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of the transmission of unconventional monetary policy (UMP) shocks in various
dimensions of the economy, and to shed light on the appropriate policy mix that the
central bank could adopt to fulfil its price stability mandate. We show that UMP
shocks have a significant positive impact on both economic activity and inflation;
stem financial market stress episodes and boost economic sentiment. Additionally,
several channels seem to have been activated, including the exchange rate, inflation
expectations and the bank lending channel. Counterfactual policy analysis suggests
that a policy mix that combines the use of permanently negative interest rates with
a balance sheet expansion at a steady pace over a long period, could bring inflation
closer to the target. Alternative policy scenarios that, either give more weight on the
purchases during the first months or, terminate asset purchases too early, would fail
to keep inflation on track to meet its target.
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1 | INTRODUCTION
Unconventional monetary policies in the euro area
gained prominence in the wake of the 2007–08 financial
crisis as traditional monetary policy tools proved less
effective in tackling the financial crisis, providing the
required liquidity, and fighting disinflation. These new
types of monetary stimulus measures have affected the
balance sheet of the European Central Bank (ECB) in
several waves. From October 2008 onwards, and following the collapse of Lehman Brothers, banks had unlimited access to liquidity from the ECB at a fixed interest
rate, providing that they could supply the required

collateral. This resulted in a first expansion of the central
bank's balance sheet. At the same time, the ECB lowered
its three key interest rates to near zero. Furthermore, in
2011, the central bank stimulated liquidity demand from
the banking sector by extending the maximum maturity
of its longer-term refinancing operations up to 3 years.
These operations received considerable interest from
banks and as a result, they led to a boost in the ECB's balance sheet. In addition, between 2009 and 2012, several
programmes of outright asset purchases (covered bond
purchase programmes and securities markets programme) that were implemented influenced the size of
the balance sheet. Later, in 2014, the ECB introduced the
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targeted longer-term refinancing operations that provided
financing to credit institutions for periods of up to 4 years
while it lowered the deposit facility rate into negative territory. More recently, in 2015, the ECB expanded massively its balance sheet by introducing the public sector
asset purchase programme, otherwise known as quantitative easing (QE).
Although some of these measures have been in place
for a number of years, many economists and policymakers
point to continued anaemic growth and low inflation in
the region. This, places a question mark over the effectiveness of these non-standard measures to achieve price stability and stimulate the economy. Our paper contributes to
these deliberations by asking the following questions.
What are the effects of unconventional monetary policy
(UMP) shocks in the Eurozone? Does the expansion of the
central bank's balance sheet help the euro area to spur
economic growth, raise inflation and inflation expectations, boost bank lending and lower financial stress levels?
Additionally, what is the appropriate central bank's policy
mix to achieve price stability? For example, could the continuation of QE over a longer period, combined with permanently negative deposit rates, lead inflation close and
below 2 %, or maybe a forceful, frontloaded UMP would
be preferred? This paper addresses these questions from a
different angle that to our knowledge innovates and contributes in filling some existing gaps in the UMP literature
in the following ways.
To begin with, in contrast to small scale VAR models
(ranging from three to five variables) typically used in the
related empirical literature (Altavilla, Giannone, &
Lenza, 2016; Boeckx, Dossche, & Peersman, 2017; Hesse,
Hofmann, & Weber, 2018; Weale & Wieladek, 2016), this
paper seeks to explore the impact of UMP shocks in the
euro area economy, by using a medium scale VAR model.
Indeed, the size limitation is problematic for applications
that measure the effects of changes in monetary policy.
Firstly, it could create an omitted variable bias with
adverse consequences for structural analysis and forecasting (Giannone & Reichlin, 2006). As Christiano,
Eichenbaum, and Evans (1999) and Bernanke, Boivin,
and Eliasz (2005) highlight, a potential consequence of
this problem is the Sims (1992) interpretation of the
“price puzzle.” This refers to the standard finding in the
VAR literature that a tightening monetary policy shock is
followed by a slight increase in the inflation rate, rather
than a decrease as expected. Secondly, this small number
of variables is unlikely to reflect the information available
to central banks. Central banks normally use a larger set
of information than the core-three macroeconomic indicators. This set includes disaggregate information, international data, financial and credit variables and other
macroeconomic information that allows policymakers to
capture a clear picture of the economy in response to
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monetary policy shocks. A popular solution to the standard VAR literature seeking to analyse relatively large
data sets has been to specify the core macroeconomic variables, usually gross domestic product (GDP), inflation
and a proxy for monetary policy, and to add a limited
group of variables each time (Christiano et al., 1999;
Kim, 2001). However, this approach not only ignores the
simultaneous interactions of a large group of variables in
the system but also makes the comparison of impulse
responses across models problematic.
In this paper we overcome these issues by
implementing a medium scale Bayesian VAR (BVAR)
model using a dummy observation prior. Banbura,
Giannone, and Reichlin (2010) recommended the use of
Bayesian shrinkage methods in medium and large VAR
models to extract credible impulse responses suitable for
structural analysis, and to conduct more sophisticated
and accurate forecasts. Within our modelling framework,
we extend the system of core macroeconomic indicators
by considering a larger group of variables that includes
economic activity indicators, prices, credit and financial
aggregates, a measure of financial stress, economic sentiment and exchange rates indicators, inflation expectations, and commodity prices, among others. To the best
of our knowledge, this is the first study that uses a BVAR
model that formulates a dummy prior to provide a rich
picture of the transmission of UMP shocks in various
dimensions of the Eurozone economy.
Our second contribution is to explore the central
bank's appropriate policy mix of interest rate and unconventional balance sheet policies to achieve its primary
objective of price stability. Considering the importance of
the future monetary policy stance in forecasting inflation,
the prior knowledge of the future evolution of the policy
rate and the central bank's balance sheet, would certainly
carry significant information for the outlook of inflation
thus providing us with more accurate and reliable inflation forecasts. To empirically examine these reflections,
we conduct multiple counterfactual policy scenarios via
conditional forecasts. Specifically, we use our BVAR
model in order to predict inflation conditional on counterfactual paths of the two monetary policy variables
mentioned above. Our goal is to uncover if, and under
what conditions, the target of inflation to levels that are
below and close to 2% could be achieved.
Our main results are as follows. Impulse responses
analysis reveals that UMP shocks have a significant positive impact on both economic activity and inflation. The
shock also appears to stem financial market stress episodes and increases economic sentiment. Furthermore,
several channels have been activated by the UMP shocks,
including the exchange rate channel, inflation expectations and the bank lending channel. Next, counterfactual
policy analysis provides important insights relative to the
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appropriate policy mix that the central bank should adopt
to fulfil its price stability mandate. Our baseline scenario
suggests that a policy mix that combines the use of permanently negative interest rates with a balance sheet
expansion at a steady pace over a longer period, could
bring inflation closer to the target. Alternative policy scenarios confirm that the baseline scenario delivers the best
policy outcome. For instance, a scenario that gives more
weight on the purchases during the first months and
another scenario that terminates QE too early, would
both fail to keep inflation on track to meet its target.
The rest of the paper is organized as follows. Section
two reviews the relevant literature. Section three presents
the data sources and the econometric methodology used.
Section 4 illustrates and discusses the empirical findings.
Finally, Section 5 states the contributions made in this
paper to the UMP literature and concludes.

