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General Introduction

Since its establishment in 1999, the Euro Area (EA) has experienced a series of economic
shocks, including the global nancial crisis in 2008, the sovereign debt crisis in 2012, the
COVID-19 pandemic in 2020, and, most recently, the Russia-Ukraine war in 2022. These
events have increasingly put pressure on the European Central Bank (ECB) to maintain
macroeconomic and nancial stability not only in the Euro Area as a whole but also in

its individual member states.

In response, the ECB has expanded its policy toolkit beyond conventional policy rates
by introducing forward guidance and asset purchase programs. The complexity of these
policy measures has opened new avenues for empirical research, leading to a rapid ex-
pansion of the literature on unconventional policy e ects, private-sector's expectations,
and the development of shock identi cation techniques. At the same time, advances in
computation methods, especially natural language processing, along with the availability
of big dataset, have provided researchers with new powerful tools to analyze monetary
policy transmission in a novel way.

Against this background, this dissertation includes three self-contained but interrelated
essays on the transmission of the ECB's monetary policy. Each chapter focuses on a dif-
ferent dimension and contributes to the literature by addressing gaps in both substantive
topics and empirical approaches.

Chapter 1, titled Regime Dependence and Cross-Country Heterogeneity in
the E ects of ECB Monetary Policy , IS a co-authored work with Kai Carstensen and
Leonard Salzmann. This chapter focuses on the heterogeneous e ects of ECB monetary
policy on member countries during the recession and expansion times.

A key condition for the success of the ECB's one-size-ts-all policy is the conver-
gence of the business cycle between its member countries. However, since each country
experiences its own economic cycle, monetary policy calibrated to aggregate Euro Area
conditions raises concerns about whether the ECB's policy stance has equal impacts in
all member countries, especially during periods of expansion and recession.

To address this question, we employ the Bayesian factor-augmented VAR model with
regime switching. The key innovation in our approach lies in the estimation of unobserved
factors through a Kalman lter that allows parameters to switch between regimes, thereby
capturing nonlinearities in the common factors. Our key results are twofold. First, the
e ects of the ECB's monetary policy are relatively stronger in recessions compared to
those in expansions. Secondly, cross-country heterogeneity appears to depend more on
structural characteristics than on the cyclical phase. For example, in both recession and
expansion regimes, the output responses di er from the periphery (Ireland, Finland, and
Luxembourg) and the core (France, Belgium, and the Netherlands).



Although a substantial body of literature has explored the ECB's monetary policy, our
paper makes two important contributions. First, it lls an important gap by identifying
asymmetric business cycle e ects at the individual country level. Second, and perhaps
most importantly, it evaluates the ability of the ECB to support the member states equally
in distinguished phases of the business cycle. This issue, to the best of my knowledge,
has not been adequately addressed in previous research.

Chapter 2, titled Policy Rate, Forward Guidance, and Quantitative Easing
Shocks: E ects on Consumer In ation Expectations shifts the focus to the ex-
pectation channel of monetary policy. This is a single-authored paper and was published
in the Italian Economic Journal.

Following the zero lower bound (ZLB) constraint that emerged after the global nancial
crisis and the subsequent sovereign debt crisis, the ECB increasingly relied on uncon-
ventional monetary policies to steer in ation expectations among private-sector agents.
Nevertheless, the sources and reactions to in ation expectations di er between sectors.
Professional forecasters and nancial investors respond rapidly to policy news, whereas
households and rms tend to form their expectations based on shopping experiences and
media information. This chapter explores how di erent ECB policy measures, i.e., changes
in policy rates, forward guidance, and quantitative easing, a ect consumer in ation ex-
pectations in the Euro Area and in three major member states: Germany, France, and
Italy.

Using Bayesian VAR models, in which high-frequency policy surprises are used as ex-
ternal instruments for identifying policy shocks, the results show that di erent policy
measures have temporary but distinct impacts on consumer in ation expectations. Ex-
pansionary shocks to policy rates and quantitative easing raise expectations in the medium
term, whereas expansionary forward guidance exerts a downward e ect. These patterns
are observed at both the aggregate and country-speci c levels. A counterfactual analysis
further indicates that consumer prices serve as a key transmission channel for policy rate
and QE shocks but play a limited role for forward guidance.

This chapter contributes to the literature on in ation expectations and monetary policy
in two ways. First, while most existing studies rely on micro-level survey data, this
research provides novel macro-level evidence by adopting a time-series approach based on
aggregate data. Second, by jointly analyzing both conventional and unconventional policy
measures, the study o ers a comprehensive view of how di erent policy instruments shape
consumer in ation expectations.

Chapter 3, titted ECB Monetary Policy Shock Revisited: A Natural Language
Processing approach , is a single-authored paper. It revisits a fundamental issue of
monetary policy literature: identi cation of exogenous monetary policy shocks.

A persistent challenge in empirical monetary policy research is how to isolate exogenous



policy actions from systematic responses of central banks to their expected economic out-
looks. Advances in natural language processing have provided new tools to address this
challenge. In particular, by analyzing the language and tone of the central bank's com-
munications, researchers can extract policy-related information that is often unobserved
in traditional datasets. Based on these insights, this study proposes a hew measure of
the ECB's monetary policy shock by using a narrative-based approach augmented with
textual data.

Drawing on ECB policy communications, | constructed text-based indicators quantify-
ing the sentiments of frequently discussed topics. The Clark-West test nds that these
time series contain information crucial to the policy decisions, which hard data alone
cannot capture. These textual indicators, combined with common factors extracted from
high-dimensional macroeconomic variables, are used as proxies for the ECB's private
information to estimate exogenous policy shocks by means of narrative approach. By
comparing the macroeconomic e ects of the ECB's monetary policy across various shock
identi cation methods, the results indicate that the proposed shock solves the output
puzzle observed in the VAR with Cholesky decomposition. The new constructed shock
also generates macroeconomic responses consistent with theory, thus further validating
the new approach.

The main contribution of this research lies in the innovative application of machine
learning techniques to macroeconomic and monetary policy analysis. It opens a bridge
for quantifying and evaluating monetary policy shocks using textual information for the
case of the ECB.



Chapter 1

Regime Dependence and
Cross-Country Heterogenelity in the
E ects of ECB Monetary Policy

Abstract

This paper examines how the e ects of the European Central Bank's monetary policy vary
between business cycle regimes and di er across member countries during recessions and
expansions. We employ a Bayesian factor-augmented VAR model with state-dependent
regimes for quarterly data from 1983Q1 to 2022Q3. Our main results are twofold. First,
ECB monetary policy has stronger e ects on output and unemployment during downturns,
whereas price responses show no signi cant asymmetry. These patterns are observed both
at the aggregate level and in member countries. Second, our ndings suggest that cross-
country di erences in policy transmission appear to be driven by structural characteristics
rather than by cyclical conditions. In particular, during both regimes, policy shocks have
gualitatively similar e ects on output and prices across member countries. Neverthe-
less, the magnitude of the e ects shows more variation between the core and peripheral
countries.

Keywords FAVAR, state-dependent monetary policy, cross-country heterogeneity.

JEL classi cation: E32, E52, E5S8.

This study is coauthored by Kai Carstensen and Leonard Salzmann
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1.1 Introduction

Since the establishment of the European Central Bank (ECB), the Euro Area has expe-
rienced two unprecedented crises: one arising from global nancial turmoil and the other
caused by the COVID-19 pandemic. Facing the rst recession, the ECB for the rst time
cut its deposit rate to a negative level in June 2014, introduced forward guidance in July
2014, and launched a large-scale quantitative easing program in March 2015. Despite ag-
gressive expansionary policies, the Euro Area still struggled with sluggish output growth
and persistent low in ation. In contrast, the second recession brought a di erent picture:
output quickly recovered, and in ation surged in the post-pandemic period. Multiple
factors have contributed to these two divergent outcomes: geopolitical tensions pushing
up oil prices and a di erent degree of accommodative monetary policies. Nevertheless,
such divergence, once again, brought to the center stage the question of whether the
e ectiveness of monetary policy is contingent upon the phase of the business cycle.

The asymmetries between recessions and expansions gain support from various the-
oretical views, although the signs of the e ect are still ambiguous. On the one hand,
theories on the convexity of the aggregate supply curve and the imperfection of nancial
information predict that monetary policy is more powerful in downturns (Peersman and
Smets (2001a)). On the other hand, string theory implies that the e ectiveness of mon-
etary policy in downturns can be limited. Speci cally, the theory states the hypothesis
that cheap capital induced by easing policy does not necessarily stimulate investment (see
Angrist et al. (2018) and Tenreyro and Thwaites (2016)). Furthermore, severe nancial
distress, heightened uncertainty, and high price volatility often hinder the transmission
channels of monetary policy during downturns.

Apart from possible dependency business cycle regimes, the one-size- ts-all policy in
the Euro Area is challenged by fundamental di erences between member countries. The
theory of optimal currency area relies on the hypothesis that the common policy operates
equally e ciently for all participant countries, provided that they exhibit convergence in
the business cycle. Nevertheless, extensive literature found evidence of substantial het-
erogeneity within the Euro Area, particularly the divergence between the core (Germany,
France, Belgium, and the Netherlands) and the periphery (Italy, Spain, Portugal, Ire-
land, and Greece). Notable studies, to name but a few, supporting this conclusion are
Negro and Otrok (2008), Coudert et al. (2020), Gachter et al. (2012), Lehwald (2012),
Papageorgiou et al. (2010), and Belke et al. (2017).

Low divergence within the Euro Area might undermine the e ectiveness of common
policy by generating an asymmetrical environment for shock propagation. Additionally,
the fact that the decision of the ECB goes toward the whole EA raises concerns that the
common policy bene ts mainly countries whose business cycles are highly synchronized
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with the aggregates. This, in turn, could potentially pose more challenges for countries
that deviate from the aggregates.

This paper investigates the state asymmetries of monetary policy in the Euro Area.
Our objective is to address two relevant policy questions: are the e ects of monetary
policy on Euro Area countries asymmetric between expansions and recessions? And to
what extent are these impacts heterogeneous across countries during di erent phases of
the business cycle?

To address these questions, we apply the factor-augmented VAR (FAVAR) with regime
switching to a large dataset of economic activities and nancial conditions of the Euro
Area. The sample spans 1983Q1-2022Q3, covering both the global nancial crisis and the
COVID-19 pandemic. The business cycle phases are de ned using the OECD Composite
Leading Indicator System. To capture the e ects of unconventional monetary policy
during the zero-lower-bound period, we use the shadow rate by Wu and Xia (2020) as
the policy indicator. The FAVAR system is estimated jointly using the Bayesian method,
allowing for nonlinearities in the common factors. Speci cally, the unobserved factors
are estimated by means of the Kalman lIter with the Itering and smoothing parameters
switching between recession and expansion regimes.

Our ndings rstly support the hypothesis of a convex supply curve: monetary policy
tightening exerts stronger impacts on output and unemployment rate in a downturn.
GDP declines and the unemployment rate rises signi cantly in a recession, but both
show muted responses in normal times. The asymmetric impacts between recessions and
expansions are statistically signi cant in the rst two years after the shock. In contrast,
price responses are similar across two regimes, with no evidence of state dependence.
These patterns are consistent in all countries considered in the Euro Area.

Second, heterogeneous impacts across member countries are unlikely to depend on the
business cycle. Regardless of the phase, policy shocks have qualitatively similar impacts
on output and prices in member countries, though the magnitudes of these e ects tend
to di er between core and peripheral countries. In both regimes, output responses are
generally more pronounced in countries such as Ireland, Finland, and Luxembourg than
in France, Belgium, and the Netherlands.

The structure of the paper is as follows. Section 1.2 reviews the relevant literature.
Section 2.3 introduces the state-dependent FAVAR model, the Bayesian estimation pro-
cedure, and the shock identi cation approach. Section 1.4 describes our dataset and
explains the business cycle used in this paper. Section 1.5 discusses the empirical results.
Section 1.6 concludes the paper.
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1.2 Literature review

Our paper closely relates to two strands of the monetary policy literature. The rst strand
refers to the policy asymmetries between recessions and expansions.

Considering quarterly US data from 1960Q2 to 1995Q2, Weise (1999) nd evidence
supporting the notion that monetary policy has di erent e ects depending on the initial
state of the economy. The e ects on output are stronger in a low-growth state, and the
e ects on prices are diminished in a high-growth state. These ndings are in line with
those of Garcia and Schaller (2002) to the extent that the Fed's monetary policy has
more pronounced e ects on output growth in recessions, with increases up to three times
larger than in expansions. They also show that monetary policy in a recession raises the
probability of going from a recession to an expansion phase from 0.10 to 0.26.

In contrast, Tenreyro and Thwaites (2016) nd that monetary policy is more e ective
during periods of expansion. The channels through which policy transmission operates
are durable consumption and business and household investment. Further supporting
evidence is found in Angrist et al. (2018), which implies a limited ability of the Fed to
stimulate economic activity through monetary expansion.

Building on the framework of Tenreyro and Thwaites (2016), Piger and Stockwell (2025)
reconcile these contrasting ndings by showing that such di erences arise from whether
the data is in level or log di erences and from the treatment on outliers in the measurement
of US monetary policy shock during the non-borrowed reserves targeting period (1979-
1982). After accounting for these factors, their ndings support the view that the e ects
of monetary policy shock are stronger and more persistent during recessions.

When examining the asymmetric e ects of the Euro Area's monetary policy across
cyclical phases, it is surprising that only a few empirical analyses have been carried
out in this area. This is likely due to the shortage of Euro Area data that is mostly
available after the establishment of the Economic and Monetary Union (EMU) in 1999.
The papers closely working on this topic are Peersman and Smets (2001a), Peersman and
Smets (2005), Dolado and Maria-Dolores (2006), and Burgard et al. (2019).

Peersman and Smets (2001a) study the state-dependent e ects on output growth and
prices in seven Euro Area member countries including Austria, Belgium, France, Germany,
Italy, the Netherlands, and Spain. Using the multivariate Markov-switching model for
quarterly data over the period from 1978 to 1998, they nd that output growth and prices
in all member countries respond more substantially during the downturn phases, with the
exception of the Netherlands. Regarding heterogeneous responses across countries at
di erent stages of the business cycle, they observe little evidence of di erences.

Dolado and Maria-Dolores (2006) employ a similar approach using a multivariate Markov
switching model, wherein the Euro Area policy shock is measured as the deviation esti-
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mated from the Taylor rule. Their ndings, based on Euro Area aggregates data spanning
from 1996 to 2003, align with those of Peersman and Smets (2001a). Furthermore, they
nd that interest rate cuts aimed at stimulating the economy from downturns are twice as

e ective as equal-sized rises in interest rates in slowing down the economy in expansions.

Burgard et al. (2019) study the asymmetric e ects on EA aggregates using a logit
mixture VAR, whereby each period from 1995 to 2015 is described as a mixture of two-
stage business cycles. Their most important results are that the policy e ects on out-
put and prices in crisis are more signi cant but less persistent than in normal times.
Speci cally, contractionary policy during recessions decreases industrial production and
consumer price in ation by up to one and a half times more relative to normal times.

