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Abstract

The European Central Bank (ECB) took many measures to combat the eurozone’s rolling
financial crisis. For providing desperately scarce dollars to eurozone banks, the ECB relied on
the U.S. Federal Reserve. Using a novel econometric framework, we identify financial markets’
response to the ECB’s liquidity injections and its more pro-active monetary stimulus between
October 2009 and September 2012, the most intense phase of the eurozone crisis. Dollar
liquidity clearly reduced stress in bond markets and improved economic sentiment, as reflected
in higher equity prices. In contrast, passive euro liquidity provision and even active measures
(policy rate reductions and bond market interventions) delivered modest results. Although
government bond spreads did typically decline, markets remained worried that spreads could
rise quickly; moreover, broad economic sentiment remained unchanged. Only the Outright
Monetary Transactions (OMT) “bazooka” had a substantial beneficial effect. Overall, the results
point to the ECB’s limits in helping improve financial market’s sentiment.
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1 Introduction

In the summer of 2007, as the global financial crisis (GFC) began gathering momentum, central
banks needed to respond quickly and forcefully. Evaporating liquidity, particularly for dollars,
represented the primary short-term concern. But the risk that the economy could fall into a
recession—possibly a depression on the scale of the 1930s—was the other, deeper worry.

A central bank can respond to a worsening macro-financial environment with two broad types
of actions. In a mainly passive response, the central bank provides liquidity to stabilize markets
and promote lending.! A more active response requires monetary stimulus through lower interest
rates, which reduce short-term nominal rates and gradually feed into lower long-term nominal
rates. Lower interest rates put “money in people’s pockets” and, therefore, encourage spending
and economic activity.

The active response runs into a limit if short-term nominal interest rates fall to the zero
lower bound. Monetary stimulus then requires some combination of forward guidance (a credible
promise to keep interest rates low for an extended period) and the purchase of financial assets to
quickly lower the long-term interest rates.

After the onset of the global financial crisis, central banks undertook both types of actions,
although with different emphases and timing. In August 2007, the ECB and the U.S. Federal
Reserve opened up liquidity. Starting in September, the Fed also began reducing its policy interest
rate, bringing it down to nearly zero by December 2008. The Fed then began forward guidance
and large-scale asset purchases. The Bank of England (BoE) began active stimulus in October
2008, soon after global financial conditions deteriorated markedly in the wake of the Lehman
Brothers bankruptcy. The BoE then moved aggressively.?

In contrast, the ECB remained reluctant to actively stimulate the eurozone economy (Figure
1). The ECB actually raised its policy rate in July 2008. After the Lehman Brothers bankruptcy,
the ECB did lower its policy rate from 4.25% in October 2008 to 1.25% in April 2009. But at
this pace, the ECB lagged not only the Fed but also the Bank of England. Moreover, unlike the
other central banks, which maintained a steadily active monetary policy stance, the ECB raised
its policy rate again, in April and July 2011, before starting another round of monetary stimulus
in November 2011.

In addition to reducing the policy rate, the ECB provided active stimulus through ad hoc
interventions in the bond markets of financially stressed eurozone governments. At first, such in-
tervention was mainly through the Securities Markets Programme (SMP). Then, in a big move in
July 2012, the ECB announced its Outright Monetary Transactions (OMT) program, a commit-
ment to purchase bonds of governments that agreed to undertake fiscal austerity and structural
reforms. Although the ECB described the SMP and OMTs as necessary to reduce dysfunction-
ality of financial markets, both measures, in our terminology, imparted active stimulus: they
worked to reduce the medium to long-run government bond yields (Krishnamurthy et al., 2017).

Thus, much more so than the other central banks, the ECB passively provided liquidity to

! For the difference between (active) monetary and liquidity policies, see Svensson (2010) and Hetzel (2012).
2 For the taxonomy of the monetary policy measures of major central banks over 2007-2014 period, see Buraschi
and Whelan (2015) .



the banking sector and relied much less—and more hesitantly—on active, stimulative measures.>.

Of its liquidity interventions, a crucial component was the provision of dollars obtained through

swap operations with the Fed.
[Insert Figure 1]

We begin our analysis in October 2009, the starting point of the eurozone crisis, marked by
the Greek government’s announcement of a gaping hole in its budget. The analysis extends to
September 2012, the point at which the ECB’s announcement of OMTs calmed down the fever
in financial markets. Over this period, we look at the impact of ECB measures on the sovereign
spreads of five countries in the euro area periphery: Greece, Ireland, Italy, Portugal, and Spain.
The bond spread is the difference in yield between the bonds of a periphery government and the
German government bond. We also examine how eurozone-wide industry and country stock price
indices responded to the ECB’s measures. Throughout, we use daily data.

We employ two empirical methods to estimate causal impact of multiple policy interventions
on the asset prices. First, to evaluate the impact of the ECB’s interventions on the sovereign
bond spreads’ market expectations and uncertainty, we estimate augmented vector autoregres-
sion for quantiles of the conditional distribution of bond spread changes (QVARX, White et al.,
2015). The QVARX framework has important advantages over standard regression or event study
methodologies. It delivers measures of both the market’s central predictions (conditional median)
and uncertainty (the difference between the upper and the lower conditional tail quantile). These
statistics incorporate dynamic spillovers between the spreads and the effects of confounding fac-
tors; they are robust to misspecification of the volatility process. The framework also allows
the decomposition of uncertainty into two elements: the difference between the upper condi-
tional tail quantile and the conditional median and the difference between the lower tail and the
median. These two measures contrast how the markets evaluate the likelihood of large spread
increases (decreases) relative to the expected (median) response to the interventions, indicating
asymmetries in the market’s perception of imminent risks. We trace the contemporaneous and
dynamic impact of policy interventions on the market’s predictions and uncertainty via simulated
impulse-response functions.

