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Abstract

This paper investigates the role of unconventional monetary policy as a source of time-
variation in the relationship between sovereign bond yield spreads and their fundamental
determinants. We use a two-step empirical approach. First, we apply a time-varying
parameter panel modelling framework to determine shifts in the pricing regime characterising
sovereign bond markets in the euro area over the period January 1999 to July 2016. Second,
we estimate the impact of ECB policy interventions on the time-varying risk factor
sensitivities of spreads. Our results provide evidence of a new bond-pricing regime following
the announcement of the Outright Monetary Transactions (OMT) programme in August
2012. This regime is characterised by a weakened link between spreads and fundamentals,
but with higher spreads relative to the pre-crisis period and residual redenomination risk. We
also find that unconventional monetary policy measures affect the pricing of sovereign risk
not only directly, but also indirectly through changes in banking risk. Overall, the actions of
the ECB have operated as catalysts for reversing the dynamics of the European sovereign
debt crisis.
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1. Introduction

The European sovereign debt crisis has dominated the international economic debate in
recent years. It has posed an existential threat for the European Economic and Monetary
Union (EMU), largely monopolised the agenda of policy makers and triggered a vast
academic literature on the subject. Within the latter, one may distinguish four related but
distinct branches. First, theoretical models of the EMU crisis highlighting the role of changes
in market expectations as a key driver of the crisis’ evolution (Arghyrou and Tsoukalas,
2011; De Grauwe and Ji, 2013). Second, empirical studies investigating the fundamental
determinants of EMU long-term government bond yield spreads against Germany. These
document significant time-variation in the relationship, specifically a shift from a pre-crisis to
a crisis-related bond pricing regime (Arghyrou and Kontonikas, 2012; Bernoth and Erdogan,
2012, Afonso et al. 2014, 2015). Third, the role of banking risk in transforming the global
financial crisis of 2008/09 into the sovereign debt crisis, and the nexus between banking risk
and sovereign risk (Alter and Schiiler, 2012; De Bruyckere et al., 2013; Acharya et al., 2014).
Finally, a fourth branch investigates the effectiveness of non-conventional monetary policy
actions by the European Central Bank (ECB) to stabilise sovereign bond markets. Most of
these studies analyse the Security Markets Programme (SMP) and the effect of the Outright
Monetary Transactions (OMT) announcement, while a few more recent papers consider the
ECB’s Quantitative Easing (QE) programme.! They typically find that the ECB policy
interventions are associated with lower spreads without, however, identifying the channels
via which they affect spreads.”

This paper brings together multiple branches of the literature on the European debt crisis
by investigating the hypothesis that the relationship linking spreads with fundamentals is
affected by the behaviour of the ECB. In other words, we posit that policy interventions may

alter the underlying bond pricing regime. This hypothesis reflects notably the insights from

! The SMP commenced on May 2010 and involved the purchase of sovereign bonds from euro area periphery
countries (Greece, Ireland, Italy, Portugal and Spain) during 2010-2011. For studies on the impact of SMP on
spreads see, among others, Eser and Schwaab (2013), Ghysels et al. (2014) and Trebesch and Zettelmeyer
(2014). The OMT was announced on 2 August 2012, following the statement by President Draghi on 26 July
2012 that the “ECB is ready to do whatever it takes to preserve the euro”. The technical framework for the OMT
was revealed on 6 September 2012 and on the same date the SMP was terminated. Altavilla et al. (2014)
evaluate the reaction of spreads to the OMT announcement, while Krishnamurthy et al. (2015), Szczerbowicz
(2015) and Gibson et al. (2016) examine both the SMP and the OMT. The QE programme was announced in
January 2015 and is effective since March 2015. It involves the monthly purchase of euro area sovereign bonds,
as well as other assets. The impact of QE on spreads is analysed in Altavilla et al. (2015) and De Santis (2016).

2 An exception is the study of Krishnamurthy et al. (2015), who decompose the policy impact on sovereign
yields into effects via default risk, market segmentation and redenomination risk. They find that default risk and
market segmentation are the dominant channels through which the SMP and OMT worked in Italy and Spain,
while redenomination risk may have been a policy channel in Spain and Portugal.
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the theoretical models of the European sovereign debt crisis quoted above. The key prediction
of these models relates to the possibility of multiple equilibria in the relationship between
spreads and fundamentals. Drawing on models of currency crises (e.g. Obstfeld, 1996), they
predict that the variable determining which of the possible multiple equilibria will eventually
prevail is the status of redenomination/default expectations held by the private sector. Under
favourable expectations, markets impose small penalties on risk factors, determining spreads
at relatively low levels. An adverse shift in expectations results into higher penalties on risk
factors and relatively high spread values. The ECB, through its actions and guarantees that it
is ready to operate as a lender of last resort, can improve expectations and thereby generate a
shift in bond pricing behaviour.®

To explore this hypothesis, we adopt a two-step empirical approach. Fist, we employ a
time-varying parameter (TVP) panel econometric methodology to capture changes in the
relationship between 10-year sovereign bond yield spreads against Germany and their
fundamental determinants (global financial risk, liquidity risk and credit risk). We present
results for a panel of ten EMU countries over the period January 1999 to July 2016, as well as
its core and periphery countries constituent sub-panels. This part of our analysis extends
previous research on the time-varying relationship between spreads and fundamentals, whose
samples typically end in 2010/11, into the period following the announcement of the OMT
and Quantitative Easing (QE) programmes. Second, we model the series of TVP coefficients
estimated for each of the spreads’ determinants on a dummy variable capturing the effects of
the OMT announcement and empirical measures of ECB monetary policy (conventional and
unconventional). To our knowledge, this work is entirely novel in the literature. Moreover,
we control for the effects of bank credit risk in the euro area.

With regards the determinants of spreads, we confirm the main finding of previous
studies and extend them with a significant new one. Specifically, we document a change in
the EMU bond-pricing regime from risk under-pricing before the global financial crisis,
where the sensitivity of spreads to fundamentals is zero or near zero, to a regime involving

increasingly larger penalties on risk factors and very high spreads.* In addition to these two

® See also the discussion in Appendix B of Paniagua et al. (2016) where they refer to monetary policy shifts as
an example of factors that may affect expectations.

* Earlier studies typically document the switch from a pre-crisis to a crisis-related bond pricing regime using
fixed-parameter models and imposing exogenous break points on the data. These include Barrios et al. (2009),
Arghyrou and Kontonikas (2012), Caggiano and Greco (2012). Another strand of the literature identifies the
regime shift using time-varying coefficients models and endogenously determined structural breaks. Such
studies include work by ABmann and Boysen-Hogrefe (2012), Bernoth and Erdogan (2012), Constantini et al.
(2014), D’ Agostino and Ehrmann (2014), Afonso et al. (2015), Paniagua et al. (2016) and Delatte et al. (2017).
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regimes, however, we identify a third pricing regime, triggered by the announcement of the
OMT in August 2012 and characterised by a weakening of the link between spreads and their
underlying fundamentals. This regime-shift has not been reported in previous studies, except
from Delatte et al. (2017) who conclude that it represents a restoration of the first (pre-
crisis/non-crisis) regime, driven by a decline in bank credit risk. We argue, however, that the
third regime is new and different from the first one, with the main distinguishing factors
being higher spreads relative to the pre-crisis era and a residual redenomination risk in
periphery countries, carried over from the second (crisis) regime.

The second part of our analysis provides evidence that the transition from the second
regime to the third is determined by factors relating to monetary policy, especially non-
conventional interventions. Specifically, we find that the OMT announcement reduced the
responsiveness of spreads to their fundamental determinants. Expansions in the ECB balance
sheet due to the SMP and QE programmes, also had a similar effect. Finally, we show that
the impact of monetary policy on the relationship between spreads and fundamentals can
materialise not only directly but also indirectly through reductions in bank credit risk. This is
because banking risk affects the sensitivity of spreads to fundamentals, but at the same time is
highly driven by non-conventional monetary policy actions.

Our findings are in line with the predictions of theoretical models of the European debt

crisis and are intuitively appealing. They suggest that by providing markets with a
guarantee that it stands ready to act as a lender of last resort, the ECB managed to improve
expectations causing a shift away from the “bad” equilibrium prevailing during the crisis. The
direct effect suggests that the OMT and purchases of sovereign bonds in the secondary
market reassured investors that the ECB stands ready to prevent the collapse of sovereign
bond markets due to existing fiscal liabilities. The indirect effect hints that the ECB reassured
markets that sovereigns will not be called upon to finance unsustainable contingent fiscal
liabilities originating from extensive bank losses.