Peersman and Smets (2005) document the policy e ects over the business cycle on
manufacturing industries in the member countries of the Euro Area. Consistent with
their previous studies, their results indicate that the impacts on industries are larger
in phases of downturn. In addition, the degree of asymmetries over two cyclical stages
varies substantially across industries, which is attributed to the presence of the nancial
accelerator mechanism. Industries characterized by rms with a high ratio of short-term
debt over total debt, a low coverage ratio, and high nancial leverage are more susceptible
to a policy shock in recessions. Furthermore, they nd no evidence for the role of interest
rate as a channel explaining heterogeneity across industries over the business cycle.

Our study makes two main contributions to this research area. We aim to provide
further empirical evidence on potential asymmetries of ECB policy e ectiveness using
rich comprehensive dataset from 1983Q1 to 2022Q3, covering both the nancial crisis and
the COVID-19 pandemic. In addition, we analyze the asymmetric e ects on a large set
of indicators for both aggregate and individual economies. This di ers from the work of
Dolado and Maria-Dolores (2006) and Burgard et al. (2019), who examine the asymmetric
e ects only at the aggregate level. Peersman and Smets (2001a) analyze the e ects on
individual member countries but focus only on prices and GDP.

The second strand of literature links to heterogeneity in the policy transmission across
the Euro Area. This strand encompasses a wide range of studies that evaluate the
transmission process over the pre-EMU periods (Peersman and Smets (2001b), Mojon
and Peersman (2003), McAdam and Morgan (2004) and Mihov and Scott (2001)), post-
EMU periods (Georgiadis (2015), Mandler et al. (2022), Hafemann and Tillmann (2020),
Corsetti et al. (2022)), and the evolution of shock transmission (Boivin et al. (2009) and
Barigozzi et al. (2014)). Given a large amount of literature in this eld, we review the
selective studies that are more relevant to our focus on macroeconomic-level e ects. Ad-
ditionally, because of large di erences in the way of shock normalization, we do not aim
to compare the size of e ects across papers but the patterns.

The studies, when considering the country-speci ¢ e ects in pre-1999, prove that the
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Impacts on monetary policy tend to be qualitatively homogeneous across countries but
there is much variation in the timing and magnitude of the shock transmission. Mojon
and Peersman (2003) show the core-peripheral pattern that the peripheral group of Italy,
Spain, and Greece tends to be muted to policy shocks, while the core group of Germany,
Austria, and Belgium responds extensively and sharply. Another nding in Mojon and
Peersman (2003) is accompanied by a signi cant positive impact of policy shock on exports
of Italy and Spain that is in contrast to the scenario of the others.

Boivin et al. (2009) examine the di erences between the pre- and post-EMU periods
with a focus on the nancial sectors. Their results rstly underline that the response
di erence between the core countries, namely Germany, France, and the Netherlands,
and the peripheral countries, namely Italy and Spain, does exist in both the full sample
(1988-2007) and the subsample (1999-2007). Secondly, they nd that the common mone-
tary regime is involved in the stabilization of economic activities across the area through
anchoring bond yields.

Consistently, Barigozzi et al. (2014) also conclude that the new monetary regime suc-
ceeded in guiding the members countries toward a more homogeneous response . They
also nd that the asymmetric e ects on unemployment and prices, in the post-EMU
period, still take place between North-South regions. Three di erent patterns in price
responses are observed. The rst group, consisting of Germany, France, the Netherlands,
and Finland, shows signi cant reactions while the e ects are muted in Ireland, Belgium,
Spain, Italy, and Greece. Portugal is the only country where prices exhibit positive re-
actions. Moreover, they nd that unemployment in Spain and Italy deviates most from
other countries with the strongest reaction in Spain and weakest in Italy.

Georgiadis (2015), applying the global VAR model, documents that di erences in in-
dustry structures and labor markets contribute to varied reactions of output, such that
output responds more substantially in economies exhibiting more real wage and/or fewer
unemployment rigidities. Corsetti et al. (2022) identify the monetary shock relied on
the external instruments. They observe an inverse correlation between the degree of het-
erogeneity and the degree of euro-area institutional convergence. Output and nancial
variables, which exhibit more cross-border convergence, are likely to move similarly with
policy shock. On the contrary, the responses of prices, labor, and the housing market,
which display little convergence, vary substantially in both size and direction.

The literature mentioned earlier rests on the assumption of constant parameters, for
which the heterogeneous e ects on the Euro Area's are undistinguished over the busi-
ness cycle. In contrast, our paper explicitly accounts for potential state dependence by
examining how the e ects across member countries di er in recessions vs expansions.
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1.3 Methodology

1.3.1 State-dependent FAVAR model

We employ the FAVAR proposed by Bernanke et al. (2005) and extend it to a framework
of regime-speci ¢ parameters.
We assume that the common movements of;, i.e., the n-dimensional vector of times
series, can be captured by a common componedt of relatively small dimension k k
n);
Xi= Ci+ g (1.2)

where is the matrix of factor loadings re ecting the e ects of factors on each variable of
X¢. The idiosyncratic component summarized in the vectog is assumed to be mutually
uncorrelated and follow a normal distribution, i.e..ez N (0; R), whereR is diagonal.

We follow the usual FAVAR setup and separate the commonalitie€, into two parts.
The rst part, Y;, consists ofM =1 observable indicator of monetary policy (we use the
short- term interest rate as discussed below). The second paR;, refers to unobserved
factors of dimensionK = k M. It re ects potentially relevant macroeconomic infor-
mation of concern to the policy maker not captured byy;. We rewrite equation (1.1) as
follows:

X Yy R
b= e 8 (1.2)
Y, 01 VY 0

with = F Yy andCy=(F? Y9°

Leaving out intercepts, the dynamics of the Euro Area is modeled by means of a VAR

process of ordep:
! !

F F
C=BL) 't o+ (1.3)
Yi Vi1

whereu; N (0; Q) and the parameters of the lag polynomial are summarized in the

Equations (1.2) and (1.3) constitute the standard FAVAR model. To identify the mone-
tary policy shock, we apply a Cholesky decomposition. Allowing monetary policy to react
to all macroeconomic information, we order the factor§; prior to the observed policy
instrument ;.

To capture the asymmetric e ects of monetary policy related to the business cycle, the
FAVAR parameters, =( ;B;R;Q), are assumed to shift between regimes. We consider
two regimes: regime 1 is an expansion and regime 2 is a recession. Hence,

10



Chapter 1 Regime Dependence and Cross-Country Heterogeneity

=@ R) 1+ Rt 2 (1.4)

where R, is a Tx1 vector of dummy variables indicating the state of the Euro Area
business cycle at time t, constructed by the OECD Composite Leading Indicator (OECD

CLI) system. It is de ned as
8

B < 1if in period t the Euro Area is in a recessian
t— .
- 0 otherwise

System (1.2) to (1.4) de ne our regime-dependent FAVAR model.

1.3.2 Estimation

We estimate parameters and unobserved factors in system (1.2) to (1.4) jointly using
Bayesian methods. Prior distribution has the advantage of handling the over-parameterization
problem in our framework in case the underlying data is uninformative. In addition,

the use of the Kalman lter allows the non-linear dynamics in the unobserved factors

by switching the smoothing and Itering parameters between expansion and recession
regimes.

The same prior distributions are used for both regimes. For each measurement equation
I, we impose an independent normal-inverse Gamma distribution with; N (O;1) and
Ri 1G(3;0:01). Similarly to Bernanke et al. (2005), this prior choice allows for posterior
exibility in the factor loadings and keeps the idiosyncratic components close to zero,
re ecting that Euro Area dynamics are primarily driven by common factors.

For the transition equation, we use conjugate normal-inverse wishart in combination
with the Minnesota prior (Ba«bura et al. (2010), Bernanke et al. (2005), Kadiyala and
Karlsson (1997), and Sims and Zha (1998)). We choose the prior mean and covariance of
VAR coe cients expressing the belief that the dependent variables in each VAR equation
exhibit their own AR(p) process.

: ;
E@) 1= P varB 1=
- 0 otherwise .

-
T (1.5)
otherwise

l\)l\)lN

J

and
Q W(QuK+M+2) (1.6)

where ; is the coe cients corresponding to the rstlagCi; 1 and ; is residual variance
of the AR(p) model of C;; . The prior variance, in the spirit of Minnesota, assumes that

11



Chapter 1 Regime Dependence and Cross-Country Heterogeneity

the coe cients corresponding to higher lag length tend to shrink to zero via the factor
rate 1=p?. The overall tightness of the prior, , is set to 0.5¢

To implement the Gibbs sampling, we follow the modi cation of Ba«bura et al. (2010)
in which the prior for the coe cients B and covariance Q are de ned by adding dummy
observations to the VAR equation so that the hyperparameteBg; o;So and o match
prior in equation (1.5) and (1.6). The values of; and ; are estimated separately based
on the regime-speci ¢ samples; thus, the hyperparameters di er for the two regimes.

We simulate 1,000,000 draws and discard the rst 500,000 draws as burn-in to guarantee
the convergence of the Gibbs sampler. Additionally, we thin every 100 draws to remove
the potential autocorrelation within the chains. Consequently, we use the remaining 5,000
draws for estimating the impulse response functions and variance decomposition.

1.3.3 Model speci cation and shock identi cation

We employ the VAR speci cation with 4 lags, which is a conventional choice for the
macroeconomic data at quarterly frequency.

The selection of the factor numbeC; is determined by information criteria proposed by
Bai and Ng (2002). In this paper, we prefer the baseline setup with 4 unobserved factors
F¢, suggested by botHC; andIC,. As arobustness check, we estimate the FAVAR model
speci ed with 4 lags and alternative number of factors of 3 and 5; the results obtained
from 4 unobserved factor$-; are hardly changed when increasing or decreasing one more
factor (see Appendix 1.D).

We identify the monetary policy shock by means of the timing restriction (or Cholesky
decomposition). For implementation, we place the policy indicator last in the transition
equation (1.3). This identi cation scheme implies that the monetary policy indicator can
react simultaneously to innovation in the macroeconomic variables, but the policy shock
has no contemporaneous impacts on the macroeconomics.

1.4 Data and Euro Area business cycle

1.4.1 Data

The dataset is at a quarterly frequency, covering the period from 1983Q1 to 2022Q3. To
overcome the abnormal drops in output due to pandemic-related lockdown, we exclude
three quarters, i.e. 2020Q1, 2020Q2, and 2020Q3. All time series are collected from the
Re nitiv Eikon (Datastream) provider.

1In the Bayesian empirical literature for the US data, the overall tightness is commonly set to 0.2. However, when applying
the BVAR for the Euro Area, Mandler et al. (2022) report the posterior mode for is 0.8572 (see their online Appendix
B: Endogenous hyperparameter selection). To nd the proper tightness, we estimate the model using three di erent
grid values for = f0:2;0:5;0:7g. The choice of = 0:2 leads to an output puzzle; while assigning less shrinkage
( = f0:5;0:7g) yields more theory-consistent and robust responses (see Appendix 1.D).
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We use a similar dataset to Barigozzi et al. (2014).In particular, X incorporates time
series at three levels, namely 1) the global, 2) the Euro Area aggregate, and 3) the Euro
Area member state level. As for the state level, we consider the six largest EA economies,
I.e., Germany, France, the Netherlands, Belgium, Italy, and Spain. For these countries, we
assemble, if available, indicators of real economic activity, prices, labor market, nancial
variables, money supply and government bond rate. Additionally, we also include three
variables of real GDP, HICP, and the government bond rate for Finland, Ireland, Greece,
Luxembourg, and Portugal.

At the EA-wide level, we incorporate only the main economic indicators including GDP,
IP, HICP, exchange rate, e ective exchange rate, money supply, short-term and long-term
rate. These time series are extended backward using the Area Wide Model (AWM) dataset
by Fagan et al. (20057 The global indicators are global energy prices, GDP, CPI, and
short-term of the US, UK, and Japan. The X block nally ends up with 223 indicators.

The variable in Y is our measure of ECB monetary policy for which we use the short-
term interest rate during the period before 2008Q3 and the shadow rate by Wu and Xia
(2017 from 2008Q4 until 2022Q3. By using the shadow rate for post-2008Q4 period
we circumvent the zero-lower bound problem and account for the unconventional policy
measures launched by the ECB after the global nancial crisis.

Time series, when necessary, are seasonally adjusted by means of x12ARIN¥e then
stationarize time series using heavy transformation following Barigozzi et al. (2014).
This approach assumes that prices and money supply are I1(2), and that interest rates are
I(1). Hence, the stationarity process is made by taking the second di erence of the log of
prices and monetary variables, and the rst di erence of interest rates. As discussed in
Barigozzi et al. (2014), this type of transformation overcomes the critique of Uhlig (2009)
that the co-movements in the Euro area, found by Boivin et al. (2009), are products of
the data treatment.

In the next step, we follow the approach of Stock and Watson (2005) to detect and
replace outliers. Outliers are de ned as observations whose absolute distance from the
median of the time series exceeds 6 times the interquartile range. The outliers are then
replaced by the median of the ve preceding observations. Finally, all variables in X
and Y are standardized with zero mean and unit variance. Details about the variables,
sources, and transformation can be found in the Appendix 1.E.

2We include a subset from their dataset, selecting variables that are available in updated form. Several variables in their
dataset, for example unit labor cost for sectors in trend, are no longer maintained.

3We use the 18th update of the AWM dataset over the period from 1970Q1 to 2017Q4.

4Monthly data is collected from the google sites of Jing Cynthia Wu, https://sites.google.com/view/jingcynthiawu/. We
use average method to calculate quarterly data.

5We use the R package x12.
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1.4.2 Euro Area business cycle

We consider the chronology of the Euro Area's turning points published by the OECD
CLI system. Recessions are de ned as those periods that follow an economic peak to the
subsequent trouglf. As a result, our sample consists of 52 quarters classi ed as recession
periods and 107 quarters as expansion periods.

We note here that the OECD de ned the business cycle on the basis of the growth cycle,
by which the Bry and Boschan's algorithm is applied to the cyclical component of monthly
GDP adjusted for the long-term trend’ In this framework, the recession (expansion)
regime is precisely interpreted as the periods during which economic growth stays below
(above) its long-term trend. In contrast, the classical cycle detects the turning points
relied on the level of real output. We conducted the quarterly-verion Bry and Boschan
algorithm by Harding and Pagan (2002) and the two-quarter rule for the seasonally-
adjusted quarterly real GDP of EA aggregates over the sample from 1982Q4 to 2022Q3.
Both approaches nd 19 quarters belonging the EA's recessions. The Euro Area Business
Cycle Dating Committee (EABCDC) also dates 19 recession quarters.

Table 1.3 in Appendix 1.A lists the turning point dates of the business cycle according to
di erent approaches and methods in our sampl&.Over the sample period from 1983Q1
to 2022Q3, the OECD CLI identi es seven business cycles, while there are four cycles
identi ed by the classical approach based on the level of real GDP. Moreover, the recession
periods de ned by the latter are a subset of those identi ed by the former.