2 | LITERATURE R EVIEW
Our paper is mainly related to the literature that highlights the mechanisms through which UMP impacts the
economy. Japan, in the period of 1999–2006 was the first
country to provide empirical evidence on monetary policy at the zero lower bound and on quantitative easing
between 2001 and 2006. Coenen and Wieland (2003)
were among the first mentioning the problems of output
and inflation stabilization arising when interest rates are
reduced to zero levels and the importance of non-standard measures to solve the zero lower bound problem.
Iwata and Wu (2006) in their study for Japan, show that
monetary authorities can rely on quantitative measures
to conduct an effective monetary policy when the interest
rate is at the zero-lower bound. Empirical evidence on
this direction is also provided by Matousek, Papadamou,
Ševic, and Tzeremes (2019) and Girardin and
Moussa (2011) who show that QE was able not only to
prevent further recession and deflation but also to stimulate output and prices. Furthermore, although
Schenkelberg and Watzka (2013) argue that the implementation of QE has a temporary and weak impact on
output and prices, they argue that the situation would
have been much worse if only conventional monetary
policy tools had been implemented. Last, in a more
recent study for Japan, Mamatzakis and Vu (2018) find
that enhancing quantitative easing would reduce bankrupt and restructured loans but it would negatively affect
financial stability; thus, the authors suggest caution
regarding further scaling up quantitative easing.
Following the 2007–08 financial crisis, other major
central banks adopted the example of Japan and introduced similar policies. In the US, since Lehman Brothers
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default in September 2008, the Federal Reserve (Fed) resorted to large-scale asset purchases to fight economic
depression and possible deflation (Baumeister &
Benati, 2013; Joyce, Miles, Scott, & Vayanos, 2012). Juneja
and Pukthuanthong (2015) suggest that around major economic events, the Fed and the Bank of England focus on
the implementation of similar policies relating to the restoration of stability. Therefore, it came as no surprise that
the Bank of England followed similar monetary policy
actions with the Fed, by increasing its asset purchases to
reduce bond yields in the UK market. In particular, Baumeister and Benati (2013) show that a reduction in the
long-term yield spread produced by QE policies had a
powerful effect on output growth and inflation in both the
US and the UK during the period 2007–2009. Ellison and
Tischbirek (2014) argue that UMP in the US and the UK
in the form of asset purchases, could beneficially work in
tandem with conventional measures to stabilize inflation,
even if interest rates are not very close to zero. Similarly,
Chung, Laforte, Reifschneider, and Williams (2011) point
out that the Fed's large-scale asset purchases (LSAP) contributed significantly to price stability by anchoring inflation
expectations. Regarding the effect of the LSAP in the international context, Su and Hung (2017) suggest that asset purchases positively affected the global stock markets slowly
and synchronously. On the other hand, there are some studies indicating that the effectiveness of UMP measures on the
economy is not so strong especially when such policies are
not combined with forward guidance. For instance,
Kapetanios, Mumtaz, Stevens, and Theodoridis (2012) propose that the peak effect of the first QE programme on
annual CPI inflation in the UK was always very moderate.
In a similar vein, Mallick, Mohanty, and Zampolli (2017)
show that the effects of UMP measures in the post-crisis
period had no significant impact on economic activity
despite a sizeable negative effect in term premium. Moreover, Chen, Cúrdia, and Ferrero (2012) find that inflation
was only slightly affected by the LSAPIIprogramme in the
US. However, the authors show that when central banks
communicate their policy action plans about the future path
of interest rates publicly, the effect of non-standard measures on inflation and GDP growth is more than double.
Last, Cúrdia and Ferrero (2013) point out the important role
of forward guidance on the effectiveness of unconventional
monetary policies by noting that if Fed had not communicated its future intentions with the public, the second QE
programme would have only increased inflation by two
basis points.
In the euro area, existing contributions on the effect
of specific ECB unconventional monetary policies focus
either on interbank and money market rates (Abbassi &
Linzert, 2011; Angelini, Nobili, & Picillo, 2011) or on
macroeconomic, monetary and credit variables (Altavilla
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et al., 2016; Darracq-Paries & De Santis, 2015; Giannone,
Lenza, Pill, & Reichlin, 2011) or, on the perceived sovereign risk of euro area countries (Falagiarda & Reitz, 2015;
Ghysels, Idier, Manganelli, & Vergote, 2014). In addition,
there are studies such as Kucharcukova, Claeys, and
Vasicek (2016) who provide a comparison of the macroeconomic impact of conventional and unconventional
monetary policies in the Eurozone and discuss the transmission of these shocks to six non-Eurozone economies.
Andrade, Breckenfelder, de Fiore, Karadi, and
Tristani (2016) and Gambetti and Musso (2017), shed
some light on the transmission channels of the ECB's
large asset purchases and analyse its effect on yields and
the macroeconomy. In a similar spirit, Wieladek and Garcia Pascual (2016) examine the impact of the ECB's quantitative easing on real GDP and core inflation by using a
country by country analysis. All three studies suggest that
large asset purchases have had a significant effect on the
variables considered while several transmission channels
appear to have been worked, including the portfolio
rebalancing channel and the credit channel. Last, there is
a growing literature which underlies the importance of
the risk-taking channel of UMP. Fassas and Papadamou (2018) and Fassas, Papadamou, and Philippas (2019) find that the significant drop of financial
stress and volatility as a result of QE, led to increasing
risk appetite by banks and investors.
This paper is also related to the relatively new literature employing VAR models to construct conditional
forecasts for policy analysis. The use of conditional
forecasts both by central bankers and academics has
increased since the recent 2007–08 financial crisis.
This is because central banks including the Fed and
the ECB have been providing forward guidance to
ensure that market expectations on future monetary
policy are consistent with their policy intentions. The
goal is for the central banks to communicate with the
public by indicating what they intend to do with conventional and unconventional policy measures for a
considerable period. Under these circumstances, a
researcher would find it extremely valuable to condition their projection for the monetary policy on a specific path of central banks' tools to reflect the guidance
from policymakers.
Numerous recent studies use these tools to predict
core macroeconomic indicators such as GDP growth and
inflation conditional on specific paths of some other variables. For instance, Meyer and Zaman (2013) attempt to
forecast inflation by constraining the path of the federal
funds rate. Giannone et al. (2011) use conditional forecasts to reflect the anticipated evolution of the ECB's balance sheet given the observed path of economic activity
during the financial crisis while Giannone, Lenza,
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Momferatou, and Onorante (2014), produce inflation
forecasts conditional on alternative paths of inflation
components. Schorfheide and Song (2013) and Aastveit,
Carriero, Clark, and Marcellino (2014) implement multistep forecasts of economic growth, prices, and many
other macroeconomic indicators conditional on current
quarter forecasts obtained from other sources. The former
study uses the Fed's Greenbook while the latter study
adopts the values from the Survey of Professional Forecasters. Last, Banbura, Giannone, and Lenza (2015) and
Bobeica and Jarociski (2017) generate forecasts for a large
set of macroeconomic and financial variables in the
Eurozone conditional on the realized paths of many variables including real GDP, inflation and the short-term
interest rate. With respect to this literature, this paper
conducts scenario analysis to provide inflation forecasts
based on alternative paths of two monetary policy variables, a proxy for the policy rate and the central bank's
total assets.

