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Abstract
In this paper we examine the impact of oil price shocks and the ECB’s conventional and
unconventional monetary policy on euro area output, inflation and exchange rate. We
estimate a “functional” SVAR model for the eurozone’s macroeconomy, its money market,
and the global crude oil market. Monetary policy shocks are then identified as shifts in the
entire yield curve structure surrounding a press release by the ECB. For this we construct a
database that classifies the implementation of standard and non-standard monetary policy
shocks. We find that oil prices and money markets have been especially relevant for
fluctuations in output and price levels in the region for the past decade, and that although the
ECB’s monetary policy actions were the main drivers of the recovery from the sovereign
debt crisis, they also contributed to the fall of inflation in the following years. Unlike previous
literature, we find no evidence that recovering inflation in 2017 was due to the extended asset
purchase program. Overall, we find that keeping a close look at the yield curve structure and
events in the oil market, is presently a highly pertinent task for the central bank in its purpose
of maintaining macroeconomic stability in the region.
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1. Introduction
In June 2018, the ECB announced the termination, by December, of its asset purchase
program (APP), a non-standard monetary policy tool that had been implemented in the
context of a slowly growing economy, dangerously low inflation, and interest rates near the
zero lower bound (ZLB). Inflation in the euro area had started precariously drifting away
from its 2% objective in 2013, reaching negative values by ends of 2014 and remaining
quiescently low until its recovery on the second quarter of 2017. By ends of 2018, as inflation
in the region remains close to its target level and the ECB starts to pivot away from its
accommodating policy, a softening eurozone economy, as well as international risks, are
causes for major concern. Moreover, oil prices shocks may be, to a certain extent, responsible
for these fluctuations in inflation. The drastic fall in oil prices in 2014 was one of the main
causes for deflation in the region (Holm-Hadulla and Hubrich, 2017; Morana, 2017) and,
even though there are findings that the extension of the APP by the ECB in 2015 was effective
in raising output and inflation (Gambetti and Musso, 2017), overall recovery of inflation
seems likely to have been supported by rising oil prices. Therefore, as the price of oil
plummets again to under $60/barrel (November 2018), the sustainability of inflation near
target level is called into question.1 In response, by December of 2018, the ECB committed
to sustaining an accommodating policy until summer of 2019 (or further if need be) and
confirmed that non-standard measures were now a normal part of the monetary policy
toolbox. These circumstances have led us to two questions: to what extent has the ECB’s
conventional and unconventional monetary policy been effective in stabilizing output and
prices in the region? And, what has been the role of oil prices in accounting for fluctuations
in the eurozone’s economy? The aim of this paper is to address these issues and examine the
contribution of monetary policy and oil price shocks to the euro area macroeconomy.
To this end, we estimate a structural vector autoregression (SVAR) model in the spirit of
Kilian’s (2009) approach which takes into account that “not all oil price shocks are alike”.
This approach allows us to disentangle the underlying causes for the oil price change while
estimating its macroeconomic effects in the euro area. The rationale for this is that, in order
to evaluate the response of macroeconomic aggregates to oil price shocks, we must keep in
mind that the price of oil is driven by distinct demand and supply shocks. Therefore, not only
could each of these shocks have different effects on the price of oil, and therefore on the euro
area macroeconomy, but global demand shocks, for example, have direct effects on the
economy, as well as indirect effects through the price of oil and other commodities (which
violates the ceteris paribus condition). Furthermore, because the euro area is a large oilimporting region, we must control for reverse causality as economic shocks in the region will
surely affect the overall aggregate demand for industrial commodities. Peersman and Van
Robays (2009) indeed find that identifying the underlying source of an oil price shift is crucial
in determining its economic consequences in the euro area and the appropriate monetary
policy reaction.
As it happens, oil price shocks and their macroeconomic effects have long been an object of
study.2 Not only is energy part of the basket of products that is used to estimate the price
1
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See: https://www.economist.com/finance-and-economics/2018/12/13/the-ecb-halts-quantitative-easing
Two recent surveys on the topic are Kilian (2008) and Kilian (2014).
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level for consumers, but it is also an input cost for transportation and production. This leads
firms to raise prices (and employees to raise wages) in response to an oil price increase.
Moreover, recessions since the 1970s are believed to have been related to oil price increases,3
which has raised questions about the optimal monetary policy response and about whether
central banks are even capable of mitigating the effects of an oil price shock.4 In the case of
the euro area, we can easily observe that there is a strong relationship between inflation and
real oil price growth (Figure 1). In fact, Peersman and Van Robays (2009) examined the
macroeconomic effects of different types of oil shocks in the eurozone and found that they
generate inflationary pressures which become persistent due to second-round effects
produced by wage-price spirals.5 They also suggested, at the time, that the fall in oil prices
since mid-2008 might contribute to a long-lasting significant reduction in inflation,
increasing the risk of falling in a deflation zone.6 We extend their analysis by identifying the
contribution of oil price shocks to the euro area economy in the decade following the great
crisis. The euro area, actually, did not fall into deflation in the immediacy of the end of the
crisis, in the course of which the ECB responded by activating the enhanced credit support
(ECS) program7, and the price of oil rose again. It did, however, do so after the euro area
exited the sovereign debt crisis, during which oil prices continuously fell, the ECB abandoned
its easing policy, and economic growth remained slow. Thus, it is not clear to what extent oil
price decreases were responsible for deflationary pressures in the years after the great crisis
or what role monetary policy played.
< Insert Figure 1 around here >
We, therefore, use our SVAR model to measure the contribution of monetary policy shocks
to the eurozone’s economy. These shocks were estimated by Peersman and Van Robays
(2009) for the euro area by quantifying monetary policy using the key policy interest rate.
The reason for this is that, conventionally and in the pre-crisis period, monetary policy had
dealt mainly with inflationary pressures that were overcome through an increase in shortterm interest rates by the central bank. These interest rates translated into activity in the
money market, where financial instruments with high liquidity and short-term maturities are
traded. Because these interest rates define the operating cost of the banking system for
maintaining short-term liquidity, changes in them were expected to be translated by banks
into longer-term financing rates offered to firms and households, and therefore extended to
macroeconomic activity. However, as interest rates approached the ZLB and inflation
continued to drop in the years following the crisis, central banks turned to the use of nonstandard measures to directly drive long-term rates in the money market. The key policy
interest rate then became insufficient in characterizing the ECB’s monetary policy stance,
3