We emphasize that this paper dates business cycle phases using the growth cycle ap-
proach. This choice is partly due to the limited number of observations for classical
cycles, which precludes a reliable estimation. In addition, this approach is also justi ed
to the extent that the detrended series of economic activity obtained through Itering is
widely examined in business cycle analysis instead of the level of the series (see Bower
and Guillemineau (2006), Inklaar et al. (2008), and Belke et al. (2017)).

80OECD provides three versions of the Euro Area's turning points, depending on whether the peak or trough are included
in the recession. The rst version de nes a recession as the period from the peak through the trough. The second version
de nes a recession from periods following the peak through the trough. The third version de ned a recession from the
period of the peak to the trough. In this paper, we use the second de nition.

"see de nition on https://www.oecd.org/en/data/datasets/oecd-composite-leading-indicators-clis.html.

8For a better visualization, we also illustrate cyclical episodes established by the OECD and EABCDC in Figure 1.7,
Appendix 1.A.
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1.5 Results

1.5.1 Factors and their co-movements with GDP growth and
in ation change

Table 1.1 reports the adjustedR? statistics from regressions of GDP growth and in ation
change on ve common factors (four unobserved factors and shadow rate) estimated over
the recession and expansion periods.

The ve common factors account for a substantial share of the variation in aggregate
GDP growth and in ation change in both regimes. The adjustedR? statistics for GDP
growth is 55% during expansions and 49% during recessions. For in ation change, the
statistics in the expansion and recession periods are 65% and 59% respectively.

At the country level, output and prices tend to comove more closely with the common
factors during downturns than during normal times. Speci cally, the average (adjusted)
R? statistics for GDP growth and in ation change across countries during recessions are
46% and 43%, respectively, compared to 18% and 24% during expansions. This implies
that the EA's economies are more a ected by the common factors when the EA economy
is on a downturn slope.

In addition, regardless of business cycle phases, common factors are likely more impor-
tant for GDP growth of major EA member countries, including Germany, France, Italy,
Belgium, and the Netherlands. Their adjustedR? statistics range from 51% to 66% dur-
ing recessions and from 23% to 48% during expansidnsVhile the statistics for Ireland,
Luxembourg, and Greece are considerably low: common factors explain less than 8% of
the variation in GDP growth during expansions and less than 26% during recessions.

The role of common factors for in ation change is more heterogeneous across countries.
In both regimes, they explain a relatively large share of variation in France, Ireland, and
Luxembourg, but appear to be irrelevant for the Netherlands and Greece.

Our ndings are somewhat smaller than those reported by Eickmeier (2009), that com-
mon factors explain 79% of the variance share in EA aggregate GDP growth. However,
similar to their results, we nd that common factors account for a larger share of GDP
growth variation in major EA economies compared to Greece and Luxembourg.

9For Germany, the adjusted R2 during expansions is only 13%.
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Table 1.1: Adjusted R? for regression on common factors.

Variable Country expansions recessions

GDP growth Euro Area 0.55 0.49
Belgium 0.31 0.51
France 0.48 0.59
Germany 0.13 0.64
Italy 0.26 0.52
Netherlands 0.23 0.66
Spain 0.11 0.63
Finland 0.23 0.4
Greece 0.01 0.26
Ireland 0.07 0.24
Luxembourg 0.08 0.21
Portugal 0.22 0.46

in ation change Euro Area 0.65 0.59
Belgium 0.13 0.27
France 0.59 0.63
Germany 0.35 0.34
Italy 0.19 0.26
Netherlands 0.1 0.06
Spain 0.22 0.34
Finland 0.23 0.56
Greece 0.06 0.13
Ireland 0.35 0.56
Luxembourg 0.43 0.6
Portugal 0.04 0.25

1.5.2 Does the e ect of monetary policy on Euro Area countries
vary over the business cycle?

In the Euro Area as a whole: Figure 1.1 reports the cumulative responses during
recessions and expansions of real GDP, consumer prices, unemployment rate, long- and
short-term interest rates, and the shadow rate measured by Wu and Xia (2020). The
results are obtained from the baseline speci ed with 5 factors including the shadow rate
and with 4 lags. A positive monetary policy shock is normalized as an unanticipated 25
basis point increase in the short-term interest rate (fourth row). To statistically account

for the possible asymmetries across business cycle phases, we follow a similar approach by
Jannsen et al. (2019) and Barigozzi et al. (2014). For each draw, we calculate di erence
between expansions and recessio®JFF j, = IRF 5" IRFREC:1° The posterior
distribution of DIFF ;, is obtained using the nal 5,000 draws after discarding the burn-

in draws and thinning every 100 draws. We conclude that the e ects are signi cantly

10]RF EXPand IRF REC  denote responses of variable i over h horizon during expansions and recessions, respectively.
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regime-asymmetric if the 68% credible sets do not contain zeros.

Considering the responses of output, prices and unemployment rate in the rst three
rows, monetary policy tightening exerts more pronounced in uences on output and un-
employment rate in recessions than in expansions. During downturns, GDP reduces by
approximately 0.25% in the long run. Equivalently, unemployment rate goes up by an
average of 0.1%. Prices show a substantial permanent decrease accumulating by 0.5%
after ve years. On the other hand, during the boom periods, the e ects on output and
unemployment rate are negligible. However, it is surprising that the impact on prices
Is substantial with declines by 1% in the long run. Turning to the possible asymmetric
e ects across the business cycle phases, we nd signi cant di erences between two cycle
phases in the rst two years in both output and unemployment rate. No evidence of
asymmetric e ects on consumer prices is found. In fact, the wide 68% credible interval
indicates a high uncertainty around the point estimates for price responses.

Short- and long-term interest rates exhibit di erent patterns across business cycle
regimes. While the movement of long-term rates varies between the two regimes, our
results indicate no signi cant di erence in their responses in the long run. In contrast,
short-term rates di er signi cantly at all horizons. During downturns, the three-month
rate initially surges in the rst two months before declining sharply, whereas during nor-
mal phases, short-term interest rate displays a highly persistent increase.

There are several points worth discussing. First, we consistently nd relatively large
e ects on prices, regardless of the business cycle phase. A comparable magnitude is
also found by Barigozzi et al. (2014). They mention that such pronounced e ects are
attributed to the assumption of an I1(2) process of prices in our modét. Second, output,
in response to tightening policy, increases in the rst years of the shock (as its counterpart,
unemployment rate also decreases). Although these impacts are statistically signi cant,
their magnitudes are marginal. Such short-term positive responses of output to policy
tightening are also found in Burgard et al. (2019) for IP, and Neuenkirch and No&ckel
(2018) for real GDP growth in their VAR models.

Our nding on the cyclical asymmetries of output responses gains support from the
theory of supply curve convexity and empirical works on state-dependent policy e ects
(Peersman and Smets (2001b), and Burgard et al. (2019)). In addition, the nding on no
asymmetries of price responses may be explained by a dynamic general model equilibrium
model embedded with consumer's gain-loss function proposed by Santoro et al. (2014).
During economic downturns, when consumption falls below its reference point due to
loss aversion, output becomes more responsive to monetary policy shocks compared to
expansions. On the other hand, the attening of the New Keynesian Phillip curve in
recessions resulting from downward wage rigidity dampens the transmission of output

1in their footnote 15
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uctuations to in ation. As a result, despite the asymmetric e ects on output, the overall
response of in ation to monetary policy shocks remains symmetric across the business
cycle phases.

Figure 1.1: Responses of the Euro Area's variables to monetary policy shock across business cycle
phases.

Notes: The rst and second columns are the responses during expansion and recession, respectively. The third column
compares responses across the two regimes. For these rst three columns, the blue (red) lines are the median of impulse
responses in recession (expansion) periods with the shaded (dashed) areas representing the con dence bands bounded by
16% and 84% percentile of the posterior distribution. The last column shows the median di erence between recession and
expansion responses (solid black lines), with 68% credible interval (shaded areas)
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In the individual countries: Figures 1.2 and 1.3 display responses of output and
prices in eleven countries of the EA during recessions and expansions. The responses of
GDP components, unemployment rate, industrial production, share prices, and long-term
rate between two regimes are reported in Appendix 1.C.

There are two key points. First, regardless of the business cycle phases, the responses
of GDP and prices in individual countries follow qualitatively similar patterns to those
estimated for the EA aggregates. The economic downturn is characterized by relatively
stronger negative e ects of monetary policy shock on output and prices. Additionally,
we observe signi cant symmetries related to business cycle in monetary policy e ects on
output in all member countries. In line with the EA aggregates, responses of the con-
sumer prices in single countries show no di erences between the two regimes considering
statistical analysis.

1.5.3 To what extent are monetary policy e ects heterogeneous
across countries over the business cycle?

In this part, we examine the one-size-ts-all monetary policy, focusing on the extent
to which the EA's member countries respond di erently to monetary policy shock across
di erent phases of the business cycle.

We start with heterogeneous e ects on GDP and prices shown in Figure (1.4). Real
GDP in 11 countries tends to respond similarly during downturns and shows more varia-
tion during expansions. A policy rate increase in downturns reduces output in all coun-
tries, with e ects ranging from 0.2% to 0.45%. During expansions, all countries experience
long-term output contractions, while their short-term responses vary. Speci cally, most
countries exhibit initial positive reactions similar to aggregated Euro Area output. This
e ect disappears in Greece, Ireland, and Luxembourg. In addition, real GDP in Greece,
Ireland, and Finland is likely to be more responsive to ECB monetary policy during expan-
sions, whereas key member countries including Germany, France, Italy, the Netherlands,
Spain, and Belgium are less a ected.

Price responses across Euro Area countries are comparable in shape but di er in mag-
nitude under both regimes. In all countries, prices decline permanently regardless of the
business cycle phase. The size of the impact, however, diers between countries and
depends on the phase of the cycle. For example, during the contraction phase, Ireland,
Portugal, and Spain form a group that responds most strongly, while price responses in
Greece appear muted. Other countries fall somewhere in between. In contrast, during the
growth phase, the pattern is less consistent, with more variation and no clear grouping
emerging.

Overall, our ndings are in line with Corsetti et al. (2022) and Mandler et al. (2022)
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Figure 1.2: State-dependent e ects of ECB policy shocks on GDP in member countries.

(a) Over the business cycle.

(b) Di erences between recessions and expansions.

Notes: in panel a), red (blue) solid lines denote the median impulse responses during recession (expansion) periods, with
shaded (dashed) areas representing the 68% credible intervals. In panel b), solid lines show the posterior median of the
di erence between expansion and recession responses, and shaded areas indicate the 16th 84th percentile con dence bands.
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Figure 1.3: State-dependent e ects of ECB policy shocks on prices in member countries.

(a) Over the business cycle.

(b) Di erences between recessions and expansions.

Notes: in panel a), red (blue) solid lines denote the median impulse responses during recession (expansion) periods, with
shaded (dashed) areas representing the 68% credible intervals. In panel b), black solid lines show the posterior median of
the di erence between expansion and recession responses, and shaded areas indicate the 16th 84th percentile con dence

bands.
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regarding the homogeneous e ects of ECB policy shocks on output across countries. Nev-
ertheless, our results di er from Corsetti et al. (2022) in terms of price responses. While
we observe relatively homogeneous price responses across countries, Corsetti et al. (2022)
found substantial cross-country heterogeneity in price responses. There are several poten-
tial reasons for these di erences. First, we treat prices as I(2), whereas they treat prices as
I(1). Second, we identify monetary policy shocks using a Cholesky decomposition, while
Corsetti et al. (2022) employ the external instrument method.

Although we use an updated subset of the data from Barigozzi et al. (2014), our ndings
diverge from theirs. In particular, Barigozzi et al. (2014) found price increases in Italy,
Portugal, and Greece over two subsample periods: 1991Q1-2007Q4, and 1983Q1-1998Q4,
which is in contrast to our ndings on the price declines in these countries over business
cycle phase. This discrepancy may be due to di erences in the sample period, as our
analysis extends through 2022Q4 using more recent data.

Figure 1.4: Heterogeneous responses of GDP and prices across member countries.

Figures 1.5 to 1.6 illustrate the asymmetric responses of GDP components and other
key variables, together with cross-country heterogeneity in their responses. Due to the
lack of dataset, we consider the case for only six key member countries of the Euro Area,
including Belgium, France, Germany, Italy, Spain, and the Netherlands. There are several
noticeable points in our ndings.

" Similar to the EA aggregate, the e ects of monetary policy in downturns are more
pronounced than in normal times.

~ Regarding cross-country heterogeneity, monetary policy shocks in downturns exert
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more homogeneous e ects on GDP components, IP, and share prices than in normal
times.

Irrespective of the business cycle phases, the labor market and nancial variables
show the most heterogeneous responses across countries. In particular, Spain is
the country where the unemployment rate is most a ected by monetary policy,
especially during the recession. This result is supported by the nding of Barigozzi
et al. (2014) when considering the heterogeneous policy e ects after 1999.

1.5.4 Variance decomposition

Table 1.2 reports the variance decomposition of key variables in the Euro Area in two
regimes at the rst, fourth, eighth, and twentieth quarters following the shock.

The monetary policy shock plays signi cant role in explaining the variation of the
short-term interest rate of the Euro Area for up to 63% and 75% of its uctuation during
recessions and expansions. In contrast, monetary policy shock contributes only marginally
to the volatility of GDP, prices, and long-term rates during expansions. Speci cally, the
contribution to GDP ranges from 2.5% to 5.8% after ve years, while the contribution to
prices and long-term rates remains below 5% over the same horizon.

During downturns, monetary policy shocks have a more pronounced impact on GDP
with contributions ranging from 10.9% to 17% across EA countries after ve years of the
shock. The in uence of monetary policy on prices in recessions is generally modest. In
both regimes, monetary policy accounts for a small proportion of the variation in prices.
The exceptional case is Spain and Portugal, where the monetary policy accounts for 14.05
and 18.46 of price variation. Regarding the long-term rate, there is signi cant heterogene-
ity: while core countries such as Belgium, Germany, and the Netherlands exhibit minimal
in uence of monetary policy shocks, other member states experience a much larger share
of variation in long-term rates attributable to monetary policy.

1.6 Conclusion

In this paper, we address two questions relevant to the ECB's policymakers: i) whether the
e ects of monetary policy are asymmetric across business cycle regimes and ii) to what
extent the ECB's monetary policy operates as one-size- ts-all during both recessions
and expansions. To answer these questions, we apply the FAVAR model extended to
state-dependent parameters for a high-dimensional quarterly data spanning from 1983Q1
to 2022Q3.
At the aggregate level, we nd that the e ects of ECB monetary policy on output and

unemployment rate vary signi cantly across the business cycle regimes. A positive shock
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Table 1.2: Posterior median values of GDP and price variance decomposition.