3 | DATA AND M ETHODOLOGY
3.1 | Dataset
The sample covers data from April 2004 to April 2016 at
a monthly frequency. The selection of variables ensures
that the BVAR includes important drivers of inflation
(Benalal, Diaz del Hoyo, Landau, Roma, &
Skudelny, 2004; Béreau, Faubert, & Schmidt, 2017;
Giannone et al., 2014) and allows us to obtain a rich picture of the effect of UMP shocks in the Eurozone economy. Specifically, the following variables enter the
model: industrial production, headline harmonized index
of consumer prices (HICP), HICP in non-energy, HICP in
unprocessed food and services, unemployment rate, 5year/5-year forward inflation expectation rate, monetary
financial institutions loans to the private sector, economic sentiment indicator, the term spread as the difference between the 10-year Government bond yield and
the 3 month Euribor, the composite indicator of systemic
stress (CISS) to measure the level of financial stress in
the Eurozone, total share prices for the euro area, nominal effective exchange rate (NEER), and oil price.1 With
respect to the choice of monetary policy variables, we use
the euro overnight index average (EONIA) and the ECB's
total assets; the latter being our measure of UMP. For
robustness, we consider the shadow rate as an alternative
measure of UMP (see the section robustness checks). The
data are taken from Eurostat, ECB's Statistical Data
Warehouse, Thomson Reuters Datastream and Federal
Reserve Economic Data databases. All series are transformed in log-levels except the variables that are
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expressed in percentages (interest rates, inflation expectations and the term spread) for which no transformation
is implemented.
Figure 1 shows the evolution of selected macroeconomic and financial indicators. In order to aid discussion,
industrial production and inflation are shown in their
growth rates.
We observe that since the collapse of Lehman
Brothers in September 2008, there has been a significant
drop in industrial production that is followed chronically
by a significant price drop and an increase in unemployment rate. It is also worth mentioning the early warning
signals in the end of 2007 as evidenced by the drop in the
economic sentiment indicator and the increase in CISS.
In addition, the inverted yield curve, which interestingly
becomes even negative in 2007, is another warning sign
of the impending recession (see also Evgenidis & Siriopoulos, 2014; Evgenidis, Papadamou, & Siriopoulos, 2018 who provide evidence on the ability of the
yield spread to predict future recessions). Last, the clear
downward trend of the shadow rate highlights the adoption of unconventional policy operations in the aftermath

IP

of the global financial crisis while later on, in 2015, the
ECB undertook large purchases of public sector bonds
that expanded its balance sheet (as indicated by the
respective series).

3.2 | Model set-up
The VAR framework can be represented by the following
equation:
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HICP

Unemploy ment

4

12

3

11

2

10

1

9

-16

0

8

-20

-1

7

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

-12

Economic sentiment
2.10

CISS
.8

3

.6

2

1.95

.4
1

1.90
.2

1.80

0
-1

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

.0

shadow rate

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

1.85

total assets

6

3.5

4

3.4

Inf lation expectations
2.8
2.4

3.3

2

3.2
0

2.0

3.1
1.6
2.9

1.2

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

-4

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

3.0

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

-2

FIGURE 1

term spread
4

2.05
2.00

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

4

20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

13

-8

ð1Þ

where yt is the matrix of the N endogenous variables, Bj is
the N x N coefficient matrix, c is the vector of constant
terms, εt is the matrix of iid structural shocks and
A0 A00 = Σ , where Σ is the variance of the reduced form
residuals and A0 is the structural impact matrix used to
calculate impulse responses. We estimate the BVAR
model in (1) by performing a Gibbs algorithm to obtain

5
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yt − j B j + A0 εt
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Macroeconomic and financial series [Colour figure can be viewed at wileyonlinelibrary.com]
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the parameters c, B, Σ. Based on information criteria, the
lag length is set equal to two.
Following the study of Banbura et al. (2010) in large
Bayesian VARs, we adopt a dummy observation prior.
This prior underweights the influence of distant lags and
contains components which favour unit roots while at
the same time, it avoids the imposition of exact, but possibly false unit roots. Subsequently, the dummy observations are given by:
0
B
B
B
B
B
B
YD = B
B
B
B
B
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where b* = (Χ * Χ *)−1Χ * y*) and y*, Χ * contain the
appended data defined as: y* = [yt; YD], Χ * = [Xt; XD] with
YD, XD being the dummy observations that define the
prior for the left and the right hand side of the VAR
respectively; ii) given b, we sample Σ from its conditional
posterior that follows the inverse Wishart distribution:
H ðΣ∖b,yt Þ  IWðS ,T  Þ

where Jp = diag(1, 2, …, p), δi are the prior means for the
coefficients on the first lags in the Minnesota prior; σ 1, …,
σ n denote the standard deviation of the OLS residual
obtained from individual auto-regressive models, and λ
controls the overall tightness of the prior distribution
around the random walk or white noise. This prior
reflects the relative importance of the prior beliefs with
respect to the information contained in the data.
According to Banbura et al. (2010), the overall tightness
of this prior should be chosen in relation to the size of
the VAR. To give an intuition on the structure of the
priors in Equation (2), the first block of dummies imposes
prior beliefs on the autoregressive coefficients
corresponding to the endogenous variables of the model.
The second block implements the prior on the error
covariance matrix while the third block reflects the intercept which is set to a very small number. In addition,
since our VAR includes variables that have a unit root,
we use the sum-of-coefficients approach to favour unit
roots. We implement this by adding the following
dummy observations:
Y D = ðdiagðδ1 μ1 , …, δn μn Þ=τÞ


diagðδ1 μ1 , …, δn μn Þ
Χ D = ð1, 2,…pÞ
0nx1
τ

where μi captures the average level of variable yi, t and τ
(tau) is the hyperparameter which controls the degree of
shrinkage. As τ goes to zero, we approach the case of
exact differences, while as τ goes to ∞, the prior is
implemented less tightly. Following the related literature
(Banbura et al., 2010; Mumtaz & Theodoridis, 2017) we
set this prior equal to τ = 10λ. Having constructed YD,
Χ D, the Gibbs sampler cycles through the following
steps: i) we sample the VAR parameters b = {c, B} from
their conditional posterior distributions. The posterior
distribution of b is given by:

ð5Þ

where S* = (y* − Χ *b) (y* − Χ *b) and T i denotes the number of rows in y*. We repeat steps (a) and (b) 20,000 times
discarding the first 16,000 as burn-in. The last 4,000 iterations are used to form the empirical distribution of our
parameters.
We use sign restrictions to identify the impact of
UMP shocks. Specifically, following the recent empirical
literature (see Boeckx et al., 2017; Burriel & Galesi, 2018;
Hesse et al., 2018; Weale & Wieladek, 2016), we identify
UMP shocks as an increase in the ECB's total assets. As
discussed in Gambacorta, Hofmann, and Peersman
(2014), the assets on central bank balance sheets have
grown since 2007 to an unprecedented size, reflecting
UMP measures taken to provide liquidity to ailing financial sectors and to support faltering economies through
lower long-term interest rates and financial market risk
premia. We further assume that the contemporaneous
impact on output and prices of a shock that increases the
ECB's total assets is positive, while the same expansionary balance sheet shock decreases the yield spread and
leaves the policy rate unchanged. Also, we assume that
the shock has a positive impact on share prices, reduces
financial stress, and leads to a depreciation of the euro.
These restrictions are enough to ensure that we focus on
the implementation of non-standard measures for monetary policy purposes only, and not to any other changes
that might affect the total balance sheet but have nothing
to do with monetary policy.2
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3.3 | Conditional forecasts
To produce conditional forecasts from the BVAR model
in 3.2, we iterate Equation (1) forward k-times to obtain:

yt + k = c

k
X
j=0

Bj +

p
X

yt − j B j + A0

j=1

k
X

B j εt + k − j

ð6Þ

j=0

This equation shows that the forecast of yt + k after k
forecast periods is decomposed into two parts. The first
part, which consists of the first two terms, gives the
unconditional forecasts that is, the regular forecasts in
the absence of structural shocks. The second part, the last
term, gives the dynamic impact of various structural
shocks. Note in (6) that if some of the variables in yt + k
are constrained to follow a fixed future path, this implies
restrictions on the future innovations of the other variables in the system. Following Waggoner and Zha (1999),
these constraints in the future innovations εt + k can be
expressed by the following linear form:

Γ
Γ
 ) where β,
 are defined in Equashocks from N  ðβ,
tions (8) and (9); (f) this draw of structural shocks, along
with the unconditional forecast values in step (b), are
used to produce the conditional forecasts ^yt + k in Equation (6); (g) we construct the appended dataset
yt = ½yt ;^yt + k  . The appended dataset yt consists of the
actual data for the VAR model augmented with the forecast values that were obtained in the previous step. The
conditional posterior of the VAR parameters is constructed using yt and thus new values of the coefficients
and the covariance matrix are drawn from the posterior
distributions (4), (5). The A0 matrix is updated as the
Cholesky decomposition of the new draw of the covariance matrix. The use of yt ensures that the draws of the
VAR parameters consider parameter uncertainty in finite
samples.3 Finally, (h) the algorithm goes back to step (b)
and repeats the process 20,000 times by discarding the
first 16,000 as burn-in. The predictive distribution is
obtained using the last 4,000 iterations.

4 | EMPIRICAL RESULTS
Rε = r

ð7Þ

The vector r consists of the differences between the
path of the constrained variables and the unconditional
forecasts of the constrained variables, while R is a matrix
that contains the impulse responses of the restricted variables to the structural shocks εt + k.

3.3.1 | Estimation of the predictive
distribution
We follow Waggoner and Zha (1999) who derive a Gibbs
sampling algorithm to construct the posterior predictive
distribution of the conditional forecasts. The authors
show that the restricted future shocks ε follow the nor Γ),
 where:
mal distribution, N  ðβ,
−1
β = R0 ðR0 RÞ r

ð8Þ

 = I −R0 ðRR0 Þ − 1 R
Γ

ð9Þ

The algorithm which generates the predictive distribution is described in the following steps: (a) we initialize
the VAR coefficients and the A0 matrix; (b) we compute
the unconditional forecasts from Equation (6), that is,
estimating yt + k but excluding the last term; (c) for i = 1,
…, k, we compute the impulse responses of the constrained variables to be used in constructing R; (d) based
on steps (b), (c); we build r, R correspondingly; (e) having
r, R in hand, one can draw the restricted structural

4.1 | The impact of UMP shocks in the
Eurozone economy
4.1.1 |

Small scale VAR

As discussed, one of the main reasons we use a BVAR is
that a low-dimensional, conventional VAR model is illsuited for studying the monetary policy transmission
mechanism. Therefore, before we analyse the results
from the BVAR model, we offer preliminary evidence of
the impact of UMP shocks on core macroeconomic aggregates by using a small-scale VAR model estimated by
least squares. Our goal is to explore whether the advantage of using a rich dataset within a VAR model estimated by Bayesian techniques, as opposed to a small
amount of information contained in a frequentist VAR,
shows up in the results. The matrix of endogenous variables includes the standard set used for small open economies: IP, HICP, the policy rate, ECB's total assets and
the NEER.
Figure 2 presents the responses to a positive shock in
the central bank's total assets that expands its balance
sheet.
The first thing to notice is that the response of IP,
although positive, is insignificant over the whole forecast horizon. Moreover, the shock has a short-lived
effect in depressing inflation, followed by an increase
over the following months which is insignificant. Last,
although the effective exchange rate immediately
declines in response to the shock, the magnitude of the
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F I G U R E 2 Responses to
an expansionary asset
purchases shock from a
standard small-scale VAR.
Note: Impulse responses to a
positive, one standard
deviation increase in total
assets. The responses are
produced by using a smallscale VAR model estimated by
least squares. The pink shaded
areas lines depict the two
standard deviation error bands
around the responses [Colour
figure can be viewed at
wileyonlinelibrary.com]

F I G U R E 3 Responses to an expansionary asset purchases shock from a Bayesian VAR (BVAR). Note: Selected impulse responses to a
positive, one standard deviation increase in total assets. The responses are estimated by using the BVAR model. The figure displays the
median responses (blue dotted line) while the pink shaded areas depict the 68% confidence bands [Colour figure can be viewed at
wileyonlinelibrary.com]

effect is rather weak. Overall, based on the results from
the small VAR, one would conclude that the implementation of non-standard policy measures fails to improve
the economic conditions in the region and boost inflation. This experiment is quite informative in the sense
that, it produces results which highlight the fact that
when important information is excluded from the VAR,
it may lead to misleading conclusions about changes in
monetary policy. To circumvent this problem, we introduce Bayesian VARs that allow us to consider a larger
set of variables rather than just the key macroeconomic
indicators.