See, for example, Kilian and Vigfusson (2017) for a study of the extent to which oil price shocks explain US
recessions.
4
See, for example, Bernanke et al. (1997, 2004), Hamilton and Herrera (2004), Kilian and Lewis (2011), among
others.
5
This is particularly true in European countries in which wages are indexed to consumer prices, which forces
the ECB to tighten its monetary policy in response to an oil price increase.
6
Moreover, they also raised the question of whether falling oil prices would produce symmetric effects of
similar magnitude. An asymmetry of second-round effects could arise due to a downward rigidity of nominal
prices.
7
The ECS is a set of non-standard monetary policy measures directed at increasing inflation.
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and quantifying monetary policy and its macroeconomic effects became non-trivial.
Subsequently, because the money market constitutes the main channel of transmission of
monetary policy to the real economy, we overcome this in our analysis by making use of the
eurozone’s entire yield curve data to identify monetary policy shocks.8
Under a similar approach, a number of papers develop a measure of monetary policy shocks
by measuring shifts in a single dimension of the yield curve (often a specific maturity).9
However, Inoue and Rossi (2018) highlight the importance of considering alternative
dimensions of the yield curve structure, which makes it necessary to observe the shift in the
entire term structure of interest rates in the money market. We therefore use their proposal
of a “functional” vector autoregression for the euro area, where the yield curve is defined as
a function of all its maturities. The parameters of the yield curve function, rather than a
specific variable, are then included in the model. A shock corresponds to a change in the
value of the parameters of such function. We then define the yield curve structure as a
function in which the parameters are given by the first three principal components of the
yield curve interest rates, estimated through Principal Component Analysis (PCA).10 The use
of PCA not only allows us to capture the different dimensions of the money market yield
curve, but also to impose the necessary restrictions for the identification of shocks. Our
model is then able to simultaneously estimate the interactions among the global crude oil
market, the euro area macroeconomy, and the whole money market yield curve structure.
Furthermore, while the money market constitutes the main transmission channel of monetary
policy, it is also subject to other shocks that are not under the control of the central bank.11
Therefore, Inoue and Rossi (2018) propose identifying a monetary policy shock as the shift
in the yield curve around a monetary policy announcement. We use this approach for the
eurozone, for which we build a dataset of monetary policy announcements based on press
releases made by the ECB since its creation. We carefully analyze and classify the content
of each announcement to quantify the effectiveness of each monetary policy tool,
conventional or unconventional.
Finally, we use the estimations of our SVAR model to construct the historical decompositions
that allow us to observe the overall contribution of the sequence of oil price shocks and
monetary policy shocks in the euro area since the creation of the Economic and Monetary
Union (EMU). Regarding oil markets, our results show that oil price shocks contributed to
8
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Baumeister and Benati (2013), for example, use the long-term bond yield spread to perform estimates of the
impact of the Federal Reserve’s and Bank of England’s APP. Conti et al. (2017) estimate the impact on the
euro area’s economy of unconventional monetary policy measured through the shadow rate proposed by Wu
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PCA: Perez-Quiros and Sicilia (2002), Brand et al. (2010), Renne (2017), among others.
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the fall of inflation during the ZLB period, and to the rise of inflation in 2017. However, even
though we do find that the oil price drop in 2014 plunged inflation into negative values, the
preceding downfall was due to money market behavior as a result of monetary policy
announcements by the ECB as it exited its accommodating policy after the end of the
sovereign debt crisis. We do find that the ECS program was key in the stabilization of output
and inflation during the recessionary periods in the region; however, the accommodative
policy stance was abandoned too quickly, increasing expectations of falling inflation in the
money market. Furthermore, although we do find evidence that the extension of the APP
program by the ECB in 2015 was effective (as a single monetary policy shock) in rising
output and inflation, and that is was money markets (along with oil prices) that drove the
recovery of inflation in 2017 to near-target levels, we do not find evidence that this can be
attributed to a sequence of monetary policy shocks. Our results, overall, suggest that in the
context of falling oil prices, concerns over the sustainability of inflation near its 2% targetlevel are reasonable, and that keeping a close look at the yield curve structure and events in
the oil market is presently a highly pertinent task for the central bank in its purpose of
maintaining macroeconomic stability in the region.
Section 2 describes the selection and treatment of data used to estimate our model. Section 3
describes the SVAR model for the global crude oil market, the money market and Europe’s
macroeconomic aggregates, and estimates the corresponding impulse response functions
(IRF). Section 4 contains the estimated historical decompositions for inflation and output in
the region, revealing the contribution of each variable, including oil prices and monetary
policy. Finally, section 5 concludes.
2. Description of the Data Set
All the data used to estimate our model is constructed to assess economic conditions of the
euro area and the dynamics of the global crude oil market. It consists in information of the
global crude oil market, the eurozone’s macroeconomy, the euro area money market and the
ECB’s monetary policy shocks. The euro area is constituted by all member states of the
Economic and Monetary Union that have replaced their national currencies with a single one,
the euro.12 Additionally, our structural model requires all data to be in monthly frequency in
order to impose the necessary restrictions for the identification of shocks. Our sample spans
from 1999M1 to 2017M12.
2.1 Global Crude Oil Market
To model the dynamics of the oil market, we follow Kilian (2009) by disentangling changes
in the price of oil due to supply shocks, aggregate demand shocks, and precautionary demand
shocks.
Oil supply shocks are measured as the percent change in oil production. An increase in oil
production is expected to decrease the price of oil and constitute a positive shock to the
12
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eurozone’s economy. A decrease, on the other hand, would rise oil prices representing an
adverse supply shock.
Furthermore, the aggregate demand of oil due to rising global real economic activity (GREA)
is measured with Kilian’s (2009) proposed indicator, based on ocean freight rates for the
transportation of industrial commodities. An increase in GREA is expected to rise the price
of oil and other commodities, while still representing a positive shock to the region’s
economy, as overall global conditions improve.
Finally, for the price of oil, we use the Brent crude as the benchmark for the region, which
we deflate with the euro area’s harmonized consumer price index (HCPI).
2.2 Euro Area Macroeconomic Aggregates
In order to measure aggregate demand in the euro area’s economy, Gross Domestic Product
(GDP) naturally presents itself as the preferred alternative. However, because GDP is only
available in a quarterly frequency for the region, we make use of Camacho and Perez-Quiros’
(2010) euro-STING, which generates a monthly measure of output. They construct a model
that combines monthly and quarterly data to perform a real-time forecast of GDP growth in
the euro area. However, unlike the authors, because ours is not a real-time forecasting
exercise, we do not account for publications delays or data revisions. Our database is simply
constructed using the final revised version of the variables available to date. Figure 2 shows
the estimated indicator for monthly output growth in the euro area.13
< Insert Figure 2 around here >
Finally, inflation in the region is measured as the percent change of the euro area HCPI. We
also include the nominal exchange rate for the euro area in our model, which is defined as
the bilateral exchange rate with the US dollar.
2.3 Euro Area Money Market
Because money markets react to the implementation of policy measures by the central bank
and constitute the main channel of transmission to the real economy, researchers have
directed their attention to the yield curve (Inoue and Rossi, 2018; Baumeister and Benati,
2013; among others). Figure 3 depicts the evolution of the structure of the yield curve in the
euro area, which characterizes the changes in its money market.
< Insert Figure 3 around here >
As can be seen in Figure 3, shifts in the yield curve may occur in different dimensions. We
therefore follow Inoue and Rossi (2018) in characterizing it as a function, where a monetary
shock will constitute a change in the parameters of such function, generating a shift in the
entire yield curve structure.

13

A detailed description of the estimation of monthly output growth in the euro area is available in Appendix

1.
6

Inoue and Rossi (2018) apply the Nelson and Siegel (1987) approach to model yields as a
function of their maturity as follows:
( )=

+

+

−

(Eq. 1)

where ( ) is the yield to maturity at time , is the maturity, is a tuning parameter, and
,
, and
are the parameters capturing the latent level, slope and curvature factors of
the yield curve, respectively. This approach provides a parsimonious model for the term
structure based on only these three factors. However, our structural model requires for these
factors to be orthogonal to each other, for which we propose an alternative definition of the
yield curve function, through PCA, in the following way:
( )=

+

(Eq. 2)

where
is a vector of factor loadings,
is the matrix of principal components and
is
the idiosyncratic component, which is assumed to be non-pervasive and weekly correlated
across yields. The estimation through PCA allows us to also reduce the dimensionality of our
yield data set, while retaining as much possible of its variation. More importantly, because
the estimated principal components are orthogonal to each other, this facilitates the structure
imposed in the estimation of our SVAR.
To allow our results to be comparable to those found in Inoue and Rossi (2018), we include
the first three principal components in our model and find that they are closely correlated
with the factors estimated through the Nelson and Siegel (1987) model. We therefore also
interpret our estimated principal components as the latent level, slope and curvature of the
yield curve. Figure 4 shows the estimated values for these factors in the euro area.
< Insert Figure 4 around here >
Once the PCA is performed, we estimate the monthly change in the latent level, slope and
curvatures to include in our model.
2.4 European Central Bank’s Monetary Policy
Traditionally, the monetary policy stance has been reduced to the level of a key policy rate
(see Christiano et al., 1999). In the case of the ECB, this is the main refinancing operations
(MRO) rate, which is the interest rate that banks in the euro area pay when they borrow
money from the ECB for one week. Other two key policy interest rates that the ECB uses for
monetary policy are the marginal lending facility and the deposit facility rates.14
These rates translate into activity in the money market, where financial instruments with high
liquidity and short maturities are traded. Here, participants, which include banks and large
companies, borrow and lend money in the short term to solve liquidity issues through
instruments with maturities ranging from overnight to under a year. In the money market,
participants undertake unsecured interbank overnight lending at a rate measured by the Euro
14
The marginal lending facility is the interest rate at which banks can borrow from the ECB overnight, and the
deposit facility is the overnight rate that the banks receive for depositing money in the ECB.
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Overnight Index Average (Eonia). Because lenders have the option of depositing their extra
overnight liquidity at the ECB at the deposit facility rate, and borrowers have the option of
lending from the ECB at the marginal lending facility rate, these two interest rates provide a
corridor which limits the range of the Eonia. In fact, the Eonia rate moves in close distance
with the MRO, making it (traditionally) the first step in the monetary policy transmission
process.15 As these rates define the operating cost of the banking system for maintaining
short-term liquidity, changes in these rates are expected to be translated by banks into longerterm financing rates offered to firms and households, and therefore extend to macroeconomic
activity. Figure 5 shows the evolution of the three key policy interest rates from the ECB and
the Eonia since the creation of the ECB in 1999.
< Insert Figure 5 around here >
As can be seen in Figure 5, the Eonia closely followed the MRO up until January of 2009,
when the Eonia began to fall away from the MRO rate drawing closer to the deposit facility
rate. Therefore, as the conventional monetary policy measure became more ineffective in
driving money markets through its MRO, the ECB turned to the use of unconventional policy
instruments to provide liquidity to the euro banking system.
Non-standard measures by the ECB were characterized as the “enhanced credit support”.
Because banks are the main source of credit in the euro area, policy measures focused
primarily on the banking system. As defined by Jean-Claude Trichet (the ECB president at
the time of the financial crisis), the ECS constituted the bank-based measures taken to
“enhance the flow of credit above and beyond what could be achieved through policy interest
rate reductions alone”. 16 In 2015, concerns over deflationary pressures gave rise to the
extension of the APP. Non-standard measures used by the ECB have included five building
blocks, which are described in Table 1.
< Insert Table 1 around here >
The effect of the implementation of unconventional policies can be observed in the central
bank’s balance sheet. As more liquidity is provided to financial markets through refinancing
operations and asset purchases, the size and composition of the balance sheet changes.17
Figure 6 shows the evolution of the ECB’s balance sheet through time, which has
significantly extended after the financial crisis and introduction of unconventional policy
measures.
15
A slightly positive spread between the Eonia and the MRO is caused by differing costs of collaterals between
operations with the ECB and the money market.
16
See: https://www.ecb.europa.eu/press/key/date/2009/html/sp090713.en.html
17
One strand of the literature has turned to balance sheet data to account for unconventional monetary policy
shocks (Gambetti and Musso, 2017). However, with forward-looking financial markets, we would expect policy
to impact money markets not at the time that the policy is implemented but rather at the time that the markets
learn that it will take place. Gambetti and Musso (2017) analyze a single shock, which is the extension of the
APP announced in January 2015 and implemented in March 2015 and because they estimate a model in
quarterly frequency, they have no need to differentiate between announcement and implementation for this
particular shock. In our paper, we account for the sequence of oil price and monetary policy shocks hitting the
European economy since the creation of the ECB in 1999, for which we use data in monthly frequency,
rendering the balance sheet approach unfeasible.
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< Insert Figure 6 around here >
Because money markets react to the implementation of these policy measures by the central
bank and constitute the main channel of transmission to the real economy, we look at yield
curve data to measure monetary policy shocks. However, because the money market is
subject to shocks of different nature, only certain changes in the yield curve can be attributed
to monetary policy measures. Therefore, to account for the monetary policy measures taken
by the ECB, we follow Inoue and Rossi (2018), who propose a new identification procedure,
where monetary policy shocks are identified as shifts in the whole term structure of the yield
curve in a narrow window of time around monetary policy announcements.18
Since we defined the yield curve function as in equation 2, we then assume that, on monetary
policy announcement dates, unexpected changes in monetary policy shift the entire yield
curve by simultaneously changing the ’s. We accordingly identify the response of
macroeconomic variables to monetary policy shocks as follows:
(∙)