. Expansions Recessions
Variable Country h=1 h=4 h=8 h=20 | h=1 h=4 h=8 h=20
Short-term rates Euro Area | 63.54 49.67 39.16 32.7175.39 49.48 39.52 31.77
GDP Euro Area 0.61 132 209 26 |0.71 1238 15.14 15.44

Belgium 0.23 088 186 281|126 135 16.01 16.3
France 0.64 1.4 211 259|051 11.25 13.71 14.08
Germany 094 193 226 2.32/0.28 9.06 1191 12.06
Italy 0.61 142 2.2 26 | 148 1417 16.75 17.01
Netherlands | 0.32 1.01 1.84 253|0.27 9.77 1256 12.79
Spain 0.26 098 2 2.88| 0.64 1256 1552 15.64
Finland 024 123 282 4.13/037 796 1057 10.88
Greece 029 121 225 3.01/154 1415 16.97 17.12
Ireland 0.28 119 226 3.11/0.97 9.04 11.08 11.33
Luxembourg| 0.34 2.18 462 58 |1.31 934 11.21 11.24
Portugal 052 134 208 249|106 13.37 16.01 16.21
HICP Euro Area 0.3 1.76 262 3.29/1.08 3.76 4.08 4.07
Belgium 0.2 1.3 2.2 3.141066 282 3.72 4.33
France 0.33 202 317 39 (093 271 27 2.86
Germany 029 171 238 283/195 5 445 3.93
Italy 0.18 087 14 214|091 488 6.92 7.74
Netherlands | 0.17 083 121 18 |1.74 6.27 759 7.87
Spain 022 1.3 251 395|255 10.85 13.36 14.05
Finland 023 116 202 31 [035 244 386 455
Greece 0.17 1.08 2.3 3.73/ 041 184 281 381
Ireland 024 143 272 4.15/042 394 6.44 7.64
Luxembourg| 0.33 2.17 357 462181 521 469 3.93
Portugal 0.13 0.6 1.14 2.01|3.28 13.74 17.25 18.46
Long-term rates Euro Area | 0.44 1.03 148 1.71|39.89 29.43 24.27 20.27
Belgium 053 103 141 1.73]10.62 6.47 568 4.7
France 167 1.5 1.83 2.39|29.22 18.13 13.99 10.78
Germany 122 127 164 22 |11.07 6.87 572 452
Italy 3.08 464 412 351|616 5176 46.13 41.96
Netherlands | 0.62 0.99 1.39 1.78|10.19 6.06 5.1 4.19
Spain 3.3 466 4 3.41 | 60.26 50.48 44.77 40.52
Finland 3.06 236 3.04 394|4235 276 21.43 16.28
Greece - - - - - - - -
Ireland 1.36 1.78 2.1 2.37| 3491 26.64 22.45 18.56
Luxembourg | - - - - - - - -
Portugal 258 369 3.78 3.48| 18 16.72 15.76 14.08
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during downturns leads to notable output declines and unemployment rate increases,
while the same shock during normal times causes a counterintuitive increase in GDP
in the rst four quarters and corresponding decline in unemployment rate. The e ects
are statistically signi cant in the short run. In contrast, consumer prices respond rather
comparatively in both regimes.

At the country level, we consider the state-dependent e ects on output and prices in
11 EA member countries, including Belgium, France, Germany, Italy, Spain, the Nether-
lands, Finland, Greece, Ireland, Luxembourg and Portugal. We nd similar patterns
consistent with the the Euro Area aggregate results. Across all countries, monetary pol-
icy has stronger and statistically signi cant e ects on output during downturns, while
price responses are indi erent between recessions and expansions.

Regarding the possible heterogeneity in the monetary policy shocks across the EA
countries during recessions and expansions. Our ndings suggest the e ectiveness of a
one-size- ts-all policy across two regimes, as a positive shock tends to lower output
and price in all 11 countries. However, the magnitude of these e ects varies between
countries. Peripheral countries such as Luxembourg, Ireland, and Finland exhibit larger
output responses compared to core countries like France, Belgium, and the Netherlands.
This heterogeneity is present in both downturns and expansions. In terms of prices, the
core-periphery pattern is less evident. During recessions, prices in Ireland, Portugal, and
Spain are mostly a ected, while price levels in Greece appear relatively unresponsive.

Overall, our results demonstrate the e ectiveness of the ECB's monetary policy during
the downturn phase of the business cycle. Furthermore, the ndings support its role
as a common institution that exerts consistent and broadly homogeneous impacts across
member countries. On the other hand, our results also reveal the presence of cross-country
asymmetries, particularly along a core-peripheral dimension.
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Appendix 1

1.A Euro Area business cycle

Table 1.3: Business cycle turning points.

Peak(P) Trough(T) Recessions
OECD
1980Q2 198301 11
199101 199303 10
1995Q1 19960Q4 7
19970Q4 19980Q4 4
2001Q1 2003Q2 9
2008Q1 2009Q2 5
2011Q2 20130Q1 7
2017Q4 2020Q2 10
EABCDC
199201 199303 6
2008Q1 2009Q2 5
2011Q3 20130Q1 6
201904 202002 2
BBQ/2-quarter rule

199201 199302 5
2008Q1 2009Q2 5
2011Q2 20130Q1 7
20190Q4 2020Q2 2
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Figure 1.7: Comparison of the business cycle indicators de ned by OECD and EABCDC.

1.B Convergence

To ensure the convergence of the Gibbs sampler, we simulate 1,000,000 draws and discard
the rst 500,000 draws as burn-in. Additionally, we thin every 100 draws to reduce
autocorrelation within the chains. As a consequence, the convergence diagnostic tests
rely on the last 5,000 draws after thinning.

We rst calculate the 20th-order autocorrelation function and ine ciency factors. As
commonly agreed by Bayesian literature, an autocorrelation value smaller than 0.2 is
generally considered as an indication of within-draws independency. Furthermore, follow-
ing Primiceri (2005) and Mandler et al. (2022%, convergence can be inferred when the
ine ciency factor is below 20.

We also conduct the Geweke Geweke (1991) convergence diagnostic, in which the re-
tained draws are divided into three sets:S1 contains the rst 500 draws 1 = 0:1S),

S2 contains the middle 2,000 draws§2 = 0:5S) and S3 contains the last 2,500 draws
(S3 = 0:4S). As proposed by Geweke, in a su ciently large simulation of a converged
chain, the di erence between the estimates obtained from S1 and S3 follows a stan-

dard normal distribution. Therefore, failure to reject the null hypothesis of no di erence

125ee their Online Appendix A: Convergence diagnostics.
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Notes: each regimes include 942 parameters: 832 factor loadings, 105 VAR coe cients, and 5 residual variance.
and Share refer to the number and the percentage of parameters that meet three convergence criteria: i) autocorrelation
(ACF) coe cient less than 0.2, ii) e ciency factor belows 20, and iii) absolute Geweke statistic less than 1.96 (at the 5%
signi cant level).

Chapter 1 Regime Dependence and Cross-Country Heterogeneity

Table 1.4: Convergence diagnostic.

Expansion Recession
Number Share Number Share
ACF coe cient 908 0.96 917 0.97
Ine cient factors 904 0.96 897 0.95
Geweke statistics 865 0.92 917 0.97

between the two samples indicates that the Markov chain has converged.

Table 1.4 reports the number and share of parameters for which the convergence diag-
nostics are satis ed based on the autocorrelation ( rst row), ine ciency factor (second
row), and Geweke statistic (third row). The share of parameters satisfying all convergence
criteria exceeds 90%. As our model incorporates a high-dimensional vector of parameters
for each regime, these results indicate good convergence properties of our MCMC chains.

Using the Kalman lter, the factor values at speci c times are also treated as param-
eters. Since the time series of factors exhibit strong autocorrelation, the within-draw
autocorrelation test is not appropriate. As an alternative, we compare the time series of
factors using the median values from the rst 500 and last 2,500 draws (Figure 1.8). The
near-identical median estimates from these two draw samples indicate the convergence in

the posterior sampling of the factors.

Notes:

Figure 1.8: Convergence diagnosis for the estimated factors.

Red and green lines show the median responses obtained from the rst 500 and last 2,500 draws, respectively.
Shaded areas represent 68% credible intervals based on 5,000 draws. These draws are obtained after discarding the rst

500,000 burn-in draws and thinning every 100th draw.
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1.C Responses of key variables across business cycle phases
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1.D Robustness check

We conduct a sequence of robustness checks for the baseline model with respect to i)
subsamples, ii) econometric speci cations, iii) policy indicators, and iv) Bayesian hyper-
parameters. Instead of reporting all responses obtained from the alternative speci cation,
we present here only the GDP and price responses of the EA aggregate and member
countries during expansions and recessions.

1.0.1 Subsamples

We re-estimate the baseline model using two di erent subsamples: one covering 1983Q1
to 2019Q4 (before the COVID-19 pandemic) and another covering 1988Q1 to 2022Q3.
Using the sample before the pandemic allows us detect whether the pandemic alters the
transmission mechanism of the ECB's monetary policy. The second sample is similar to
the analysis by Boivin et al. (2009) that analyze the e ects of a common monetary policy
shock in the Euro Area using data from 1988 to 2007. They argue that even though the
monetary union o cially started in January 1999, the process of monetary integration
through stabilizing exchange rates between core countries had been underway for many
years prior.

As shown in Figures 1.13 and 1.14, our main ndings remain largely unchanged across
subsamples, except for the responses during expansions estimated using pre-pandemic
data. Speci cally, while the directions of impacts are similar to those obtained from the
benchmark, the magnitudes of the impacts on GDP and prices in individual countries are
relatively smaller. During expansions, the benchmark impacts on GDP (prices) across
countries decline up by 0.2% (2%), whereas the declines obtained from pre-pandemic
sample are up to 0.1% (0.05%).
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Figure 1.13: IRFs during expansions across subsamples.

Figure 1.14: IRFs during recessions across subsamples.
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1.D.2 Number of unobserved factors

In the benchmark speci cation, we include 5 common factors with 4 unobserved factors
and 1 observed indicators. As a robustness check, we re-estimate FAVAR models using
one fewer and one additional unobserved factdk,= f3;5g. Figures 1.15 to 1.16 indicate
that our baseline results are robust to the speci cation with di erent factor numbers.

Figure 1.15: IRFs during expansions with di erent numbers of unobserved factors.
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Figure 1.16: IRFs during recessions with di erent numbers of unobserved factors.

1.D.3 Shrinkage prior

We test the sensitivity of our results to the shrinkage prior by using alternatives

= 0:2,0:7. The corresponding results are shown from Figures 1.17 to 1.18. A tighter
shrinkage with = 0:2 leads to puzzled temporary responses of GDP, both at the ag-
gregate level and in several member countries in the downturn periods. In contrast, the
results under a looser shrinkage, = 0:7, are similar to those from our baseline estimation.
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Figure 1.17: IRFs during expansions with di erent shrinkage parameter.

Figure 1.18: IRFs during recessions with di erent shrinkage parameter.
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1.D.4 Policy indicators

We re-estimate the benchmark model, replacing the WuXia rate with the three-month
Euribor.*® The results, reported in Figures 1.19 and 1.20, show that the benchmark results
are qualitatively robust. However, the e ects of the shock identi ed by the shadow rate
are stronger than those identi ed by the 3-month interest rate. This stronger magnitude
may re ect the e ectiveness of unconventional monetary policy after the nancial crisis.

Figure 1.19: IRFs during expansions using short-term interest rate as policy indicator.

13The short-term rate is excluded from the X block
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Figure 1.20: IRFs during recessions using short-term interest rate as policy indicator.

1.E DATA
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Abbreviation
Abbreviation Description
Source
AWM Area Wide Model
BIS Bank for International Settlements
DB Deutsche Bundesbank
IMF International Monetary Fund
EABCN Euro Area Business Cycle Network
ECB European Central Bank
Eurostat European statistics
FRED Federal Reserve Economic Dtata
MEI OECD Main Economic Indicators
OECD Organisation for Economic Co-operation and Development
OEO OECD Economic Outlook
QNA OECD Quaterly National Account
Seasonality
SA Seasonally Adjustment at the source
NSA Not Seasonally Adjustment at the source
X-13 X13-ARIMA is used when identi able seasonality presents
Transformation
1 None
2 log
3 ¢ = (log(t)-log(t-1))
4 t t 1
Movers
S slow movers
f fast movers
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Dataset for Belgium.

Variables Provider Source Trans Movers
1 GDP (Real) Datastream OEO 3 S
2  Private Consumption Expenditure (Real) Datastream OEO 3 s
3 GFCF (Real) OECD OEO 3 S
4  Government Final Consumption Expendi- OECD OEO 3 S
ture
5 Exports of Goods & Services (Real) Datastream OEO 3 s
6 Imports of Goods & Services (Real) Datastream OEO 3 s
7 GDP - IPD Datastream OEO 4 S
8  Private Consumption De ators Datastream OEO 4 S
9 Gross Domestic Fixed Capital Formation Datastream OEO 4 S
De ator
10 Exports of Goods and Services De ator Datastream OEO 4 S
11 Imports of Goods and Services De ator Datastream OEO 4 s
12 Industrial Production Datastream 3 s
13 Passenger Car Registrations Datastream MEI 3 S
14 BTS: manufacturing, Capacity Utilization Datastream MEI 2 f
Judg.
15 Employment Datastream OEO 3 S
16 Unemployment Rate Datastream OEO 2 S
17 Unit Labor Costs - total OECD OEO 3 S
18 Real E ective Exchange Rate Datastream MEI 3 f
19 Total Retail Trade (Volumn) Datastream MEI 3 s
20 PPI Manufacturing Industry FRED MEI 4 s
21 CPI - Harmonized Datastream MEI 4 s
22 CPI All items non-food non-energy Datastream MEI 4 S
23 CPI Energy Datastream MEI 4 f
24 Real house price 4 S
25 BEL Share Prices All Shares Datastream MEI 3 f
26 Hourly earnings: Manufacturing Datastream MEI 3 S
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Dataset for France.

Variable Provider Source Trans Movers
1 Real GDP Datastream OEO 3 S
2  Private Consumption Expenditure (real)  Datastream OEO 3 S
3  GFCF (real) Datastream OEO 3 s
4 t(LBJ?(\a/ernment Final Consumption Expendi- OECD OEO 3 S
5 Exports of Goods and Services (real) Datastream OEO 3 s
6 Imports of Goods and Services (real) Datastream OEO 3 S
7  GDP de ator Datastream OEO 4 S
8  Private Consumption De ators Datastream OEO 4 s
9 Gross Domestic Fixed Capital Formation Datastream  OEO 4 S
De ator

10 Exports of Goods and Services De ator Datastream OEO 4 S
11 Imports of Goods and Services De ator Datastream OEO 4 S
12 Industrial Production Exl. Construction  Datastream 3 S
13 Passenger Car Registrations Datastream MEI 3 S
14 \I]BJng:.Manufacturing, Capacity Utilization Datastream  MEI 5 ¢
15 Employment Datastream OEO 3 S
16 Unemployment Rate Datastream OEO 2 S
17 Unit Labor Cost - total Datastream ECB 3 S
18 Real E ective Exchange Rate Datastream MEI 3 f
19 Total Retail Trade (Volume) Datastream MEI 3 s
20 PPI Manufacturing Industry Datastream MEI 4 s
21 CPI (standardized) Datastream MEI 4 S
22 CPI Non-food non-energy Datastream MEI 4 S
23 CPI Food exl. Restaurants Datastream MEI 4 S
24 CPI Energy Datastream MEI 4 f
25 Real House Price Index Datastream 4 f
26 Long-term Interest Rate Datastream OEO 2 f
27 Total Share Prices Datastream MEI 3 f
28 Hourly earning Datastream MEI 3 s
29 M1 (National contribution to M1) Datastream Banque de France 4 f
30 M2 (National contribution to M2) Datastream Banque de France 4 f
31 M3 (National contribution to M3) Datastream Banque de France 4 f
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Dataset for Germany.

