re

sp
on

se
, H

IC
P

 in
fla

tio
n

correlation: 0.09

Regarding the effects on inflation, Figure 6 shows that again, countries which are

either at a lower stage of development, or feature a sounder banking system, experience

larger beneficial effects from UMP shocks. Higher unemployment rate associates with

higher effects on inflation, while there is no clear relationship with regards to the ease of

doing business index.
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Table 2: Effects of UMP shocks and country characteristics

Output growth Inflation

Direct Spillover Total Direct Spillover Total
effect effect effect effect effect effect

Real GDP per capita -0.01 -0.07∗∗∗ -0.08∗∗ 0.00 -0.01 -0.01
(0.01) (0.02) (0.03) (0.01) (0.01) (0.00)

Banks’ capital ratio 0.87∗ 1.10∗∗ 1.98∗∗ 0.31 0.48∗∗∗ 0.78∗∗∗

(0.41) (0.43) (0.76) (0.26) (0.16) (0.19)

Unemployment rate -0.09 -0.20 -0.29 0.11 0.17∗∗ 0.27∗∗∗

(0.11) (0.19) (0.21) (0.14) (0.07) (0.09)

Ease of doing business 0.05 0.09 0.14 -0.03 -0.05 -0.08
(0.15) (0.19) (0.28) (0.04) (0.04) (0.05)

Constant 0.00 0.61∗∗ 0.61∗ -0.03 0.08 0.05
(0.14) (0.25) (0.31) (0.09) (0.05) (0.06)

Observations 19 19 19 19 19 19
R2 0.42 0.68 0.63 0.17 0.69 0.72

Notes: Dependent variables are the median peak responses in output growth and inflation. Total effect refers to responses
from the model with cross-country interactions, Direct effect refers to responses from the model without cross-country
interactions, and Spillover effect is the difference between total and direct effects. Real GDP per capita is measured in
logs. Regressors are measured as averages over 2007-2013. Robust Standard errors in parentheses. *, **, *** respectively
denote significance at the 10%, 5%, and 1%.

We conduct batteries of regressions where we regress the median peak responses of

output growth and inflation on the full set of country-specific characteristics.3 We also

distinguish between direct and spillover effects, since the latter may also depend on the

various specific features of each economy. Table 2 reports results. Regarding output

growth, regressions confirm the result that less developed countries, as measured by real

GDP per capita, benefit more from UMP shocks. Interestingly, this relationship arises

due to spillover effects, which suggests that less developed economies mostly gain from

developments abroad. At the same time, UMP shocks benefit more those countries with
3Due to the limited amount of countries in the analysis, we limit the number of regressors and we

focus on the effects on output and inflation for which we dispose of the full set of data points.
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a more resilient banking sector, and this relationship is strengthened by the presence of

spillover effects. We observe a similar relationship for the effects on inflation, as UMP

shocks benefit more those countries with a more resilient banking sector, but now just

via spillover effects. Moreover, countries with higher levels of unemployment rate feature

larger gains in inflation. Again, the effect is mostly driven by effects coming from abroad.

Interestingly, a model which abstracts from cross-country interactions would not be

able to uncover any of the relationships that we have presented. Hence the international

dimension of a country matters for determining the potential determinants of UMP shocks.

3.4 Comparing unconventional and conventional measures

The heterogeneity of effects across countries is substantial, and part of this dispersion

can be explained by few determinants such as the level of economic development and the

soundness of national banking systems. We investigate further on this issue by comparing

the effects of UMP shocks against those arising from conventional monetary policy shocks.

First, we look at the effects of conventional monetary policy shocks for the aggregate

of the euro area. Figure 7 plots the impulse responses to a 25 basis points reduction in

the policy (MRO) rate. The policy rate falls and reverts to zero in less than one year.