=

∆
∆

(∙)

=

(Eq. 3)

where
is the vector of variables in our model at time + ℎ, (∙) is the monetary policy
shock, ∆ is a vector value of changes in the level, slope and curvature factors of the yield
curve, and ≡ ∆ ∙ is the change in term structure times a dummy variable ( ) equal
to unity if there is a monetary policy announcement at time . It is important to note that we
rely on high frequency data for the identification of monetary policy shocks, for which
and its corresponding changes in ,
and
are defined in daily frequency. Following
Inoue and Rossi (2018) we attribute the shock to the month in which it took place.19
Therefore, in order to evaluate the effects of the different strategies implemented by the ECB,
we generate a data set of dummy variables corresponding to the dates in which a monetary
policy announcement related to each strategy was made.
is equal to unity if there is a
monetary policy announcement at time . We analyze the content of each press release to
classify them into conventional and unconventional policy actions. At the same time, we
classify unconventional monetary policy announcements as ECS, APP, and mixed strategies
(referring to dates in which the ECB press release accounted for the activation of more than
one liquidity-providing strategy). A detail of the monetary policy announcement dates for
which we assign = 1, and its classification can be found in Appendix 2.
Finally, Table 2 shows a description of all variables’ definition and sources.
< Insert Table 2 around here >

18

This approach is consistent with research regarding the impact of monetary policy announcements on the
euro area yield curve, indicating statistically significant shifts of money markets rates on the day of a press
release by the ECB (Coffinet and Gouteron, 2009; Renne, 2017; among others).
19
For months in which there is more than one assigned monetary policy shock, we take the sum of the shocks.
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3. A Structural Model of the Global Crude Oil Market and the Euro Area’s
Macroeconomy and Money Market
3.1 The Model
We follow previous literature in implementing a VAR, as proposed by Sims (1980) to
disentangle the underlying relationships between our variables of interest. A VAR presents
the advantage of providing little structure allowing the data to speak and accounting for the
existing endogeneity within the variables. A VAR model of order that includes variables,
can be expressed as:
=∑

+

,

(Eq. 4)

where is the number of lags, is a × 1 column vector of all the variables in the model,
is a × matrix of unknown coefficients where the intercept has been suppressed for
notational convenience, and
is a column vector of mutually uncorrelated structural
innovations.
Furthermore, we implement Inoue and Rossi’s (2018) approach of a “functional” VAR, by
including the time-changing parameters of the yield curve function, as defined in equation 2,
in the VAR. Our × 1 column vector
then includes, in order, the percentage change in
world crude oil production (∆ ), global real economic activity (
), the percentage
change in the real price of oil (∆
), output growth in the euro area (
), inflation
(
), the changes in the money market yield curve’s factors (∆ , ∆ , ∆ ), and the
nominal exchange rate for the euro ( ).
The model can also be presented in its structural form in the following way:
=∑

+

,

(Eq. 5)

where
≡

(Eq. 6)

≡

(Eq. 7)

and
is of particular interest as it denotes the instantaneous response matrix, which
allows for the identification of structural shocks and, therefore, the construction of the
corresponding IRF.
The ordering of the variables allows us to assume the following structure for the
instantaneous response matrix
:
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In this context, oil supply shocks are identified as changes in the world production of crude
oil, which is assumed to adjust to changes in the demand for oil only with a lag due to
adjustments costs and uncertainty (Kilian, 2009); and innovations to GREA are understood
as fluctuations in the global demand for industrial commodities (Kilian and Zhou, 2018a).
Moreover, the model then imposes the restriction that increases in the real oil price driven by
precautionary demand shocks will not affect GREA within a month (Kilian, 2009). It also
adopts the conventional assumption that oil prices are predetermined with respect to domestic
macroeconomic aggregates, such as output and inflation, and the exchange rate (Kilian and
Vega, 2011). The money market shocks are then identified as the residual changes in the
latent level, slope and curvature of the money market yield after accounting for the
contemporaneous feedback from all variables ordered above in the model. The identification
of these factors through PCA allows us to impose the remaining restrictions conditions on
the response of the money market factors, being that they are orthogonal to each other.
Finally, the model imposes that money market interest rates respond to exchange rate shocks
with a one-month delay. This is motivated by the fact that exchange rate shocks do not change
expectations of output and inflation in the euro area, because it is a closed economy, as is the
case in the US (Kilian and Zhou, 2018b).20
3.2 Impulse Response Functions for the Macroeconomy, the Money Market and the
Crude Oil Market
Based on these assumptions, we then recursively estimate the IRF through a Cholesky
decomposition of the variance-covariance matrix of the error terms.21
Figure 7 shows the estimated IRF which depict the causal-effect relationships between the
oil market, European macroeconomic aggregates and the money market.
< Insert Figure 7 around here >
Panel A in Figure 7 shows the effect of an unexpected increase in oil production on the global
crude oil market and the euro area economy. As it decreases the price of oil, the global
demand for industrial commodity increases, along with output in the euro area. The effect on
20
A full survey on the exchange-rate pass through for industrial economies can be found in Mishkin (2008).
Research shows a weak relationship between exchange rate fluctuations and nominal demand in developed
economies.
21
For a full survey of the estimation of SVAR models and IRF see Kilian and Lütkepohl (2017).
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inflation is negative. Furthermore, oil supply shocks do not seem to have a significant effect
on the euro area’s money market or the exchange rate.
Panel B shows the effect of a positive shock in the global demand of industrial commodities
on the remaining variables. As is expected, oil suppliers increase production accordingly and
demand for oil raises the crude oil price. More importantly, as GREA accelerates, euro area
output increases, creating an appreciation of the euro and generating inflationary pressures.
Also, overall interest rates in the money market are increased, with an increase in the slope
of the yield curve as business expectations improve.
On the other hand, an oil price increase due to precautionary demand rises global crude oil
production while representing an adverse supply shock to the euro area economy, generating
a rather significant increase on inflation and a drop on output in the medium term, as can be
seen in Panel C. It also increases nominal interest rates in the money market, while flattening
the yield curve. Furthermore, we observe a moderate rise in the exchange rate, which may be
related to a relatively larger negative response of the US dollar to an adverse oil price shock
(Kilian and Zhou, 2018b). Overall, results are consistent with those obtained by Peersman
and Van Robays (2009) with respect to the effects of different oil price shocks on the euro
area macroeconomy during conventional times (pre-crisis period), evidence of the inertia in
the transmission of oil price shocks to the European economy.
Additionally, Panel D shows that a positive aggregate demand shock in the euro area
economy generates an increase of the global demand for industrial commodities and oil
production, as well as a significant increase in the precautionary demand for oil, which
provides evidence of the importance of the euro area as a determinant for the price of oil and
other commodities in the global market. Also, while generating inflationary pressures,
improving economic conditions in the region overall increase levels of money market interest
rates while flattening the yield curve; due to expectations of a tightening monetary policy
response. We also observe an appreciation of the euro.
In response to an adverse supply shock in the region, as seen in Panel E, there seems to be
no significant immediate effect on output, but a rather significant drop after half a year.
Similarly, an adverse inflationary shock also creates a negative effect on GREA and in the
demand for oil. In the short-term, the overall level of the yield curve seems to increase, with
a relatively larger increase in the medium and long-term end. Finally, the exchange rate
depreciates.
With respect to money market shocks, output in the euro area generally falls in response to
an overall increase in interest rates, accompanied by a drop of inflation. Furthermore, both
an increase in the slope, or the curvature, of the yield curve increases output and inflation
(Panels F, G and H). Additionally, a drop of the global demand of industrial commodities
can be observed, as well as in the price of oil, whenever the level of interest rates rises. On
the other hand, the response of commodity and oil markets is positive in view of an increase
in the slope of the euro area yield curve. Also, the euro appreciates with a rise in the slope
but depreciates with a rise in the curvature of the money market yield curve.
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Finally, Panel I shows that an appreciation of the euro currency generates a decrease of output
and an increase in inflation, and furthermore, a rise in the global demand for industrial
commodities and the price of oil. Money markets respond by raising interest rates especially
in the long-term as expectations of a tightening monetary policy arise.
3.3 Impulse Response Functions for Selected Monetary Policy Episodes
Additionally, we are interested in generating the IRF for monetary policy shocks. However,
because each monetary policy announcement may shift the yield curve in different ways, we
can only generate the IRF for particular episodes. Therefore, for the purpose of illustration,
we select, for analysis, some relevant monetary policy actions that have been taken since the
crisis. 22 These are described in Table 3. 23
<Insert Table 3 around here>
Figure 8 then shows the corresponding changes in the yield curve structure and IRF for each
selected monetary policy episode. Overall results allow to observe the varying effects of
different monetary policy shocks.24 These are estimated as described in Equation 3.
< Insert Figure 8 around here >
In the outset of the global crisis, the first months were characterized by the immediate
liquidity crisis triggered by the collapse of Lehman Brothers, which caused a sudden stop of
the euro money market and an imminent risk of asset fire sales for central banks. The ECB
responded in May of 2009 by decreasing the MRO to a record low of 1.00% and by offering
an LTRO of one-year maturity. Figure 8 shows that this was effective in raising inflation and
output in the region. The demand of commodities also increased, and while the euro
depreciated on impact (as a result of rising inflation), it appreciated further as domestic and
global demand increased.
In this context, although monetary policy contributed in averting a deeper recession,
remaining instability in the banking sector evolved into the sovereign debt crisis, where
markets severely punished banks’ exposure to certain governments. This translated into a
disruption in the monetary transmission, for which the ECB first responded by lengthening
the maturity of LTROs to 3 years in December 2011. Our results show that this action
achieved similar accommodative effects as the shock of May 2009. Additionally, the ECB
announced its Outright Monetary Transactions in September 2012 to remove the risk