Second, to evaluate the causal impact of the ECB actions on European stock prices, we
estimate a factor augmented VAR model (FAVAR). We add policy interventions to the vector
autoregression with equity market common factors. The QVARX used for bond spreads becomes
infeasible with a large number of endogenous variables.” The FAVAR model, in contrast, allows for
simultaneously tracing the effects of policy interventions on a large number of variables (equities)
while controlling for confounding factors and underlying dependencies given by common equity

factors (and additional control variables).

3 The liquidity measures broadly included: changes in the design of the open market operations; changes in
the collateral requirements for euro borrowing; interventions in the covered bond market; reduction in the required
reserves ratio and provision of long-term loans to banks.

4 In addition, the quantile estimates are robust to outliers and departures from normality.

® Similarly, consistent estimation of factor (or FAVAR) models using principal component estimator imposes
conditions on the minimum cross section dimension (approximately 30 for our sample time dimension), which
prevents their application with the government bond data.



To identify unanticipated and exogenous shifts in the monetary policy, we rely on information
outside the QVARX and FAVAR framework. We first calculate daily changes in variables (“policy
indicators”) that plausibly move with the specific type of policy intervention. We then project
the changes in the policy indicators on their own lags, on lags of sovereign bond yields and
other financial variables, on measures of private sector expectations about the economy as well
as on measures of contemporaneous EU-wide and country-level news releases. The residual from
the projection of the indicator on the days of policy announcements is the measure of policy
intervention that we include to the QVARX and FAVAR models. To the extent that the projecting
variables capture news flows on the announcement days and public information about the state
of the economy that was not incorporated in the policy indicator prior the policy change, the
proposed measure provides unanticipated and exogenous change in the policy.5

We use the euro-dollar swap basis as an indicator of dollar liquidity interventions, the excess
bank liquidity in the Euro-system as an indicator of euro liquidity interventions, and the yield
on two-year Belgium sovereign bond as an indicator of “active” (the SMP interventions and
policy rate changes) policy interventions. We verify that each of the proposed indicators loads
significantly to announcements of the particular intervention and that the proposed intervention
measures are unforecastable.

We find that dollar liquidity measures lowered bond spreads and raised equity prices signif-
icantly. In response to dollar liquidity interventions, markets anticipated the fall in the median
spread and attached higher likelihood to large spread declines vis-a-vis the hikes. Dollar liquidity
made banks safer and thus reduced the likely bailout costs that governments may have to incur.
Dollar liquidity also generated equity price gains at the aggregate level as well as for banks and
several capital-intensive sectors. Thus, markets recognized that shortage of dollar liquidity could
seriously undermine banks’ operations and, hence, welcomed actions to alleviate that bottleneck.

In contrast, euro liquidity measures only marginally reduced median bond spreads for Portu-
gal, Ireland and Spain. We find no statistically significant effect on the bond spreads of Greek and
Italian governments. However, the interventions also caused markets to worry that the likelihood
of large spread increases had risen.

The enhanced euro liquidity was addressing the wrong problem. The real constraint to the
eurozone’s economic recovery was a lack of demand. Unable, therefore, to lend profitably to
healthy borrowers, banks engaged in a “carry trade” (Acharya and Steffen, 2015, and Drechsler
et al., 2016). Especially in the periphery countries, banks used ECB liquidity mainly to buy their
own government bonds, which were de facto risk-free but earned them relatively high interest
rates. This helped improve banks’ profitability and the increased demand for the bonds did help

reduce the spreads, although to a surprisingly small extent. Perhaps the rise in bank holdings

® The changes in the policy indicators on the actual days of policy announcements provide a measure of the
component of the policy that is unexpected by the markets given their pre-announcement information set. To be
a valid measure of the policy change, this requires assuming that: i) the policy announcement is the only relevant
news released on that day; ii) any systematic response of the ECB to information about the economy that is public
knowledge prior to the announcement has been priced in the indicators. Using residuals from the projection of
policy indicators, we relax these assumptions and obtain a measure of the component of the policy that is also
orthogonal to contemporaneous news releases and public information about the state of the economy (embedded
in financial variables and private sectors forecasts).



of sovereign debt led a concern that banks were now more vulnerable to the risk of sovereign
default, which added to the likely burden on the sovereign to underwrite the country’s banks.
Such deepening of the sovereign-bank nexus presumably pushed up the sovereign default premium
that offset the greater demand for sovereign bonds.

Finally, financial market participants understood that, in a demand-constrained environment,
cheaper liquidity did little to stimulate demand and economic activity, it did little to raise equity
prices.

The ECB’s active measures before OMTs, the SMP interventions and policy rate reductions
between October 1, 2009 and July 20, 2012, also had limited impact. Sovereign spreads fell for
all five bonds in response to active interventions. However, financial market also perceived a risk
that spreads on Greek bonds would immediately rise and spreads on Spanish, Portuguese, and
Irish bonds would rise and remain elevated. Equity prices rose in several countries and sectors in
response to SMP and policy rate cuts, though not by a statistically significant degree.

The increase we observe in the likelihood (risk) of higher spreads and the absence of significant
equity price reaction imply that markets read the ECB’s active measures as bearers of bad news, as
Kang et al. (2015) also conclude. To be effective, central banks need to take forceful stimulative
actions to convey that they are ahead of the curve rather than merely responding with a lag
to gathering bad news (Baeriswyl and Cornand 20107). Our results thus suggest that markets
believed that the ECB had fallen behind the curve.

The OMT announcement was a substantial intervention. Although there were many legal
ambiguities in the operation of OMTSs, investors perceived them as a commitment to prevent
default by a eurozone government on its bonds. Around the three OMT-related announcements,
sovereign spreads declined substantially and the likelihood of a further significant fall increased.

Equity prices also increased significantly, especially for banks.