There is no significant response of the ECB’s balance sheet, while output growth and

inflation significantly increase.4 Interestingly, the EONIA-MRO spread significantly falls,

while at the same time credit indicators (cost of credit, and new credit operations) do

not react. Conventional monetary policy had been effective in relaxing the eurozone’s

bank lending conditions, but it lacked effectiveness on improving credit conditions, unlike

unconventional measures. We read this evidence as suggesting that ECB’s unconventional

monetary policies, thanks to its more targeted nature, might have been more effective at

reducing financial fragmentation and thus expanding credit. In the following of this section
4The estimated effects are large, and in line with estimates of recent literature, see for instance

Baumeister and Benati (2013) for the US and UK. Such high elasticities possibly arise because of the
small variation of the policy rate in the data, particularly over the last part of the sample in which the
rate attains its zero lower bound. As it will be shown in the following of the section, for the purpose of
comparing the effectiveness of UMP and CMP shocks, we focus on country-specific deviations from the
average euro area effects once we rescale the sizes of the two shocks so that both policies lead to a 1%
peak effect on output growth of the euro area.
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we will provide further evidence on this point by exploiting the cross-country variation of

the estimated effects.

Figure 7: Euro area wide responses to an conventional monetary policy shock
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Notes: responses to a 25 basis points reduction in policy rate. Solid red lines represent the median estimates and blue
areas denote the 16th and 84th percentiles.

Further, inflation expectations increase and reach a peak of 0.2% after one month,

even though the response is barely statistically significant. Real equity prices significantly

increase and the exchange rate significantly depreciates. All in all, this evidence suggests

that the conventional instrument of monetary policy has been effective in averting a

worsening of the crisis in the eurozone, at least until the short-term rate reached its zero

lower bound. These results go in line with other works which have shown the effectiveness

of the conventional monetary policy in the aftermath of the recent recession (e.g. Ciccarelli

et al., 2013).
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shocks, and compare them with those arising from UMP shocks. Given the linearity of

the model, we first rescale the sizes of UMP and CMP shocks so that both disturbances

lead to a 1% peak effect on output growth of the euro area. We subsequently compute

the country-specific effects of the two shocks, by calculating the peak responses for each

variable under study. Figure 8 plots results: the x-scale measures the effects of a CMP

shock (a reduction in the official interest rate), while the y-scale measures the effects of

UMP shock (expansion of central bank’s balance sheet), and we also plot a solid black

45 degrees line. Given our normalization, the effects on output growth of the CMP and

UMP shocks are on average of similar size, but with important cross-country variation.

Figure 8: Effects of unconventional and conventional monetary policy shocks
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Notes: the x-scale measures the country-specific effects of a reduction in the official interest rate (conventional monetary
policy shock), while the y-scale measures the effects of an expansion of central bank’s balance sheet (unconventional
monetary policy shock). Both shocks are rescaled to lead to a 1% peak effect on output growth of the euro area. For cost
of credit and real effective exchange rate we report the maximum fall (which equals the through response with reversed
sign), and the peak response for the rest of variables. 45 degrees line in solid black.

Compared to conventional reductions in the interest rate, UMP shocks lead to a larger

increase in growth of new credit operations and to a larger fall in the cost of credit. These

Now we turn to the effects across countries of conventional monetary policy (CMP)
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results suggests that ECB’s unconventional monetary policies, thanks to its targeted na-

ture, have been particularly effective at reducing financial fragmentation and thus ex-

panding credit. As additional results, it is worth noticing that UMP shocks also lead to

a greater depreciation of the exchange rate and higher inflation. Conversely, reductions

in the official interest rate lead to larger increases in equity prices.

4 Robustness

In this section we conduct several robustness checks. First, we investigate how results

change when considering an economy with a binding zero lower bound on the nominal

short-term interest rate. Second, we explore the composition of the ECB’s balance sheet

and consider an alternative measure of central bank’s assets. Third, we assess the role

of the signaling channel when considering alternative measures of inflation expectations.

Finally, we investigate how results change when considering the shadow interest rate as

alternative policy instrument.