22

The monetary policy actions are those highlighted in the speech given by Peter Praet, member of the executive
board of the ECB, in March 16th, 2017 at the Febelfin Connect event in Brussels, where he explained the
monetary
policy
of
the
ECB
and
its
evolution
during
the
crisis.
See:
https://www.ecb.europa.eu/press/key/date/2017/html/sp170316.en.html
23
We analyzed several monetary policy episodes, but for brevity we only include the ones mentioned here.
Additional empirical results for alternative monetary policy actions are available upon request, including those
that were implemented before the crisis.
24
Under our current identification procedure, in line with Inoue and Rossi (2018), we find that no monetary
policy shock is equal to another, whether it consists on the implementation of a conventional measure or an
unconventional one, as it may shift the yield curve in a completely different way.
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expressed in sovereign spreads. We find that this action contributed to raising output on
impact, and therefore had a long-lasting positive effect on inflation for the first year.
However, even after the euro economy began to show signs of recovery, banks reduced
lending in its process of deleveraging. Inflation, therefore, began to drift down, for which the
ECB cut its rate twice in 2013 (May and November). Our results show that, even though the
interest rate cut of November was smaller in dimensions (25 basis points instead of 50), the
reaction of the money market was more favorable in rising inflation immediately. Neither
shock, however, was significantly effective in stimulating output in the region.
By mid-2014, economic recovery was slow and the sharp drop in oil prices favored
dangerously low inflation. With interest rates at the ZLB, the ECB introduced, in June 2014
and for the first time, a negative interest rate in its deposit facility and announced that it would
be conducting a series of TLTROs and would intensify preparatory work to purchase assetbacked securities. These measures reduced the overall level of the money market yield curve
and were effective in rising inflation for up to a year. They also stimulated the domestic
economy and the aggregate demand of industrial commodities.
Furthermore, the ECB announced the extension of its APP in January 2015 to include bonds
issued by euro area central governments, agencies and European institutions, which also rose
the slope of the yield curve, while decreasing the overall level of interest rates. In line with
results obtained by Gambetti and Musso (2017), we find that this monetary policy shock was
also effective in generating an immediate rise of inflation and stimulating the eurozone’s
economy.
4. Historical Decompositions of Euro Area Macroeconomic Aggregates
In this section, we make use of historical decompositions to study the overall causes of
fluctuations in output, inflation and exchange rate in the euro area. For our vector of variables
, the historical decomposition can be calculated by
=∑
where

(Eq. 9)
=

(2017), and

represents the estimated IRF´s, as described in Kilian and Lütkepohl
are the estimated shocks for each variable in our model.

4.1 Historical Effects of Each Variable
Figure 9 shows the decomposition of output growth, the level of output, inflation, price level
and the exchange rate since the establishment of the euro area.25
< Insert Figure 9 around here >
Panel A and B show the historical decomposition of output fluctuations in the region. A first
drop of output in the 2001 crisis was caused by the determinants of global oil and commodity
25
Peersman and Van Robays (2009) construct historical decompositions to depict the contribution of oil price
shocks to euro area HICP inflation since 1999.
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markets, which was followed by a further drop in aggregate demand. Even so, recovery of
the economy from this episode can be explained by further positive aggregate demand
shocks. Following years were characterized by a growing economy, a tightening monetary
policy stance and a further boom of the economy as determinants of commodity and oil
markets generated a further growth in output. This all came into a halt with the financial crisis
which can be almost entirely explained by global shocks (as proxied by commodity market
determinants), domestic aggregate demand shocks and financial turmoil in money markets.
An initial recovery of output was driven by stabilization of the money markets. However,
following years would be governed by the sovereign debt crisis which began by ends of 2009,
initially explained by a fall in domestic demand and commodity factors. The policies then
implemented by the ECB, successfully contributed to a reactivation of the economy in 2010.
Overall, we can observe that oil and commodity shocks have lowered the level of output on
average in our given sample. The sequence of shocks from the establishment of the euro area
in 1999 through ends of 2005 were averse to the region’s economy. However positive
domestic demand counteracted this effect, and as demand for commodities increased
worldwide, the economy of the region expanded from 2006 until the collapse of the world
economy in 2008. Shocks to commodity and oil markets then contributed to a continuing
slowdown until ends of 2012. The shock sequence since then has actually been positive for
the region’s economy.
A look at Panel B shows global commodity shocks and aggregate demand shocks as
important determinants of output in our sample. We can also observe that following the
financial crisis, money markets also became a relevant determinant of output level. They
contributed to the economy’s recovery from the crisis and in the final two years of the sample.
They also, however, were responsible for the slowdown in the economy in 2013, driven
largely by monetary policy shocks.
A further look into price stability, which is the main purpose of the ECB, in Panels C and D,
shows that the current price level has been mainly determined by aggregate demand shocks
and monetary policy (and to a lesser extent by the money market and global commodity
shocks); however, monthly fluctuations of the price level, measured by annual inflation in
the region, are determined by global commodity (and oil) shocks, aggregate demand, money
markets and monetary policy, alike.
In 2006, determinants of the oil market contributed to a drop in euro area inflation. However,
as a result of booming emerging economies, which drove up the price of oil and other
commodities, inflation in 2007 soared until peaking in 2008. Deflation, like the recessionary
effects on output during the financial crisis, was then caused by global shocks, a slowdown
in aggregate demand and financial stress, as signaled by the money market. Inflation, though,
recovered at a slower pace than output, reaching a closer level to target until 2010, which
was mainly achieved by monetary policy. Growth of inflation was sustained by money
market expectations until 2013, where continuingly decreasing inflation was driven by shifts
in the yield curve, reaching inflation levels close to zero. Inflation was then plunged to
negative values when the price of Brent crude oil fell from $111/barrel in June 2014 to
$48/barrel in January 2015, which agrees with results obtained by Morana (2017) and HolmHadulla and Hubrich (2017) when analyzing this particular episode. A recovery of inflation
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in the following years can be mostly explained as being driven by money market expectations
and global commodity market determinants.
Our results are, overall, mostly consistent with those obtained by Conti et al. (2017).
However, we find bigger contributions of monetary policy to annual inflation and output,
which is explained by the fact that we consider more dimensions of the effect on the yield
curve due to the implementation of monetary policy.26 We also find similar evidence as that
provided by Halberstadt and Krippner (2016) with respect to the contribution of money
market shocks to inflation since 2010. They, however, attribute this to monetary policy,
whereas we only find evidence for the ECB contributing to the rise and decrease of inflation
until 2013. It is important to note, that they identify such shocks through a measure of market
expectations that is subject to the influence of the central bank, rather than a quantity
explicitly controlled by the ECB. Therefore, our measure for the overall contribution of
money market yield curve shifts is more comparable and consistent with their findings.
Finally, a look at Panel E shows that the euro appreciated in the years preceding the financial
crisis characterized by strong economic growth in the region, whereas it significantly
depreciated particularly in the years following the financial crisis well into the sovereign debt
crisis. Monetary policy contributed to the strengthening of the euro from years 2004 through
2008. In fact, the figure shows that aggregate demand shocks and monetary policy were the
main macroeconomic determinants for the value of the euro in the sample period before the
crisis; whereas, in the following years, money markets and global commodity shocks became
more relevant. As money markets and oil shocks were responsible for deflationary pressures
in 2013 and 2014, they were also the ones to contribute to the depreciation of the euro during
these times.
4.2 Historical Effects of the Global Crude Oil Market
Followingly, we draw a closer look at the contribution of oil price shocks to each
macroeconomic aggregate in the region. We disentangle the contribution of oil supply
shocks, GREA shocks, and precautionary oil demand shocks. Figure 10 shows the estimated
historical decompositions.
< Insert Figure 10 around here >
Oil supply shocks have explained little of the price levels in the euro area. They do, however,
explain some of the fluctuation in the region’s output. Nonetheless, as can be seen in the
graphs, most effects of changes in oil prices on euro area macroeconomic aggregates are
driven by overall changes in the global demand for industrial commodities. This proves
particularly true in two episodes: mid-2000s, where an expansion of GREA due to emerging
economies generated inflationary pressures on the euro area, as well as for recessionary years
(2008-2012) where a slowdown of global economic activity contributed to falling output. In
2006, growing demand from the booming economies of India and China, contributed to
growth of the economy in the region; in this context, a relative fall of oil prices due to
26