4.1.2 |

Bayesian VAR

Figure 3 presents selected impulse responses to a positive,
one standard deviation increase in the central bank's total
assets estimated by the BVAR.
Our estimates show that the term spread immediately
declines in response to the shock. This decrease is
entirely accounted for by the drop in the long-term interest rates, given that conventional monetary policy (captured by the EONIA rate) is assumed not to react on
impact to the expansionary asset purchases shock.
Regarding the impact on the core macroeconomic
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aggregates, the results suggest that UMP shocks lead to a
substantial and persistent increase in economic activity.
The improved economic conditions in the Eurozone following the shock can also be confirmed by looking at the
response of unemployment. We observe a substantial
decrease in unemployment that appears to be significant
for the entire forecast horizon. Regarding the effect on
prices, the shock boosts inflation as indicated by its positive and significant response. Quantitatively, the peak
impacts of both IP and HICP are around 0.7 and 0.07%
correspondingly.
Our results for economic activity are comparable to the
corresponding estimates appeared in studies that examine
the impact of asset purchases implemented by the US; the
estimates for inflation are smaller. For example, Weale
and Wieladek (2016) find that an asset purchase
announcement leads to a statistically significant rise of
0.62% of real GDP and 0.58% of CPI in the US. On the contrary, comparing our results to those obtained by Gambetti
and Musso (2017) and Weale and Wieladek (2016) for the
euro area and the UK correspondingly, we note that our
estimated effect of UMP shocks on economic activity is relatively higher. In particular, the first authors find that the
contribution of an asset purchase shock to real GDP is
around 0.16% in 2015 while the effect decreases to 0.02%
by the end of 2016. The second study finds that a positive
asset purchase shock leads to a rise of 0.25% of real GDP
in the UK. Similarly, our estimates of the impact on HICP
are lower compared to Gambetti and Musso (2017) who
find that asset purchase shocks increase inflation from
0.18 to 0.36%. Nevertheless, the different magnitude of all
these estimates mirrors the different frequency of the data
used by other studies, the various modelling approaches
adopted - extending from dynamic stochastic general equilibrium models to a wide range of VAR models as well as
event studies, the alternative identification schemes used
and finally, various measures to capture the impact of
UMP shocks as well as different measures of economic
activity.
Relative to the impact of the shock to the rest of the
variables in the system, we find that in response to UMP
shocks, economic sentiment increases while inflation
expectations rise. This latter result is in line with Belke
and Klose (2013) who successfully identify a causal relationship between QE and inflation expectations in the
Eurozone. Furthermore, the response of the NEER points
to a clear marked negative effect of the UMP shock on
the euro exchange rate with a peak depreciation of about
0.30%. This latter finding is consistent with the activation
of the exchange rate channel in the euro area. From the
vantage point of the central bank, which is coping with
several rounds of distress in the periphery countries, the
euro's weakness would be a desired effect since it makes
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exports to other currency areas cheaper, thereby increasing the competitiveness of the Eurozone countries.
Next, the large drop observed in the response of CISS
highlights another positive effect stemming from the
implementation of non-standard monetary policy measures. Particularly, UMP policies such as QE result to
clear alleviations of financial market pressures and ease
financial uncertainty in the Eurozone. This finding is in
accordance with Corbet and Twomey (2014) who witness
a clear elevation in financial market stress in the period
around mid-2008 that lasted around a year, followed by a
notable drop in their financial stress indicator from 2009
onwards. The authors interpret this finding as the result
of the Bank of England's intervention in the UK banking
system though the implementation of QE. Steeley (2015)
in their study for the UK again, find that QE significantly
decreases the volatility of stocks, short-term bonds and
long-term bonds. Similarly, our result is close to Mallick
et al. (2017) who point out that UMP shocks in the US
tend to lower market volatility especially in the bond
markets. Our analysis also reveals that UMP actions
boost the stock market as indicated by its positive and
significant response. This finding is in accordance with
related evidence in the field (Balatti, Brooks, Clements, &
Kappou, 2016) who find a positive response of equity
prices to QE shocks. Last, UMP shocks lead to a gradual
and persistent positive effect on bank lending. This is
most probably the result of the relaxation of lending standards for borrowers due to the implementation of nonstandard measures. This latter finding is in line with
recent contributions by Evgenidis and Salachas (2019) in
the Eurozone who provide evidence in favour of the presence of a bank lending channel of transmission of UMP
that leads banks to increase their supply of lending.
The bottom line is that UMP shocks have a significant
positive impact on both economic activity and inflation,
while they appear to stem financial market stress episodes and increase economic sentiment. Equally important, several channels seem to have been activated by the
UMP shocks, including the exchange rate channel, inflation expectations, and the bank lending channel.

4.1.3 |

Robustness checks

Our findings are robust to various changes in the specification of the benchmark model. We present the results in
the Appendix. In the first specification, we estimate a version of the model by adopting a stronger restriction that
forces the core macroeconomic aggregates in the system
to respond to UMP shocks with a lag, that is, a shock that
expands the central bank's balance sheet has a zero
impact
on
economic
activity
and
inflation
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contemporaneously. The results are largely unchanged,
with the UMP shocks generating a significant rise in
prices, economic activity, inflation expectations, bank
lending, stock market and a notable decline in the unemployment rate and financial stress levels. In the second
specification, we employ a tighter prior on the hyperparameter tau that determines the prior beliefs related to
unit root. The responses are quite similar to those generated from the baseline model. The only point worth noting is the reaction of inflation; it appears to be less
persistent as it becomes insignificant faster than in the
baseline approach. Third, we replicate the benchmark
analysis by estimating another version of the benchmark
model in order to provide alternative identifications of
UMP shocks. Specifically, we splice the EONIA rate with
the shadow rate by Wu and Xia (2016). This shadow rate
incorporates the effect of UMP measures while it closely
resembles the EONIA rate prior to the global financial
crisis. The series summarizes the stance of monetary policy based on information from the entire yield curve and
is estimated as the policy rate that would generate the
observed yield curve in the absence of the zero lower
bound. The identification strategy is slightly different to
the baseline case. We now assume that expansionary
UMP shocks lead to a contemporaneous decrease in the
shadow rate, a rise in economic activity, inflation and the
stock markets, while they reduce financial stress and lead
to a depreciation of the exchange rate. The responses in
terms of the signs are unchanged but lower in magnitude
compared to the baseline approach. In our last specification, we show that when decreasing the number of lags
to one, the responses match those derived by the baseline
model very closely.

4.2 | Monetary policy and price stability.
A scenario analysis
In this section, we conduct counterfactual policy scenarios by constructing conditional forecasts from the BVAR.
Our goal is to find out the appropriate policy mix of interest rates and balance sheet policies so that the central
bank delivers on its mandate of price stability.