4.1 Dealing with the zero lower bound

In order to identify the exogenous balance sheet shocks we have postulated a zero impact

effect on the MRO rate, so to impose orthogonality between unconventional and conven-

tional monetary policy shocks. We experiment an alternative identification strategy in

which we assume that the MRO rate cannot react even at longer horizons, to capture

the effects of UMP shocks when the economy is at the zero lower bound. Specifically, we

follow Baumeister and Benati (2013) and implement this additional restriction by setting

to zero all the coefficients in the structural VAR’s interest rate rule. In practice, the

restriction holds up to 24 months after the shock, which is in line with the horizon of 8

quarters employed in Baumeister and Benati (2013). Second column of Figure 9 plots the

results. The effects are virtually identical to those of the benchmark model. Since in the

benchmark model the response of the MRO rate is not statistically different from zero at

any horizon, results do not drastically change when imposing the zero lower bound.
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Figure 9: Effects of UMP shocks: alternative specifications
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Notes: solid red lines represent the median estimates and blue areas denote the 16th and 84th percentiles.
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4.2 Excluding MRO and LTRO components of ECB assets

MRO and LTRO shares in total assets of the ECB dramatically rose over the years 2012

and 2013, and such increase may play an important role as an endogenous response to

financial stress. In our alternative identification scheme we consider ECB total assets

which exclude these components, and keep the same restrictions as in the benchmark

identification scheme. Third column of Figure 9 plots the estimated impulse responses to

an exogenous expansion of the balance sheet using this alternative identification scheme.

Results are qualitatively, and in most of the cases, also quantitatively similar to those of

the benchmark model. This finding suggests that our benchmark identification scheme

successfully controls for endogenous reactions which arise from MRO and LTRO compo-

nents of the ECB’s balance sheet.

4.3 Alternative measures of inflation expectations

Our benchmark results suggest that exogenous expansions of the central bank’s balance

sheet have a positive effect on inflation expectations, but the effect is not statistically

significant. To further shed light on this result we also analyze an alternative measure of

inflation expectations, in particular the 2-years-on-2-years and 1-year-on-1-year inflation

swaps. Our guess is that these measures, by capturing expectations at shorter horizons,

are more reactive to exogenous movements of the balance sheet. Fourth and fifth columns

of Figure 9 plot the estimated impulse responses to an exogenous expansion of the bal-

ance sheet, when using respectively the 2-years-on-2-years and 1-year-on-1-year inflation

swaps. As we would have expected, the impulse responses are more volatile, being these

alternative inflation measures more reactive to shocks. However, results are qualitatively

unchanged, and in particular, UMP shocks do not significantly increase inflation expec-

tations.

4.4 Shadow interest rate as alternative policy instrument

We discussed that the ECB’s balance sheet may not be a perfect indicator of each of the

unconventional monetary measures undertaken by the ECB, but that it is probably a good
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proxy to a policy instrument. We verify our claim by comparing the impulse responses to

an orthogonal shock to the shadow interest rate, which is a recently popularized indicator

of the monetary policy stance when nominal interest rates reach the zero lower bound,

see for instance Krippner (2013) and Wu and Xia (2016).

We employ data on the shadow interest rate for the euro area developed in Wu and

Xia (2016). This rate is estimated using data on one-month forward rates at different

maturities which range from 3 months to 10 years. Compared to the central bank’s balance

sheet, the shadow interest rate can capture not only the effects of asset purchases, but

also of forward guidance, intended as the central bank’s communications about its future

policy intentions.

We identify the UMP shock by imposing the same sign restrictions employed in the

benchmark identification scheme. That is, a fall in the shadow interest rate should not

increase the CISS index and should reduce the EONIA-MRO spread on impact and after

the subsequent three months. To distinguish from a conventional monetary policy shock,

we impose a zero impact restriction on the MRO policy rate, and to account for inertia

in effects we also impose a zero impact restriction on output growth, inflation, and credit

growth.

Figure 10 plots the impulse responses to a 25 basis points reduction in the shadow

interest rate. The shadow interest rate falls and reverts to zero in less than one year.

The response of the MRO rate, required to be zero on impact, is not significant at any

horizon, confirming the orthogonality with unconventional monetary policy reactions.