1.1 Related Literature

For control variables in our QVARX and FAVAR models, we follow empirical studies on move-
ments in European sovereign bond spreads during the crisis years (Mody, 2009; Beber at al, 2009;
Favero et al, 2010; Mody and Sandri, 2012; Beirne and Fratzscher, 2013; De Grauwe and Yi,
2013; D’Agostino and Ehrmann, 2014; Monfort and Renne, 2014; Schwarz, 2016).

A small literature focuses on evaluating the effect of the ECB policy measures in response
to the crisis. One strand of this literature uses event-study methodology to analyze the effects
of the ECB interventions on the asset prices; this literature focuses on the SMP, OMT, and the
long term refinancing operations (LTRO) announcements (Altavilla et al., 2014; Falagiarda and
Reitz, 2015; Kang et al., 2015; Szczerbowicz, 2015; Acharya, et al., 2016; Krishnamurthy et al.,
2017). The overall message from this work is that while SMP and OMT announcements helped
decrease the bond yields of the periphery countries and raise aggregate European stock indices,
the LTRO announcements had relatively weak effects.

A different literature uses a regression framework to study the impact of SMP interventions on

" Baeriswyl and Cornand (2010) further discuss the optimal policy response in the imperfect information frame-
work.



the sovereign bond yields and their volatilities (Eser and Schwaab, 2016; Ghysels at al., 2016). The
studies find contemporaneous and persistent effects of the SMP announcement and subsequent
ECB bond purchases on the reduction in the level and the volatility of the targeted bonds yields.
Lucas et al. (2014) nevertheless show that market perceptions of conditional sovereign risks
remained elevated following SMP interventions.

Instead of looking at the policy announcements or actual bond interventions, yet another set
of studies assess the impact of ECB monetary policy “shock” on bond yields and other asset prices
using single-equation or small scale VARs with different methods for identification of the policy
shock. In this strand, Rodgers, et al. (2014) show that accommodative policy shocks quickly and
persistently lowered Italian and Spanish spreads but oddly led to an increase in German yields.

We contribute to this literature in several ways. We use QVARX and FAVAR models to
uncover the causal response of asset prices to multiple policy interventions. In addition, our bond
analysis goes beyond the analysis of the conditional mean and studies changes in the features of
the conditional distribution of bond spreads. The analysis controls for the presence of confound-
ing factors and dynamic spillovers between the spreads and is robust to misspecification of the
volatility process. While our findings are broadly consistent with the earlier literature, our more
nuanced differentiation of the policy measures provides sharper findings. We highlight, for exam-
ple, an important difference between dollar and euro liquidity policies. Moreover, we contrast the
significance of market’s reaction to the OMT announcement relative to earlier bond purchase and
interest rate interventions, revealing the importance of unambiguous and active monetary policy
signals for driving market expectations. Finally, we also contribute to the empirical literature by
providing identification of multiple monetary policy shocks within QVARX and FAVAR model.®

The remainder of this paper is organized as follows: Section 2 discusses our dataset and
the QVARX and FAVAR models. Section 3 presents bond spread and equity results. Section 4

provides various specification checks. Section 5 concludes.

2 Data and Econometric Methodology

2.1 Data

Financial data

Our data runs from October 1, 2009 to September 28, 2012. We chose a start date just before the
Greek government’s announcement on October 9 that its budget deficit would be much higher
than previously forecast. Our baseline sample ends on July 20, 2012, six days before the pledge in
London by ECB President Mario Draghi that the ECB would do “whatever it takes” to preserve

the euro. We use the full sample to assess the differences in impact with and without the OMT

® The identification methodology is related to earlier work on using external high-frequency measures of monetary
policy shocks (Kuttner, 2001; Gurkaynak et al., 2005) and to work on orthogonalizing an external shock measure
against the information about the economy’s expected future path (Romer and Romer, 2004). Ramey (2016),
Miranda-Agrappino and Ricco (2017), Stock and Watson (2018) and Nakamura and Steinsson (2018) provide
recent overviews of the literature.



interventions. Given our focus on the crisis period, we end the sample on September 28, 2012,
when the sovereign bond yields of all countries were on a downward trajectory.

The data on government bond yields is primarily from Bloomberg, which provides 10-year and
2-year generic bond yields for Germany, Greece, Italy, Portugal, and Spain. We use the Thomson
Datastream 10-year generic sovereign bond data for Ireland due to gaps in the Bloomberg data
(October 12, 2011-September 28, 2012). However, the two series for Ireland are highly correlated
for overlapping days in our sample (sample correlation is equal to 0.99). The 2-year bond data for
Greece and Ireland is not available for the full period; we, therefore, exclude it from the analysis.
We also exclude all non-trading days. For eurozone industry and country local currency MSCI
price indices, we rely again on Bloomberg.

Figure 2 (top panel) shows plots of the 10-year bond spreads data and the corresponding daily
changes. Through much of the sample period, we observe a general rise in the spreads of all five
bonds with several jointly-occurring spikes, suggesting a certain degree of common movements
over time and around key periods of heightened sovereign stress. There are also notable differences
in the time dynamics. The rise in Greek, Irish, and Portuguese spreads is stronger in the first
half of the sample; Spanish and Italian spreads increase faster and exhibit more volatility starting
mid-2011.

The lower panel of Figure 2 shows the returns on 11 MSCI country indices and 43 industry
indices. As with the bond data, equity returns show a significant degree of commonality with

several periods of heightened volatility, which coincide with the key phases of sovereign crisis.
[Insert Figure 2]

We include several proxies for the influence of common factors. VSTOXX (the implied volatil-
ity of Euro STOXX 50 index) and VIX (the implied volatility of S&P 500 index) indices are,
respectively, commonly used proxies of risk aversion of European and global investors. The
spread between the 3-month Euribor and Eonia swap index measures the extent of money mar-
ket tightness. The ITRAXX Europe index tracks the 125 most liquid CDS contracts for European
companies.