4.2.1

|

Forecast evaluation

As a preliminary step, we seek to gauge the accuracy of
the BVAR model with respect to its ability to forecast
inflation. The BVAR is estimated from April 2004 to
December 2012 and we produce forecasts from January
2013 to April 2016. Notice that we evaluate our model's
forecasting ability by choosing a period that is

characterised by a huge drop in inflation into deflationary territories; this makes the task of forecasting inflation
a challenging one. We compare the forecasts for HICP
based on the root mean square error (RMSE). We estimate the average RMSE for h = 1, 6, 12, and 18 months
ahead.
We consider several models. As a benchmark we estimate a random walk with a drift. Random walk is a particularly challenging benchmark and it has the feature of
being the prior model for the BVAR approach. We then
consider two BVAR models, an unconditional (i.e., no
restricted variables over the forecast period) and a conditional BVAR. For the latter model, the computation of
the conditional forecasts is based on the actual path
(rather than counterfactual values) of our two policy variables over the forecast period. This is because we wish to
remove uncertainty around the conditional paths of the
restricted variables so that we can evaluate the model's
forecast accuracy only in terms of its ability to incorporate information related to the future stance of monetary
policy.
Additionally, we consider four alternative bivariate
specifications, two related with a standard Phillips curve
relationship (specifically we use the unemployment rate
and the growth of industrial production), and two more
related with financial indicators (specifically the term
spread and share prices). The first two Phillips curve
related models embody elements of traditional and new
Keynesian Phillips curves (see Gali & Gertler, 1999).
Regarding the choice of the financial indicators, the term
spread is motivated by Plosser and Rouwenshort (1994)
and the notion that monetary policy shocks are typically
transmitted to the real economy via changes in the slope
of the term structure. Stock prices are used following
Fama (1970) who considered them a good hedge against
inflation.
Table 1 presents the results. The results reported in
the table refer to point forecasts. Each row reports the
RMSE of each model. The first observation is that both
BVARs consistently provide more accurate forecasts from
all bivariate models, at all horizons. This finding suggests
that VAR models that incorporate a large set of information representing various dimensions of the economy and
financial markets, outperform the ones that contain limited information. The results are in line with related
papers (Banbura et al., 2010; Koop, 2013), who emphasize that moving away from small VARs leads to
improved forecast performance. Next, notice that the
BVAR with conditional forecasts outperforms the unconditional BVAR at both the short-term and long-term horizons. This result highlights the notable contribution of
the conditioning assumptions in improving the forecasting accuracy of our model. In addition, all bivariate
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T A B L E 1 RMSE values for
forecast evaluation

1m

6m

12 m

18 m

Bayesian VAR

1.81

1.84

1.83

1.81

Bayesian VAR with conditional forecasts

1.73

1.71

1.75

1.73

Random walk

2.01

1.83

1.77

1.59

Bivariate(HICP + unemployment rate)

1.89

1.86

1.85

1.77

Bivariate(HICP + IP)

2.08

2.05

2.01

1.98

Bivariate(HICP + stock market)

2.18

2.15

2.12

2.08

Bivariate(HICP + term spread)

2.11

2.07

2.02

1.98

Note: The table reports average RMSE values from different models that forecast HICP. The
values are reported for h = 1, 6, 12, and 18 months ahead.
Abbreviation: HICP, harmonized index of consumer prices.

F I G U R E 4 Forecast evaluation: harmonized index of consumer prices (HICP) predictive distribution. Note: The figure depicts the
predictive distribution of HICP growth rate (in %) from the Bayesian VAR (BVAR) model. The BVAR is estimated for the period between 04/
2004 to 12/2012. We evaluate our model from 01/2013 to 04/2016, conditional on the observed path of two variables, the euro overnight
index average rate and the European Central Bank's total assets. The median is shown in black, while the quantiles of the predictive density
are shown in different colors. In particular, the dark and the light red areas around the median represent different quantiles from 60 to 90%
respectively. The actual HICP is depicted in blue colour [Colour figure can be viewed at wileyonlinelibrary.com]

models are outperformed by the random walk, except for
the unemployment rate only in the shortest horizon.
Turning to the comparison of BVARs with the random
walk, we note that similar to the unemployment rate, the
unconditional BVAR performs better than the random
walk in the very short horizon. On the contrary, the
BVAR with conditional forecasts beats the random walk
in three out of four horizons. Other studies (Ciccarelli &
Altavilla, 2007; Diron & Mojon, 2005 and Giannone
et al., 2014) for the US and the euro area have also provided evidence of models that beat random walk forecasts
of inflation at different forecast horizons.
Figure 4 presents the conditional BVAR predictive
distribution for HICP (in annual growth rates) with the
observed HICP values. The black line shows the median

while the quantiles of the predictive density are shown in
different colours (the dark and the light red areas around
the median represent different quantiles from 60 to 90%
respectively). The actual HICP is depicted in blue.
Notice that the predictive density of the model captures well the observed HICP. In particular, BVAR forecasts closely follow the large drop in HICP below 1% in
2014 while as the median forecast shows, the model is
able to anticipate the continuing plunge of HICP into
deflationary paths in early 2015. Additionally, even in the
following months where HICP starts to rise, our BVAR
seems able to foresee this increase. The only period
where the forecast distribution slightly misses the actual
inflation path is from the second half of 2015 onward,
where the actual HICP stabilizes as opposed to the BVAR
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forecasts that point to an increased inflation. However,
this latter remark should not worry us given that it refers
to HICP forecasts in the third year of the forecast period
while in the counterfactual policy scenarios later in the
paper, we choose a much shorter forecast horizon of
20 months. This is for the following reasons. First,
because projections over such a long horizon (over
3 years) are subject to very high uncertainty and this
should not be ignored when interpreting forecasts. A similar thought can be made for the counterfactual paths.
Considering counterfactual paths that reflect the stance
of monetary policy for a very long horizon is bound to
create great uncertainty which will lead to poor forecasts.
Third, the forecast distributions for HICP produced by
the ECB are typically carried out over a 2-year horizon.
Overall, the results in this section indicate that the
BVAR with conditional forecasts based on the actual path
of two policy variables has been successful in providing
accurate inflation projections, particularly up to 2 years.
Thus, we can now move forward by using this model to
conduct counterfactual policy analysis.

