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ABSTRACT

This paper aims at assessing the macroeconomic impact of unconventional monetary policies
(UMPs) that the ECB has put in place in the euro area after the 2007 financial crisis. With
this purpose, we first document how the relative importance of the main transmission
channels of such measures has changed over time, with the portfolio rebalancing being
generally more impactful than the signaling channel after the “Whatever it takes” speech in
July 2012. However, we also provide evidence of a great degree of heterogeneity across core
and peripheral economies, as well as over time. We then adopt a time-varying SVAR with
stochastic volatility to account for such heterogeneity, by identifying UMP shocks via
“dynamic” sign restrictions. By means of counterfactual experiments, we provide evidence
of how a different stance on the part of the ECB would have led to a significantly different
economic performance of euro area economies. For instance, if the ECB had not put in place
the measures adopted between 2014 and 2017, annual output growth would have been, on
average, 0.67 percentage points lower in peripheral countries.
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NON-TECHNICAL SUMMARY

In the wake of the global financial market turmoil in 2007-2009 (GFC henceforth), all major central
banks loosened their monetary policies by aggressively cutting the policy rates to historically low
levels and, after reaching the zero lower bound on short-term interest rates, by also embarking on a
series of unconventional monetary policy measures (UMPs) aimed at containing the risks to economic
and financial stability. As central bank balance sheets have increasingly become the most important
monetary policy instrument (Gambacorta et al. (2014)), it becomes important to assess whether and
how UMPs have impacted the real economy. In this regard, quantifying UMPs impact has posed new
challenges to both empirical and theoretical frameworks, the major difficulty being that there is no
well-defined instrument providing an encompassing evaluation of a central bank’s unconventional
policy stance.

As to the transmission of UMPs to financial and economic activity, the literature has mainly focused
on the interest rate channel, which, in turn, can be broken down in two main components: 1) por#folio
rebalancing, which operates through changes in the term premia of target assets; 2) signaling, that relates
to the ability of the central bank to shape expectations about the future path of interest rates. The
present paper provides three contributions to the existing literature: i) it documents the relative
importance of the portfolio rebalancing and signaling channels and assessing whether it has changed
over time in the euro area (EA henceforth); ii) it produces evidence of the strong heterogeneity
between core and peripheral euro area economies; iii) it shows that ECB’s UMPs have sustained the
economic performance of peripheral economies.

Figure: Median impulse response functions of output (left panels) and inflation (right
panels) to a decrease in term spreads by 100bps.
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Portfolio rebalancing and signaling channels are identified by decomposing the sovereign yields of
core and peripheral euro area members in two main subcomponents: i) a term premium; ii) a risk-
neutral or expectation component. Results of an event study around ECB’s main UMP
announcements from 2008 onward show that term premia and risk-neutral yields have reacted in a
different manner across the two groupings, with the signaling channel being much stronger in the
peripheral economies compared to the core countries. These dynamics have radically changes after
the zero-lower bound (ZLB) kicked-in in June 2014.

We leverage on these stylized facts to identify UMP shocks in a structural Vector Autoregressive
model with time-varying parameters and stochastic volatility (TVP-SVAR-SV). The structural
identification is based on zero and sign restrictions which are at once group and time-contingent
(“dynamic”), as they change across core and peripheral countries as well as before and after June
2014. We show that the macroeconomic impact of ECB’s UMPs has significantly declined over time,
above all in core economies. Moreover, the same measures are found to exert a more meaningful
impact on the output of peripheral members, whereas the economic performance of core
members is affected through inflation only.

Finally, we set up a counterfactual experiment to assess the impact on macroeconomic aggregates of
the set of UMPs implemented by the ECB over the period 2014-2017. Results show that, absent
these measures, annual output growth of peripheral economies would have been significantly lower

(-0.67pps).