Overall, our work is related to several strands of the literature on the European debt
crisis and contributes in numerous ways. First, it validates the predictions of multiple-
equilibria models of the EMU debt crisis. Second, it presents evidence of a new bond-pricing
regime following the announcement of OMT, which is different both to the pre-crisis as well
as the crisis pricing regimes reported in previous literature. Third, it identifies a two-fold
channel, direct and indirect, via which the ECB has stabilised euro area sovereign bond
markets. Our paper’s main take-home message is that President Draghi’s speech on 26 July

2012 announcing the introduction of OMT was a game-changer for the resolution of the
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crisis. The expansion of the ECB’s balance sheet provided extra stimulus towards that
direction.

The remainder of this paper is structured as follows: Sections 2 and 3 respectively
discuss our econometric methodology and data. Section 4 presents our empirical findings.
Specifically, section 4.1 estimates TVP panel models capturing the changing relationship
between spreads and fundamentals, while section 4.2 investigates the factors that affect the
TVP coefficients. Finally, section 5 summarises the paper and offers concluding remarks.

2. Methodology

In the first stage of our analysis, we model the euro area 10-year government bond yield
spreads against Germany using a TVP panel specification. Given Greece’s idiosyncratic
characteristics, in the baseline estimates, we present results excluding and including this
country.” Following Li et al. (2011) and Bernoth and Erdogan (2012), we estimate the
following TVP specification:

Vie = X'ytBe + a, + fr + vy (1)

In equation (1), y;; denotes 10-year government bond yield spreads, where i = 1...N;
t=1...T; x; = [Xit1, -  Xiex) 1S @ vector of K regressors; and By = [B¢1, ..., Bex ] IS a vector
of k time-varying coefficients. In line with previous studies (Manganelli and Wolswijk, 2009;
Afonso et al., 2014), x;, includes variables measuring global financial risk, liquidity risk and
credit risk. «a; captures country fixed effects and v;; a random error term. Fixed effects
account for unobserved time-invariant country-specific factors that can affect spreads.® The
trend function f; denotes time-specific effects. These control for omitted variables that do not
vary across countries but evolve over time. The model of Li et al. (2011) is a non-parametric
time-varying coefficient panel data model based on previous contributions by Robinson

(1989) and Cai (2007), estimated using the local linear dummy variable (LLDV) approach

® Unlike the rest of our sample countries, Greece joined the euro in 2001 rather than 1999. Furthermore, since
July 2015 Greece has in place capital controls, designed to stabilise the Greek banking system following large
deposits withdraws during the period January — June 2015. In addition, Greece is the only country among our
sample countries whose sovereign bonds are not part of the QE programme. Finally, as Greece has been the
country at the epicentre of the EMU sovereign debt crisis, its spreads and fiscal imbalances are a clear outlier,
even when compared with the figures of other EMU periphery countries (see the descriptive statistics in Table
1).

® For identification, it is assumed that N, a; = 0 (Su and Ullah, 2006) and the fixed effects are eliminated in
the procedure.



which improves the rate of convergence of § and outperforms the averaged local linear
estimate.

As in all non-parametric estimates based on a kernel function, the estimation involves the
choice of a bandwidth parameter (denoted by h*), to which the results are typically sensitive.
A lower value for h* reduces the bias involved in the TVP estimates but increases their
variance. We set h* = 0.15 using the cross-validation selection method,” which is based on
the principle of selecting the bandwidth that minimizes the mean squared error of the
resulting estimates.® Our estimations also account for the “boundary effect” according to
which the estimated coefficients are biased at the beginning and end of the estimation sample.
To address this bias, we follow Dai and Sperlich (2010) who propose reducing the bandwidth
value at the beginning and end of the sample. We do so using a bandwidth correction
parameter value, denoted by ¢, equal to 0.08, satisfying the restriction 0 < & < h*. Finally, for
each estimated TVP coefficient we calculate a 95% confidence interval by applying the wild
bootstrap method on the estimated residuals of the non-parametric estimated regression,
based on 1000 replications. The same bandwidth and boundary effect correction are used, as
in the source regression.

In the second stage of our analysis we model each TVP coefficient on an intercept
dummy variable capturing the effects of the OMT announcement in August 2012, measures
of conventional and unconventional monetary policy, as well as banking risk. Our

econometric specification for this part of the analysis is given by equation (2) below:

,Z?z =y+z.6 +u. (2
In equation (2), the dependent variable Z?z is the time-series estimated for the TVP coefficient
of each of the spreads’ determinants j = (1...k), and u, is a random error term. We estimate
equation (2) using Ordinary Least Squares (OLS) and three definitions of z,.” The first
includes only the OMT dummy. The second extends z;, to include the proxies for the ECB’s
conventional and unconventional monetary policy, while the third adds an empirical measure

of aggregate credit risk for European banks.

" Instead of the conventional leave-one-out cross validation method, we use the leave-one-unit-out approach,
which is proposed by Sun et al (2009) and it is more adequate for the local linear dummy approach.

& An alternative approach, the so-called “rule-of-thumb” method, suggested h* = 0.04. This approach is
computationally less demanding but can lead to non-robust results, especially when the data series present high
volatility, as it is the case with our variables. The TVP coefficients that we obtain using h* = 0.04 are broadly
consistent with those using h* = 0.15, but more volatile. These results are available upon request. An extensive
survey of bandwidth selection methods can be found in Racine (2008).

° The variables entering equation (2) are stationary series (see section 4.2 below).
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3. Data

We have obtained data on euro area government bond yield spreads and the underlying
fundamentals over the period January 1999 to July 2016 (monthly frequency). Our sample
includes ten EMU member states, covering core (Austria, Belgium, Finland, France and the
Netherlands) and periphery (Greece, Ireland, Italy, Portugal and Spain) economies'’(see the
Appendix for data descriptions and sources).

Figure 1 plots 10-year spreads versus Germany, while Panel A of Table 1 presents the
corresponding descriptive statistics. They highlight the existence of three distinct periods.
The first covers 1999 to summer 2007, and is characterised by near-zero spread values. The
second covers summer 2007 to the peak of the crisis in late 2011-early 2012, and involves
substantial increases in spreads, particularly in Greece but also in other periphery EMU
countries. Finally, following the OMT announcement, we observe a gradual reduction in
spread values to levels significantly lower than those in 2012 but higher (and typically more
volatile) than the pre-crisis period. Furthermore, compared to the latter, mean spread values
during the third period present higher variation across countries, and are clearly higher in
EMU periphery countries.

We approximate global risk conditions using the logarithm of the Chicago Board Options
Exchange Volatility Index (vix), a variable used by several previous studies (Beber et al.,
2009; Afonso et al.,2015) to gauge the international risk factor. The data is obtained from
Bloomberg. An increase in vix is expected to result in higher spread values. Developments in
global risk involve low pre-crisis values, followed by significant increases between 2007 and
2012 and a gradual return towards pre-crisis values thereafter (see Figure Al in the
Appendix).

BA denotes the 10-year government bond bid-ask spread, sourced from Bloomberg, used
to capture liquidity effects (Favero et al., 2010; Gerlach et al., 2010). A higher value of BA
indicates a fall in bond market liquidity, and is expected to lead to an increase in government
bond yield spreads. The almost zero bid-ask spreads between 1999 and 2007 reflect the
ample liquidity of the pre-crisis period. A significant deterioration in liquidity conditions
ensued, associated with the global financial crisis and European sovereign debt crisis, which
affected more strongly the periphery group. Since mid-2012, periphery bid-ask spreads

declined significantly but, on average, still exceed their pre-crisis level.

19 The distinction between these two groups is common in the literature. See, among others, Afonso et al.
(2014), Paniagua et al. (2016) and Garcia and Werner (2016).
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Figure 1: 10-year government bond yield spreads
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Note: This figure plots the 10-year government bond yield spreads versus Germany over the period January
1999 - July 2016 for ten-euro area countries. Vertical axis: percentage points. The shaded area denotes the
period July 2007 - July 2012. Source: European Central Bank.