In addition, we control for bond market liquidity (Schwarz, 2016). Bond market liquidity is
defined as the daily yield spread between bonds of the German federal government and those
of the German KfW, a government-owned development finance bank. Since the German federal
government explicitly guarantees both bonds, their underlying credit risk is equivalent. Hence,
the spread between the two yields reflects the market liquidity premium that investors demand
for investing in the less liquid KfW bonds. The sources for all control variables are provided in
the Appendix A. Figure 3 (upper panel) plots the control variables and the corresponding daily
(log) changes.

Finally, to construct measures of unanticipated and exogenous shifts in the monetary policy
that correspond to dollar liquidity, euro liquidity and active policy interventions, we use three
variables, which we call policy indicators. The three month euro dollar swap basis, defined as the

deviation from the covered interest rate parity with respect to the three month Libor rates’, is

% The basis is defined as the spread between the Libor dollar interest rate and the synthetic dollar interest rate



the indicator for dollar interventions. The euro-dollar swap basis widened significantly over the
second half of 2008 and early 2009 (Goldberg et al., 2010). It widened again between July 2010
and December 2011, each time implying that European banks faced a scarcity of dollars (Acharya
et al., 2016).

For euro liquidity interventions, we follow Garcia de Andoain et al. (2016) and use aggregate
FEurosystem daily excess bank liquidity. The excess bank liquidity is defined as the deposits at
the Euro-system deposit facility net of the recourse to the marginal lending facility, plus current
account holdings in excess of those contributing to the minimum reserve requirements. Excess
liquidity increases when the banks park their funds with the ECB, reducing their exposure to the
interbank market. The excess liquidity increases mechanically after the start of LTRO operations,
which we control for in our estimations.

We use the yield on the two-year Belgium sovereign bond to proxy for active policy inter-
ventions: the ECB’s policy rate changes (which convey information about the expected path of
interest rates'®) and sovereign bond interventions (which targeted medium-to-longer maturities).
The two-year Belgium sovereign bond displays some volatility during the crisis (French, German
or the Dutch bonds remained more stable throughout this period), yet it remained outside direct
ECB purchases that could potentially affect the bond yield changes on a given announcement

day beyond our controls.
[Insert Figure 3]
Policy announcement and other news data

We merge our financial data with a narrative dataset of the ECB policy announcements and news
releases. Narrative data based on announcements is subject to judgmental bias. To limit such
a bias, we rely on publicly available sources and perform several cross-checking exercises. We
begin with the ECB’s own list of measures undertaken!!', and cross check that with alternative
timelines (Bahaj, 2014, De Santis, 2014, Rodgers et al., 2014, Falagiarda and Reitz, 2015). We
also compile a record of other contemporary developments, including on major EU-wide policy
announcements, periphery countries’ sovereign rating changes, and local economic and political
news. This controls dataset focuses only on the key announcements as in Ait Sahalia et al. (2012);
it is based on Bloomberg’s daily news briefings for European economic news and is cross-checked
with alternative timelines. The details are in Appendix B.

We time the announcements, as they appear on the Bloomberg newswire. For consistency and
to control for a possibility of the within-a-day lag in Bloomberg reporting, we browsed through
alternative news sources (Financial Times, Wall Street Journal and Reuters) and searched for
the earliest time the news appeared. If an event occurred after the market closed (18.00 CET)
or on a weekend or other non-trading day, we treated that news release as if occurred first thing

on the next working day.

obtained by swapping the Euribor interest rate into dollar.
' Hanson and Stein (2015); and Gertler and Karadi (2015)
"1 The webpage https://www.ech.europa.eu/ecb/html/crisis.en.html however has not been functional since 2016.



We code each announcement as a dummy variable. Active stimulus dummy takes the value
1 for the announcements of the bond market interventions and/or interest rate cuts; in contrast,
for interest rate hikes, the dummy variable takes the value -1. Euro and dollar'? liquidity dum-
mies take the value 1(-1) for announcements of liquidity provision (tightening) and relaxation
(tightening) of collateral requirements.

Finally, rating changes are coded in line with the literature (Gande and Parsley, 2005, De
Santis, 2014), where the number of notches in the downgrade (upgrade) is used as the argument
of the dummy variable. We also take into account changes in the credit outlook and credit watch,
and assign them values 0.5 (assigned to credit watch / negative outlook) and -0.5 (taken out from
credit watch / positive outlook). Table 1 provides the summary of the monetary policy events.

The summary of all events is provided in Appendix E (Table AE1).
[Insert Table 1]
Identifying policy interventions

We identify a policy intervention as the daily change in the policy indicator that is orthogo-
nal to contemporaneous news releases and public information about the state of the economy.

Specifically, we run the following regressions:

p q T 3 3
APIL = a+) $;APL_i+ Y BiAy i+ON+>  piwsi+ Y  0;SPF j+Y 7,ASPF j+u; (1)
i=1 i=1 i=1 j=1 j=1

where API; is the daily change in the respective policy indicator (euro-dollar swap basis,
excess euro liquidity or the yield on two-year Belgium bond). Ay;_; is the change in bond yields
of periphery countries. IV; is the vector of the news release variables, which includes the dummy
for the other two monetary policy announcements, EU-level policy announcements, country-level
rating changes and local news. x;_; is the vector of additional covariates (daily change in Vstoxx,
VIX, the KFW spread, and Eonia rate). We also include lagged values of other two policy

indicators in the vector x;_;.!?

SPF; ; is the vector of the latest available current year, next
year and four quarters ahead of the Survey of Professional Forecasters forecast of the euro area
inflation, output and employment; and ASPF; ; is the latest revision in the forecasts. In the
equation for excess liquidity, we include a dummy variable for the days of the 1-year and 3-year
LTROs settlements.

The policy intervention variable is the residual from the regression (1) on the announcement
days Ay My =ul {t = A}

To the extent that the control variables capture news flows on the announcement days and
public information about the state of the economy that was not incorporated in the policy in-

dicator prior the policy change, the resulting measure My, should represent unanticipated and

2 For completeness, we also include the days of announcements of the British pound swap interventions. The
results are the same as when we focus only on the dollar swaps. .