Conti et al. (2017) also obtain different results regarding the contribution of oil prices to euro area
macroeconomic aggregates, due to the fact that they identify a change in oil price as a supply shock, without
disentangling the source of the shock.
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precautionary demand shocks, further contributed to growth in this region while, at the same
time, relieving inflationary pressures.
Nonetheless, precautionary demand for oil remains relevant for the euro area economy, as it
has been a determinant of inflationary pressures in the region, particularly in the years
preceding the crisis. We then find that inflation in the region is affected by changes in the
price of oil that cannot be explained by shifts in oil production or fluctuations in the global
demand for commodities. For the period of deflationary pressures, changes in the price of oil
due to precautionary demand are of particular importance in two episodes: the fall in the price
of oil in 2014, which plunged annual inflation into negative values and continued generating
deflationary pressures until the surge in the price of oil ends 2016, which contributed to a
significant recovery of inflation closer to target levels.
4.3 Historical Effects of Monetary Policy
Finally, we also estimate the contribution of monetary policy shocks on euro area
macroeconomic aggregates, to evaluate the overall effectiveness of the ECB in controlling
inflation and output in the region, and the particular contribution of the ECS and the expanded
APP. The historical decompositions are estimated as described in Equation 9, where the
shocks
are the monetary policy shocks identified in section 2. Results are shown in Figure
11.
< Insert Figure 11 around here >
The estimated historical decompositions show that in general, the ECB’s strategy has been
an important determinant in driving output and the level of prices in the region. Years 2001
through 2004 were characterized by an accommodating policy stance, with falling values of
the key policy rate, which raised inflation and output in the region. Followingly, as
inflationary pressures arose in the context of rising commodity prices, the ECB switched to
a tightening policy stance, which lowered output and successfully maintained price stability
and inflation at near-target levels.
However, as the transmission of conventional measures to the real economy became limited
and inflation dropped during both recessions in the region, it was the implementation of the
ECS which contributed to a recovery of the economy, inflation levels and the value of the
euro, following the sovereign debt crisis. Despite this, it seems that the accommodating
stance of the ECB was deserted too early, and expectations of falling inflation settled in the
money market. A reactivation of the ECS and implementation of the expanded APP then
contributed to positive output growth in the following years. These findings are consistent
with those obtained by Conti et al. (2017). The overall effect on inflation, though, has since
been negligible.
5. Final Conclusions
As the ECB begins to exit its accommodating policy once more after the years of the crisis,
low oil prices, a slowdown of global economic activity and manifold political turmoil in the
eurozone, all provide new challenges for the central bank in maintaining price stability in the
region. We therefore analyzed, in this paper, the macroeconomic effects of the ECB’s
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conventional and unconventional monetary policy in the euro area and the role of oil price
shocks in accounting for changes in output, inflation and the euro currency. For this purpose,
we estimated an SVAR model depicting the relationship between the eurozone’s economy,
its money market and the global crude oil market. The effects of oil price shocks were
classified in function of the underlying cause for the oil price change, while monetary policy
shocks were defined as shifts in the entire yield curve structure around a monetary policy
announcement and classified in function of the applied conventional or unconventional
measure.
For the pre-crisis period, in which the ECB used the key policy interest rate as the
conventional monetary policy tool, our results are consistent with those found by Peersman
and Van Robays (2009). As for the post-crisis period, in the context of dangerously low
inflation and interest rates at the ZLB, we found that the ECB’s unconventional measures,
embodied in the ECS program, were essential in the recovery of the eurozone’s economy and
the stabilization of prices following the sovereign debt crisis. Moreover, an episode-byepisode analysis of key monetary policy actions that were implemented at certain moments,
show that the ECB was effective in its accommodating policy. This evidence supports the
effectiveness of unconventional monetary policy tools such as swap agreements, TLTROs
and the purchase of assets by the ECB, when the transmission mechanism of conventional
measures is impaired.
However, our results also show that the ECB abandoned its accommodating policy too
quickly, continuously generating expectations of falling inflation in the money market from
2011 to 2014, as economic growth in the region was still weak. Moreover, even though an
analysis of the announcement of the extension of the APP by the ECB in January 2015 shows
a positive effect on inflation and output, we did not find evidence that the continuing rise in
inflation could be explained by a sequence of monetary policy shocks.
Furthermore, with respect to the role played by oil price shocks regarding fluctuations in the
eurozone’s economy, we found that the fall of oil prices in 2014 did contribute to the plunge
of inflation to negative values (in line with previous research). We also noted, however, that
the preceding fall of inflation was explained by changes in the money market. Furthermore,
our results provide evidence that rising oil prices, mainly driven by precautionary demand
shocks, supported the recovery of inflation in 2016, which raises concerns now that the price
of oil plummets again.
Finally, our findings show that money markets have acquired a heightened relevance in the
eurozone economy in the years following the crisis. In fact, our results show that events in
the money market supported the recovery of inflation after it had plunged into negative
values. Therefore, we conclude that a further understanding of the determinants of the yield
curve and how the central banks’ monetary policy actions and announcements can drive the
money market is crucial. Overall, we find that keeping a close look at the yield curve structure
and events in the oil market is presently a highly pertinent task for the central bank in its
purpose of maintaining macroeconomic stability in the region.
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Appendix 1. Estimation of Monthly Euro Area Output Growth
As a monthly measure of output in the euro area, we use the proposal of Camacho and PerezQuiros (2010), the Euro-STING (short-term indicator of growth), which is constructed to
perform a real-time forecast of GDP in the euro area. A set of hard and soft indicators are
modelled in its relationship to a common factor, for which they consider the following model:
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where
is a vector that includes quarterly hard indicators;
is a vector that includes
monthly hard indicators;
is a vector that includes monthly soft indicators;
is the
common factor which measures the common component of the monthly growth rate of these
series;
,
and
measure the idiosyncratic dynamics of each series; and , and
contain the factor loadings which measure the sensitivity of each series to movements in the
latent factor. As can be observed in the previous equations, monthly growth rates of quarterly
series and monthly growth rates of hard indicators are assumed to exhibit a direct relationship
to the common factor; whereas the level of soft indicators is directly related to the year-onyear common growth rate, which can be written as the sum of current values of the common
factor and its 11 lagged values.
The dynamics of the model are then achieved by assuming that
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Compactly, the model can be expressed in the following way:
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We estimate the common factor by handling missing observations in the same fashion as
Camacho and Perez-Quiros (2010), following Mariano and Murasawa (2003), and applying
the Kalman filter with Kalman smoothing (see Hamilton, 1994 for a detailed description of
the Kalman filter). The missing observations are replaced with random draws from (0,1),
which does not impact the model estimation since the Kalman-filter uses the normal
distribution as the data generating process for them.
Unlike the authors, because ours is not a real-time forecasting exercise, we do not account
for publications delays or data revisions. Our database is simply constructed using the final
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revised version of the variables available to date. The variables included are described in the
following table
Type

Hard Indicators

Soft Indicators

Indicator

Frequency

Real GDP Growth

Quarterly

Employment Growth

Quarterly

Real Industrial Production Growth

Quarterly

Real Industrial New Orders
Growth

Monthly

Real Sales Growth

Monthly

Real Exports Growth

Monthly

Economic Sentiment Indicator

Monthly

Ifo Business Climate

Monthly

Belgium Business Survey

Monthly

We use the estimated common factor as proxy for monthly output growth in the euro area.
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Appendix 2. ECB’s Monetary Policy Announcements
The following table contains announcements by the ECB related to monetary policy which
we classified among conventional and unconventional measures. The specific content for
each
press
release
can
be
found
in
the
following
link:
https://www.ecb.europa.eu/press/pr/activities/mopo/html/index.en.html.
We analyzed the content of each press release to build this data set, and to classify each
announcement into a strategy type: conventional monetary policy, ECS, APP and mixed.
Press releases by the ECB regarding conventional monetary policy measures typically
indicate the level set by the central bank for the MRO, the marginal lending facility and the
deposit facility rates. However, they may also include any other regular operations by the
central bank: the release of indicative calendars for the euro system’s regular tender
operations and reserve maintenance periods, disclosure of publications for educational
purposes, statements related to forward guidance, among others.