Finally, we measure credit risk using two forward-looking variables: First, the
logarithm of the Economic Sentiment Index relative to Germany (esi), available from
Eurostat. The sentiment index is a weighted average of five sectoral indexes, whose scores
are gathered from surveys stating agents’ assessment of the current economic situation and
their expectations about future developments. As such, the sentiment index is used in the
literature as a forward-looking variable capturing growth expectations (Monfort and Renne,
2013; Dewachter et al., 2015). Higher esi values signal lower credit risk and are therefore
expected to result into lower spread levels. Second, the one-year ahead expected general

government gross debt-to-GDP ratio relative to Germany (ED), provided by the European



Commission’s Economic Forecasts. The use of expected, as opposed to historical fiscal data,
is in line with previous studies on the determinants of spreads (Attinasi et al., 2009; Arghyrou
and Kontonikas, 2012). Fiscal conditions are related to credit quality, with fiscal deterioration
implying higher credit risk. Hence, increased values for ED are expected to result in higher
spread levels.

Both measures of credit risk indicate significant increases during the crisis period (see
Panels C and D of Table 1). Unlike vix and ba, however, credit risk variables do not signal
improvements following the summer of 2012. By contrast, economic sentiment relative to
Germany deteriorates further in all core countries and Italy, while the improvement observed
in the cases of Greece, Portugal and Spain falls short of restoring the average pre-crisis
relative esi levels. Moreover, except from Finland and the Netherlands, average expected
debt values relative to Germany increase further since summer 2012. All in all, the summary
statistics reported in Table 1 suggest that the substantial reductions in spreads observed since
the OMT announcement do not coincide with a similar improvement in national macro/fiscal
fundamentals. This is a prima-facie evidence supporting the multiple equilibria theoretical
models of the European sovereign debt crisis discussed in the introduction.

For the second part of our econometric analysis, i.e. the modelling of the spread’s time-
varying responses to the factors described above, we require measures of conventional and
unconventional monetary policy, as well as banking risk. Conventional monetary policy is
approximated using the change in the main policy rate of the ECB, namely the main
refinancing operations rate (AMRO). Unconventional monetary policy is captured by the
growth (logarithmic difference) in the amount of securities held by the ECB for monetary
policy purposes (Ashmp), as reported in the ECB’s weekly financial statements. The ECB’s
securities holdings, data for which is available since July 2009 only, have also been used by
Gibson et al. (2016) and Delatte et al. (2017), among others, to capture the effect of non-
standard monetary measures adopted by the ECB during the crisis. To construct a monthly
series for securities holdings, we use the relevant figure quoted in each month’s last weekly
consolidated financial statement of the Eurosystem, published by the ECB (assets side, item
7.1). The resulting series is presented in Figure 2 and depicts the significant expansion of the
ECB’s balance sheet effected in the context of the SMP and, much more so, the QE
programme. At the same time, Figure 2 shows the gradual relaxation of the ECB’s
conventional monetary policy stance, captured by the reduction in the MRO towards zero
since the end of 2011. Both the change in the MRO and the growth of the ECB’s securities

holdings are included at lagged form (1-month lag) when estimating equation (2).
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Table 1: Descriptive statistics

Panel A: 10-year government bond yield spreads versus Germany

| AT | BE | AR | FR | 1IE | IT | NL | PT [ ES | EL J[AI+EL| AIl | Core | Per+EL | Per
1999.01-2016.07

Mean 0.320 | 0486 | 0228 [ 0300 [ 1297 [ 1.064 [ 0202 | 1.915 | 1.007 | 4353 | 1117 | 0.758 [ 0.307 | 1.927 | 1.321

St.Dev. | 0279 | 0498 | 0.160 [ 0300 | 1949 | 1.158 | 0.160 | 2.761 | 1.270 | 5896 | 1443 [ 0948 [ 0279 | 2.607 | 1.784
1999.01-2007.07

Mean 0.142 | 0177 | 0126 [ 0.083 [ 0.118 [ 0.258 [ 0.084 | 0.204 | 0.141 | 0535 | 0.187 | 0.148 [ 0.123 | 0.251 | 0.180

St.Dev. | 0102 | 0.111 | 0.201 [ 0.041 [ 0.110 | 0.073 | 0.058 | 0.109 | 0.111 | 0518 | 0.133 | 0.091 [ 0.083 | 0.184 | 0.101
2007.08-2012.07

Mean 0.596 | 0.922 | 0.360 [ 0.509 [ 3.150 [ 1.698 [ 0.337 | 3.606 | 1.606 | 7.233 | 2.002 | 1.421 [ 0545 | 3.459 | 2515

St.Dev. | 0339 | 0661 | 0179 [ 0372 [ 2601 | 1.382 | 0.170 | 3.860 | 1.439 | 7.869 | 1.887 | 1223 [ 0.344 | 3430 | 2.320
2012.08-2016.07

Mean 0.355 [ 0.603 | 0.280 | 0505 | 1.512 [ 2.001 [ 0.286 | 3.473 | 2116 | 8.945 | 2.008 [ 1.237 | 0.406 | 3.609 | 2.276

St.Dev. | 0.112 | 0.257 | 0.064 | 0.154 | 0.994 [ 0.863 | 0.097 | 1672 | 1.104 | 3.595 [ 0.891 | 0591 | 0.137 | 1.645 | 1.158

Panel B: Bid-ask spread of 10-year government bonds

| AT [ BE | FI | FR | IE [ IT | NL | PT | ES | EL JAI+EL| AlIl [ Core | Per+EL | Per
1999.01-2016.07

Mean 0.204 [ 0.199 [ 0.092 | 0.110 | 0412 [ 0.113 [ 0.083 | 0474 | 0.188 | 0567 | 0.244 [ 0.208 | 0.138 | 0.351 | 0.297

St.Dev. | 0.183 | 0.218 | 0.122 | 0.092 | 0.837 [ 0.157 | 0.070 | 0.908 | 0.251 | 1.064 [ 0.390 | 0.315 | 0.137 | 0.643 [ 0.538
1999.01-2007.07

Mean 0.076 [ 0.062 [ 0.009 | 0.057 | 0.019 [ 0.052 [ 0.058 | 0.064 | 0.054 | 0.068 | 0.048 [ 0.046 | 0.053 | 0.044 | 0.038

St.Dev. | 0.036 | 0.023 | 0.083 | 0.043 | 0.098 [ 0.022 | 0.055 | 0.032 | 0.029 | 0.046 [ 0.047 | 0.047 | 0.048 | 0.045 [ 0.045
2007.08-2012.07

Mean 0.306 [ 0.237 [ 0142 | 0.173 | 1.182 [ 0238 [ 0.143 | 1.205 | 0.359 | 1.262 [ 0525 [ 0.443 | 0.200 | 0.849 | 0.746

St.Dev. | 0.197 [ 0.214 | 0.107 | 0.106 | 1.157 [ 0.244 [ 0.080 | 1386 | 0.348 | 1.731 [ 0557 | 0.427 | 0.141 | 0.973 | 0.784
2012.08-2016.07

Mean 0.353 [ 0.445 | 0.208 | 0.144 | 0.374 [ 0.089 [ 0.060 | 0.439 | 0.263 | 0771 [ 0315 [ 0.264 | 0.242 | 0.387 | 0.291

St.Dev. | 0.163 | 0.219 | 0.072 | 0.086 | 0.513 [ 0.075 | 0.025 | 0.470 | 0.214 | 0.294 [ 0.213 | 0.204 | 0.113 | 0.313 | 0.318
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Panel C: Log of economic sentiment index relative to Germany

| AT | BE | AL | FR | IE | 1T | NL | PT | ES | EL [AI+EL| AIl | Core [Per+EL [ Per
1999.01-2016.07
Mean 0.003 | 0.006 [ 0.005 | 0.009 [ 0.000 [ 0.004 | -0.001 [ -0.005 | 0.005 [ -0.009 [ 0.002 | 0.003 [ 0.005 | -0.001 [ 0.001

St. Dev. 0.029 0.026 0.034 0.034 0.012 0.040 0.031 0.044 0.046 0.063 0.036 0.033 0.031 0.041 0.036
1999.01-2007.07
Mean 0.025 0.025 0.026 0.036 0.006 0.030 0.020 0.018 0.039 0.036 0.026 0.025 0.026 0.026 0.023
St. Dev. 0.022 0.019 0.028 0.021 0.008 0.028 0.020 0.024 0.032 0.028 0.023 0.022 0.022 0.024 0.023
2007.08-2012.07
Mean -0.008 | -0.006 0.004 -0.003 | -0.014 | -0.017 | -0.019 | -0.029 | -0.040 | -0.053 | -0.019 | -0.015 | -0.007 | -0.031 | -0.025
St. Dev. 0.019 0.020 0.022 0.023 0.007 0.040 0.030 0.057 0.035 0.072 0.033 0.028 0.023 0.042 0.035
2012.08-2016.07
Mean -0.028 | -0.018 | -0.037 | -0.031 0.006 | -0.024 | -0.022 | -0.023 | -0.013 | -0.051 | -0.024 | -0.021 | -0.027 | -0.021 | -0.014
St. Dev. 0.011 0.012 0.015 0.013 0.009 0.029 0.021 0.034 0.024 0.030 0.020 0.019 0.014 0.025 0.024