Une taille unique (non conventionnelle)
convient-elle a tous ?
Effets des politiques monétaires non
conventionnelles de 1a BCE sur les
économies de la zone euro

RESUME

Ce document vise a évaluer limpact macroéconomique des politiques monétaires non
conventionnelles (PMNC) que la BCE a mises en place dans la zone euro apres la crise financiere
de 2007. Dans ce but, nous documentons d'abord comment l'importance relative des principaux
canaux de transmission de ces mesures a changé au fil du temps, le rééquilibrage de portefeuille
ayant généralement plus d'impact que le canal de signalisation aprés le discours "Whatever it takes"
de juillet 2012. Cependant, nous fournissons également des preuves d'un grand degré
d'hétérogénéité entre les économies centrales et périphériques, ainsi que dans le temps. Nous
adoptons ensuite un SVAR variable dans le temps avec une volatilité stochastique pour tenir
compte de cette hétérogénéité, en identifiant les chocs PMNC via des restrictions de signe
"dynamiques". Au moyen d'expériences contrefactuelles, nous démontrons comment une position
différente de la BCE aurait conduit a une performance économique significativement différente
des économies de la zone euro. Par exemple, si la BCE n'avait pas mis en place les mesures
adoptées entre 2014 et 2017, la croissance de la production aurait été, en moyenne, inférieure de
0,67 point de pourcentage dans les pays périphériques.

Mots-clés : SVAR bayésien variant dans le temps, restrictions dynamiques, politique monétaire non
conventionnelle, zone euro.

Les Documents de travail refletent les idées personnelles de leurs auteurs et n'expriment pas
nécessairement la position de la Banque de France. Ils sont disponibles sur publications.banque-france.fr
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1 Introduction

Within our mandate, the ECB is ready to do whatever it takes to preserve the euro. And
believe me, it will be enough (Draghi (2012)).

In the wake of the global financial market turmoil in 2007-2009 (GFC henceforth), all major
central banks loosened their monetary policies by aggressively cutting the policy rates to histor-
ically low levels and, after reaching the zero lower bound on short-term interest rates, by also
embarking on a series of unconventional monetary policy measures (UMPs) aimed at contain-
ing the risks to economic and financial stability. These measures can be classified along three
dimensions: (i) the immediate impact on the central bank balance sheet; (ii) the choice of the
counterparties for the non-standard central bank transactions; (iii) the intent of either re-estab-
lishing conventional channels of monetary transmission or of exploiting typically neglected ones.

The first dimension characterizes the large-scale asset purchases (LSAP) conducted after
2008 by several central banks, including the Federal Reserve (FED) and the European Central
Bank (ECB). These interventions are referred to as “Quantitative Easing” (QE) and expanded
the central banks balance sheet by withdrawing large quantities of longer-term sovereign secu-
rities from the private sector. Over the same period, however, central banks also undertook
policies commonly named “Qualitative Easing” (QualE), that changed the composition of their
balance sheets by replacing ‘conventional’ assets with ‘unconventional’ ones'. In this context,
central bank balance sheets have increasingly become the most important monetary policy in-
strument, thus replacing interest rates (Gambacorta et al. (2014)).

Against this backdrop, it becomes important to assess whether and how UMPs, also known
as “balance sheet policies”, have impacted the real economy?.

While there is an extensive literature that investigates the impact of traditional interest rate
movements on real activity and inflation, quantifying UMPs impact has posed new challenges
to both empirical and theoretical frameworks, the major difficulty being that there is no well-
defined instrument providing an encompassing evaluation of a central bank’s unconventional
policy stance. The existing empirical literature can be then classified according to the choice of
the policy instrument used to measure UMPs.

Part of the literature makes use of high-frequency data to quantify the impact of Federal
Reserve’s (FED’s) QE surprises on financial variables®, the main finding being that a QE an-

nouncement is typically followed by a decrease in domestic interest rates and a depreciation

!See Buiter (2008, 2010).

2Appendix A below provides an overview of all the different UMPs implemented by the major central banks
as a response to the GFC.