Date
08/07/1998

Strategy
Conventional

Date
01/07/1999

Strategy
Conventional

Date
08/06/2000

Strategy
Conventional

18/09/1998

Conventional

14/07/1999

Conventional

16/06/2000

Conventional

13/10/1998
16/10/1998

Conventional
Conventional

15/07/1999
29/07/1999

Conventional
Conventional

21/06/2000
06/07/2000

Conventional
Conventional

23/10/1998

Conventional

26/08/1999

Conventional

20/07/2000

Conventional

01/12/1998
03/12/1998

Conventional
Conventional

09/09/1999
23/09/1999

Conventional
Conventional

03/08/2000
31/08/2000

Conventional
Conventional

04/12/1998

Conventional

07/10/1999

Conventional

14/09/2000

Conventional

14/12/1998
22/12/1998

Conventional
Conventional

21/10/1999
04/11/1999

Conventional
Conventional

05/10/2000
19/10/2000

Conventional
Conventional

31/12/1998

Conventional

18/11/1999

Conventional

02/11/2000

Conventional

05/01/1999
07/01/1999

Conventional
Conventional

02/12/1999
15/12/1999

Conventional
Conventional

16/11/2000
30/11/2000

Conventional
Conventional

12/01/1999

Conventional

04/01/2000

Conventional

05/12/2000

Conventional

21/01/1999
02/02/1999

Conventional
Conventional

05/01/2000
20/01/2000

Conventional
Conventional

14/12/2000
04/01/2001

Conventional
Conventional

18/02/1999

Conventional

03/02/2000

Conventional

18/01/2001

Conventional

04/03/1999
18/03/1999

Conventional
Conventional

17/02/2000
02/03/2000

Conventional
Conventional

01/02/2001
15/02/2001

Conventional
Conventional

08/04/1999

Conventional

16/03/2000

Conventional

19/02/2001

Conventional

22/04/1999
06/05/1999

Conventional
Conventional

30/03/2000
13/04/2000

Conventional
Conventional

01/03/2001
14/03/2001

Conventional
Conventional

20/05/1999

Conventional

27/04/2000

Conventional

15/03/2001

Conventional

02/06/1999
17/06/1999

Conventional
Conventional

11/05/2000
25/05/2000

Conventional
Conventional

16/03/2001
29/03/2001

Conventional
Conventional
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Date
30/03/2001

Strategy
Conventional

Date
02/08/2002

Strategy
Conventional

Date
01/07/2004

Strategy
Conventional

11/04/2001

Conventional

12/09/2002

Conventional

05/08/2004

Conventional

23/04/2001
26/04/2001

Conventional
Conventional

10/10/2002
07/11/2002

Conventional
Conventional

05/08/2004
13/08/2004

Conventional
Conventional

10/05/2001

Conventional

05/12/2002

Conventional

02/09/2004

Conventional

23/05/2001
05/06/2001

Conventional
Conventional

09/01/2003
23/01/2003

Conventional
Conventional

07/10/2004
04/11/2004

Conventional
Conventional

07/06/2001

Conventional

06/02/2003

Conventional

02/12/2004

Conventional

21/06/2001
28/06/2001

Conventional
Conventional

28/02/2003
06/03/2003

Conventional
Conventional

13/01/2005
14/01/2005

Conventional
Conventional

05/07/2001

Conventional

03/04/2003

Conventional

03/02/2005

Conventional

19/07/2001
02/08/2001

Conventional
Conventional

05/05/2003
08/05/2003

Conventional
Conventional

21/02/2005
02/03/2005

Conventional
Conventional

23/08/2001

Conventional

05/06/2003

Conventional

03/03/2005

Conventional

28/08/2001
30/08/2001

Conventional
Conventional

02/07/2003
10/07/2003

Conventional
Conventional

07/04/2005
21/04/2005

Conventional
Conventional

05/09/2001

Conventional

31/07/2003

Conventional

04/05/2005

Conventional

11/09/2001
12/09/2001

Conventional
Conventional

01/08/2003
04/09/2003

Conventional
Conventional

30/05/2005
02/06/2005

Conventional
Conventional

13/09/2001

Conventional

30/09/2003

Conventional

06/06/2005

Conventional

14/09/2001
17/09/2001

Conventional
Conventional

02/10/2003
28/10/2003

Conventional
Conventional

07/07/2005
04/08/2005

Conventional
Conventional

27/09/2001

Conventional

06/11/2003

Conventional

01/09/2005

Conventional

11/10/2001
25/10/2001

Conventional
Conventional

18/11/2003
04/12/2003

Conventional
Conventional

06/10/2005
03/11/2005

Conventional
Conventional

08/11/2001

Conventional

08/01/2004

Conventional

01/12/2005

Conventional

06/12/2001
03/01/2002

Conventional
Conventional

12/01/2004
15/01/2004

Conventional
Conventional

27/12/2005
12/01/2006

Conventional
Conventional

07/02/2002

Conventional

16/01/2004

Conventional

13/01/2006

Conventional

14/02/2002
07/03/2002

Conventional
Conventional

30/01/2004
05/02/2004

Conventional
Conventional

20/01/2006
02/02/2006

Conventional
Conventional

04/04/2002

Conventional

06/02/2004

Conventional

02/03/2006

Conventional

23/04/2002
26/04/2002

Conventional
Conventional

16/02/2004
25/02/2004

Conventional
Conventional

06/04/2006
04/05/2006

Conventional
Conventional

02/05/2002

Conventional

27/02/2004

Conventional

08/06/2006

Conventional

06/06/2002
01/07/2002

Conventional
Conventional

04/03/2004
05/03/2004

Conventional
Conventional

06/07/2006
03/08/2006

Conventional
Conventional

04/07/2002

Conventional

01/04/2004

Conventional

31/08/2006

Conventional

05/07/2002
10/07/2002

Conventional
Conventional

26/04/2004
06/05/2004

Conventional
Conventional

15/09/2006
15/09/2006

Conventional
Conventional

22/07/2002

Conventional

10/05/2004

Conventional

05/10/2006

Conventional

01/08/2002

Conventional

03/06/2004

Conventional

02/11/2006

Conventional
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Date
07/12/2006