13 For example, the changes in the euro-dollar swap basis may also reflect the changes in the ECB’s collateral
and euro liquidity policy (Corradin and Rodriguez-Moreno, 2016) or in the active policy stance (Du et al., 2018).



exogenous change in the policy. Column 4 in Table 1 shows that the constructed measures are
generally consistent with the direction of the policy change. Announcements of dollar liquidity
provision lead to tightening of the dollar basis (positive innovation), announcements of euro lig-
uidity provision are accompanied with the fall in the excess liquidity (negative innovation), while
announcements of interest rate cuts and sovereign bond interventions are reflected in the decrease
of the Belgium bond yield. To examine whether the proposed policy indicators are good prox-
ies of the actual interventions we estimate additional regressions that add signed announcement
dummy variable to the specification of the corresponding indicator. Column 5 shows that the
coefficients for the dummy variables are statistically significant and of expected sign, suggesting
that the proposed variables are indeed good indicators of the policy changes. Finally, we examine
whether the proposed measures are forecastable using the previous public information. Given the
censored character of intervention measures, we estimate probit regressions of each of the policy
measures on the set of regressors given in equation 1. Column 6 shows forecasted probabilities of
policy interventions on the announcement days. The majority of the estimated probabilities are

below 0.5, implying their market surprising character.

2.2 QVARX

The first part of our empirical approach provides model-free measures of market predictions and
uncertainty with respect to likely changes in the bond spreads in the presence of market spillovers
and common factors. The methodology is based on vector autoregressive model for conditional
quantiles, introduced in White et al. (2015) and further discussed in Kim et al. (2018). We
extend their work to system estimation with a moderate number of endogenous and exogenous
(or predetermined) variables and propose simulated impulse-response analysis. The empirical
specification is:

Q% = a+ AQY | + BAy;_1 + CM; + Dx;_, + GN; (2)

where Ay;_1 is the K—dimensional vector of the spread changes (in our case K = 5), «
is the K —dimensional vector of intercepts, M; is the vector of policy interventions, x; 1 is
p—dimensional vector of covariates (p = 2) and Ny is the 3—dimensional vector of the news
variables (EU-level policy actions, country-level rating changes and local news). Q¢ is the §—th
quantile of the conditional distribution P (Ay; < y | Ayi—1, My, x¢—1, Ni). To control for potential
endogeneity, common factors enter in lag.

The empirical framework offers several advantages. It yields a structure for studying various
asymmetries in the bond market reactions to policy changes without assuming a particular non-
linear model for the data generating process.'® Specifically, the quantile specification allows for
changes in both the conditional mean and conditional volatility of the bond spreads (see White et
al., 2015). Estimation of conditional quantiles also imposes weaker distributional assumptions on

the underlying data generating process relative to the standard regression setting which models

4 For example, asymmetries may include the possibility that bond markets attach higher probability to large
spread increases relative to decreases (and vice-versa) in response to the innovation; or that markets do not react
on average to the innovation but their assessment of potential risks (large movements in the spreads) changes
markedly.



asymmetries in the bond market (given e.g, in Beber and Brandt, 2009).

Second, the QVARX includes confounding factors and allows for dependence of the spread’s
conditional quantiles on lagged quantiles and past values of other spreads, thereby capturing
dynamic spillovers between the spreads at the distributional level. Since we are interested only in
controlling for confounding and spillover effects on our measures of interest, this approach allows
us to succinctly summarize the links that can arise at the conditional mean, volatility or higher
moments of the conditional distribution. Finally, even though different quantile estimates may be
of separate interest, we use them to construct the measure of the market’s central prediction of
the sovereign spread changes (conditional median) and the measure of uncertainty (the difference
between the corresponding upper and lower quantile). The uncertainty measure is model free
and, as such, also robust to misspecification of the volatility process.

We examine the contemporaneous and dynamic impact of policy interventions on the bond
spreads. The contemporaneous responses to interventions are obtained directly from estimates
of corresponding elements of matrix C.

To construct dynamic impulse-responses, we rely on dynamic simulation, which, in the present
context, shares a close connection with the nonlinear impulse-response analysis (Gallant et al.,
1993; Koop et al., 1996). To see the intuition, let us focus on estimating impulse-responses for an
arbitrary intervention of interest (say, dollar liquidity interventions); the same principle applies
to other interventions. Let decompose vector M; into the intervention variable of interest My 1
(dollar liquidity) and the remaining (two) intervention variables M;o: M; = | M;; Mo |. Let
Z7H denote the generic variable after the intervention, while while ZN© denotes the variable
without it. Simple recursions outlined in the Appendix C show that the response of conditional
quantile to intervention M; 1 after one period is equal to the difference between the two quantile

functions!®:

Qi — QN = A (R — QN9) + B(Ay — AyNO) + D (277 — 20 (3)

Equation (3) has several implications: i) the quantile impulse responses are dependent on
the history (the time ¢ at which the response is computed); ii) the responses depend on its own
path {QfH - QN O} and the paths of other variables following the intervention {AytSH — AyN O}
and {:CtSH —zN O}; iii) the responses are independent of other interventions and news releases
{M; 2, N;} that occur simultaneously with M, ; or during the forecast horizon as long as they are
independent of M; 1

If the change in spreads Ay; and common factors z; were independent of the intervention,
then only the own path dependence will be present and the response function could be estimated
directly from VAR or using local projections (Jorda, 2005). However, such an assumption would
be unrealistic in our setup given the fast response of financial variables to the news. On the
other hand, it seems plausible to assume that the news N; are independent of the intervention

contemporaneously or over a short daily horizon.'¢

15 Note that the reaction on day t+ s measures the change in the location of the conditional distribution between
the days t + s — 1 and ¢ 4+ s with respect to the impulse at time ¢.
16 Monetary policy intervention measures are mutually independent by construction.