3See, among others, Joyce et al. (2011), Krishnamurthy and Vissing-Jorgensen (2011), Gagnon et al. (2011),
Hamilton and Wu (2012), D’Amico et al. (2012), D’Amico and King (2013).



of the US dollar against the other major currencies. More recent similar studies focusing on
the euro area find that monetary policy surprises can be decomposed into a number of factors,
each affecting a different portion of the yield curve (Altavilla et al. (2019)). Their effects are
complemented by positive shocks stemming from the information that the central bank provides
on the economic outlook (Jarocinski and Karadi (2020)). These latter papers, however, do not
disentangle between conventional and unconventional monetary policy measures, thus implic-
itly assuming that their effect on the economy is similar in nature and that the only difference
observed is given by the magnitude of shocks as measured with high-frequency data.

Another strand of the literature analyses the composition and size of the central balance
sheet to assess the broader macroeconomic effects of UMPs. Peersman (2011), for instance,
provides empirical evidence that shifts in the monetary base and the balance sheet of the Eu-
rosystem due to UMP shocks have a significant impact on both output and inflation. Similarly,
Gambacorta et al. (2014) find that expansionary UMPs lead to a significant, yet temporary,
increase in output and prices in the US, the euro area and Japan, with effects that are compa-
rable to those deriving from movements in the policy rate (i.e. conventional monetary policy).
Boeckx et al. (2017) show that an expansionary balance sheet shock stimulates euro area ag-
gregate bank lending, reduces interest rate spreads, leads to a depreciation of the euro, and
has a positive impact on economic activity and inflation, these effects being substantial in the
aftermath of the crisis. Burriel and Galesi (2018), on the other hand, demonstrate that benefits
coming from ECB’s UMPs are heterogeneous across euro area members, and the effects on real
economic activity are substantially dampened in countries with more fragile banking systems.
Moreover, and similarly to Gambacorta et al. (2014), they document that UMP shocks entail
smaller and less persistent effects than those arising from conventional interest rate surprises.

Finally, a third strand of the literature proxies the policy stance by analysing the devel-
opments of either the long-term interest rates or the long-short term spreads. Among others,
Lenza et al. (2010) find that in the euro area the compression of the interest spreads exerts a
sizable effect on loans and interest rates and has a delayed impact on the real economy, while
the reaction of broad money is rather modest. Kapetanios et al. (2012) show that the Bank
of England’s (BoE’s) QE has been effective in avoiding a deeper recession and deflation, while
Churm et al. (2018) find that the BoE’s second QE round has also had a a positive effect on eco-
nomic activity, though smaller than the first. In the same vein, Baumeister and Benati (2013)
provide evidence that the FED’s and the BoE’s UMPs have avoided a large, Depression-like

output collapse®. Chen et al. (2016) use a global vector error-correction model to show that the

4These results are also in line with the findings provided by theoretical models. Among others, Gertler and
Karadi (2011) show that the welfare benefits from UMPs are substantial when the relative efficiency costs of



FED’s QE impact is more pronounced when UMP shocks are measured via the US corporate
spread. Meinusch and Tillmann (2016) provide an interesting contribution to the empirical
literature by computing the FED’s latent propensity to implement QE in a Qual Vector Au-
toregression model (VAR) that integrates QE announcements in a standard monetary policy
VAR. Differently from the authors mentioned above, they show that QE has had modest effects
on real economic activity, inflation, interest rates and stock prices and that it accounts for a
small fraction of the dynamics in stock prices and interest rates since 2008.

As to the modalities of transmission of UMPs to financial and economic activity, the lit-
erature has mainly focused on the interest rate channel, which, in turn, can be broken down
in two main components: 1) portfolio rebalancing, which operates through changes in the term
premia of target assets; 2) signalling, that relates to the ability of the central bank to shape
expectations about the future path of interest rates®.

The present paper provides three contributions to the existing literature: i) it documents the
relative importance of the portfolio rebalancing and signalling channels and assessing whether
it has changed over time in the euro area (EA heceforth); ii) it produces evidence of the strong
heterogeneity between core and peripheral euro area economies in terms of economic impact
as well as underlying mechanisms of transmission; iii) it shows that a more aggressive mone-
tary policy stance on the part of the ECB would have sustained the economic performance of
peripheral economies.