Strategy
Conventional

Date
04/09/2008

Strategy
ECS

Date
05/02/2010

Strategy
Conventional

03/01/2007

Conventional

26/09/2008

ECS

04/03/2010

ECS

11/01/2007
08/02/2007

Conventional
Conventional

29/09/2008
02/10/2008

ECS
Conventional

08/04/2010
23/04/2010

Conventional
ECS

13/02/2007

Conventional

03/10/2008

Conventional

02/05/2010

Conventional

08/03/2007
16/03/2007

Conventional
Conventional

07/10/2008
08/10/2008

ECS
Conventional

03/05/2010
06/05/2010

Conventional
Conventional

12/04/2007

Conventional

13/10/2008

ECS

10/05/2010*

Mixed

10/05/2007
25/05/2007

Conventional
Conventional

15/10/2008
17/10/2008

ECS
ECS

10/06/2010
30/06/2010

ECS
APP

06/06/2007

Conventional

23/10/2008

Conventional

08/07/2010

Conventional

11/06/2007
18/06/2007

Conventional
Conventional

27/10/2008
03/11/2008

ECS
Conventional

28/07/2010
05/08/2010

ECS
Conventional

26/06/2007

Conventional

06/11/2008

Conventional

02/09/2010

ECS

05/07/2007
10/07/2007

Conventional
Conventional

12/11/2008
17/11/2008

ECS
ECS

07/10/2010
09/10/2010

Conventional
Conventional

02/08/2007

Conventional

26/11/2008

ECS

14/10/2010

Conventional

14/08/2007
22/08/2007

Conventional
ECS

04/12/2008
19/12/2008

Conventional
ECS

27/10/2010
04/11/2010

Conventional
Conventional

06/09/2007

ECS

15/01/2009

Conventional

02/12/2010

ECS

04/10/2007
30/10/2007

Conventional
Conventional

16/01/2009
05/02/2009

ECS
Conventional

16/12/2010
21/12/2010

Conventional
ECS

08/11/2007

ECS

05/03/2009

Conventional

13/01/2011

Conventional

08/11/2007
30/11/2007

Conventional
Conventional

19/03/2009
02/04/2009

ECS
Conventional

03/02/2011
04/02/2011

Conventional
Conventional

06/12/2007

Conventional

06/04/2009

ECS

03/03/2011

ECS

12/12/2007
10/01/2008

ECS
Conventional

07/05/2009*
29/05/2009

ECS
Conventional

07/04/2011
05/05/2011

Conventional
Conventional

07/02/2008

ECS

04/06/2009

APP

06/05/2011

Conventional

06/03/2008
11/03/2008

Conventional
ECS

25/06/2009
02/07/2009

ECS
Conventional

03/06/2011
09/06/2011

Conventional
ECS

28/03/2008

ECS

06/08/2009

Conventional

29/06/2011

ECS

10/04/2008
02/05/2008

Conventional
ECS

03/09/2009
24/09/2009

Conventional
ECS

07/07/2011
04/08/2011

Conventional
ECS

08/05/2008

Conventional

08/10/2009

Conventional

25/08/2011

ECS

28/05/2008
29/05/2008

Conventional
Conventional

05/11/2009
20/11/2009

Conventional
ECS

08/09/2011
21/09/2011

Conventional
Conventional

05/06/2008

Conventional

03/12/2009

ECS

30/09/2011

Conventional

03/07/2008
30/07/2008

Conventional
ECS

14/01/2010
18/01/2010

Conventional
ECS

04/10/2011
06/10/2011*

Conventional
Mixed

31/07/2008

ECS

27/01/2010

ECS

03/11/2011

APP

07/08/2008

Conventional

04/02/2010

Conventional

30/11/2011

ECS
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Date
08/12/2011*

Strategy
ECS

Date
27/09/2013

Strategy
ECS

Date
23/09/2015

Strategy
APP

16/12/2011

Conventional

02/10/2013

Conventional

22/10/2015

Conventional

12/01/2012
09/02/2012

Conventional
Conventional

10/10/2013
31/10/2013

ECS
ECS

09/11/2015
20/11/2015

APP
Conventional

28/02/2012

Conventional

06/11/2013

Conventional

03/12/2015

Conventional

08/03/2012
04/04/2012

Conventional
Conventional

07/11/2013
22/11/2013

Conventional
ECS

21/01/2016
05/02/2016

Conventional
Conventional

05/04/2012

Conventional

05/12/2013

Conventional

10/03/2016*

Mixed

03/05/2012
06/06/2012

Conventional
ECS

09/01/2014
24/01/2014

Conventional
ECS

21/04/2016
03/05/2016

APP
ECS

22/06/2012

ECS

06/03/2014

Conventional

02/06/2016

APP

05/07/2012
20/07/2012

Conventional
Conventional

03/04/2014
08/05/2014

Conventional
Conventional

22/06/2016
21/07/2016

Conventional
APP

02/08/2012

Conventional

05/06/2014*

Mixed

08/09/2016

APP

06/09/2012
12/09/2012

APP
ECS

17/06/2014
03/07/2014

ECS
ECS

14/09/2016
05/10/2016

Conventional
Conventional

28/09/2012

Conventional

17/07/2014

Conventional

20/10/2016

APP

04/10/2012
08/10/2012

Conventional
Conventional

29/07/2014
07/08/2014

ECS
Conventional

03/11/2016
08/12/2016

APP
APP

31/10/2012

APP

04/09/2014

ECS

15/12/2016

APP

08/11/2012
27/11/2012

Conventional
Conventional

18/09/2014
02/10/2014

ECS
APP

19/01/2017
09/03/2017

APP
APP

28/11/2012

Conventional

17/10/2014

Conventional

27/04/2017

APP

06/12/2012
13/12/2012

ECS
ECS

30/10/2014
06/11/2014

APP
Conventional

08/06/2017
13/06/2017

APP
Conventional

19/12/2012

Conventional

07/11/2014

ECS

19/06/2017

Conventional

10/01/2013
07/02/2013

Conventional
Conventional

04/12/2014
18/12/2014

Conventional
Conventional

20/07/2017
07/09/2017

APP
APP

21/02/2013

APP

14/01/2015

APP

26/10/2017

APP

07/03/2013
22/03/2013

Conventional
ECS

22/01/2015*
04/02/2015

APP
Conventional

14/12/2017
25/01/2018

APP
APP

04/04/2013

Conventional

20/02/2015

Conventional

08/03/2018

APP

02/05/2013
06/06/2013

ECS
Conventional

05/03/2015
15/04/2015

Conventional
Conventional

26/04/2018
14/06/2018

APP
APP

28/06/2013

Conventional

03/06/2015

Conventional

11/07/2018

Conventional

04/07/2013
05/07/2013

Conventional
Conventional

18/06/2015
22/06/2015

APP
Conventional

26/07/2018
13/09/2018

APP
APP

18/07/2013

ECS

16/07/2015

Conventional

25/10/2018

APP

01/08/2013
05/09/2013

Conventional
Conventional

31/08/2015
03/09/2015

Conventional
Conventional

27

The given dates in the previous table constitute the periods for which = 1 in our data set
and classified as a monetary policy shock. Dates in which press releases by the ECB featured
not only a change in the level of key policy interest rates, but also an implementation of an
unconventional monetary policy action are classified as unconventional monetary policy
shocks.
*Notes on classification of specific dates
- 07/05/2009: although the ECB decreased the level of its key policy rates by 25 basis points,
at this date it also announced the introduction of a liquidity-providing longer-term
refinancing operation (LTRO) with a maturity of one year. Therefore, changes in the yield
curve at this date are considered a part of the ECS and, therefore, an unconventional shock.
- 10/05/2010: the ECB announced the activation of the Securities Markets Program; a
supplementary 6-month LTRO; and the reactivation of liquidity swap lines with the Federal
Reserve. The announcement at this date is then classified as a mixed shock.
- 06/10/2011: the ECB announced the introduction of the Second Covered Bonds Purchase
Program, and of 12 and 13-month supplementary LTROs. This announcement is therefore
classified as a mixed shock.
- 08/12/2011: although the ECB decreased the level of its key policy rates by 25 basis points,
at this date it also announced the introduction of two liquidity-providing LTROs with
maturities of 36 months. It also reduced its reserve ratio and increased the collateral
availability. Therefore, changes in the yield curve at this date are classified as part of the
Enhances Credit Support.
- 05/06/2014: although the ECB decreased the level of its key policy rates, at this date, its
announcement indicated the introduction of a negative deposit facility rate, of Targeted
Longer Term Refinancing Operations (TLTROs) to improve bank lending to the euro area,
and the intensification of preparatory work for Asset-Backed Securities purchases. Therefore,
changes in the yield curve at this date are considered an unconventional monetary policy
shock with mixed strategies.
- 22/01/2015: although at this date, the ECB announced that the interest rate for the TLTROs
would be equal to the MRO, the main news in this day’s press release is the expansion of the
APP to include bonds. Combined monthly purchases are to amount to 60 billion euros.
Therefore, changes in the yield curve at this date are considered an APP policy shock.
- 10/03/2016: although the ECB decreased the level of its key policy rates, at this date, it also
expanded the APP to 80 billion euros per month and introduced a new series of four TLTROs
with maturities of 4 years. Therefore, changes in the yield curve at this date are considered
an unconventional monetary policy shock with mixed strategies.
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Table 1. Building Blocks of Non-standard Measures Implemented by the ECB

No.

1

2

3

4

5

Measure

Description
In August 2007, the ECB performed a fine-tuning operation on a full
allotment at policy rate mode, providing 95 billion euros of liquidity
Liquidity
to the banking system. This was then generalized as “fixed rates
management
tenders with full allotment” (FR-FA), to ensure the effectiveness of
measures
monetary policy transmission to longer-term financing rates offered
to firms and households.
Expansion The ECB extended the list of securities accepted as collateral for its
of the
financing operations, easing the liquidity constraints of banks during
collateral
the crisis.
framework
Maturities for long-term refinancing operations where first
lengthened to six months in March 2008 and then up to a year in May
Lengthening 2009. Later on, maturities were extended to 3-years in December
of maturities 2011 and 4-years in March 2016. This alleviated tensions in the
banking industry and was aimed at affecting the long-term end of the
yield curve.
Liquidity in Swap lines were arranged with foreign central banks, particularly,
foreign
with the Federal Reserve, to provide European banks with dollar (and
currency
other currencies) liquidity.
The ECB first began purchasing covered bonds in September 2009,
after its announcement the previous June. As covered bonds are debt
securities issued by banks, this would provide the banking industry
with longer-term financing, as the issuances in the covered bonds
Asset
market became reactivated. Furthermore, in an attempt to reactivate
purchase
certain sectors in financial markets, and as short-term interest rates
programs
continued to drop closer to the ZLB with a further quiescent inflation,
(APP)
the ECB expanded its APP. The expanded APP included the purchase
of corporate sector bonds, public sector securities and asset-backed
securities. The APP continued and was announced to terminate in
December 2018.