10



To minimize the specification error, we do not specify a mechanism for how the spreads Ay,
and common factors x; respond to the intervention M;. Instead, we rely on simulating the paths
of {AytSH il } and { Ay} O zN O}, which in combination with the estimated parameters and the
recursions that lead to (3) generate impulse responses. The steps are presented in the Appendix
C.

The outlined procedure generates dynamic impulse responses at the quantile level. Contem-
poraneous and dynamic impact on uncertainty is computed analogously as the difference between
the two (upper and lower) quantile responses:

UNCSE — UNCNQ = (ijﬁH _ QﬁﬁNo) _ ( LOW.SH _ fohW’NO) Ch=0,1,.H (4)

Before proceeding, it is useful to understand the mechanics behind the uncertainty responses.
In economic terms, higher uncertainty can arise due to: i) higher probability of observing large
positive and negative changes in the spread; ii) higher likelihood of large spread reductions, while
spread increases become less likely; iii) higher likelihood of spread increases, while large spread
reductions are less likely. Conversely, uncertainty falls if the conditional quantiles move in the
opposite direction to (i-iii). Thus, the overall uncertainty movements can arise due to different
market expectations vis-f-vis the likelihood of spread increases or falls. In order to understand
what is driving the uncertainty and which risks are elevated, we decompose our uncertainty
measure in two components: right uncertainty (the difference between the upper tail and the
median) and left uncertainty (the difference between the median and the lower tail). These two
measures report how the markets evaluate the risks of large changes relative to the expected
(median) path following the interventions.'”

We estimate the QVARX parameters building on a class of Laplace type estimators (LTE)
introduced in Chernozhukov and Hong (2003). The LTE estimator is a function of integral trans-
formation of the original criterion function, and is computed as the mean of the quasi-posterior
distribution of parameters. While the theory in White et al. (2015) enables joint parameter
estimation across different quantiles, the quasi-maximum likelihood estimator suffers from con-
vergence problems in settings with large number of parameters (the curse of dimensionality).The
quasi-posterior distribution of the LTE estimator, in constrast, is approximated using Markov
Chain Monte Carlo method (MCMC), which alleviates the curse of dimensionality. Due to the
high complexity of the specification, we use the block adaptive Random Walk Metropolis Hast-
ings algorithm for MCMC sampling (Roberts and Rosenthal, 2009); details on the algorithm are
provided in the Appendix D. We assume the diagonal structure for matrix A to keep the number
of parameters estimable. This essentially implies that the dynamics of individual conditional
quantiles reflect spillovers from actual lagged changes in all spreads (matrix B), persistence in
quantiles (matrix A), and the impact of exogenous (or predetermined) variables (policy inter-

ventions, common factors and news releases, matrices C, D and G). The confidence intervals

17 Left and right uncertainty provide decomposed estimates of the asymmetric distributional changes following
the announcements. Alternatively, one can compute a quantile- based measure of conditional skewness (White et
al., 2008, Andrade et al., 2014) and study its response, which summarizes the relative strengths between the left
and right movements. The conditional skewness will fall if the left uncertainty response is larger than the right,
and vice versa.
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for impulse responses are constructed using the generated MCMC chain of parameter values.
Specificially, we draw 3000 values from the quasi-posterior distribution and, for each draw, con-
struct the impulse response paths. The 68-percent confidence intervals are computed using the

corresponding quantiles of the response paths distribution.

2.3 The FAVAR

To examine the broader macroeconomic impact of the ECB policies, we analyze their effects on
equity prices, while taking into account confounding factors and spillovers between the equity
markets. To achieve this objective, we model the joint dynamics of industry and country-level
indices using the factor augmented vector autoregressive model. The FAVAR specification!® adds
policy interventions to a small set of factors which drive the common component of a large set
of equity returns. In particular, let y; be the N—dimensional vector of the returns. Their joint

dynamics are approximated with the following FAVAR, equation:
ye = [AT] [Fs i) + e (5)

where F; is the k—dimensional vector of unobserved equity common factors, x; is the r—dimensional
vector of control variables and A and I'are the corresponding (N X k) and (N X r) matrices of

factor loadings. The factor dynamics are governed by the vector autoregression:
[Fli2]) = A(L) [F;2}])" + BM; + CN; + w (6)

where A(L) is the lag operator, M; is vector of policy interventions, Ny is the vector of the
news releases variables and u; are the VAR innovations.

The vector y; consists of the returns on the aggregate euro area MSCI index, 43 euro area
MSCI industry indices and eleven MSCI country indices. We include industry and country indices
together in FAVAR since the small number of country observations prevents consistent estimation
of separate FAVAR specification for country indices (Bai, 2003, Bai et al., 2016).' The joint
modelling of industry and country returns in this way implicitly assumes that their dynamics
are dominantly driven by common (global) factor(s). The assumption is consistent with the
empirical evidence that global factors tend to explain a more significant part of covariance of
country-industry equity portfolios compared to country and/or industry factors only (Bekaert et
al., 2009). Indeed, three factors, suggested by the Bai and Ng (2002)’s criterion explain close to
70 percent of the total variation in stock returns in our sample, of which the first factor explains
more than 64 percent.

Identification of impulse responses in FAVAR with exogenous policy intervention measures
amounts to identification of the reduced form coefficients in equation (5). Bai et al. (2016)

recently proposed three sets of identification restrictions on the loadings matrix A and on the

'8 The FAVAR model introduced in Bernanke et al (2005) and Boivin et al (2009) adds policy indicators as
endogenous variable in VAR equation (6) and uses different methods for identifying monetary policy shock from
this representation.