4.2.2

|

Counterfactual policy analysis

We perform multiple policy scenarios to uncover the central bank's appropriate policy mix to achieve price stability. All scenarios are implemented by estimating the
BVAR over the whole sample and then, conditional on a
predetermined path of the two policy variables, we

FIGURE 5

produce the predictive distribution of inflation for the
next 20 months, that is, from May 2016 to December
2017. Note that the forecast horizon coincides with the
period during which the ECB's QE was in place. Thus,
our scenarios allow us to particularly measure the impact
of QE on inflation.
The first scenario evaluates the effectiveness of monetary policy in bringing inflation back to its target by
assuming the absence of QE over the forecast horizon.
The reason we conduct this scenario is to confirm that
our model can capture the ineffectiveness of monetary
policy to fulfil its mandate if QE had not taken place.
Therefore, in this scenario we generate forecasts based
only on the future path of the EONIA rate. We assume a
fixed value for the EONIA rate over the forecast horizon.
The value chosen is based on the latest, negative value of
the EONIA rate in April 2016. The notion of the negative
rates means that the central bank provides even more
incentives for commercial banks to make loans. The
assumption of a fixed negative value that we adopt
throughout the forecast period reflects the intention of
the central bank to keep the key rates at the zero lower
bound territory for as long as it is needed (see Draghi's
speech in 2012).4 Figure 5 presents the HICP predictive
density from the BVAR.
The blue dotted line reports the median while the
dark and the light pink areas around it represent different quantiles from 60 to 90% respectively. The median
shows that the HICP fluctuates slightly below zero over
the forecast horizon. This finding highlights the

Harmonized index of consumer prices (HICP) predictive distribution in the absence of quantitative easing. Note: The figure
depicts the predictive distribution of the HICP growth rate (in %) from the Bayesian VAR (BVAR) model. The BVAR is estimated over the
whole sample, that is, from 04/2004 to 04/2016, and then, conditional on a predetermined path of the euro overnight index average rate,
HICP predictive distributions are produced from 05/2016 to 12/2017. The blue dotted line reports the median while the dark and the light
pink areas around it represent different quantiles from 60 to 90% respectively [Colour figure can be viewed at wileyonlinelibrary.com]

EVGENIDIS AND PAPADAMOU

13

(a)

(b)

F I G U R E 6 (a) Harmonized index of consumer prices (HICP) predictive distribution when quantitative easing takes place. Baseline
scenario. (b) Restricted variable: European Central Bank (ECB's) total assets. Note: Panel (a) depicts the predictive distribution of HICP
growth rate (in %) from the Bayesian VAR (BVAR) model. The BVAR is estimated over the whole sample, that is, from 04/2004–04/2016,
and then, conditional on a predetermined path of (i) the euro overnight index average rate and (b) the ECB's total assets (log level), HICP
predictive distributions are produced from 05/2016 to 12/2017. The blue dotted line reports the median while the dark and the light pink
areas around it represent different quantiles from 60 to 90% respectively. Panel (b) shows the ECB's total assets (log levels). The actual series
is depicted from 01/2012 to 04/2016 while the counterfactual path is shown in light blue, from 05/2016 to 12/2017 [Colour figure can be
viewed at wileyonlinelibrary.com]

ineffectiveness of the negative rates as the only tool of
non-standard measures, to push up inflation. On the contrary, as our results suggest, this policy would push inflation deeper into negative territory. Therefore, the central
bank must resort to more drastic unconventional policy
measures. We examine this mix of policies in what
follows.
Under the baseline scenario, we assume a policy mix
of both negative rates and QE, thus, we now restrict the
future path of both policy variables. In particular, the
EONIA rate is kept fixed at the same negative figure as in
the previous scenario while for the central bank's balance
sheet, we assume that total assets grow at a fixed rate of
2.25% every month over the forecast horizon. The growth
rate is based on the average percentage change of total
assets between March 2015 and April 2016. March 2015

is chosen as the first month because it was the period
where QE was launched (in particular, from March 2015
onward, public and private sector purchases amounted to
€60 billion per month). Figure 6b shows the counterfactual path of total assets. The actual HICP (in logs) is
depicted from 01/2012 to 04/2016 while the counterfactual path is shown in light blue, from 05/2016 to 12/2017.
Figure 6a shows the HICP predictive density from
the BVAR.
First, note that the distribution points towards an
increased level of HICP. Focusing on the median forecast, we see that the HICP is accelerating from negative
levels in April 2016 to 1.5% in the mid-2017, followed by
a small fall at the end of the forecast horizon. This finding provides important insights on the appropriate policy
mix that should be adopted for the central bank to fulfil
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F I G U R E 7 (a) Harmonized
index of consumer prices (HICP)
predictive distribution when a
frontloaded policy is assumed. (b)
Restricted variable: total assets.
Note: Panel (a) depicts the predictive
distribution of HICP growth rate (in
%) from the Bayesian VAR (BVAR)
model. The BVAR is estimated over
the whole sample, that is, from 04/
2004 to 04/2016 and then,
conditional on a predetermined
path of (i) the euro overnight index
average rate and (b) the European
Central Bank (ECB's) total assets,
HICP predictive distributions are
produced from 05/2016 to 12/2017.
The blue dotted line reports the
median while the dark and the light
pink areas around it represent
different quantiles from 60 to 90%
respectively. Panel (b) shows the
ECB's total assets (log levels) when
a frontloaded policy is assumed. The
actual series is depicted from
01/2012 to 04/2016 while the
counterfactual path is shown in
light blue, from 05/2016 to 12/2017
[Colour figure can be viewed at
wileyonlinelibrary.com]

(a)

(b)

Total assets

3.8

3.75

3.7

3.65

3.6

3.55

3.5

3.45

3.4

3.35

3.3
2012

2013

2014

2015

2016

its price stability mandate. We suggest that the use of permanently negative interest rates combined with a balance
sheet expansion at a steady pace over a long period, could
boost inflation and bring it closer to the target.
We seek to confirm that our baseline scenario delivers
the best policy outcome by performing two alternative
scenarios. Specifically, the next counterfactual is motivated by the discussion that QE could have been more
effective if the central bank had frontloaded its asset purchases (Pictet, 2017). The scenario is constructed as follows. As before, the EONIA rate is kept fixed at the same
negative value but we alter the counterfactual path of
total assets by giving more weight on the purchases during the first months. The frontloaded policy happens
between 05/2016 and 12/2016. After that date, that is,

2017

2018

from 01/2017 onward, we assume that the central bank
expands its balance sheet at a very slow and constant
pace. For purposes of comparability, the size of the balance sheet in the last month of the forecast horizon (12/
2017) has the same value as in the baseline scenario.
Therefore, the question we now ask is whether monetary
authorities could have achieved a different inflation target by changing the pace of asset purchases but keeping
unaltered the total size of the balance sheet at the end of
the forecast horizon.
Figure 7a plots the distribution of the HICP forecasts
conditional on the paths of the EONIA rate and total
assets while part (b) shows the counterfactual path of
total assets (in light blue). Notice in part (b) the different path of the balance sheet from 05/2016 onward
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F I G U R E 8 (a) Harmonized
index of consumer prices (HICP)
predictive distribution when
quantitative easing is terminated too
early. (b) Restricted variable: total
assets. Note: Panel (a) depicts the
predictive distribution of HICP
growth rate (in %) from the
Bayesian VAR (BVAR) model. The
BVAR is estimated over the whole
sample, that is, from 04/2004 to 04/
2016, and then, conditional on a
predetermined path of (i) the euro
overnight index average rate and (b)
the European Central Bank (ECB's)
total assets, HICP predictive
distributions are produced from 05/
2016 to 12/2017. The blue dotted
line reports the median while the
dark and the light pink areas around
it represent different quantiles from
60 to 90% respectively. Panel (b)
depicts the assumed path of the
second restricted variable, that is,
the ECB's total assets, assuming that
the Bank stops its purchases in
March 2017. The actual series is
depicted from 01/2012 to 04/2016
while the counterfactual path is
shown in light blue, from 05/2016 to
12/2017 [Colour figure can be
viewed at wileyonlinelibrary.com]
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(a)