Variable Provider Source Trans Movers
1 GDP (Real) Datastream MEI 3 S
PRIVATE CONSUMPTION EXPENDI-
2 TURE (REAL) Datastream MEI 3 S
3 GFCF (REAL) Datastream MEI 3 S
GOVERNMENT FINAL CONSUMP-
4 TION EXPENDITURE Datastream MEI 3 S
5 EXPORTS OF GOODS & SERVICES Datastream MEI 3 S
(REAL)
IMPORTS OF GOODS & SERVICES
6 (REAL) Datastream MEI 3 S
7 GDP-1IPD own estimation own caculation 4 S
8 PRIVATE CONSUMPTION - IPD own estimation own caculation 4 s
9 GROSS DOMESTIC FIXED CAPITAL own estimation own caculation 4 S
FORMATION - IPD
EXPORTS OF GOODS & SERVICES - L .
10 IPD own estimation own caculation 4 s
IMPORTS OF GOODS & SERVICES - L .
11 IPD own estimation own caculation 4 S
12 Industrial Production Exl. Construction  Datastream MEI 3 s
13 Passenger Car Registrations Datastream MEI 3 S
14 ?J(js.g Manufacturing, Capacity Utilization Datastream MEI 5 f
15 Employment Datastream MEI 3 S
16 Unemployment rate Datastream OEO 2 S
17 Real E ective Exchange Rate Datastream MEI 3 f
18 Total Retail Trade (Volumn) Datastream MEI 3 S
19 PPI Manufacturing Industry Datastream MEI 4 S
20 CPI - standardized Datastream MEI 4 s
21 CPI Non-food non-energy Datastream MEI 4 S
22 CPI Food exl. Restaurant Datastream MEI 4 S
23 CPI - ENERGY Datastream MEI 4 f
24 Real house price index Datastream MEI 4 f
25 INTEREST RATE - SHORT TERM Datastream MEI 2
26 INTEREST RATE - LONG TERM Datastream MEI 2 f
27 SHARE PRICES Datastream MEI 3 f
o8 :—:\%URLY EARNINGS: MANUFACTUR- Datastream MEI 3 S
M1 - GERMAN CONTRIBUTION TO
29 EURO M1 Datastream MEI 4 f
M2 - GERMAN CONTRIBUTION TO
30 EURO M2 Datastream MEI 4 f
M3 - GERMAN CONTRIBUTION TO
31 EURO M3 Datastream MEI 4 f
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Dataset for Italy.

Variable Provider Source Trans Movers
1 Real GDP Datastream OEO 3 S
2  Private Consumption Expenditure (real)  Datastream OEO 3 s
3  GFCF (real) Datastream OEO 3 s
4 t(LBJ?(\a/ernment Final Consumption Expendi- OECD OEO 3 S
5 Exports of Goods and Services (real) Datastream OEO 3 s
6 Imports of Goods and Services (real Datastream OEO 3 S
7  GDP de ator Datastream OEO 4 S
8  Private Consumption De ators Datastream OEO 4 s
9 Gross Domestic Fixed Capital Formation Datastream  OEO S

De ator
10 Exports of Goods and Services De ator Datastream OEO 4 S
11 Imports of Goods and Services De ator Datastream OEO 4 S
12 Industrial Production Exl. Construction  Datastream 3 S
13 Total Car Registrations Datastream MEI 3 s
14 \I]BJng:.Manufacturing, Capacity Utilization Datastream  MEI 5 ¢
15 Employment Datastream OEO 3 S
16 Unemployment Rate Datastream OEO 2 S
17 Unit Labor Cost - Total Datastream ECB 3 S
18 Real E ective Exchange Rate Datastream MEI 3 f
19 Retail Sales Datastream Istat 3 S
20 CPI (standardized) Datastream MEI 4 s
21 CPI - Exclu. Food and Energy Datastream MEI 4 s
22 CPI - Food Datastream MEI 4 s
23 CPI - Energy Datastream MEI 4 f
24 Real House Price Index Datastream 4 f
o5 Interest Rate - Long Term: 10 YR Trea- Datastream OEO 5 f

sury Bonds
26 Share Prices Datastream MEI 3 f
27 Hourly Earnings: MFG Datastream MEI 3 s
28 Ml-ltalian contribution to Euro M1 Datastream Bank of ltaly 4
29 M2 - ltalian contribution to Euro M2 Datastream Bank of ltaly 4 f
30 M3 - Italian contribution to Euro M3 Datastream Bank of ltaly 4 f

a7



Chapter 1 Regime Dependence and Cross-Country Heterogeneity

Dataset for the Netherlands.

Variable Provider Source Trans Movers
1 Real GDP Datastream OEO 3 S
2  Private Consumption Expenditure (real)  Datastream OEO 3 S
3  GFCF (real) Datastream OEO 3 S
4 Government Final Consumption Expendi- 3 S

ture
5 Exports of Goods and Services (real) Datastream OEO 3 S
6 Imports of Goods and Services (real Datastream OEO 3 S
7  GDP De ator Datastream OEO 4 S
8  Private Consumption De ators Datastream OEO 4 S
9 Gross Domestic Fixed Capital Formation Datastream  OEO S

De ator
10 Exports of Goods and Services De ator Datastream OEO 4 S
11 Imports of Goods and Services De ator Datastream OEO 4 S
12 Industrial Production Exl. Construction  Datastream 3 S
12 Total Car Registrations Datastream MEI 3 S
13 \I]BJng:.Manufacturing, Capacity Utilization Datastream  MEI 5 ;
14 Employment Datastream OEO 3 S
15 Unemployment Rate Datastream OEO 2 S
16 Unit Labor Cost, Total OECD OEO No.111 3 S
17 Real e ective Exchange Rate Datastream MEI 3 f
18 Total Retail Trade FRED MEI 3 S
19 PPI Manufacturing Datastream MEI 4 S
20 CPI (standardized) Datastream MEI 4 S
21 CPI all items non-food non-energy Datastream MEI 4 S
22 CPI Food Datastream MEI 4 S
23 CPI Enery Datastream MEI 4 f
24 Real House Price Index Datastream 4 f
25 Long-term interest rate Datastream OEO 2 f
26 Share Prices Datastream MEI 3 f
27 Hourly Earnings Datastream MEI 3 S
28 Money Supply-M1 Datastream DNB 4 f
29 Money Supply-M2 Datastream DNB 4 f
30 Money Supply-M3 Datastream DNB 4 f
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Dataset for Spain.

Variable Provider Source Trans Movers
1 Real GDP Datastream OEO 3 S
2  Private Consumption Expenditure (real)  Datastream OEO 3 S
3  GFCF (real) Datastream OEO 3 S
4 E?(\e/ernment Final Consumption Expendi- OECD OEO 3 S
5  Exports of Goods and Services (real) Datastream OEO 3 S
6 Imports of Goods and Services (real Datastream OEO 3 S
7  GDP De ator Datastream OEO 4 S
8  Private Consumption De ators Datastream OEO 4 S
9 Gross Domestic Fixed Capital Formation Datastream  OEO 4 S

De ator

Exports of Goods and Services De ator Datastream OEO 4 S

Imports of Goods and Services De ator Datastream OEO 4 S

Industrial Production ExI. Construction  Datastream 3 S

Passenger Car Registrations Datastream MEI 3 s

BTS: Manufacturing, Capacity Utilization Datastream MEI 5 ;

Judg.

Employment Datastream OEO 3 S

Unemployment Rate Datastream OEO 2 S
17 Unit Labor Costs Datastream ECB 3 S
18 Real E ective Exchange Rate Datastream MEI 3 f
19 PPI MANUFACTURING Datastream MEI 4
20 CPI (standardized) Datastream MEI 4 S
21 CPI all items non-food non-energy Datastream MEI 4 S
22 CPI FOOD Datastream MEI 3 S
23 CPI ENERGY Datastream MEI 4
24 Real house price index Datastream 4 f

Long-term interest rate Datastream OEO 2 f

Ministry of the
MADRID S.E - general index Datastream Economy and Fi- 3 f
nance
Hourly earnings Datastream MEI 3 s
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Dataset for EA aggregates and others.

Variable Trans Movers Missing

EA-wide variables

1 GDP 3 S
2 CPI-HARMONIZED 4 s
3 Short-term rate 2 f
4  Long-term rate 2 S
5 Unit labor cost 3 f
6 Ml 4 f
7 M3 4 f
8 E ective Exchange Rate 3 f
9 GBP/EU 3 f
10 JP/EU 3 f
11 US/EU 3 f
Others EA countries: Finland, Ireland, Greece, Luxembourg and Portugal
1 GDP (REAL) 3 S
2 CPI-HARMONIZED 4 S
3 Short-term rate 2 f Luxembourg
4  Long-term rate 2 f Greece, Luxembourg
Global: UK, US and Japan
1 Texas oil prices 3 f
2 GDP 3 S
3 CPI 4 S
4  short-term rate 2 f
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Chapter 2

Policy Rate, Forward Guidance, and
Quantitative Easing Shocks: E ects
on Consumer In ation Expectations

Abstract

This paper studies the impacts of monetary policy surprises on the in ation expecta-
tions of consumers in the Euro Area and its three largest member countries: Germany,
France, and Italy. The analysis employs Bayesian VAR models over the time series from
January 1999 to December 2021. Policy shocks are distinguished between conventional
policy, forward guidance, and quantitative easing identi ed by means of high-frequency
external instruments. The ndings indicate the success of the ECB in steering consumer
in ation expectations over the medium term: expansionary policies associated with policy
rates and quantitative easing raise 12-month-ahead in ation expectations of consumers.
Counterfactual analysis suggests that the e ects are indirect via the channel of consumer
prices. Furthermore, the results also highlight the presence of Delphic guidance: a for-
ward guidance on a decrease in future policy rate puts downward revisions on consumer
in ation expectations.

Keywords central bank communication, high-frequency policy surprises, consumer in a-
tion expectation, SVAR with external instruments.
JEL classi cation: E31, E52, E58.

This chapter is a single-authored paper

It has been published as: Tran, N.L. Policy Rate, Forward Guidance, and Quantita-
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2.1 Introduction

The importance of managing consumer expectations links to the standard Euler equation
that predicts an inverse relationship between current consumption and the anticipated
future real interest rates which, in turn, depend on the expected path of nominal rates
and in ation. Such a prediction is particularly relevant at the zero-lower-bound interest
rates, where higher in ation expectations in the future, followed by a drop in real interest
rates, reduce savings and encourage consumptions, thereby stimulating current aggregate
demand and in ation. Empirical studies, including Duca-Radu et al. (2021), Drager and
Nghiem (2021), Coibion et al. (2023), support this mechanism.

While managing in ation is a potential tool for central banks to adjust macroeconomic
conditions, the e ect and e ectiveness of monetary policy on this channel might vary
across di erent market groups. Coibion et al. (2020) observed that professional forecast-
ers and nancial markets form their in ation expectations very quickly in response to
policy shocks; on the contrary, consumers and rms in advanced economies that have
experienced prolonged periods of low in ation are remarkably inattentive to in ation dy-
namics . Instead of responding to policy announcements, consumers often form in ation
expectations based on their own shopping experience and information from the media.

The nancial and sovereign debt crisis also pushed the ECB to increasingly rely on
unconventional policy tools, i.e., forward guidance (FG) and quantitative easing (QE).
While the transmission mechanism of the conventional policies, changes in the current
policy rates, have been extensively examined in both theoretical and empirical literature,
understanding of the unconventional policies has been put to the mainstream in the last
decades. As a result, this leaves questions about the e ectiveness of these additional tools
in in uencing consumer in ation expectations.

For example, forward guidance, a central bank communication to the public on the
future interest rate path, exerts two contrast in uences on market expectations. When
the economy is in recession, the commitment to keep interest rates low for a certain
period of time increases the public's expectations of in ation and thus stimulates current
consumption and investment. However, the public might interpret this commitment as
a signal of future economic stagnation. Consequently, the public lowers their in ation
expectations, causing a reduction in consumption and investment. These two e ects refer
to the distinction between Odyssean and Delphic forward guidance (see the discussion
in Campbell et al. (2012)). From this perspective, the e ectiveness of FG in managing
in ation expectations is theoretically ambiguous.

The aim of this paper is to address two policy-related questions. First, whether ECB
monetary policy can in uence the in ation expectations of consumers in the Euro Area
(EA) as a whole and in its key member countries: Germany, France, and Italy. Second, to
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what extent consumer in ation expectations vary depending on the measures of monetary
policy, i.e. changes in policy rates, forward guidance, and quantitative easing?

To answer these questions, two monthly Bayesian VAR models are estimated: one for
the entire Euro Area and one for selected member countries. The latter takes into account
cross-country heterogeneity. The analysis covers the sample from January 1999 until
December 2021, excluding six months of lockdown from January to June 2020 due to the
COVID-19 pandemic. Consumer in ation expectations are based on qualitative consumer
surveys from the European Commission and quanti ed using a modi ed version of the
probability approach proposed by Carlson and Parkin (1975). Monetary policy shocks,
including changes in current policy rates, forward guidance, and quantitative easing, are
identi ed using the external instrument approach, where the instruments are derived from
the Euro Area Monetary Policy Event Study Database (EA-MPD) by Altavilla et al.
(2019).

At the Euro Area aggregate level, the results suggest that di erent monetary policy
measures have temporary but di erent impacts on consumer in ation expectations. An
expansionary policy caused by unexpected changes in either interest rates or quantitative
easing raises households' 12-month-ahead in ation expectations in the medium term. In
contrast, forward guidance associated with communication about the expansionary path
of the future interest rate indicates a dominance of the Delphic e ect over the Odyssean
e ect, leading to a temporary decline in output and prices, accompanied by a fall in
consumer in ation expectations. Counterfactual analysis reveals the important role of
consumer prices in transmitting shocks from conventional and QE policies to in ation
expectations, whereas their role in forward guidance is negligible.

At the country level, accommodative quantitative easing, among policy tools, con-
sistently raises the in ation expectations of consumers across countries. In contrast, a
negative forward guidance shock leads to a downward revision of in ation expectations
in all countries, mirroring the e ect observed at the EA aggregate level. The e ect of
conventional policy varies across countries. Counterfactual analysis revealed a mixed role
for consumer prices in the transmission of conventional policy in member countries. Con-
sistent with the EA aggregate, consumer prices are not signi cant for FG transmission
but relatively more important for QE.