The analysis builds on and complements several studies that have dealt with similar research
questions. Some of them make use of static methodologies (Gambacorta et al. (2014),Elbourne
et al. (2018)), others adopt time-varying approaches without isolating the transmission channels
(Baumeister and Benati (2013), Gambetti and Musso (2017), Feldkircher and Huber (2018),
Filardo and Nakajima (2018)), others consider the transmission channels, but neglect cross-
country heterogeneity, which is relevant in the euro area economy (Boeckx et al. (2017)). Burriel
and Galesi (2018), on the other hand, adopt a framework (Global VAR) which can account for
cross-country heterogeneity and interdependecies across the euro area economies. Moreover,
they run the model over different time samples, thus providing evidence of time variation in the
results. However, the model is not devised to assess the different transmission mechanisms.
The remainder of the paper is structured as follows. Section 2 discusses the transmission

channels of unconventional monetary policy measures, discusses their theoretical underpinning

central bank intermediation are modest in a dynamic stochastic general equilibrium (DSGE) setting. Cahn et al.
(2017) and Mouabbi and Sahuc (2019) obtain comparable results for the euro area. Chung et al. (2012) find that
the expansion of the FED’s balance sheet has prevented the unemployment rate to rise to levels that would have
prevailed absent the QE and has likely averted a deflationary spiral in the US economy. Chen et al. (2012) and
Del Negro et al. (2017) present similar findings using medium-sized DSGE models.

5These mechanisms are extensively discussed in Appendix A below.



and reviews the related literature.

Section 3 introduces the approach to isolate such channels, which is based on the use of a
range of arbitrage-free affine term structure models to decompose the sovereign yields of core
and peripheral euro area members in two main subcomponents: i) a term premium, which is
a proxy for portfolio rebalancing; ii) a risk-neutral or expectation component, which is used as
an indicator for the signalling channel. Results of an event study around ECB’s main UMP
announcements from 2008 onward show that term premia and risk-neutral yields have reacted in
a different manner across the two groupings, with the signalling channel being much stronger in
the peripheral economies compared to the core countries. However, the speech held by President
Draghi in July 2012 (the famous “Whatever it takes”) and the implementation of the negative
deposit rate in June 2014 have marked two important turning points in the behaviour of yields
both in peripheral and core euro area. Specifically, hitting the zero lower bound (ZLB) has
led market participants to revise their expectations on the future path of interest rates, with
investors pricing an increase of the policy rate in core euro area sovereign yields, while zeroing
out any expectation for further changes in the case of peripheral sovereign bonds.

Section 4 leverages on these stylized facts to identify UMP shocks in a structural Vector
Autoregressive model with time-varying parameters and stochastic volatility (TVP-SVAR-SV).
Notably, the structural identification is based on zero and sign restrictions which are at once
group and time-contingent (“dynamic”), in that they depend on both the country grouping and
the time period, with different identification schemes imposed for core and peripheral countries
before and after June 2014. Results delivered by the model show a significant reduction in the
macroeconomic impact of the ECB’s unconventional monetary policy measures, above all in
core economies. Moreover, the same measures are found to exert a more meaningful impact
on the output of peripheral members, with a peak cumulative increase of ~12.6 percentage
points in January 2012. Meanwhile, the economic performance of core members is affected
only through inflation, with a peak cumulative increase of 4.2 percentage points in December
2010. These findings also highlight the presence of the so-called “missing inflation puzzle” in
the peripheral euro area, whereby a more accommodative monetary stance leads to a counter-
intuitive decrease in inflation, with a peak cumulative drop of ~0.6 percentage points in January
2016. Furthermore, while the signalling channel appears to be a key avenue of transmission to
the macroeconomic aggregates in the peripheral euro area economies, its relevance has greatly
decreased after the ZLB kicked in.

In light of these results, Section 4.2.1 assesses whether a different monetary policy path

would have entailed a significantly different economic performance of the euro area economies.