* This table provides a brief historical description of the five building blocks on the ECB’s strategy in
implementing unconventional monetary policy measures.
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Table 2. Data Sources
Variable
World Oil
Production

Global Real
Economic Activity

Real Oil Price
Euro Area Real
GDP Growth

Description

Thousand barrels per day

Indicator of the global
demand for commodities,
based on ocean freight rates
for industrial commodities
Brent – Europe crude oil
price in dollars per barrel
(deflated by HCPI)
Percentage change of real
GDP (deflated by HCPI)

Euro Area
Employment
Growth

Percentage change in
employed population (aged
15 and over)
Percentage change in total
Euro Area Real
real industry production index
Industrial
(excluding construction –
Production Growth
deflated by HCPI)
Euro Area Real
Percentage change in real
Industrial New
industrial new orders
Orders Growth
(deflated by HCPI)
Percentage change in real
Euro Area Real
total retail trade index
Sales Growth
(deflated by HCPI)
Percentage change of value of
Euro Area Real
exported goods in nominal
Exports Growth
currency (deflated by HCPI)
Euro Area
Composite indicator of
Economic
confidence in the region
Sentiment Indicator
Composite index of business
Ifo Germany
climate, situation and
Business Climate
expectations for Germany
Belgium Business Synthetic curve for business
Survey
survey in Belgium
Euro Area Inflation Percentage change in HCPI
Exchange Rate

US dollars to one euro;
average of daily rates

Source
US Energy
Information
Administration,
Monthly Energy
Review
Kilian (2009). Data
available in author’s
personal website
Federal Reserve
Economic Data, St.
Louis FED
Federal Reserve
Economic Data, St.
Louis FED
Federal Reserve
Economic Data, St.
Louis FED
Federal Reserve
Economic Data, St.
Louis FED
ECB Statistical Data
Warehouse
Federal Reserve
Economic Data, St.
Louis FED
Federal Reserve
Economic Data, St.
Louis FED
European
Commission*
Ifo Institute Center
for Economic
Studies
National Bank of
Belgium
ECB’s Statistical
Data Warehouse
ECB Statistical Data
Warehouse

Frequency
Monthly

Monthly

Monthly

Quarterly

Quarterly

Quarterly

Monthly

Monthly

Monthly

Monthly

Monthly

Monthly
Monthly
Monthly
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Euro Area Money
Market Interest
Rates
ECB Monetary
Policy
Announcements

Money market interest rates
for maturities: 1, 2, 3, 6 and 9
months; and 1 to 10 years.

European Money
Markets Institute
EuroStat

Press releases on monetary
policy

ECB**

Daily

Daily

*
https://ec.europa.eu/info/business-economy-euro/indicators-statistics/economic-databases/business-andconsumer-surveys/download-business-and-consumer-survey-data/time-series_en#economic-sentimentindicator-esi
**

https://www.ecb.europa.eu/press/pr/activities/mopo/html/index.en.html
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Table 3. Selected Monetary Policy Episodes
Date
07/05/2009

08/12/2011

06/09/2012

02/05/2013

07/11/2013

05/06/2014

22/01/2015

Description
The ECB cut the MRO to a record low of 1.00%,
while reducing the marginal lending facility by 50
basis points to 1.75% and keeping the deposit
facility rate at 0.50%. The ECB also introduced an
LTRO with a maturity of one year.
The ECB decreased the MRO, the marginal lending
facility, and the deposit facility by 25 basis points
to 1.00%, 1.75% and 0.25%, respectively. More
importantly, it announced the introduction of
LTROs with maturity of 36 months.
In order to remove the redenomination risk
expressed in sovereign spreads, the ECB
announced its conditional Outright Monetary
Transactions.
The ECB cut the MRO and the marginal lending
facility rates by 50 basis points to 0.50% and
1.00%, respectively, while keeping the deposit
facility rate at 0.00%
The ECB cut the MRO and the marginal lending
facility rates by 25 basis points to 0.25% and
0.75%, respectively, while keeping the deposit
facility rate at 0.00%
The MRO is decreased by 10 basis points to 0.15%;
the marginal lending facility is decreased by 35
basis points to 0.40%; and a negative value of the
deposit facility is introduced as it is reduced by 10
basis points to -0.10%. The ECB also announced
that it would be conducting a series of TLTROs and
would intensify preparatory work to purchase
asset-backed securities.
The ECB announced the expansion of its purchases
to include bonds issued by euro area central
governments, agencies and European institutions.
Combined monthly asset purchases are set to
amount to €60 billion.

Type
Unconventional
monetary policy
shock

Unconventional
monetary policy
shock
Unconventional
monetary policy
shock
Conventional
monetary policy
shock
Conventional
monetary policy
shock

Unconventional
monetary policy
shock

Unconventional
monetary policy
shock
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Figure 1. Year-on-Year Inflation in the Euro Area and Year-on-Year Real Oil Price
Growth

* This figure shows the evolution of the year-on-year inflation in the euro area (left axis) along with the yearon-year growth on the real price of Brent crude oil (right axis). The price of oil is deflated with the HCPI.
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Figure 2. Monthly Indicator of Output Growth in the Euro Area

* This figure shows the estimated monthly indicator of output growth in the euro area. It is estimated by
extracting the common factor between hard (GDP, IPI, employment, INO, sales, exports) and soft (Economic
Sentiment Indicator, Ifo Business Climate for Germany, Bank of Belgium business survey) indicators.
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Figure 3. Euro Area Yield Curve

* Graphs in this figure show the evolution of the yield curve in the euro area since 1999. Data is in daily
frequency and in percentage values for the interest rates of different maturities. The uppermost graph shows the
data in 2-D, where the changes in the spread between long-term and short-term interest rates can be observed.
The lowermost graph shows the data in 3-D where the evolution of the overall structure of the yield curve can
be observed.
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Figure 4. Term Structure of Euro Area Yield Curve

* Graphs in this figure show the evolution of the daily level, slope and curvature factors of the yield curve in
the euro area since 1999. The factors estimated according to the Nelson and Siegel (1987) model ( ) =
+
+
−
, using Ordinary Least Squares (OLS) at each period , for all maturities ,
are depicted in each graph in blue and on the left-hand axis. Maturities are defined as number of years and the
tuning parameter is set to =
. The factors estimated through PCA are depicted in each graph in orange and
.
on the right-hand axis. These correspond to the first three estimated principal components.
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Figure 5. ECB’s Key Policy Interest Rates and Eonia Rate
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* This figure shows the evolution of the MRO, deposit facility, and marginal lending facility rates established
by the ECB since its creation in January 1999. It also shows the evolution of the Eonia rate for euro area money
markets for the same period. All rates are in monthly frequency.
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Figure 6. The ECB’s Balance Sheet

* Graphs in this figure show the evolution of the ECB’s balance sheet from its creation in January 1999. Data
are in millions of euros, in monthly frequency and deflated by the monthly HCPI. In the upper left graph the
black line denotes the total size of the ECB balance sheet, whereas the shaded areas are stacked to show the
changing composition of the ECB balance sheet as a result of the implementation of unconventional monetary
policies. Remaining graphs show each individual component of the balance related to non-standard policies for
a better individual visualization.

38

Figure 7. Impulse Response Functions: Oil Market and Euro Area Economy and
Money Market
Panel A. Oil Supply Shock

Panel B. Global Demand Shock
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Panel C. Oil Precautionary Demand Shock

Panel D. Euro Area Aggregate Demand Shock
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Panel E. Adverse Supply Shock

Panel F. Level of the Yield Curve (

) Shock
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Panel G. Slope of the Yield Curve (

) Shock

Panel H. Curvature of the Yield Curve (

) Shock
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Panel I. Exchange Rate Shock

* This figure shows the IRF to the structural shocks depicted in each panel. These correspond to the relations
between the oil market variables and the euro area macroeconomic aggregates and money market. The average
response of each variable is graphed in red, while the 68% and 95% confidence intervals are given by the bluedashed and blue-dotted lines, respectively.
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Figure 8. Impulse Response Functions: Monetary Policy Shocks
May 7th, 2009

December 8th, 2011

44

September 6th, 2012

May 2nd, 2013

45

November 7th, 2013

June 5th, 2014

46

January 22nd, 2015

* This figure shows selected episodes of monetary policy shocks for standard and non-standard measures by
the ECB as described in Table 3. For each episode, the overall change in the structure of the yield curve is
depicted in the first graph (upper-left). Remaining graphs show the IRF of the effect of the shock on euro area
economic variables. The average response of each variable is graphed in red, while the 68% and 95% confidence
intervals are given by the blue-dashed and blue-dotted lines, respectively.
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Figure 9. Historical Decomposition of Euro Area Macroeconomic Aggregates
Panel A. Historical Decomposition of Euro Area Output Growth

Panel B. Historical Decomposition of Euro Area Output
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Panel C. Historical Decomposition of Euro Area Inflation

Panel D. Historical Decomposition of Euro Area Price Level (HCPI)
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Panel E. Historical Decomposition of Euro Exchange Rate

* This figure shows the cumulative effect of each shock on the euro area’s output, price stability and exchange
rate, depicted in each panel. It disentangles the historical effects of shocks driven by the oil and commodity
markets (as the sum of oil supply shocks, shocks to the global demand for commodities, and oil-specific demand
shocks), euro area’s aggregate demand, adverse supply shocks, shifts in the money market (as the sum of the
shifts in the three factors, , and , of the yield curve), currency shocks, and monetary policy.
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Figure 10. Historical Decomposition: The Contribution of Oil Price Shocks on Euro
Area Macroeconomic Aggregates
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* This figure shows the cumulative effect of oil price shocks on the euro area’s output growth, price level and
exchange rate. It disentangles the historical effects of shocks driven by oil supply, the global aggregate demand
for industrial commodities (GREA shocks) and oil-specific shocks.
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Figure 11. Historical Decomposition: The Contribution of Monetary Policy Shocks on
Euro Area Macroeconomic Aggregates
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* This figure shows the cumulative effect of monetary policy shocks on the euro area’s output growth, output,
inflation, price level and exchange rate. It disentangles the historical effects of conventional and unconventional
shocks, as can be seen by the graphs on the left-hand side; and the effects of the different unconventional
monetary policy strategies, as shown in the graphs on the right-hand side.
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