19 Consistent estimation of the factor space by the principal components estimator imposes conditions on the
minimum cross section dimension of y;, which is approximately 30 for our sample time series dimension (720).
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variance of factor innovations e; that provide just identified model. Following Bai et al. (2016)
(identification restriction IRb) we assume that factor innovations are mutually uncorrelated and
that the upper (3 x 3) submatrix of A is lower triangular. The former condition is weaker relative
to usual assumptions in factor models as it allows for correlation between the factors, keeping
the innovations uncorrelated. The latter condition implies that the aggregate euro area MSCI
index (ordered first in the y; vector) loads only on the first factor F}' and that an arbitrary
industry index (ordered second) loads only on the first two factors (the both indices also load
to observed covariate x;). The dynamics for all other stock indices are left unconstrained. The
restriction that the aggregate stock index loads only on the first factor is consistent with the fact
that F! captures the bulk of the variation in disaggregated stock returns and can be interpreted
as "global". We also verify that the choice of industry index which is restricted to load only on
the first two factors does not affect the results.

We estimate the parameters in equation (5) using the iterative procedure from Boivin et
al. (2009). The VAR equation (6) is estimated by OLS with three lags, suggested by the AIC
criterion. The stock returns and continuous control variables are standardized prior to estimation
as the principal component estimator is not scale invariant. The resulting impulse-responses are
rescaled and displayed in original units.

The confidence intervals for impulse-responses are obtained through bootstrap. In particular,
we follow Yamamoto (2018) (see also Mertens and Ravn, 2013; and Goncalves and Perron, 2014)
and use the two-step procedure to generate bootstrap samples. In the first step, we use the residual
bootstrap to sample VAR endogenous variables [Ftb’ ; x?’]/. In the second step, we generate the
bootstrap yf draws using the wild bootstrap with bootstrapped factors from the first step.2’
Specifically, the bootstrap draws are obtained as: y? = [[A\ f} [Ftb’ sl ], + €&, where ¢; are the
estimated residuals and &, is the vector of realizations of a random variable taking on values of
-1 or 1 with probability 0.5. We then use the resulting series y? to obtain new factor estimates,
which are regressed on its lags, bootstrapped monetary policy measures and exogenous variables
to produce the bootstrap draws of VAR coefficients. We control for the estimation error in the
proposed measure of policy intervention by sampling them through additional wild bootstrap run.
The two vectors of Rademacher random variable draws (&;) used in bootstrap of equity returns
and policy measures are sampled independently. We also control for potential small-sample bias
in VAR estimates by applying the small-sample bias correction (Killian, 1999). We use 2000

bootstrap realizations and report the 90% confidence intervals.

3 Results

In this section we report results from the baseline specifications of the QVARX model for bond
spreads and of the FAVAR model for equities. The QVARX model is estimated using daily data
from October 1, 2009 to July 20, 2012 for the conditional median and two tail quantiles (10 and
90). The vector of exogenous variables includes the VSTOXX index of implied volatility and the

KfW-bund spread, as proxies for the general European risk aversion sentiment and bond market

20 We use the wild bootstrap to acommodate for potential heteroscedasticity in the returns data.
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liquidity. The FAVAR model is estimated over the same period with VSTOXX index as the
primary control variable (x;) and EU-level news reeases (/V¢) as additional control variate in the
VAR equation.

While we include all the three policy interventions in the empirical models simultaneously,
we will group the presentation of the results along the interventions types. For each intervention
we consider three responses: (i) changes in the bond market’s central prediction of the sovereign
spread changes (conditional median responses from QVARX); (ii) changes in the bond market’s
assessment of potential large movements in the spreads (uncertainty responses from QVARX);
and (iii) changes in equity market average returns (conditional mean responses from FAVAR). For
the equity returns, we report responses all countries and several industry; the full set of industry
estimates is reported in Appendix E.

We normalize the size of the accommodative policy interventions in line with their expected
direction of change discussed in the previous section. Recall that negative widening of the euro-
dollar swap basis corresponds to increased stress in the dollar funding market, while increase
in the euro excess liquidity relates to tightening of the euro interbank money market. Thus,
for the euro-dollar swap basis (dollar liquidity injection), the size of the impulse is equal to the
90th sample quantile (rise by 1.2 basis points); for excess liquidity (euro liquidity injection),
it is the 10th sample quantile of the daily change (decrease by 11.5 billion euros); and for the
Belgian bond’s two-year yield (active measures), our normalization is a fall by 7 basis points
(10th sample quantile of the daily change). For each intervention and each response, we plot the
contemporaneous and the subsequent five-day cumulative reactions together with their confidence
intervals. Longer horizon responses at daily level are largely insignificant (cumulative responses
change little) and potentially sensitive to correlation between the news and the ECB actions;

hence, we only focus on the short-term responses here.
Dollar liquidity injections

Provision of dollar liquidity reduced the median spreads of all five bonds (Figure 4, top
row). The contemporaneous and the first day reactions are strongest in magnitude and mostly
statistically significant; the responses tend to die out or become positive (reversion) with weak
statistical significance thereafter. Importantly, we do not observe any reversion to pre-intervention
levels. The absolute size of daily reactions is also economically significant. While the spreads
median in-sample daily change ranges from 0.2 basis points for Italy to 3 basis points for Greece,
the estimated maximum daily reductions in expected spreads vary from 2.5 basis points (Italy)
to 11.5 basis points (Greece) in response to the dollar liquidity intervention that increases the

dollar basis by 1.2 basis points.
[Insert Figure 4]

Moreover, the likelihood of large spread declines (left uncertainty) increases. This higher
likelihood of spread decrease is primarily instantaneous and statistically significant for Greek,
Portuguese, and Italian bonds. The likelihood of large spread increases (right uncertainty) also

decreases for Greece and does not change in a significant manner for other bonds. Overall,
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therefore, the markets perceived a high likelihood of decline in spreads. Hence, dollar liquidity
injections had a sizeable and consistent calming effect on eurozone sovereign bond markets.