Euro area real GDP growth and inflation significantly increase and display a hump-shaped

behavior. Similarly to the benchmark identification scheme, inflation expectations do not

significantly react to the shock. Overall, impulse responses have the same sign as those

arising from an exogenous expansion of the central bank’s balance sheet. This result

confirms that focussing at changes in the ECB’s balance sheet may be a good indicator

for the monetary policy stance in the eurozone.
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Figure 10: Effects of 25 basis points reduction in shadow interest rate
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5 Conclusions

In this paper we assess the macroeconomic and financial effects of the recent ECB’s un-

conventional monetary policies by estimating a global VAR which includes all the current

members of the monetary union. The multi-country structure of the GVAR explicitly

takes into account national macro-financial dynamics as well as cross-country interdepen-

dencies. This feature allows us to better capture the relevant transmission channels of

monetary policy, as well as to properly assess the size and dispersion of the effects of UMP

shocks across euro area countries.

We estimate our model over the period January 2007 - September 2015, and study

the effects of UMP shocks both for the whole euro area and for all member countries.

Unconventional monetary policies have beneficial effects on aggregate output and inflation,

confirming their role as a stabilization tool. UMP shocks also increase credit, equity prices,

and lead to a depreciation of the exchange rate. At the disaggregated level, most euro

area members benefit from UMP shocks, but with a substantial degree of heterogeneity.

Spillover effects account for a sizable fraction of such dispersion, and substantially amplify

the effects of UMP shocks. Countries with less fragile banking systems benefit the most

from unconventional monetary policies, both in terms of direct and spillover effects. When

comparing the effects of UMP shocks with those arising from standard reductions in the

official rate, we find that unconventional measures are particularly effective in reducing

firms’ financing costs and boosting credit. We read this evidence as suggesting that the

ECB’s unconventional monetary policies, thanks to its more targeted nature, have been

particularly effective at reducing financial fragmentation and thus expanding credit.
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A Tables and Figures

Table A.1: Description of variables in the GVAR and data sources

Variable Description and data sources

Common variables
ECB total assets Year-on-year rate of growth of ECB total assets. Data on balance sheet of ECB, including

components of assets MRO and LTRO, come from the Statistical Data Warehouse of the
ECB.

MRO rate Interest rate on marginal refinancing operations (MRO). Data come from the Statistical Data
Warehouse of the ECB.

EONIA-MRO spread Spread between the Euro OverNight Index Average (EONIA) and the MRO rate. Data on
EONIA come from the Statistical Data Warehouse of the ECB.

CISS index Index of Composite Index of Systemic Stress as developed in Holló et al., the index ranges
from 0 (no stress) to 1 (total stress). Data come from the Statistical Data Warehouse of the
ECB.

Inflation swaps Measures of inflation expectations computed using the 5-years-on-5-years, 2-years-on-2-years,
and 1-year-on-1-year inflation swaps. Data come from Gimeno and Ortega (2015).

Shadow interest rate It measures the stance of monetary policy when the zero lower bound binds. Unlike the
observed short-term interest rate, the shadow rate is not bounded below by zero percent.
Data come from Wu and Xia (2016), and available at the following link: http://faculty.
chicagobooth.edu/jing.wu/research/data/WX.html.

Country-specific variables
Real GDP growth Year-on-year rate of growth of real GDP. Real GDP are at quarterly frequency, and we con-

struct monthly measures using a Chow-Lin interpolation procedure where monthly industrial
production and the volume of sales in wholesale and retail trade are the reference series. Data
on real GDP, industrial production, and volume of sales in wholesale and retail trade come
from Eurostat.

HICP inflation Year-on-year rate of growth of Harmonized Index of Consumer Price (HICP). HICP data
come from Eurostat, and we apply a seasonal adjustment to the data using the Census X12
procedure.

New credit operations Year-on-year rate of growth of new credit operations to non-financial corporations. Data on
new credit operations are seasonally adjusted using the Census X12 procedure, and they are
deflated using the HICP. Data come from the European Central Bank.

Cost of credit Spread between the yields on non-financial corporations bonds relative to the yield on do-
mestic government securities of matched maturities. Data come from Gilchrist and Mojon
(2014).