This paper makes two key contributions. First, it complements the growing literature
on how monetary policies shape consumer in ation expectations in the Euro Area. Unlike
existing studies that largely rely on microlevel survey experiments, this paper adopts a
time series approach to aggregate data. Using structural VAR models, the paper traces the
dynamic responses of household in ation expectations to various policy tools. Second, it
extends previous work by jointly identifying the impacts of policy rate, forward guidance,
and quantitative easing. In contrast to studies such as Geiger et al. (2023) and Eminidou
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et al. (2020), this paper distinguishes the e ects of di erent policy tools and explores the
transmission channel through consumer prices.

The structure of this paper is organized as follows. Section 2.2 is a review of the
literature. Section 2.3 presents the model with shock identi cation scheme and estimation
method. Section 2.4 describes the construction of high-frequency surprises as external
instruments for monetary policy strategies and the quanti cation of qualitative surveys-
based in ation expectations. Section 2.5 discusses the empirical analysis for EA aggregates
with the description of the dataset, the results, and the counterfactual analysis. The
results for the member countries are discussed in Section 2.6. Section 3.6 is the conclusion.

2.2 Literature review

This paper is linked to the literature that employs high-frequency identi cation method

to estimate the macroeconomic e ects of monetary policy shocks. This line of research
was initially motivated by event-study analysis of Girkaynak et al. (2005), who measured
monetary policy surprises using variations in future interest rates within a narrow win-
dow, typically 30 minutes before and after the Federal Open Market Committee (FOMC)
policy meeting. Building on the novel shock identi cation method that uses instruments
proposed by Stock and Watson (2012) and Mertens and Ravn (2013), Gertler and Karadi
(2015) adopted high-frequency policy surprises as instruments for monetary policy in the
monthly VAR model. The approach has the advantage of incorporating the e ects of both
conventional and unconventional policy tools; hence, has been widely applied in the anal-
ysis of monetary policy (Kerssen scher (2019), Jaroci«ski (2022), Corsetti et al. (2022),
Hafemann and Tillmann (2020), among others).

Starting from the puzzle observed by Campbell et al. (2012) regarding the positive
co-movement of stock prices and interest rates on speci ¢ policy meeting days, there are
a large number of the literature that di erentiate the macroeconomic e ects of pure
monetary policy and central bank information shocks. Nakamura and Steinsson (2018)
found that Fed information shocks, accompanied by an unexpected increase in interest
rates, revise the belief of market participants about the economy, leading to a rise in
the expectation of output. Jaroci«ski and Karadi (2020) found that the unanticipated
increase in interest rate accompanied by increases in stock prices improves the credit
market, stimulating output and prices.

On the other hand, in their own work, Campbell et al. (2012) discussed the e ects be-
tween Delphic and Odyssean forward guidance. Building on this distinction, Andrade and
Ferroni (2021) analyzed the impacts of these two types of forward guidance using intraday
movement in interest rate swaps and in ation-linked swap contracts on the days of ECB
policy announcements. Using the Consensus Forecast survey, they found that Delphic
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and Odyssean guidance have opposite impacts on expectations. A negative Delphic shock
signaling a decline in future interest rates due to contraction economic outlooks lowers
output, prices, and their associated forecasts. In contrast, a negative Odyssean shock
re ecting the central bank's commitment to the future expansionary interest rate path
increases output, prices, and the corresponding forecasts. Broadly speaking, this strand
of literature has primarily focused on output, prices, or nancial market expectations.

In comparison, this paper extends the methodology to investigate the dynamic e ects of
monetary policy shocks on consumer in ation expectations.

This paper is also closely related to the literature on how individuals form their in ation
expectations in response to central bank communication. In the US context, Coibion et al.
(2023), using a randomized control trial (RCT) with 20,000 US respondents, found that
information about the actual CPI, in ation target, and in ation forecast has statistically
signi cant e ects on household in ation expectations. In a follow-up study, Coibion
et al. (2023) estimated the informational content of forward guidance. One of their key
ndings is that statements about the current, past, and future level of interest rates have
impacts on consumer in ation expectations as large as those from direct statements about
in ation. Importantly, they documented an information shock in the forward guidance:
the households perceive a lower future interest rate as a signal of weaker in ation rather
than a sign of future accommodative policy.

Lamla and Vinogradov (2019) and Fiore et al. (2021) borrowed the idea of event-study
analysis: they compared changes in individual expectation surveys that are constructed
shortly before and after FOMC meetings. Both studies concluded that central bank
communication has no impact on in ation expectations of households. Fiore et al. (2021)
further noted that the information shock identi ed by Jaroci«ski and Karadi (2020) tends
to revise the expected in ation downward even though the e ects are insigni cant.

Coibion et al. (2020) provided an important cross-country extension by examining the
movement of in ation expectations in months associated with major policy decisions in the
US, EA, and UK. They showed that unlike professional forecasters and nancial market
participants, households and rms exhibit very limited responsiveness to monetary policy
announcements. In the context of the Euro Area, D'Acunto et al. (2021) evaluated the
e ects of unexpected announcement of a future increase in Germany's value-added tax
(VAT), and two ECB forward guidance statements on 4 July 2013 and 09 January 2014.
Using the di erence-in-di erence method, they found that the VAT announcement steers
the in ation forecast of consumers upward and stimulates consumption on durable goods.
In contrast, the impacts of the ECB forward guidance on consumer in ation expectations
and their consumptions are minor.

Hirsch et al. (2023) considered the role of the mass media in shaping public responses to
monetary policy. They found evidence on the causal e ects of media coverage of ECB an-
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nouncements on expected household in ation in Germany, France, Italy, and Spain. Fur-
thermore, they showed distinguishable impacts between Delphic and Odyssean guidance.
Households revise their in ation expectations upward in response to the accommodative
Odyssean guidance and lower their in ation expectations in response to the associated
Delphic guidance. Pinter and Kocenda (2023), focusing on France, further emphasized
the importance of media exposure. They found that in ation expectations of households
are more a ected by policy-related news conveyed by the newspaper than the interest
rate decision itself. In fact, policy decisions that are not reported by newspapers have
no observable e ects on in ation expectations. In general, most existing studies in this
strand of literature rely on microlevel survey data. In contrast, this paper employs a time
series approach to aggregate data, providing new evidence on how consumer in ation
expectations respond to ECB policy shocks.

This study is particularly related to the work of Geiger et al. (2023) and Eminidou
et al. (2020). The latter studied the e ect of ECB conventional monetary policy on
in ation expectations among two groups: well-informed and less-informed consumers.
This distinction is based on the concept of asymmetric information between the central
bank and the private sector, where well-informed individuals are assumed to have access
to the same information set as the central bank, while less-informed individuals have a
more limited information set. They found evidence of an information channel prior to the
2008 nancial crisis, showing that interest rate hikes led to higher in ation expectations
among less-informed households.

Geiger et al. (2023) analyzed heterogeneity in consumer expectations in the Euro Area.
Their results suggest that consumer price expectations generally move in line with eco-
nomic theory and that households across the Euro Area exhibit relatively homogeneous
behaviors in their responses. This paper diers from both studies by considering not
only conventional but also unconventional monetary policy shocks. Moreover, while prior
studies rely on qualitative series that capture the direction of in ation expectations, this
paper employs quanti ed measures of in ation expectations estimated using the proba-
bility approach proposed by Carlson and Parkin (1975). This quantitative approach is
applied in the consumer in ation expectations literature, including studies by Hirsch et al.
(2023), Syziak and Paloviita (2017), and Lamla and Lein (2014).

2.3 Methodology and estimation

2.3.1 VAR model with external instruments

Following Gertler and Karadi (2015), | apply VAR model with the use of external instru-
ments to identify monetary shocks. Denoté&; as a vector that includes macroeconomics
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and nancial time series. The structural VAR model is speci ed as follows.

AXy= C(L)Xt 1+ ¢ (2.1)

where = ( P; )°are structural shocks, containing the interested policy shock and
other structural shocks ?O. The structural shocks are assumed to be white noise process.
The structural VAR equation (2.1) can be rewritten in the reduced form.

Xe=B(L)X¢t 1+ W (2.2)

whereB(L) = A 'C(L) andVar(u)) = ,
The reduced-form shocksl; can be expressed as a linear combination of the structural
shocks. Their relationship is connected through matrig = A *

u=S (2.3)
or in a vector form I I !
P P
U _ sPsf i (2.4)
uy st s8 | '
t q t

with uf be reduced form residual associated with the equation of policy indicator and
uy be a vector of reduced form residuals associated with other equations. The e ect of
structural policy shock P on the variables inX; is re ected by a columns = (s s%)0 of
the matrix S.

To identify sP and elements ofsY, Gertler and Karadi (2015) employed the external
instrument approach, which builds on the work of Stock and Watson (2012) and Mertens
and Ravn (2013).

From equation (2.4), the reduced-form residual from other equations relates to that
from policy equation via equation:

q

s
ul= §U{)+ t (2.5)

where | = (s{ Si—ﬁg) R

Together with the restriction raised from the variance-covariance matrix , the ratio
si=¢’ is used to estimate the elements of s. However, the VAR residuals are unob-
served, and the use of the estimator from the reduce-form VAR estimation leads to biased
estimator of s=¢”. To overcome the endogeneity problem, the instrument variables are
exploited.

Let Z, be a vector of the instrumental variables for the structural policy shock {. As

174 can be a single instrument
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a condition of valid instruments, Z; must be (strongly) correlated with the policy shock,
E(Z:; P)= , and orthogonal to other shocksE (Z;; ) = 0. Given the valid instrument
Zy, the ratio s%=¢< is estimated by two-stage least squares regression.

In the rst stage, the residual of the policy indicator, estimated from the VAR model
(2.2), is regressed to the instrumenZ, to obtain the tted values 0P. This is the part
explained by the structural policy shock P and is orthogonal to other structural shocks.
In the second stage, by running the regression of on 0f, one can obtain consistent
estimator of s=g’. The estimates fors and s are then derived using the estimator for

v and s%=9 (see Gertler and Karadi (2015), footnote 4).

2.3.2 Prior and estimation

| estimate the reduce-formed VAR model using the Bayesian approach of Giannone et al.
(2015)(hereafter GLP 2015), whereby the hypeparameters are treated as random variables.
This part summarizes the main ideas of GLP 2015; interested readers can refer to the
original paper for details.

Following their setup, the prior distribution for the VAR parameters is natural conjugate
normal-inverse-Wishart family, in which the prior for variance-covariance of residuals,
Is inverse-Wishart distribution.

o IW( ;d)

where d = N+2 and is set as the xed residual covariance matrix.
The prior distribution of VAR coe cient B(L) is assumed to have Minnesota form.

8
. <1lif i=js=1
E(Bs;ij] u) = . .
é 0 otherwise
. <21___ s _if m=jandr=s
Cov(Bs;j ; Bram | u) = . $27j=(d n 1) .
-0 otherwise

Intuitively, the prior expresses the belief that the process of dependent variable in each
VAR equation favors the AR(1) process. The prior variance depends on the hyperparam-
eter that controls the overall tightness of the prior distribution. As close to zero, the
values of the VAR coe cients converge to their prior mean.

GLP 2015, in consistent with previous literature of Thomas Doan and Sims (1984) and
Banbura et al. (2010), among others, imposed two additional priors. The rst one is known
as sum-of-coe cients prior, implying that the coe cients on the lags of the dependent
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variable sum to one. This prior is implemented by generating dummy observations.

. X
di =diag =2
n n
d, = 0;d;;:::;d
n @+np) "

d; and d; are added before observations of dependent and independent variables, ex-
cluding the rst p lags. This type of prior depends on the hyperparameter. The lower
the value of , the tighter the prior is.

The second one is dummy-initial-observation prior, which favors the presence of cointe-
gration in the VAR. The prior is implemented by creating additional dummy observations.

d;* =diag Xo

1n

T -
1 (19ﬁp)_ I

The hyperparameter controls the tightness of the prior. As close to zeros, the
prior is more informative. Instead of imposing xed values, GLP 2015 estimates the
hyperparameters = ( ; ; ) by choosing the hyperprior as gamma distribution with
mode equal to (0.2,1,1) and standard deviation equal to (0.4,1,1).

For estimation, the Metroplis-Hastings algorithm is employed to draw the hyperparam-
eters, . Conditional on , VAR coe cients and variance-covariance matrix of residuals
are drawn from the posterior normal-inverse-Wishart distributior? | generate 30,000
iterations and discard the rst 10,000 as burn-in to remove the e ect of initial condi-
tions. Due to the application of Metropolis-Hastings algorithm, | thin every 5 draws to
eliminate autocorrelation between draws. Finally, the remaining 4000 draws are used to
calculate the impulse response function. The convergence of draws is guaranteed by the
convergence diagnostic methods: autocorrelation between draws, Geweke statistics, and
ine cient factors. Also, the acceptance rate is between 20 and 25.

2Matlab code for the Giannone et al. (2015) approach is downloaded from the website of Giorgio Primiceri:
https://faculty.wcas.northwestern.edu/gep575/
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2.4 Policy instruments and consumer in ation
expectations

2.4.1 Policy instruments

In this section, | discuss the construction of high-frequency surprises around the ECB
policy announcements which serve as instruments to identify monetary policy shocks. As
the interest is in evaluating the e ciency of three types of policies, including policy rate,
forward guidance, and quantitative easing, | follow Altavilla et al. (2019) and Swanson
(2021) by constructing three instruments, labeled Target, Path, and QE factors, each
serving as a single instrument for its respective shock.

The instruments are constructed from the Euro Area Monetary Policy Event Study
Database (EA-MPD) by Altavilla et al. (2019). Their dataset measures variations in
future interest rates and nancial variables within three di erent windows around the
days of ECB policy announcements. The ECB meetings are organized by two separated
events, the press release at 13.45 Central European Time (CET) and followed by the press
conference starting at 14.30 CET. Based on this schedule, the rst dataset of EA-MPD
measures changes of median prices in 10 minutes before and after the press release; the
second measures changes around the press conference; and the third measures changes
during the entire ECB meeting.

During the press release, the ECB publishes a short statement on its policy decision
on their o cial website. As noted in Altavilla et al. (2019), prior to December 2014, the
press release informs only the decision on the current policy rates. Therefore, variations in
the one-month OIS rate around the press release capture market surprises solely related
to policy rate decision. Consistent with previous literature, this surprise is referred to
as the Target factor. During the press conference event, the ECB President announces
both standard and non-standard policy measures, along with economic outlooks, nancial
environment, and projections. The surprise in the two-year OIS rate in this window is
labeled as the Path factor. Quantitative easing factor is measured as changes in the
ten-year OIS rate that are orthogonal to the two-year OIS rate. To isolate this part, |
regress the change in ten-year OIS rate on the change in two-year OIS rate and a constant.
The residual obtained from the regression is the QE factor. This approach is similar to
Swanson (2021F.