Panel D: 1-year ahead expected gross government debt to GDP ratio relative to Germany

| AT | BE | FI | FR | IE | IT | NL | PT | ES | EL |AI+EL| AIl | Core | Per+EL | Per
1999.01-2016.07
Mean -0.529 [ 29.700 [ -22.161 [ 5.945 | -6.035 | 45.668 | -9.361 | 13.320 | -4.493 [ 57.609 [ 10.966 | 5784 | 0.719 | 21.214 | 12.115

St. Dev. 6.842 | 10.694 | 8.231 | 10.393 | 32.506 | 8.285 6.975 | 22.404 | 19.720 | 30.327 | 15.638 | 14.006 | 8.627 | 22.649 | 20.729
1999.01-2007.07
Mean -0.824 | 34.903 | -22.351 | -1.983 | -31.850 | 43.451 | -9.523 | -3.149 | -12.969 | 38.023 | 3.373 -0.477 0.044 6.701 -1.129
St. Dev. 3.864 | 11.339 | 4.565 1.043 7.245 5.100 6.441 2970 | 12129 | 3.872 5.857 6.077 5.450 6.263 6.861
2007.08-2012.07
Mean -5.372 | 20.490 | -29.622 | 6.070 3.133 | 39.933 | -14.975 | 11.652 | -14.413 | 55.600 | 7.250 1.877 -4.682 | 19.181 | 10.076
St. Dev. 1.881 2.740 2.591 3.129 | 28.362 | 1.988 4.043 | 11.247 | 9.358 | 29.546 | 9.489 7.260 2.877 | 16.100 | 12.739
2012.08-2016.07
Mean 6.156 | 30.050 | -12.425 | 22.800 | 37.900 | 57.594 | -1.994 | 50.744 | 26.094 | 102.150 | 31.907 | 24.102 | 8.918 | 54.896 | 43.083
St. Dev. 9.825 7.404 9.008 6.328 7.635 6.878 3.325 6.045 8.359 | 10.446 | 7.525 7.201 7.178 7.873 7.229

Note: This table presents descriptive statistics (mean and standard deviation) across countries, country-groups and time periods. The sample countries include Austria (AT),
Belgium (BE), Finland (FI), France (FR), Ireland (IE), Italy (IT), the Netherlands (NL), Portugal (PT), Spain (ES) and Greece (EL). The following country-groups are
considered: All countries including Greece (AllI+EL). All countries excluding Greece (All). Core countries: Austria, Belgium, Finland, France and the Netherlands. Periphery
countries including Greece: Greece, Ireland, Italy, Portugal and Spain (Per+EL). Periphery excluding Greece (Per)
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Figure 2: ECB monetary policy indicators
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Note: This figure plots the ECB main refinancing operations rate (MRO) and the amount (in millions of euros)

of securities held by the ECB for monetary policy purposes (SHMP) over the period July 2009 - July 2016. Left
vertical axis: / — percentage points; Right vertical axis: — euro millions. Source: European Central Bank.

Figure 3: European banking sector CDS
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subordinate) European banks over the period June 2004 - July 2016, measured in basis points. The shaded area
denotes the period July 2007 - July 2012. Source: Markir
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We also use an intercept dummy variable to reflect the effect of the OMT announcement on
the relationship between spreads and fundamentals. The dummy variable (D°™") is equal to 1
since August 2012 and 0 otherwise. Finally, we capture banking sector risk in the euro area
using two banking CDS indices published by Markit. The indexes respectively cover 25
senior (CDS senior) and junior subordination (CDS subordinate) European banks. The use of
CDS data to measure bank credit risk is consistent with several previous studies (Acharya et
al., 2014; Acharya and Steffen, 2015; Drechsler et al., 2016). The relevant data is presented
in Figure 3. It confirms the strong correlation between banking and sovereign risk, as both
measures of banking risk mirror the movements of spreads reported in Figure 1.
Specifically, both CDS indexes are close to zero before the financial crisis, but increase since
summer 2007, reaching a maximum at the end of 2011, and decline, albeit to a level higher
than their pre-crisis mean, since summer 2012. In baseline estimates of equation (2), we use
the lagged CDS senior index, while in robustness checks we employ the CDS subordinate

index.

4. Empirical findings

4.1. Modelling spreads using a time-varying panel approach

TVP estimates and pricing regimes

The TVP estimates of equation (1) for the full panel of core and periphery sample
countries, excluding Greece, are reported in Figure 4. The figure provides clear evidence for
the existence of three pricing regimes in euro area sovereign bond markets. The first covers
the period from the euro’s launch in 1999 to approximately mid-2007. During this period, the
estimated TVP coefficients of all risk sources (global financial risk, liquidity risk and credit
risk) are zero or near-zero. The sole exception is the expected gross government debt-to-GDP
ratio relative to Germany, whose coefficient has a small but statistically significant positive
value throughout most of the pre-crisis period. Figures 5 and 6 present TVP estimates for the

core and periphery country groups, respectively, again excluding Greece in the case of the

1 Bank credit risk is not included as explanatory variable in the model for spreads since, given the high
correlation between sovereign risk and banking risk and the existing literature on the sovereign-bank nexus,
reverse feedback from the former (our dependent variable) to the latter cannot be ruled out. As De Grauwe and
Ji (2013, p.23) point out, “In the existing empirical literature there has been a tendency to add a lot of other
variables on the right hand side...In fact, the addition of these variables creates a risk of false claims that the
fundamental model explains the spreads well”.
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Figure 4: TVP coefficients — Full panel excluding Greece
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Austria, Belgium, Finland, France, Ireland, Italy,
the Netherlands, Portugal and Spain. The dependent variable is the 10-year government bond yield spread
versus Germany. The set of explanatory variables includes the logarithm of the Chicago Board Options
Exchange Volatility Index (vix), the bid-ask spread of 10-year government bonds (BA), the logarithm of the
Economic Sentiment Index relative to Germany (esi), and the 1-year ahead expected gross government debt to
GDRP ratio relative to Germany (ED). The shaded area denotes the period July 2007 - July 2012.

latter. They show that the first pricing regime applied both to core and periphery EMU
countries, although the role of expected debt in determining spreads is noticeably more
pronounced in the periphery, signalling higher penalties on fiscal imbalances for this group of
countries. On the other hand, core countries present higher statistical significance for the
coefficient of expected growth.

The second pricing regime approximately extends between mid-2007 and mid-2012, and
involves a rapid increase both in the absolute value as well as statistical significance of the

coefficients of all risk factors.'> Again, this trend is common both for core as well as

12 Note that for a very small number of observations in this regime, as well as in the third pricing regime
discussed below, the point estimates of the estimated TVP coefficients fall outside the confidence interval (CI)
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periphery countries. However, the absolute values of the estimated TVP coefficients are,
overall, noticeably higher for the group of periphery countries, capturing the larger risk
exposure of the periphery. The signs of the estimated TVP coefficients are in line with the
theoretical expectations. The only exception, as Figure 5 indicates, is expected relative
sovereign debt in the group of core countries. The negative coefficient reflects the fact that
spreads of core countries increased during the crisis period, while expected debt relative to
Germany decreased, and thereby captures some kind of mispricing of credit risk. However,
this is consistent with portfolio re-allocation from core country bonds towards Germany,
which operated as a safe-haven for investors during the crisis. Nevertheless, Figure 5
suggests that for the vast majority of observations the negative debt TVP coefficient is
statistically insignificant.

Finally, we provide evidence for a third pricing regime, covering the period between
approximately mid-2012 to the end of our sample. This period is characterised by a reduction
in the absolute values and/or statistical insignificance of the estimated TVP coefficients. As
far as the international risk factor is concerned, its coefficient maintains a positive, albeit
declining, value until approximately mid-2014. This, however, is statistically significant only
for the core panel. Thereafter, the vix coefficient takes near-zero and insignificant values in
all three panels. Liquidity risk also presents a positive yet declining TVP coefficient during
the third regime. This is statistically significant until mid-2014 for the full and periphery
panels and until the end of 2013 for the core panel (see Figures 5 and 6). Thereafter, the
coefficient of BA takes a zero and insignificant value in core countries. On the other hand,
starting from early 2015 the BA coefficient registers a significant increase for the periphery
panel signaling stronger pricing valuation of liquidity conditions in of sovereign yield
spreads.