(b)

compared to the corresponding from the baseline
scenario.
In the first months, from 05/2016 to 12/2016, the convex path indicates the frontloaded policy; after that date,
the path is linear exactly as in the benchmark case. Part
(a) shows that inflation increases consistently, reaching
close to 1% in early 2017. However, the rise of inflation is
temporary as we observe that from early-2017 onward,
inflation starts to fall, ending up at around 0.7%. This
finding clearly indicates that a frontloaded policy is less
effective in shooting up HICP compared to a steady pace
of purchasing assets. A possible explanation is that the
markets have already cultivated high expectations based
on policymakers' announcements that the central bank
will keep expanding its balance sheet by a constant pace
until inflation target has been reached. Thus, if monetary
authorities do not stick to their initial announcements
and start to reduce the pace of asset purchases after some
date, it would be interpreted by the markets as a sign of
monetary tightening. As a result, the final effect on inflation would be the opposite of the desirable one.

In our last scenario, we assume that the central bank
winds down QE too early. Particularly, we let the central
bank to expand its balance sheet until March 2017 and
we stop its asset purchases thereafter. The path of total
assets can be seen in the lower of Figure 8b. Note that
the EONIA rate follows the same negative path as in the
previous scenarios. Figure 8a shows the results from our
counterfactual experiment.
Interestingly, note that the HICP increases, for as
long as the central bank expands its balance sheet, that
is, until March 2017. After that date, inflation stabilizes
and later, it starts to fall, reaching at around 0.4% at the
end of the forecast horizon. It is evident that the period
during which inflation stopped rising, coincides with the
period where the central bank terminated its purchases
under our scenario. This result is consistent with the consensus view that the ECB is expected to extend its bond
buying programme for a longer duration, until it sees
substantial progress on the path towards a sustained
adjustment in inflation. Indeed, as our results show, the
programme would fail in its goal if it were stopped too
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early, thus, highlighting the necessity of keeping QE
active over a longer period.

5 | C ON C L U S I ON
In the aftermath of the global financial crisis, unconventional monetary policies in the euro area, just like in the
US and the UK, gained prominence as the policy rates
touched the zero lower bound and proved ineffective in
providing the required liquidity to the region and fighting
disinflation. Therefore, it is unsurprising that an intense
policy and academic debate in relation to the effectiveness of UMP has emerged.
This paper contributes to these deliberations by estimating a Bayesian VAR (BVAR) model enriched with a
large number of variables including measures of economic activity, prices, credit and financial aggregates, a
measure of financial stress, economic sentiment and
exchange rates indicators, inflation expectations, and
commodity prices, among others. The medium scale
BVAR allows us to gain a deeper insight on the impact of
UMP in the Eurozone along two dimensions. First, structural analysis via impulse responses provides a rich picture of the transmission of UMP shocks on the Eurozone
economy. Second, counterfactual policy analysis via conditional forecasts delivers important insights relative to
the appropriate policy mix that the central bank should
adopt to fulfil its price stability mandate.
Our analysis reveals multiple findings with important
implications for economists and policymakers. We find
that UMP shocks have a significant positive impact on
both economic activity and inflation. Additionally, the
shock stems financial market stress episodes and
increases economic sentiment. Equally important, several
channels seem to have been activated by the UMP
shocks, including the exchange rate channel, inflation
expectations and the bank-lending channel. Scenario
analysis suggests that if QE had not taken place and negative rates were the only non-standard monetary policy
tool in place, it would have failed to push up inflation.
We argue that our baseline scenario that proposes a policy mix which combines the use of permanently negative
interest rates with a balance sheet expansion at a steady
pace over a longer period, could boost inflation and bring
it closer to the target. We also consider alternative policy
scenarios such as a scenario that gives more weight on
the purchases during the first months and another that
winds down QE too early. Both scenarios proved to be
insufficient since they would ruin inflation recovery.
Overall, the findings indicate that the policy strategy does
matter when the central bank seeks to achieve price
stability.
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QE may have substantial spillovers effects on emerging markets since European banks are strongly globalized
and emerging market policymakers have expressed concerns about the spillovers of the ECB's monetary policy
on the financial stability of their economies. Therefore,
extending our BVAR model to allow for various feedback
mechanisms across regions may generate useful, global
policymaking recommendations. This is an interesting
avenue for future research, calling for its analysis.
ENDN OTE S
1

For oil price, see recent evidence by Evgenidis (2018) who discusses how various oil price shocks affect inflation differently.

2

In other words, these restrictions allow us to identify UMP shocks
and not any other shocks in the economy, such as aggregate
demand or supply shocks. For example, positive aggregate
demand shocks or supply shocks (that increase the level of economic activity), will have a zero-impact on the balance sheet and
a positive effect on long-term interest rates, thus the yield spread.
On the other hand, large, negative aggregate demand and supply
shocks, even if they led to an expansion of the balance sheet, they
would still have a negative effect on economic activity, at least in
the short term. Similar thoughts can be made for other types of
shocks such as uncertainty shocks and financial stability shocks.

3

According to Waggoner and Zha (1999), by using yt , the posterior
predictive distribution will shift away from the unrealistic tight
distribution that would be obtained by considering only the sample of actual data; a phenomenon which the authors label as a
“shift in distribution.”

4

https://www.ecb.europa.eu/press/key/date/2012/html/sp120726.
en.html
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A P P END I X : ROBUSTNESS CHECKS

F I G U R E A 1 Responses to an expansionary asset purchases shock; lagged effects [Colour figure can be viewed at
wileyonlinelibrary.com]

F I G U R E A 2 Responses to an expansionary asset purchases shock; tighter prior tau [Colour figure can be viewed at
wileyonlinelibrary.com]
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F I G U R E A 3 Responses to an expansionary asset purchases shock; shadow rate [Colour figure can be viewed at
wileyonlinelibrary.com]

F I G U R E A 4 Responses to an expansionary asset purchases shock; different lag [Colour figure can be viewed at
wileyonlinelibrary.com]