There may be concerns that changes in the two- and ten-year OIS rates could partly
re ect surprises from policy rate decisions. However, | argue that movements in future
interest rates during the press conference are driven exclusively by surprises from the

3Swanson (2021), in the part robustness of identi ed factors , de ned federal fund rates factor as surprises in federal fund
rate itself, the forward guidance factor as changes in 2-year Treasury yields that is orthogonal to the rst factor, and
the quantitative easing as surprises in the 10-year Treasury yield that is orthogonal to the rst two factors.
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decision on FG and QE policies. Altavilla et al. (2019) found three factors driving the
movements of yield curve in the press conference, which they labeled as Timing, FG,
and QE factors. They highlighted that even though they labeled the rst two factors as
Timing and FG, both capture shifts in future market expectations at di erent horizons.

In particular, the Timing factor captures changes in market expectations over the next
“few meetings', and the FG factor captures expectations over a longer horizon. | replicated
their analysis using updated data until December 2022 and con rmed that their original
ndings are unchanged.

In the next stage, | map the event-time factors into monthly surprises. These are
then used as external instruments in the VAR model. Following standard practice, the
surprise for a given month is the sum of all the surprises that occur within that month.
For months without a policy meeting, the surprise is zero. This approach is employed by
Hafemann and Tillmann (2020) and Miranda-Agrippino (2016). | refer to this approach
as the unweighted average methotl.

There may also be concerns about the exogeneity of high-frequency policy surprises.
Speci cally, to serve as valid instruments to identify macroeconomic e ects in the VAR
model, policy surprises must be unpredictable by macroeconomic and nancial data avail-
able prior to the ECB announcement (Miranda-Agrippino (2016), Miranda-Agrippino and
Ricco (2021), and Bauer and Swanson (2022)). As a rst check for exogeneity of the in-
struments, | use the Ljung-box test to detect the presence of autocorrelation in these
monthly surprises. Table 2.1 reports the p-value for autocorrelation test of policy sur-
prises at di erent lags order. The p-values indicate that serial correlation present in the
time series of Target and Path factors at all lags orders. The QE factor is autocorrelated
at several lag orders. The presence of serial correlation in these series might suggest their
predictability.

Table 2.1: Ljung-box test for autocorrelation.

lag order
1 4 7 10 13 6 19 22

Target | 0.0065 0.0739 0.0446 0.0008 0.0034 0.0102 0.0316 0.0681
Path | 0.0027 0.0003 0.0004 0.0024 0.0021 0.0057 0.0162 0.0277
QE 0.8597 0.1324 0.0237 0.0379 0.0255 0.0445 0.0799 0.119

Factor

To be on the safe side, | regress the monthly surprises on the lags values of standard
macroeconomic and nancial variables. The approach is similar to the one applied by
Bauer and Swanson (2022) and Miranda-Agrippino and Ricco (2021). This step is also
equivalent to cleaning step in Forni et al. (2023).

4As an alternative, Gertler and Karadi (2015) use a weighted-average approach that takes into account the date of the
month that policy announcement takes place. The results are hardly changed under this alternative approach; see the
Section sensitivity analysis for further discussion.
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Zy=c+ (L)Zy 1+ (L)X¢ 1+ (2.6)

where X; are the IP growth as measure of output, in ation, credit risk indicator by
Gilchrist and Mojon (2018) and one policy indicator. These are standard indicators in
the small-scale VAR model and hence are potentially good predictors for surprises.

The new measure for high-frequency policy surprises are residuals estimated from equa-
tion (2.6). However, as a robustness check, the use of original monthly policy surprises as
external instruments does not change the main results.

2.4.2 Consumer in ation expectations

The indicator for consumer expectations is based on the monthly Business and Consumer
Survey (BCS) collected by the Directorate General for Economic and Financial A airs of
the European Commission. The eldwork of the monthly survey is carried out in the rst
two to three weeks of each month covering six sectors: manufacturing industry, consumers,
services sector, retail trade construction, and nancial services.

The consumer survey contains question about how respondents expect consumer prices
to change over the next 12 months compared to the past 12 months (Q6). They are
given six qualitative options: increase more rapidly (PP), increase at the same rate
(P), increase at a slower rate (E), stay about the same (M), fall (MM) and don't
know .°> The Commission published the percentage of responses for each option, along
with the balances, which are calculated as the di erence between the shares of positive
and negative responses.

The time series of consumer in ation expectations are constructed using the probability
method proposed by Carlson and Parkin (1975). The core assumption of the approach is
to assume that individual respondents have certain distribution about the future price;
and thus the aggregate price expectation has the same distribution as individual level.
The share of respondents for each ordinal option is then treated as probabilities. The
guanti ed price expectation is a function of price perception, the current prices perceived
by respondents, and the inverse of the cumulative probability function of the aggregate
in ation expectations. The original paper of Carlson and Parkin (1975) considered the
in ation question with four categories: a) go up, b) go down, c) stay the same,
and d) don't know . The perceived prices are calculated by assuming unbiasness. Berk
(1999) expanded the method in two ways: i) the respondent is given up to ve options,
i) perceived prices are calculated based on the survey question about the evaluation of
respondents on the past development of prices.

5Consumers are also asked to give their quantitative answer about the price expectation if their answers do not fall into
stayed about the same and don't know ; however these guantitative answers are available quarterly after 2004Q1.
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Denote S' be the share of respondent choosing answer i, for i = PP,P,E,M,MM, the
aggregate price expectation of individuals for the next 12 months are quanti ed as:

z3+ 72}

N

) (2.7)

where Z! is the inverse of cdf of standard normal evaluated at associated shérd.
follow Hirsch et al. (2023) for the calculation of the perceived rate of in ation P’ that
are derived from the question Q5 concerning the qualitative perception of household on
the past in ation 8.

Tables 2.2 in the Appendix 2.A reports summary statistics for each response category
for consumer expectations of future prices (Q6) over the sample period from January 1999
to December 2021. It is noticeable that consumers tend to expect higher in ation. At
the Euro Area level, the highest average share of responses is for a moderate increase in
future prices (37.62%), followed by the expectation that prices will stay about the same
(25.48%). There is also cross-country heterogeneity. A similar pattern is observed in
Germany and France, while in Italy, the largest average share re ects the expectation
that prices will stay about the same (37.53%), followed by expectation of an increase at
the same rate (26.76%).

Figure 2.7 in the Appendix 2.A illustrates the evolution of expected and realized con-
sumer in ation. Consistent with the distribution of response shares, quanti ed in ation
expectations are generally upward-biased with a particularly large gap observed during
the nancial crisis 2008 and at the end of 2021, marking the onset of an in ation surge
in the Euro Area after the Covid-19 pandemic.

6In particular, z¢=1f (1 SPP);zZ=1f @@ SPP sSPyz3=1f 1 sSPP sSP SE)yandz4=1 I(SMM).

7| thank Patrick for sharing his Stata code and estimated household price expectations. | replicated the time series using
updated data in MATLAB.

8Denote S' be the share of respondent choosing answer i, for i= PP,P,E,M,MM,N. At rst, they shift the each answer,
whichtumto zt=f @1 sSPP sp);z2=f a1 sPP sSP sSE)yz3=f 11 sSPP sP sSE  sVN)and
74 = f l(SMM )

z:+ 7¢

2.8
zt+z2 Z¢ 2{‘) (28)

0=

where  is three-month moving average of HICP in ation rate.
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2.5 Empirical analysis: consumer in ation
expectations in the Euro Area

2.5.1 VAR dataset

The VAR model speci ed for the Euro Area includes 13 variabl@s Eonia rate, German

2- and 10-year bond yields, industrial production (IP), harmonized consumer price index
(HICP), loans to non- nancial corporations, loans to households, 10-year government
bond rate, stock prices, economic sentiment indicators, composite indicator of systemic
stress (CISS), credit spread indicator developed by Gilchrist and Mojon (2018) (hereafter
GM) and quanti ed household in ation expectations.

In detail, Eonia is used as a policy indicator for the analysis of the current policy rate
shock, consistent with previous studies (Mandler et al. (2022), Ciccarelli et al. (2013),
Badinger and Schiman (2023) and Corsetti et al. (2022}). The monthly average of the
German 2-year yield serves as the policy indicator for forward guidance, given that longer-
maturity safe interest rates incorporate future guidance information, according to studies
on high-frequency policy surprises (Jaroci«ski and Karadi (2020); Gertler and Karadi
(2015)). The monthly average of the German 10-year yield is used as a policy indicator
for quantitative easing policy. Compared to FG policy, the QE policy indicator should
capture the expectation of market participants on the yield curve with further maturity
(Swanson (2021)). The preference for the 2-year over 1-year yield and 10-year over 5-year
yield is justi ed by their higher rst-stage F statistics, indicating stronger instrument
relevance. Nevertheless, robustness checks with alternative 1- and 10-year yield do not
a ect the main results.

While Eonia, German 2- and 10-year bond yields are included as policy indicators, the
remaining variables are selected to capture key macroeconomic and nancial transmission
channels of both conventional and unconventional policies. The log of IP and log of
consumer prices are included as standard measures of output and prices. Both IP and
hicp are seasonally adjusted from their respective sources. To capture the Euro Area's
bank-centric nancial system and the lending channel of QE policy, the model incorporates
the (log) levels of loans to households and non- nancial corporations. In addition, CISS
is included, following Puonti (2019), to study the e ects of the ECB's unconventional
policy.

The inclusion of the GM credit spread index, a measure of credit risk, aligns with
variable selection by Andrade and Ferroni (2021) and also enhances the stability of the

9The results are robust to a model speci ed with seven variables: Eonia rate, German 2- and 10-year bond yields, IP,
HICP, credit spread indicator, and quanti ed household in ation expectation (see Appendix 2.D2.7).

10Mandler et al. (2022) and Ciccarelli et al. (2013) used Eonia as a proxy for the policy rate to identify the policy shock
by Cholesky decomposition. Badinger and Schiman (2023) and Corsetti et al. (2022) made use of the Eonia as a policy
indicator for the pure monetary policy shock.

64



Chapter 2 Monetary Policy Shocks and Consumer In ation Expectations

BVAR model.!! Furthermore, the ESI indicator re ects the market's assessment of eco-
nomic conditions within the euro area and thus in uences consumer expectations on future
economic development. Lastly, stock prices are included due to their quick responses to
monetary policy announcements and their frequent use in forward guidance literature to
trace Delphic and information shocks.

The euro-area-wide VAR model is speci ed with 12 lags based on common practice for
monthly Bayesian VARSs in the macroeconomic literature. The sample spreads from Jan-
uary 1999 to December 2021, excluding the 6 months of lockdown from January to June
2020% The policy rate and forward guidance shocks are identi ed from September 2002
to December 2021, also excluding the lock-down periods. As QE is largely implemented
after January 2014, | follow Altavilla et al. (2019) that the instrument for the QE policy
Is used from January 2014 onward.

2.5.2 Results

Figure 2.1 displays the reactions of key economic indicators: interest rates, industrial pro-
duction (IP), harmonized consumer prices, and the credit spread indicator by Gilchrist
and Mojon (2018) to various monetary policy strategies. The rst column presents the
responses to short-term interest rate shock, the second and third columns show the re-
sponses to forward guidance and quantitative easing shocks. As an external instrument
approach identi ed the shock up to scale and sign convention, | normalize the negative
policy shocks such that they cause 25 basis point decreases in the associated policy indi-
cators, for example, the conventional policy rate is identi ed to result in 25 basis point
cut in Eonia rate. In all cases, reported responses are median with the shaded areas
representing 68% credible intervals.

| begin by exploring the e ects of a conventional policy rate shock. The impact on
the Eonia rate is transient and quickly dissipates after one year. The eect on IP is
subtle and statistically insigni cant in the rst three months, but thereafter IP exhibits
a gradual increase, forming a hump-shaped path with a peak reached between the 12th
and 15th months after the shock. Consumer prices rise simultaneously by 0.16% and stay
on average by 0.6% in the long run. The decline in the credit spread index indicates
an improvement in nancial market conditions in response to an expansionary monetary
policy. The ndings on the impact of short-term policy rate align broadly with the
existing literature on the macroeconomic e ects of monetary policy (Geiger et al. (2023),
Jaroci«ski and Karadi (2020), Peersman and Smets (2001b)). The size and timing of the

11without the GM credit spread index, the Metropolis-Hastings sampling in the VAR model exhibits slow convergence
with extremely low acceptance rate.

12|ncluding lockdown months in the analysis do not a ect the main results. Details on the robustness check for sub-samples
are provided in the Appendix 2.C 2.7
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e ects on output and prices are closely similar to those found by Badinger and Schiman
(2023).

Turning to the impact of negative FG shock, standardized by 25 basis point decline
in the 2-year German bond vyield, output, and prices drop signi cantly in the rst few
months. IP starts to recover after six months, reaching its highest point within the second
year, while price increases remain statistically insigni cant. The credit spread indicator
simultaneously increases and gradually decreases, with the largest e ects occurring in the
tenth month of the shock. The e ects of the forward guidance shock are in line with the
e ects of the Path of the future interest rate found in Andrade and Ferroni (2021).

Lastly, I identify the QE shock using the QE factor from 2014 when the ECB operated
the Expanded Asset Purchase Program. The negative shock is normalized as a 25 basis
point decrease in German 10-year bond yield. The QE policy leads to temporary increases
in IP and permanent increases in prices. The credit market is also accommodated. The
ndings on the short-term increase of output and the persistent rise of prices are similar
to the ndings of Puonti (2019).

In general, the use of external instruments to identify the three policy shocks yields
responses of IP, prices, and credit risk indicator in line with the ndings of previous studies.
These results con rm the robustness of the model speci cation and the identi cation of
the policy shocks.

Figure 2.2 illustrates how EA-aggregate consumers update their 12-month-ahead in a-
tion expectations to monetary policies. The responses of consumer prices are shown for
comparison. At rst glance, the e ects of di erent monetary policy measures on con-
sumer in ation expectations are transitory and varied. Following a cut in the short-term
interest rate, households initially lower their one-year-ahead in ation expectations but
revise them upward after the fth month, with the e ect dissipating after two and a half
years. Similarly, accommodative QE policies raise consumer in ation expectations, with
statistically signi cant e ects from the 3rd to the 22nd month after the shock. In con-
trast, a forward guidance shock related to a decline in the 2-year rate immediately lowers
consumer in ation expectations in the rst year.

The ndings on the impacts of conventional policy are comparable to those of Geiger
et al. (2023), but di ers from them to an extent that | nd a statistically signi cant de-
cline of consumer in ation expectations in the rst three months after the shock. Such
immediate downward reaction of consumers, to a certain extent, supports the empiri-
cal evidence of consumers' limited responsiveness to monetary policy announcements, as
noted by Coibion et al. (2020), Lamla and Vinogradov (2019), Forni et al. (2023) and
Eminidou et al. (2020)3. The upward revision later in expectation might indicate a delay

13Eminidou et al. (2020) found that the less-informed consumers increase their in ation expectations in response to unan-
ticipated rise in the interest rate.
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in the transmission of monetary policy to consumer beliefs.

The responses to the forward guidance shock are in line with the ndings of Andrade and
Ferroni (2021) on the impact of a Path shock on in ation forecasts. In general, the ndings
suggest that Delphic forward guidance may reduce the e ectiveness of expansionary FG
that is typically intended to raise in ation expectations.