The question is addressed by setting up a counterfactual experiment around the much debated
interest rate hikes implemented by the ECB in April and July 2011. Conditional on the es-
timated parameters of the TVP-SVAR-SV, the exercise consists of reverting the direction of
the signalling channel by exerting a counter shock on the risk-neutral spreads which offsets any
increase stemming from the changes in the policy rate. Both output and inflation are then sim-
ulated using the modified shock series. Differences between the historical and simulated series
show that a looser monetary policy stance would not have significantly affected the economic
performance of core countries, while it would have helped peripheral economies contain the
economic slowdown. A similar exercise is then performed to assess the impact of UMPs imple-
mented over the period 2014-2017. Results show that, absent these measures, output growth of
peripheral economies would have been significantly lower (-0.67pps).

Finally, Section 5 concludes.

2 The transmission channels of UMPs

UMPs can affect financial and real economic activity via several channels. Among them, the
literature has mostly focused on the interest rate channel. By adopting quasi-management debt
and credit policies, indeed, the central bank can increase asset prices and reduce the interest
rates for investors. This can in turn boost the real economy, through, inter alia, a reduction in
the borrowing costs and positive wealth effects.

As mentioned in Section 1, the interest rate channel can be decomposed in portfolio rebal-
ancing and signalling. The relation between these two components and real activity directly
derives from the standard New Keynesian model, where the output gap and inflation both de-
pend on expectations as well as on the difference between the policy rate and the natural rate
of interest®. These can then be interpreted as the two above mentioned channels. Notably, the

non-policy bloc of the model is given by:

7 =BE{mi1} + K (1a)
5 1 . n s
Uy = — g(lt —E{mep1} — 7)) + E{ Gt} (1b)

where 7, is inflation, g; is the output gap, 7} is the natural rate of interest and E; is the expecta-
tion operator at time t. Equation (1a), known as the (forward-looking) New Keynesian Phillips

Curve, and Equation (1b), the (forward-looking) Dynamic IS Curve, are then complemented

5The natural interest rate is here defined as the level of real interest rate whereby aggregate demand would
equal the level of output featured by an economy with full price flexibility (Woodford (2003)).



with a monetary policy rule that closes the model”.

This interpretation is in line with what observed ever since the onset of the GFC. Notably,
before the crisis the common tenet was that a central bank would only control the policy rate to
guarantee price stability, while letting the markets form expectations about the future outlook
of the economy as well as the path of interest rates. However, after the crisis it has been
noticed how market participants can extrapolate relevant information out of the central bank’s
announcements, which can then have a direct impact on Ei{m+1}, E{gi+1} (Jarocinski and
Karadi (2020)) and also the natural rate of interest, r{*. This is even more so in the case of
UMP announcements (Nakamura and Steinsson (2018), Andrade and Ferroni (2020)).

It is possible to map the theoretical setting into empirical data via the decomposition of

long-term interest rates into a risk-neutral expected future short-term interest rate and a term

premium:
=
yre = 7Ht > yrev+tpL, (2)
=0

where yr,; is the L-period government bond yield at time ¢, y1 ¢ is the one-period net interest
rate and tp; is the L-period term premium. Along this reasoning and following the literature,
the term premium will be used as a proxy for portfolio rebalancing, while the risk-neutral

component will be linked to the signalling channel®.

2.1 Portfolio rebalancing

The portfolio balance channel is linked to the impact that purchases of long-term government
debt can have on term premia. Such measures, indeed, increase the private sectors’ holdings of
short-term reserves. For investors with a preferred habitat for a given asset and/or maturity
in the government bond market and facing limits to arbitrage, the price of longer-term assets
has to increase and the yield to fall for them to willingly accept the change”. To the the extent
that the short-term interest rate does not move, such change has to take place through the term
premia on longer-term assets. With lower long-term asset returns, investors will start searching
for higher yields by demanding other longer-term assets, thus rebalancing their portfolios. This
demand-driven rebalancing will then increase prices and reduce term premia for a range of
long-term assets; the compression in long-term yields can transmit to the real economy via a
reduction in borrowing costs and an increase in wealth for the private sector. That said, portfolio

rebalancing can be triggered also by forward guidance, as it can induce changes in term premia