Expected relative growth maintains a negative and significant coefficient well into the
third regime, albeit with a declining absolute value. For the full panel, statistical significance

is maintained until the end of 2014; for core countries until summer 2013 and for periphery

calculated using the wild bootstrap methodology. These can be regarded as outliers produced by the
bootstrapping exercise, with no impact on the reliability of our results: the standard calculation of a Cl involves
use of a parameter’s point estimate as the central point of the CI estimation and calculation of the CI around the
point estimate. This ensures that the point estimate always falls within the estimated ClI bounds. Bootstrap
methods, on the other hand, follow a different Cl estimation approach, involving multiple estimates of the
parameter in question (in our case 1000, one per bootstrap iteration) and the empirical setting of an upper and
lower CI bound within which 95 per cent (or any other predetermined proportion) of these estimates fall. In this
methodology of CI construction, it is possible for a parameter’s point estimate to fall outside the empirically
constructed Cl. Indeed, for a 95 per cent Cl calculated using our bootstrapping methodology, the a priori
expectation is that the point estimate will fall outside the calculated CI in 5 per cent of observations.
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countries until summer 2015. By the end of our sample, esi takes near-zero and insignificant
values in all three panels. Finally, the TVP coefficient of expected relative debt ratio registers
a sharp decline in mid-2012 in the full panel, becoming statistically insignificant in mid-
2013. However, starting from early 2014 the ED coefficient resumes an upwards movement.
This falls short of being statistically significant at the 95% level, although it is close to being
so. The movements of the ED coefficient in the full panel are mainly driven by the periphery
group, although the increase towards the end of our sample is also recorded for core
countries.

Figure 5: TVP coefficients — Core countries

2.4 15

2.0

1.6

1.2 4

0.8

0.4

0.0

-0.4
.
-0.8

-1.2

1.6 T 1 T _ T 1 _T T _T1 T _T1T T _T T T T T T 1.5 T 1 T _ 1 T1_T T _T T 1T T _ T T T T T 1T
2000 2002 2004 2006 2008 2010 2012 2014 2016 2000 2002 2004 2006 2008 2010 2012 2014 2016

-16 1 T _T1 T _T T T T T T T T T T 1 T -08 1 T 1 T1_T T _ T T 1T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016 2000 2002 2004 2006 2008 2010 2012 2014 2016

Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Austria, Belgium, Finland, France and the
Netherlands. The dependent variable is the 10-year government bond yield spread versus Germany. The set of
explanatory variables includes the logarithm of the Chicago Board Options Exchange Volatility Index (vix), the
bid-ask spread of 10-year government bonds (BA), the logarithm of the Economic Sentiment Index relative to
Germany (esi), and the 1-year ahead expected gross government debt to GDP ratio relative to Germany (ED).
The shaded area denotes the period July 2007 - July 2012.
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We have tested the robustness of our findings in a number of ways. First, we repeated the
estimations including Greece into the analysis. The results are reported in Figures 7 (full
panel) and 8 (periphery panel). Our findings remain broadly robust, although the inclusion of
Greece increases the absolute values of the TVP estimates in both panels, as well as the
bounds of their 95% confidence intervals towards the end of the sample period. The latter is
consistent with the highly idiosyncratic circumstances faced by Greece in 2015-2016,
including a major confrontation with its official lenders in the first half of 2015, which
brought Greece very near to withdrawing from the EMU and led to the imposition of (still in
place) capital controls; and the exclusion of Greek bonds from the ECB’s QE programme

announced in January 2015.

Figure 6: TVP coefficients — Periphery countries excluding Greece
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Ireland, Italy, Portugal and Spain. The dependent
variable is the 10-year government bond yield spread versus Germany. The set of explanatory variables includes
the logarithm of the Chicago Board Options Exchange Volatility Index (vix), the bid-ask spread of 10-year
government bonds (BA), the logarithm of the Economic Sentiment Index relative to Germany (esi), and the 1-
year ahead expected gross government debt to GDP ratio relative to Germany (ED). The shaded area denotes the
period July 2007 - July 2012.
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Second, to address any endogeneity concerns, we repeated the estimation of equation (1)
using the first lag rather than the contemporaneous values of the independent variables. We
report the full panel results in Figure A2 in the Appendix. They are consistent with the
findings reported above. The same applies to the core and periphery panels.*®

Third, we have tested the robustness of our findings to changes in the value of the
bandwidth estimation parameter h. Specifically, we estimated equation (1) using three
alternative h-values, namely 0.10, 0.20 and 0.30, to assess the tradeoff between the bias of the

TVP estimates and their variance. The results of the TVP point estimates for the full panel are

Figure 7: TVP coefficients — Full panel including Greece
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Austria, Belgium, Finland, France, Greece,
Ireland, Italy, the Netherlands, Portugal and Spain. The dependent variable is the 10-year government bond
yield spread versus Germany. The set of explanatory variables includes the logarithm of the Chicago Board
Options Exchange Volatility Index (vix), the bid-ask spread of 10-year government bonds (BA), the logarithm
of the Economic Sentiment Index relative to Germany (esi), and the 1-year ahead expected debt-to-GDP ratio
relative to Germany (ED). The shaded area denotes the period July 2007 - July 2012.

13 These results are not shown to save space but are available upon request.
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reported in Figure A3 in the Appendix. These are consistent with those obtained by our
benchmark model, where h is set equal to 0.15. Finally, we have tested the robustness of our
findings to alternative values of the bandwidth correction parameter ¢. The results for the full
panel are reported in Figure A6 in the Appendix. Again, the results are consistent with those

obtained from the benchmark model, which sets ¢ = 0.08.%*

Figure 8: TVP coefficients — Periphery countries including Greece
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Ireland, Italy, Greece, Portugal and Spain. The
dependent variable is the 10-year government bond yield spread versus Germany. The set of explanatory
variables includes the logarithm of the Chicago Board Options Exchange Volatility Index (vix), the bid-ask
spread of 10-year government bonds (BA), the logarithm of the Economic Sentiment Index relative to Germany
(esi), and the 1-year ahead expected gross government debt to GDP ratio relative to Germany (ED). The shaded
area denotes the period July 2007 - July 2012,

4 The results of the robustness tests relating to the values of h* and ¢ in the core and periphery countries are
consistent with those reported in Figures 5 and 6, respectively. To save space, we do not report them, but they
are available upon request.
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Discussion

Overall, our TVP analysis confirms the existence of the pre-crisis and crisis bond-pricing
regimes identified by previous studies on the determinants of sovereign bond yield spreads in
the euro area. In addition to these regimes, however, we find evidence of a third regime
introduced in the second part of 2012. Apart from the study by Delatte et al. (2017), the
previous literature on regime-dependent sovereign bond pricing has not analysed the
implications of the OMT announcement and more generally the role of ECB policy
interventions. That study concludes that the change in the regime following the
announcement represents a restoration of the regime that was in place prior to the crisis. This
inference, however, is not consistent with the movements of spreads since August 2012,
which by comparison to the pre-crisis regime are on average higher; and have stabilized at
levels noticeably higher, and more variable across countries, (see Figure 1 and Panel A of
Table 1). These stylized facts imply that the third regime is not identical to the pre-crisis
regime, but a new, distinct regime, where markets are pricing sources of risk that were: (a)
either less penalized by markets, or (b) not priced at all during the pre-crisis period.

With regards to the former argument, our analysis above confirmed that during a
substantial part of the third regime, markets continued to price fundamentals in way that was
less pronounced compared to the second regime but more pronounced compared to the first.
Furthermore, liquidity risk in periphery countries continues to be priced at the end of our
sample and the same may hold for expected relative debt ratios, whose TVP coefficient is
close to being significant at the 5% level for the full panel. As far as the latter argument is
concerned, valuable insights are provided by the time effects in equation (1). Time effects
capture the net impact of country-invariant factors that may increase or decrease spreads over
time beyond the level predicted by the model’s explanatory variables. Hence, if non-zero,
they will signal the importance of factors other than global financial risk, liquidity risk and
credit risk.