Figure 2.1: IRF of key Euro Area variables to monetary policy shocks.

Notes: Shocks are normalized as 25 basis point declines in the Eonia rate (policy rate), and in the German 2- and 10-year
yields (forward guidance and quantitative easing). Solid lines show median responses. Shaded areas represent 68% posterior
credible intervals, bounded by the 16th and 84th percentiles.

2.5.3 Counterfactual analysis

The co-movement between the consumer prices and household in ation expectations ob-
served in the previous part raises the possibility that prices serve as a transmission channel
through which monetary policy a ects consumer in ation expectations. This hypothesis

is based on recent ndings that emphasize the role of the shopping experience as an im-
portant source through which consumers form their in ation expectations (Coibion et al.
(2020) and Cavallo et al. (2017)). To shed light on this hypothesis, a counterfactual
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Figure 2.2: IRF of Euro Area consumer in ation expectations and prices to monetary policy
shocks.

Notes: Solid lines show median responses. Shaded ares represent 68% posterior credible intervals, bounded by the 16th and
84th percentiles.

analysis is implemented that answers the question how the impacts on consumer in ation
expectations would change if the price channel is shut down.

Following the approach of Bachmann and Sims (2012), | disentangle indirect e ects of
monetary policy shocks on consumer in ation expectations that work through consumer
prices from the total e ects!* In specic, this analysis is conducted by constructing a
hypothetical sequence of price shocks that o set the indirect e ects propagated through
consumer prices. If consumer prices play a minimal role in policy shock transmission
to consumer in ation expectation, shutting down this channel should not a ect the re-
sponses, and vice versa. This counterfactual analysis has been conducted in Kilian and
Lewis (2011) and Diegel and Nautz (2021).

To set up the analysis, | follow Diegel and Nautz (2021). Returning to structural VAR
model in equation (2.1), letmp' be a policy indicator associated with one of the monetary
policy shocks, i = {policy rate, FG, QE}, and hicp be aggregated consumer prices of
the EA, X are the remaining indicators. For ease of explanation and without loss of
generality, the structural VAR is rewritten where the policy indicator is placed rst, the
consumer prices is ordered second, followed by the others.

0 1 1 0 1
mp;

° MPi;e 1 F
BhicpX = A C(L) Bonicp: X + sB sk (2.9)
X Xt 1 t

14Bachmann and Sims (2012) use a structural VAR model with government spending, consumer con dence, and output
to show that the total e ect of a scal shock on output can be decomposed into a direct e ect and an indirect e ect
operating through changes in condence. They identify the contribution of the con dence channel by simulating a
counterfactual in which con dence is held constant, thus isolating the part of the output response that is not driven by
sentiment.
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whereS= A 1.

In addition to a monetary policy shock P, I denote ® as a structural shock to innovation
in the price equation. The second column of S then corresponds to the contemporaneous
e ect of °. The identi cation of the price shock is discussed later.

Let ,in be the actual responses of variable i td at horizon h, which is estimated in
the previous section, and s, be the responses of variable i t& at horizon h. | generate
a counterfactual series of shocks taicp, 5, ,,, that o sets the responses of consumer prices
to monetary policy shock over all horizon h.

) X
s
p:hicp:h t T s;hicp;j Tt+j ~ 0 (2.10)
j=0

Therefore, the counterfactual shock at horizon h can be calculated.

heoh P+ Pha hicp:

s _ p;hicp;h t j=0 s;hicpj

$on = (2.11)
s;hicp;h

The hypothetical sequence of price shock, ,, is a function of responses of consumer
prices to monetary policy shock and responses of consumer prices to the structural shock
to innovation in the price equation { in the structural VAR system.

As ? is a shock to unexpected changes in consumer prices, | de ne it as the supply
shock and use the agnostic sign restriction to identify the elements in the second column
of A 1. Following the conventional sign restriction, the positive supply shock increases
prices and interest rates and lowers the output measured by IP within the rst 4 months
following the shock. The response signs of the remaining variables in the VAR model are
unrestricted. Although the sign of restriction is uncontroversial, it should be cautious
that in medium to large-scale VAR models there might be more than one shock satisfying
the restrictions above. However, since the signs of responses of other variables are not
well documented, | leave this issue for further research.

Having obtained the counterfactual series of shocks to consumer prices, the counterfac-
tual responses of consumer in ation expectations are calculated via the equation.

~ —_ S
b eh = peht T S; ® Tt | (2.12)

The counterfactual responses are scaled so that the counterfactual shock to priks
also generates a 25 basis point decrease in policy indicators. The role of the consumer
price channel is then quanti ed as the di erence between the actual and counterfactual
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responses of consumer in ation expectations to monetary policy shocks.
p; €h {) pi eh (2.13)

Figure 2.3 reports the counterfactual responses of the consumer in ation expectation
to monetary policies given the constant responses of consumer prices (top) and the di er-
ence between the estimated and counterfactual responses (bottom). Obviously, consumer
prices play no role in the transmission of forward guidance shocks to in ation expec-
tations, as the di erence between the estimated and counterfactual e ects is virtually
zero across all horizons considered. In contrast, for conventional and quantitative easing
policies, responses of consumer in ation expectations are also zero over time when the
price channel is excluded. This indicates that the e ects of monetary policy on in ation
expectations are transmitted indirectly through the consumer price channel. Empirical
evidence from Syziak and Paloviita (2017) supports this view. They documented a statis-
tically signi cant relationship between one-year-ahead in ation expectations and actual
in ation among consumers.

Figure 2.3: Counterfactual analysis of Euro Area consumer in ation expectations.

Notes: Top: dashed lines show the median counterfactual responses assuming constant prices with 68% posterior credible
intervals (shaded areas); solid lines show the median estimated responses. Bottom: solid lines show the median di erence
between the actual and counterfactual responses, with dash-dotted lines indicating the 16th and 84th percentiles.

2.6 Consumer in ation expectations in Germany,
France, and Italy

This section examines the e ect of monetary policies on prices and consumer in ation
expectations in Germany, France, and Italy. The VAR model consists of six country-
speci ¢ variables: industrial productions, prices, government bond rate, stock prices,
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economic sentiment index, and consumers' in ation expectation. The EA-aggregated
indicators of industrial production, prices, the GM credit risk indicator, and the CISS
are also included to account for the overall economic and nancial environment. The
indicators for policy rate, FG, and QE are the Eonia rate, German 2- and 10-year bond
yields. In the end, the country-speci ¢ VAR model includes 24 variabl€e's.

Similarly to the analysis of the EA aggregates, the VAR model for member countries is
estimated over a period from January 1999 until December 2021, excluding the lockdown
months from January to June 2020. The policy shocks for current interest rate and
forward guidance are identi ed using the high-frequency surprises over the sample from
September 2002 onward, while the quantitative easing shock is identi ed using sample
only from January 2014.

Figure 2.4a illustrates the e ects of a 25 basis point reduction in Eonia on consumer
in ation expectations and consumer prices in Germany, France and Italy. Starting with
consumer prices, there are permanent increases in all three countries, similar to the nding
observed for the Euro Area as a whole. The long-lasting positive e ects of a negative
policy rate shock on prices in these countries are aligned with the ndings of Geiger et al.
(2023) and Mandler et al. (2022, and contrast to Corsetti et al. (2022), who found a
cross-country heterogeneity in price responses.

The responses of consumer in ation expectations di er between the three countries.
Following an expansionary policy, German and Italian consumers constantly expect a de-
cline in 12-month-ahead in ation, but gradually revise their expectations upward. These
e ects are short-lived and die out after one year. French consumers raise their expecta-
tions over the medium run. The peak impact is observed in the rst quarter of the second
year after the shock. The ndings are consistent with those of Geiger et al. (2023) in
terms of France.

Considering the e ects of forward guidance on future monetary policy in 2.4b, prices
and in ation expectations in Germany, France, and lItaly follow similar patterns. Prices
decline signi cantly in the rst year. Consistently, consumers in these countries lower
their in ation expectations during the rst 18 months on average. These unintended
impacts, in line with the overall trends observed at the aggregate EA level, might suggest
limitations in the e ectiveness of the ECB's communication, primarily due to the in uence
of Delphic guidance.

The QE shocks, illustrated in Figure 2.4c, have qualitatively similar e ects on consumer
In ation expectations across countries, raising 12-month-ahead in ation over the medium
term. However, the response of prices varies by country. In Germany and Italy, an

15Since the unemployment rate (UNR) is considered as potential factor to the heterogeneity among EA member countries,
an alternative speci cation of the VAR model replaces stock prices with unemployment rate. The results, reported in
the Appendix 2.C, con rm that this modi cation does not a ect the main ndings.

16 Unlike this analysis, which identi es the e ects of a negative policy shock, Geiger et al. (2023) and Mandler et al. (2022)
examined the impact of positive policy shocks.
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Figure 2.4: IRF of consumer in ation expectations and prices in member countries.

(a) Policy Rate

(b) Forward Guidance

(c) Quantitative Easing

Notes: Shocks are normalized as 25 basis point declines in the Eonia rate (policy rate), and in the German 2- and 10-year
yields (forward guidance and quantitative easing). Solid lines show median responses with shaded areas denoting 68%
posterior credible intervals. The last columns compare impulse responses across countries: dash-dotted lines for Germany,
solid lines with circles for France, and solid lines with plus signs for Italy.
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accommodating QE exerts a statistically signi cant increase in prices. Prices in France
immediately drop before rising again, though the e ects are statistically insigni cant.

The results of the counterfactual analysis are presented in Figure 2.5 and 2.6. Similarly
to EA aggregates, consumer prices do not play a signi cant role for the transmission
of forward guidance policy across countries but appear relatively more important for
the transmission of the QE policy. For the conventional policy, the results are mixed.
In Italy, the dierences between actual and counterfactual responses of the consumer
In ation expectations stay nearly zero in all horizons, suggesting a limited role of prices;
while the price channel may play a certain role for Germany and France, where nonzero
di erences are observed. Nevertheless, in general, there is no evidence for a statistically
signi cant role of the price channel.

Figure 2.5: Counterfactual analysis of consumer in ation expectations in member countries.

Notes: Dashed lines show the median counterfactual responses assuming constant prices with 68% posterior credible intervals
(shaded areas). Solid lines show the median estimated responses.

2.7 Conclusion

The theoretical model on household behavior predicts the relationship between in ation
expectations and current consumption. By managing in ation expectations of consumers,
the central bank can indirectly in uence the household consumption and consequently
the aggregate demands. In this paper, | explore the extent to which the ECB's monetary
policies have in uence on the in ation expectations of consumers in the Euro Area as a
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Figure 2.6: Di erences between actual and counterfactual responses of consumer in ation expec-
tations in member countries.

Notes: Black lines are the median di erence between actual and counterfactual responses with dash-dotted lines indicating
the 16th and 84th percentiles.

whole and its key member countries, including Germany, France, and lItaly. In addition,
this paper disentangles the e ects of policy tools into the current policy rate, forward
guidance, and quantitative easing.

The analysis for the aggregate Euro Area provides evidence for the e ectiveness of
policy tools, with the exception of forward guidance, in managing consumer in ation
expectations in the medium term. In particular, the results on FG imply the presence
of Delphic guidance, leading to lower household in ation expectations and price declines.
Further counterfactual analysis is conducted to investigate the role of consumer prices as a
transmission channel for monetary policy shocks. The ndings highlight the importance
of the price channel as a transmission channel of conventional and quantitative easing
policies. Their role for FG transmission is negligible.

For Germany, France and Italy, consumer in ation expectations follow patterns similar
to those of EA aggregates. The e ects of the Delphic guidance still dominate over those
of the Odyssean guidance with an immediate signi cant decrease in consumer in ation
expectations in these countries. Households tend to raise their in ation expectations
within the second year following the current interest rate and quantitative easing shocks.

These ndings have potential implications for policymakers. Given the e ects of the
Delphic guidance shock observed in the Euro Area and its member countries, the nd-
ings highlight the importance of clear and consistent communication to avoid unintended
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pessimism among households. Furthermore, while the policy rate and quantitative easing
are shown to a ect consumer in ation expectations, their impacts are primarily indirect
and work through the consumer prices channel. This suggests that closely monitoring key
consumer prices, such as food and energy, which have a strong in uence on household
perceptions of in ation, could enhance the e ectiveness of monetary policy in guiding
consumer in ation expectations.
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Appendix 2

2.A  Quanti ed consumer's in ation expectations

Table 2.2: Summary statistics for the share of respondents by consumer in ation expectation
category (January 1999 - December 2021).

Response Category mean sd min max
Euro Area

increase more rapidly 14.25161 5.009734 6.1 36

increase at the same rate 37.6164 5.775049 20 51.9

increase at a slower rate  14.59812 3.306902 8.7 24.3

stay about the same 25.47957 7.59104 6.6 45.8

fall 1.865323 1.069779 4 7.9

don't know 6.19086 .9340647 3.6 9
Germany

increase more rapidly 14.24005 7.12222 4.4 447
increase at the same rate 44.77903 10.23345 20.1 63.1
increase at a slower rate 14.30591 5.248691 59 35.1

stay about the same 19.37796 10.04364 4.2 48.1

fall .8284946 .9989994 0 6.8

don't know 6.467204 3.292972 2.2 17.2
France

increase more rapidly 11.90323 6.243283 3.3 49.3
increase at the same rate 39.20753 9.308678 20.9 59.7
increase at a slower rate 12.21667 3.571766 5.7 26.5

stay about the same 29.76989 9.167522 10.7 51.4

fall 1.345161 .9038422 O 6.3

don't know 5.576075 1.486885 2.6 18.2
Italy

increase more rapidly 16.35215 8.248536 3.3 53
increase at the same rate 26.75645 10.57912 9.9 53.9
increase at a slower rate 11.03589 5.397407 3.3 31.1

stay about the same 37.53253 15.10845 3.6 62.9
fall 2.921505 1.93905 .1 10.8
don't know 5.428226 2.372571 .6 17.9
Observations 372
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Figure 2.7: Realized consumer in ation (solid lines) and quanti ed consumer in ation expecta-
tions (dash-dotted lines).

2.B Impulse responses of other variables

Figure 2.8: Responses of the remaining Euro Area variables to a policy rate shock.

Notes: Shocks are normalized as a 25 basis point decrease in Eonia. Solid lines show median responses, with shaded areas
representing 68% posterior credible intervals bounded by the 16th and 84th percentiles.
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Figure 2.9: Responses of the remaining Euro Area variables to a FG shock.

Notes: Shocks are normalized as a 25 basis point decrease in German 2-year bond yield. Solid lines show median responses,
with shaded areas representing 68% posterior credible intervals bounded by the 16th and 84th percentiles.

Figure 2.10: Responses of the remaining Euro Area variables to a QE shock.

Notes: Shocks are normalized as a 25 basis point decrease in German 10-year bond yield. Solid lines show median responses,
with shaded areas representing 68% posterior credible intervals bounded by the 16th and 84th percentiles.
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