Equity prices Year-on-year rate of growth of real equity prices. We use a monthly index of share prices,
calculated by quotations of the stock exchange. The index is deflated using the HICP. Data
come from the Monthly Monetary and Financial Statistics Dataset of OECD.

Effective exchange rate Monthly real (CPI-based) effective exchange rate. Data come from BIS.

Weights
Trade weights Weights employed to construct foreign-specific variables Y ∗. They are constructed as aver-

ages of shares of exports and imports over the period 2008-2011. Data come from the World
Input-Output Database.

GDP weights Weights employed to construct euro area variables Ỹ and for aggregating country-specific
impulse responses at the euro area level. They are constructed as shares of real GDP in the
euro area, averaged over the period 2008-2015.
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Table A.2: Country-specific models’ specification

Country Output Inflation Equity prices New credit operations Cost of credit Real effective FX

Austria X X X X X
Belgium X X X X X
Cyprus X X X
Estonia X X X
Finland X X X X X
France X X X X X X
Germany X X X X X X
Greece X X X X
Ireland X X X X X
Italy X X X X X X
Latvia X X X
Lithuania X X X
Luxembourg X X X X
Malta X X X
Netherlands X X X X X
Portugal X X X X X
Slovak Republic X X X
Slovenia X X X
Spain X X X X X X

Table A.3: Description of variables for structural characteristics and data sources

Variable Description and data sources

Real GDP per capita GDP per capita is gross domestic product divided by midyear population. Data are in
constant 2005 U.S. dollars. Average over the period 2007-2013. Data come from Global
Financial Development Database, The World Bank.

Banks’ capital ratio Ratio of bank capital and reserves to total assets. Capital includes tier 1 capital (paid-up
shares and common stock), and total regulatory capital. Total assets include all nonfinancial
and financial assets. Average over the period 2007-2013. Data come from Global Financial
Development Database, The World Bank.

Unemployment rate Total unemployed over active population, where unemployment follows the ILO definition.
Average over the period 2007-2013. Data come from Eurostat.

Ease of doing business Index based on the distance to frontier score, which captures the gap between an economy’s
performance and a measure of best practice across the entire sample of 36 indicators for
10 Doing Business topics: Starting a Business, Dealing with Construction Permits, Get-
ting Electricity Registering Property, Getting Credit, Protecting Minority Investors, Paying
Taxes, Trading Across Borders, Enforcing Contracts, Resolving Insolvency. The distance
to frontier score aids in assessing the absolute level of regulatory performance and how it
improves over time. An economy’s distance to frontier is reflected on a scale from 0 to 100,
where 0 represents the lowest performance and 100 represents the frontier. Average over the
period 2010-2013. Data come from The World Bank.



BANCO DE ESPAÑA 43 DOCUMENTO DE TRABAJO N.º 1631

Figure A.1: Peak responses of output and inflation to UMP shocks
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Notes: red dots represent median peak responses of HICP inflation and real GDP growth, light blue bars denote the 16th
and 84th percentiles.
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Figure A.2: Sample autocorrelation of GVAR residuals
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Figure A.3: (Continued) Sample autocorrelation of GVAR residuals
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Figure A.4: Effects of one percent increase in balance sheet on output: all countries
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Notes: solid red lines represent the median estimates and blue areas denote the 16th and 84th percentiles.
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Figure A.5: Effects of one percent increase in balance sheet on inflation: all countries
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Notes: solid red lines represent the median estimates and blue areas denote the 16th and 84th percentiles.
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Figure A.6: Effects of one percent increase in balance sheet on real equity prices: all
countries
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Notes: solid red lines represent the median estimates and blue areas denote the 16th and 84th percentiles.



BANCO DE ESPAÑA 49 DOCUMENTO DE TRABAJO N.º 1631

Figure A.7: Effects of one percent increase in balance sheet on volume of new credit
operations: all countries
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Notes: solid red lines represent the median estimates and blue areas denote the 16th and 84th percentiles.
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Figure A.8: Effects of one percent increase in balance sheet on real effective exchange
rate: all countries
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