The time effects for the core and periphery panels are presented in Figure 9. In both
panels, during the pre-crisis regime time effects were near zero. Time effects become much
more important during the crisis period. Between summer 2007 and late 2011, they take
increasingly negative values. This implies that over that period, spreads would have been

even higher in the absence of mitigating factors pushing spreads below fundamentals-
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consistent values.™ Such factors include the provision of programmes of financial assistance
to those countries mostly affected by the crisis (Greece, Portugal and Ireland), and the
introduction of institutional innovations such as the European Financial Stability Facility
(EFSF), whose primary target was to set in place a previously non-existing fiscal back-stop at
the union level.*®

These mitigating influences started to disappear in early 2012, especially in periphery
countries, as suggested by the sharply increasing time effects in Figure 9. Greece, Italy and

Figure 9: Time effects — Core and periphery countries
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Note: This figure plots the estimated time effects from Equation (1) over the period January 1999 - July 2016.
The panel of core countries includes Austria, Belgium, Finland, France and the Netherlands. The panel of
periphery countries (excluding Greece) includes Ireland, Italy, Portugal and Spain. The dependent variable is the
10-year government bond yield spread versus Germany. The set of explanatory variables includes the logarithm
of the Chicago Board Options Exchange Volatility Index (vix), the bid-ask spread of 10-year government bonds
(BA), the logarithm of the Economic Sentiment Index relative to Germany (esi), and the 1-year ahead expected
gross government debt to GDP ratio relative to Germany (ED). The shaded area denotes the period July 2007 -
July 2012.

1> For the panel of core countries, the maximum difference is estimated in the range of 120 basis points and is
observed in early 2012. In the periphery panel excluding Greece, the maximum difference (approximately 150
basis points) is recorded in early 2009 and early 2012. When Greece is included in the periphery panel, the
difference records its maximum level between late 2011 and the first half 2012, taking values ranging between
600 and 700 basis points.

18 While financial support occurred at the country-level, it is possible that they reduced the upward pressure on
spreads of other countries through “benign” spillover effects. See Arghyrou and Kontonikas (2012), De Santis
(2014), Saka et al. (2015) and Ehrmann and Fratzcher (2017) among others, for analyses of spillover effects in
the context of the European debt crisis. It can also be argued that bailouts and the creation of the EFSF improved
market sentiment (or helped to avoid further deterioration) and reduced overall uncertainty, since they
demonstrated the willingness of policymakers to fight the crisis. The idea that time effects may capture market
sentiment is consistent with De Grauwe and Ji (2013) and Gibson et al. (2016).
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Spain recorded significant spread increases in spring 2012. These tensions may reflect a
negative view by market participants about the adequacy of measures taken up to that point to
fully and successfully resolve the crisis. Crucially, the EMU had not set in place a mechanism
endowed with enough resources to fund rescue programmes in case they were needed to
stabilize notably the Italian and Spanish bond markets and banking systems. With Italian and
Spanish spreads already in the range of 500 basis points, this dynamic, if left unchecked,
could result into a collapse of Italian and Spanish bond markets, representing an imminent
threat to the existence of the euro."’

It is precisely this threat the ECB sought to address by announcing the OMT programme.
The ECB offered a guarantee that no EMU country would be left to leave the euro and
change its euro-denominated bonds into bonds denominated in a new (and largely devalued)
national currency.'® This guarantee changed the bond pricing regime, resulting into lower
spread values. Nevertheless, this did not happen immediately. Although spreads entered a
downward path immediately after the OMT announcement, Figure 9 suggests that time
effects in the periphery panel kept on rising until the end of 2013. Thereafter, they declined
only gradually. We interpret this as evidence of residual redenomination risk carried over
from the crisis period. This interpretation is consistent with De Santis (2015) who finds that
following the OMT announcement redenomination risk declined but remained at positive
levels.

In addition, the time effects estimated for the periphery panel including Greece provide
further evidence in favour of the redenomination risk interpretation. Unlike time effects
excluding Greece, the series depicts an upward movement since mid-2014, reaching a
maximum in June 2015, at the peak of Greece’s confrontation with its official lenders.
Thereafter, the series stabilizes but at significantly positive values.'® As the possibility of
Greece exiting the EMU increased in 2015, the argument that the time effects reported for the
post-OMT period mainly capture redenomination risk gains further credibility. This is an

important differentiating factor between the first (pre-crisis) and third (post-OMT) pricing

7 As Di Cesare et al. (2012) point out, concerns about a possible break-up of the euro area became widespread
by late spring/early summer 2012. The volume of Google searches of “euro break-up” or similar keywords using
peaked, while a survey of central bank reserve managers by the UBS bank revealed that about three quarters of
them expected at least one country to leave the euro area within five years.

18 ECB officials have publicly stated that one of the targets of the unconventional policy interventions was to
reduce redenomination risk (Krishnamurthy et al., 2015). Apart from President Draghi’s “whatever it takes to
preserve the euro” speech of 26 July 2012, other examples include the speech by ECB Executive Board Member
Benoit Cceuré on 3 September 2013 (http://www.ecb.europa.eu/press/key/date/2013/html/sp130902.en.html),
where he discussed redenomination risk in the context of the OMT.

9 Overall, Figure 9 provides strong evidence to support Greece’s significant idiosyncratic features relative to
the rest of the periphery countries, justifying our choice to exclude it from our baseline periphery panel.
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regimes. Redenomination risk did not exist in the former but existed for the best part of the
latter. This helps to explain the difference in average spread values observed between the two

regimes.

4.2, ECB policy, banking risk and bond pricing regimes

In this section, we investigate the link between monetary policy, banking risk and bond
pricing regimes. We start by modelling the point estimates of the TVP coefficients obtained
in the first stage of our analysis on an intercept dummy variable capturing the effect of the
OMT announcement, as well as ECB policy measures and bank credit risk.”> The sample
period for this analysis is August 2009 — July 2016, covering the third and second (partially)
bond pricing regimes identified in the first stage, and is dictated by non-availability of data on
the ECB’s securities holdings prior to July 2009. Table 2 presents OLS estimates of equation
(2) with Newey and West (1987) standard errors. Panel A refers to the full set of countries,
while Panels B and C present the results for the core and periphery groups, respectively.?

The findings in column 1 of Table 2 — Panel A correspond to the specification where only
the OMT dummy variable is used to explain the TVP coefficients of the full panel group (the
dummy variable is equal to 1 since August 2012 and 0 otherwise). They show that in most
instances the OMT effect is statistically significant at the 5% level, or lower, and its sign
consistent with lower sensitivity of spreads to fundamentals. Evidence for the core and
periphery groups in Panels B and C, respectively, is also consistent with a weaker response of
spreads to the risk factors since summer 2012. An exception is the reaction of spreads to
liquidity conditions in the periphery panel, which becomes stronger, with the point estimate
of the TVP coefficient of BA more than doubling. The OMT dummy has a positive sign in the
case of the core group’s expected relative debt, which we interpret as evidence for correction
of the mispricing that occurred during the second regime, while consistently depicting a
negative sign for the periphery group.

We then add in equation (2) the lagged growth of securities held by the ECB for monetary
policy purposes, a proxy for non-conventional interventions, and the lagged change in the
MRO, a measure of conventional monetary policy shifts. The results in column 2 of Table 2

show that including these variables does not alter the findings pertaining to the OMT effects.

20 All the TVP coefficients are stationary according to the Lee and Strazicich (2003) unit root test, which allows
for structural breaks in the series’ deterministic components. The regressors included in the right-hand side of
equation (2) are also stationary series. The results of these tests are available upon request.