"Refer to Gali (2015) for details.
8See Lloyd (2017).
9See, for instance, Vayanos and Vila (2009).



deriving from a change in the compensation for interest rate risk. Indeed, if a central bank’s
announcement lowers the investors’ uncertainty around the future path of short-term interest
rates, term premia will decrease. Similarly, forward guidance on future balance sheet policies
can impact term premia and, hence, provoke portfolio changes on announcement days (Akkaya
et al. (2015)). However, the results of the event study in Section 3.2 around forward guidance
announcements by the ECB seem not to support this possibility.

Based on Krugman et al. (1998) and Eggertsson and Woodford (2003), where the case is
made explicitly, Woodford (2012) argues that the portfolio balance view is invalid, and, if cen-
tral bank asset purchases are to be effective, their effectiveness must rely on their ability to
alter the public’s expectations of future central bank policies'®. D’Amico and King (2013), on
the other hand, provide evidence of a decline in term premia for several long-term asset as a
consequence of the Fed’s LSAPs. Similarly, Weale and Wieladek (2016) investigate the relative
importance of this channel in the US, by means of a Bayesian SVAR with alternative identifi-
cation restrictions. They show that US asset purchases mainly influence yields on medium and
long-term government debt, which suggests a major role for portfolio rebalancing. Building on
this approach, Wieladek and Garcia Pascual (2016) find that, in absence of the first round of
ECB QE, euro area real GDP and core CPI would have been 1.3% and 0.9% lower, respectively,
with Spanish real GDP benefiting the most and Italian the least. They also isolate four main
channels of transmission, namely portfolio rebalancing, signalling, credit easing and exchange
rate. Among these channels, Varghese and Zhang (2018) provide evidence on the prominent

role played by the rebalancing channel in the euro area after 2014.

2.2 Signalling

The signalling mechanism, originally suggested by Eggertsson and Woodford (2003), is based
on the idea that central bank asset purchases can lower the investors’ expectations about future
short-term interest rates and, consequently, impact the long-term rates as well. In presence of
imperfect information, indeed, such operations might be interpreted as an indication that the
policy interest rate will remain at its effective lower bound for longer. While Bernanke et al.
(2004) and Gagnon et al. (2011) find little evidence in support of this mechanism, Christensen
and Rudebusch (2012) and Bauer and Rudebusch (2014) show exactly the opposite, namely
that the signalling channel has dominated in the US. Moreover, asset purchases can also help
manage expectations about future inflation and real GDP growth and, hence, reduce economic

uncertainty, which in turn reshapes expectations about future short-term interest rates'!. Un-

For a discussion, refer also to Peersman (2014).
See Woodford (2003).



certainty around both monetary policy and economic performance is indeed particularly relevant
as regards the effective transmission of UMPs, as highlighted by Husted et al. (2017). Similarly,
Lloyd (2017) finds that the macroeconomic effects of the FED QE announcements between
November 2008 and April 2013 are largely attributable to the signalling channel (~60%)"2.

2.3 Additional channels

There are some additional channels though which UMPs can affect the real economy. One of
them is the credit channel, whereby unconventional monetary policy can transmit to output
and inflation independently of long-term interest rates (Joyce et al. (2012)). The central bank
can indeed purchase assets from non-bank financial institutions, which, in turn, may increase
their deposits with banks. When the deposits exceed the banks’ demand for liquidity, banks
may be either more willing to extend credit through new lending or less willing to contract
new lending if they suffer losses from other sources. This channel is the most relevant when
bank intermediation and funding are disfunctional, as it was after the 2007-2008 crisis. In the
euro area case, Giannone et al. (2012) focus on the monetary measures implemented by the
ECB until 2011 and show that the ECB’s intervention in the money market has had a signicant
effect on credit markets more widely and indirectly on economic activity in the euro area. By
considering also the interventions that took place after 2011, Altavilla et al. (2015) show that
targeting assets at long maturity and spanning the investment-grade space have supported the
duration and the credit channels, thus successfully lowering longer-term yields even in times of
low financial stress, as it was the case for the ECB’s asset purchase programme announced in
January 2015.