2! Note that Greece is excluded from both the full panel and the panel of periphery countries.
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Table 2: Modelling TVP parameters on ECB policy and bank credit risk

Panel A: Full panel

Bth BtBA BteSI BtED

Q) __ 2)__ 3) 1) __ 2)__ 3) ) @) _ @G) 1) __ (2)__ @) __

Constant | 1.451 1.471 0.231 1.242 1.279 0.145 | -15.230" | -16.052 -4.907 0.033 0.034 0.033
(0.137) (0.138) (0.201) (0.102) (0.098) (0.158) (2.133) (2.016) (2.566) (0.001) (0.001) (0.004)
DM -1.03777 | -1.0847 | -0.611" -0.273 -0.326 0.106 6.259" 7.1747 2.926 -0.0277 | -0.0277 | -0.027
(0.195) (0.197) (0.139) (0.201) (0.202) (0.117) (2.626) (2.494) (1.849) (0.004) (0.004) (0.004)

Ashmpy, - -0.059" 0.026 - -0.1077 | -0.029 - 2357 | 1596 - -0.001 -0.001
(0.034) (0.015) (0.033) (0.016) (0.576) (0.443) (0.0004) | (0.0005)

AMRO¢,; - -1.389" 0.401 - -0.951" 0.686 - 7.910 -8.170 - 0.005 0.007
(0.763) (0.408) (0.562) (0.536) (8.959) (6.694) (0.016) (0.013)

CDS.. - - 0.735 - - 0.6727 - - -6.605 - - 0.001
(0.103) (0.100) (1.131) (0.003)

Adj R? 0.513 0.526 0.853 0.053 0.078 0.567 0.197 0.276 0.561 0.597 0.588 0.583

Panel B: Core countries
B{vnx BtBA BteSI BtED

1) __ (2) @) 1) __ ) __ @) __ 1) 2 _ 3) 1) __ @ _ @) _

Constant | 1.087 1.097 0.403 0.663 0.680 0.341 -3.936 -4.098 -0.567 -0.015 -0.016 -0.010
(0.034) (0.033) (0.177) (0.054) (0.053) (0.059) (0.360) (0.330) (0.810) (0.002) (0.002) (0.004)
DM -0.6477 | -0.6717 | -0.406" | -0.615 | -0.6327 | -0.503"" | 2937 | 3.130° | 1.7847 | 0.016 | 0.015 | 0.0137
(0.125) (0.125) (0.120) (0.072) (0.068) (0.049) (0.674) (0.659) (0.661) (0.003) (0.003) (0.003)
Ashmpy, - -0.027" 0.020 - -0.0487" | -0.025" - 0.4637 | 0.2227 - 0.0003 -0.0001
(0.015) (0.012) (0.010) (0.007) (0.112) (0.083) (0.0002) | (0.0003)

AMROy - -0.738" 0.263 - -0.073 0.415 - 2.170 -2.924 - -0.013 -0.021"
(0.414) (0.454) (0.338) (0.237) (2.521) (2.421) (0.013) (0.011)

CDS.. - - 04117 - - 0.2017 - - -2.0927 - - -0.003"
(0.098) (0.041) (0.480) (0.002)

Adj R? 0.472 0.475 0.715 0.770 0.779 0.882 0.400 0.422 0.678 0.470 0.464 0.486
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Panel C: Periphery countries

Bth BtBA BteSI BtED
Q)__ (2 __ 3) Q) __ ) __ @) _ Q) @ 3) 1) __ 2 __ @) __
Constant | 1.103 1.107 0.117 1.227 1.253 0.911 -18.025 -19.004 2.083 0.015 0.014 0.044
(0.094) (0.097) (0.252) (0.105) (0.105) (0.454) (2.884) (2.786) (2.086) (0.003) (0.004) (0.005)
DM -0.8047" | -0.8247" | -0.4477 | 1.300" 1.298" 1.429" 5.338 6.552" -1.486 -0.010" -0.009 | -0.0217
(0.168) (0.170) (0.177) (0.587) (0.614) (0.559) (3.785) (3.701) (2.026) (0.006) (0.006) (0.004)
Ashmpy., - -0.011 0.056 - -0.077" -0.053 - 2.810 1370 - 0.003” 0.001
(0.024) (0.016) (0.029) (0.034) (0.760) (0.407) (0.001) (0.001)
AMRO¢, - -0.788 0.641 - 1.101 1.595 - 15.410 -15.016" - 0.023 -0.021
(0.749) (0.546) (1.190) (1.029) (12.888) (8.317) (0.015) (0.017)
CDS.. - - 0.587 - - 0.203 - - 212497 - - -0.0187
(0.128) (0.265) (1.078) (0.003)
Adj R? 0.432 0.428 0.719 0.124 0.106 0.099 0.068 0.127 0.667 0.102 0.113 0.543

Note: This table presents OLS estimates with heteroscedasticity and autocorrelation consistent standard errors (in parentheses) of Equation (2) over the period August 2009 -
July 2016 (84 observations). The dependent variable is, respectively, the time-varying panel coefficient of Equation (1) associated with the logarithm of the Chicago Board
Options Exchange Volatility Index (B;"™), the bid-ask spread of 10-year government bonds (B;*"), the logarithm of the Economic Sentiment Index relative to Germany (B™),
and the 1-year ahead expected gross government debt to GDP ratio relative to Germany (B=°). The set of explanatory variables includes a dummy variable that is equal to 1
since August 2012 and 0 otherwise (D°™"), the lagged first difference of the logarithm of securities held for monetary policy purposes by the ECB (Ashmpy.,), the first
difference of the ECB main refinancing operations rate (AMROy_;), and the lagged European banking sector senior subordination CDS index (CDS,.;). The full panel (Panel
A) includes Austria, Belgium, Finland, France, Ireland, Italy, the Netherlands, Portugal and Spain. The panel of core countries (Panel B) includes Austria, Belgium, Finland,

France and the Netherlands. The panel of periphery countries (Panel C) includes Ireland, Italy, Portugal and Spain. *, **, *** indicate statistical significance at the 10%, 5%
and 1% level, respectivel
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The evidence highlights the important role of non-conventional monetary policy actions
since the growth of the ECB’s security holdings is statistically significant in many instances.
The sign of the estimated coefficients indicates that the expansion of the ECB’s balance sheet
is typically associated with lower sensitivity of spreads to liquidity risk and credit risk, when
the latter is proxied by expected relative growth. This result holds for the full panel, as well
as the core and periphery groups. On the other hand, the effect of conventional monetary
policy actions is statistically insignificant at the 5% level in all cases.

Finally, motivated by the evidence in Delatte et al. (2017) about the importance of bank
credit risk as a source of time variation in the relationship between spreads and fundamentals,
we add the lagged European banking sector senior subordination CDS index to the set of
explanatory variables in equation (2). The results are presented in column 3 of Table 2. They
show that bank credit risk is an important driver of the TVP coefficients, with the adjusted R?
rising by 25% on average, across the various specifications. An increase in bank credit risk is
typically associated with larger (in absolute magnitude) point estimates, indicating
heightened sensitivity of spreads to fundamentals, and the effect is statistically significant at
the 1% level. The only consistent exception to this general rule involves the impact of bank
risk on the coefficient of the expected relative debt ratio. As far as the other coefficients are
concerned, the results in columns 1 and 2, which do not account for developments in the
banking sector, remain broadly robust to the inclusion of the bank credit risk measure in
column 3. Similar findings are obtained when the European banking sector junior
subordination CDS index is used as a proxy for banking risk.?

Overall, the evidence in Table 2 suggests that ECB interventions and banking risk are
both important in explaining the time-varying relationship between spreads and fundamentals
between 2009 and 2016. However, it is plausible that bank credit risk is itself affected by
ECB policy interventions. This implies that an indirect effect of policy interventions on the
sensitivity of spreads to fundamentals, working through changes in banking risk, can co-exist
with a direct one. In fact, Chodorow-Reich (2014) uses a high-frequency event study and
shows that during 2008-2009 banking risk in the U.S. declined following non-conventional

monetary policy announcements. Fratzscher et al. (2014) take a similar approach, producing

22 These results are not shown to save space but are available upon request.
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Table 3: The impact of ECB policy on bank credit risk

CDS senior CDS subordinate

1) __ () __ 3) 1) __ () __ 3)
Constant | 1.695" | 1.744 0.277 | 2.8927 | 2.967 0.154
(0.217) | (0.211) | (0.313) | (0.393) | (0.387) | (0.561)

DtOMT _ _ _ _ _ _
0.6407" | 0.724™ | 0.163" | 1.014™ | 1.144™" | 0.237"
(0.237) | (0.232) | (0.062) | (0.419) | (0.419) | (0.105)

Ashmpyy - - - - - -
0.1417" | 0.028™ 0.213™ | 0.036™
(0.039) | (0.009) (0.063) | (0.016)
AMRO,. - -1.875 | 0.271 - -3.002 | 0.305
1 (1.010) | (0.331) (1.947) | (0.498)
ViXe1 - - 0.001 - - 0.317
(0.226) (0.424)

AeeSiy1 - - -2.265 - - -
(1.660) 7.683"7
(3.277)
CDS.. - - 0.8737 - - 0.8377
(0.038) (0.044)
AdjR? | 0233 | 029 | 0917 | 0212 | 0.252 | 0.907

Note: This table presents OLS estimates with heteroscedasticity and autocorrelation consistent standard errors
(in parentheses) of Equation (3) over the period August 2009 - July 2016 (84 observations). The dependent
variable is, respectively, the European banking sector senior (CDS senior) and junior subordination (CDS
subordinate) CDS index. The set of explanatory variables includes a dummy variable that is equal to 1 since
August 2012 and 0 otherwise (D°™7), the lagged first difference of the logarithm of securities held for monetary
policy purposes by the ECB (Ashmp,), the first difference of the ECB main refinancing operations rate
(AMROy.;), the lagged logarithm of the Chicago Board Options Exchange Volatility Index (vix:;), the lagged
first difference of the logarithm of the euro area Economic Sentiment Index (Aeesiy.1), and the lagged respective
CDS index (CDSy.). *, **, *** indicate statistical significance at the 10%, 5% and 1% level, respectively.

consistent findings, when analysing the impact of ECB policy announcements in the period
2007-2012.2° Hence, we proceed by modelling our empirical measures of bank credit risk on
the OMT announcement dummy, the two variables that capture conventional and non-
conventional monetary policy developments and several control variables. The latter include
the first lag of vix, growth expectations and bank credit risk.

The results are reported in Table 3. The OMT effect is negative and statistically
significant, capturing a decline in bank credit risk associated with the OMT announcement.
This finding is consistent with the results of Fratzscher et al. (2014). The lagged growth of
ECB security holdings is strongly significant too. It displays a negative coefficient, indicating
that non-conventional monetary policy interventions led to lower banking risk. These effects

are more pronounced in the equations modelling the subordinate CDS. The impact of lagged

2 Delatte et al. (2017) interpret the gradual reversion to the non-crisis regime since summer 2012, suggested by
their estimates, in the light of the OMT announcement by arguing that the ECB was successful in taming
aggregate banking risk and severing the sovereign-bank nexus. Nevertheless, they do not formally test these
conjectures.
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MRO changes on bank credit risk, however, is statistically insignificant. Therefore, the
evidence again stresses the significance of non-conventional monetary policy.

Summarising, this section presents strong evidence that the announcement of the OMT
programme influenced the mechanism linking spreads to global financial risk, liquidity risk
and credit risk. The expansion of the ECB’s balance sheet provided extra stimulus and further
weakened the link between spreads and fundamentals. Importantly, the impact of policy
interventions is both direct and indirect, the latter materialising through reductions in bank
credit risk. The direct effect suggests that the OMT and purchases of sovereign bonds in the
secondary market improved expectations by signalling that the ECB stands ready to prevent
the collapse of sovereign bond markets due to existing fiscal liabilities. The indirect effect
hints that the ECB reassured investors that sovereigns will not be called upon to finance

unsustainable contingent fiscal liabilities originating from extensive bank losses.

4. Summary and concluding remarks

In this paper, we investigate the hypothesis that ECB policy interventions can affect the
model used by markets to price EMU sovereign bonds. Our empirical strategy consists of two
steps. First, we use a TVP panel methodology to model the ten-year government bond yield
spread against Germany of ten EMU countries on proxies of international financial risk
liquidity risk and credit risk over the period January 1999 to July 2016. Second, we estimate
the impact of ECB interventions on the time-varying sensitivity of spreads to each risk factor,
controlling for the effects of bank credit risk.

Our work brings together multiple branches of the literature on the European sovereign
debt crisis. Our main findings are as follows. First, we present evidence consistent with the
predictions of theoretical models regarding multiple equilibria and the role of shifts in
expectations. Second, we find that the announcement of OMT in August 2012 was a game
changer for the evolution of the European debt crisis, as it led to new bond-pricing regime.
This regime is characterised by a weakened link between spreads and fundamentals, but with
higher spreads relative to the pre-crisis era and a residual redenomination risk, carried over
from the crisis regime, in the periphery countries. Third, we show that ECB policy
interventions affect the relationship between spreads and fundamentals not only directly, but
also indirectly, working through the bank credit risk channel.

The OMT announcement and the expansion of the ECB’s balance sheet through

purchases of sovereign bonds expressed the commitment of the ECB to preserve the single
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currency and enabled markets to exit the crisis regime. This assessment, however, comes with
two important caveats. The first is that as unconventional monetary policy measures have
played a significant role in supporting euro area sovereign bonds, their reversal in the future
may cause renewed market turbulence. The second is that the downward pressure on
sovereign borrowing costs could be a source of moral hazard in fiscal and structural reforms.
On this important question, opinions are divided: some authors, including Claeys and
Leandro (2016) arrive at reassuring conclusions, whereas other contributions, including Sinn
(2014) and Deutche Bundesbank (2016), strike a much more sceptical tone. Given its far-
reaching implications, the question merits considerable attention on behalf of academic
authors. Meanwhile, and as long as the jury is still out, the prudent policy approach would be
not to discount the risks of financial instability and moral hazard.
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APPENDIX

Figure Al: Log of VIX
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Note: This figure plots the logarithm of the Chicago Board Options Exchange Volatility Index (VI1X) over the
period January 1999 - July 2016. The shaded area denotes the period July 2007 - July 2012. Source: Chicago

Board of Exchange.
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Figure A2: TVP coefficients — Full panel — Using first lag of regressors
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016.
Time-varying panel (TVP) coefficients and 95% confidence intervals (dotted lines), calculated using the wild
bootstrap method (1000 iterations), are shown. The estimation bandwidth parameter (h) is set to 0.15 and the
bandwidth correction parameter (¢) to 0.08. The panel includes Austria, Belgium, Finland, France, Ireland, Italy,
the Netherlands, Portugal and Spain. The dependent variable is the 10-year government bond yield spread
versus Germany. The set of explanatory variables includes the lagged logarithm of the Chicago Board Options
Exchange Volatility Index (vix), the lagged bid-ask spread of 10-year government bonds (BA), the lagged
logarithm of the Economic Sentiment Index relative to Germany (esi), and the lagged 1-year ahead expected
gross government debt to GDP ratio relative to Germany (ED). The shaded area denotes the period July 2007 -

July 2012.
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Figure A3: TVP coefficients — Full panel — Alternative bandwidth parameters
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016, using
four alternative values for the bandwidth parameter: h = 0.15, 0.10, 0.20 and 0.30. In all cases, the bandwidth
correction parameter (¢) is set to 0.08. Time-varying panel (TVP) coefficients and 95% confidence intervals
(dotted lines), calculated using the wild bootstrap method (1000 iterations), are shown. The panel includes
Awustria, Belgium, Finland, France, Ireland, Italy, the Netherlands, Portugal and Spain. The dependent variable is
the 10-year government bond yield spread versus Germany. The set of explanatory variables includes the
logarithm of the Chicago Board Options Exchange Volatility Index (vix), the bid-ask spread of 10-year
government bonds (BA), the logarithm of the Economic Sentiment Index relative to Germany (esi), and the 1-
year ahead expected gross government debt to GDP ratio relative to Germany (ED). The shaded area denotes the
period July 2007 - July 2012.
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Figure A4: TVP coefficients - Full panel — Alternative bandwidth correction parameters
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Note: This figure plots non-parametric estimates of Equation (1) over the period January 1999 - July 2016, using
three alternative values for the bandwidth correction parameter: ¢ = 0.08, 0.05 and 0.10. In all cases, the
bandwidth parameter (h) is set to 0.15. Time-varying panel (TVP) coefficients and 95% confidence intervals
(dotted lines), calculated using the wild bootstrap method (1000 iterations), are shown. The panel includes
Austria, Belgium, Finland, France, Ireland, Italy, the Netherlands, Portugal and Spain. The dependent variable is
the 10-year government bond yield spread versus Germany. The set of explanatory variables includes the
logarithm of the Chicago Board Options Exchange Volatility Index (vix), the bid-ask spread of 10-year
government bonds (BA), the logarithm of the Economic Sentiment Index relative to Germany (esi), and the 1-
year ahead expected gross government debt to GDP ratio relative to Germany (ED). The shaded area denotes the
period July 2007 - July 2012.
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Table Al - Data Description and Sources

Variable Description Source
Spread 10-year bond yield spread against German bund ECB
ViX Chicago board options exchange volatility index Bloomberg
BA 10-year bond bid-ask spread Bloomberg
esi Economic sentiment index relative to Germany Eurostat
ED Expected general government gross debt differential against Eur. Comm.
Germany (% of GDP) Economic
Forecasts
MRO Main refinancing operations rate (% per annum) ECB
shmp Securities held by the ECB for monetary policy purposes, weekly ECB
financial statements
DoMT Dummy variable equal to 1 since August 2012 and 0 otherwise own
calculations
CDS senior CDS index covering 25 senior subordination European Banks Markit
CDS junior | CDS index covering 25 senior junior subordination European Banks Markit
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