Another mechanism of transmission is the exchange rate channel. If UMPs reduce interest
rates and expected future rates, international investors might decide to seek for higher returns
abroad. Ceteris paribus, this should lead to a depreciation of the domestic currency, an increase
in the competitiveness of export prices and, hence, a boost to output'®>. However, as this
mechanism ultimately depends on interest rate differentials, it can be considered as a function of
the portfolio balance and signalling channels (Bauer and Neely (2014)). Finally, Krishnamurthy

and Vissing-Jorgensen (2013) provide evidence of a new channel, the scarcity channel, which

has been dominant for the Fed’s purchases of Mortgage-Based Securities (MBS).

2For additional evidence on the signalling channel, see also Bhattarai et al. (2015) and Engen et al. (2015).
130n the international spillovers of UMPs, see Feldkircher and Huber (2016), Neely (2015) and Fratzscher et al.
(2018).



3 Preliminary evidence on UMPs in the EA

This section presents an event study aimed at assessing the impact that the announcements of
some UMPs in the EA have exerted on interest rates. This will provide a first indication as to
which of the transmission channels have prevailed in these cases.

In order to account for the inherent cross-country heterogeneity characterizing the Euro-
zone, euro area economies are sorted into two groups of countries: core EA and peripheral EA

members. Aggregate yield curves are then constructed accordingly'*.

3.1 Decomposition of the yield curve

On the basis of Equation (2), the yield curve is decomposed into risk-neutral yields and term
premia. Following the relevant literature (Gagnon et al. (2011), Bauer and Rudebusch (2014),
Lloyd (2017)), the portfolio rebalancing and the signalling effects are associated to the term
premium and the risk-neutral components respectively.

The decomposition is carried out by comparing the following arbitrage-free affine term struc-

ture models (TSMs):

1) the Dynamic Nelson-Siegel model (DNS) a la Diebold and Li (2006);

2) the Dynamic Svensson-Soderlind (DSS), which is the 4-factor model in Diebold and Li
(2006);

3) the Short-Rate Based 3 and 4-factor models (SRB3-SRB4) as in Nyholm (2018, 2020).

Models are estimated for the government bond yields of core and peripheral EA economies at
maturities from 1 to 10 years. Figure 1 displays the actual and fitted yields (top panel), the term
premium (mid panel) and the risk-neutral yield (bottom panel) for the 10-year maturity. The
four frameworks deliver very similar results for core EA, while there are slight differences in the
case of peripheral EA, especially w.r.t. the risk-neutral yield. As expected, both term premia
and risk-neutral yields are higher for peripheral EA compared to core countries. Moreover, the
heat-up of the financial crisis in 2008 has led to a sudden increase in the term premia and a
drop in the expectation component, which has been particularly marked for core EA countries.
Thereafter, the evolution of the risk-neutral yields points towards persistent expectations, on the
part of investors, of short-term interest rates around 0 or even in negative domain. This trend
has been interrupted in the peripheral EA economies in July 2011, when the ECB unexpectedly
increased its policy rate, which was then immediately decreased in August of the same year.

The risk-neutral yield has then decreased again to values close to 0 as of September 2012.

14Gee Appendix B for details on the data, the countries included and the aggregation approach.
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As to the term premia, they have surged in both groupings after the collapse of Lehman
Brothers, thus indicating the strong presence of portfolio rebalancing effects. However, they

have decreased to levels comparable to the pre-2008 period after November 2014. This pre-

Figure 1: Decomposition of daily 10-year government bond yields from 3 January 2005 to 31

July 2019.
(a) Core EA (b) Peripheral EA
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Legend: — DNS; O DSS + SRB3; X SRBA.
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