The dollar liquidity interventions also led to a significant contemporaneous increase in the
equity indices of all countries (Figure 5). The increases in Spanish and Italian equities were the
largest, at around 1.8% daily change following the intervention. The returns become negative for
most of the indices after two days; however, they do not eliminate earlier positive gains. Thus,
financial markets welcomed steps to alleviate the dollar funding risks of European banks, which
improved the general sentiment.

Eurozone banking stocks gained the most, rising by close to 2.4%. Most other sectors also
experienced a bounce. Estimated reactions are economically significant as they correspond to

90th quantile of the empirical distribution of the equity returns.
[Insert Figure 5]

Banks benefited from a particularly sharp increase in their stock prices because they were
desperately short of dollars (ECB, 2012). The banks had financed their sizable U.S. dollar assets
(amounting to roughly 3.2 trillion dollars at the end of 2010) by issuing short-term unsecured
dollar debt (certificates of deposits and commercial papers); the banks had also borrowed dollars
through foreign exchange swaps. But dollars became increasingly scarce as the main holders of
the short-term dollar debt, U.S. money market mutual funds (MMMF), faced large-scale investor
redemptions amid growing concerns about the fragility of European banks (Mody, 2018; Cher-
nenko and Sunderam, 2014). These redemptions caused a significant contraction in the total
amount of available unsecured dollar funding, especially for the banks with larger sovereign ex-
posure (De Marco, 2018).2! This contraction in funding together with the rising cost of foreign
exchange swaps implied that the dollar constraint created a serious risk for banking operations.
In turn, the stress felt by banks fed through to sovereigns, who were presumed to be liable for
bank bailout costs. Not surprisingly, dollar liquidity provisions substantially reduced the risk
premium in the sovereign bond market. Thus, everyone gained: the banks, the governments, and

the overall economy.
Euro liquidity injections

Following euro liquidity interventions, the conditional median of Portuguese and Irish bond
spreads fell significantly on a cumulative basis over the six-day period (Figure 6). Spanish bond
spreads also fell on the first and third days following the intervention, but their cumulative six-
day median decline was modest and statistically insignificant. The median reaction of the other
two spreads was statistically insignificant.

However, following euro liquidity injection, for all bonds other than the Greek sovereign bond,

markets viewed large spread increases as more likely relative to spread falls, indicating shift in the

1 De Marco (2018) shows that short-term unsecured dollar funding for Eurozone banks from US MMMFs fall
from approximately 500 billion EUR in January 2011 to the low of 170 billion EUR in the fourth quarter of 2011,
reflecting primarily the fall in the funding of the banks with higher exposure to sovereign debt.
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prevailing risks perceptions. In other words, the right uncertainty increased significantly relative
to the left uncertainty.

Thus, as banks used their easier access to euros (at low interest rates) to buy substantial
quantities of government bonds, risk spreads on those bonds tended to decline. Yet, banks
became more vulnerable because of their greater exposure to sovereign risk. In turn, therefore,
the likelihood increased that government sovereign spreads would rise quickly and significantly.

For the Greek bond, we observe statistically significant fall in the likelihood of large spread
increases. Unlike in other periphery countries, the share of Greek sovereign bonds in domestic
bank portfolios did not increase following the euro liquidity interventions (Acharya and Steffen,

2015). Hence, the interventions did not increase the bank’s exposure to sovereign risk.
[Insert Figure 6]

Equity indices generally lost ground after euro equity injections (Figure 7). Thus, the evidence
from the bond and equity markets is consistent with the observation that banks used ECB
liquidity mainly to buy their own government bonds (Acharya and Steffen, 2015, and Drechsler
et al., 2016). The additional liquidity created little incentive to lend to firms and thereby boost

economic growth (Bocola, 2016).
[Insert Figure 7]
Active policy stimulus

Active policy interventions before the OMT led to a contraction in expected spreads of all
five bonds (Figure 8). The estimates are also economically significant with maximum daily
reductions between 10.6 basis points (Greece) and 27.9 basis points (Ireland) in response to an
active intervention that reduced the Belgium two-year bond yield by 7 basis points. This is not a
surprise since some of the active measures were direct purchases by the ECB of sovereign bonds.

The signs and statistical significance of the estimated median responses are broadly consistent
with earlier event study literature. However, our estimated magnitudes are lower than in the
earlier studies. This is in line with the richer structure of the QVARX model, which controls
for the impact of simultaneous events, with our measure of policy intervention that excludes
anticipated and endogenous component of the intervention, and with our definition of active
measures, which includes interest rate changes in addition to interventions in the government
bond markets.

Although median spreads declined, active interventions before the OMT led to higher likeli-
hood of large spread increases for Spanish, Irish, Portuguese, and, in the short-run, Greek bonds.
It appears as if markets were unsure about the ECB’s strategy for bond purchases and policy rate
changes. In particular, the ECB’s purchases of government bonds were conducted in a manner
that lacked transparency. The ECB’s policy rate cuts also had the effect of increasing the level
of uncertainty among market participants. The rate cuts typically came well after signs of the
deteriorating economy were evident and, hence, markets had reason to be concerned that the

ECB may not sustain its actions. Market participants also had reason to worry that the latest
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injection of stimulus was signaling additional bad news about the state of the economy, a view

that would tend to increase the expectation of future spread increases (Benzoni et al., 2015).22
[Insert Figure 8]

The insignificant reaction of equity prices to the ECB’s active measures (Figure 9) reinforces
our interpretation that markets perceived a lack of commitment to continued stimulus and inter-

preted the measures as signaling a worsening economy.
[Insert Figure 9]

To contrast the impact of the OMTs to earlier active measures, we re-estimate the QVARX
and FAVAR models after extending the sample to September 28, 2012. Thus, we add three
announcements related to the ECB’s conditional commitment to purchase government bonds
(July 26, August 2, and September 6, 2012).22 We find a stronger decline in the conditional
median compared with the decline for the period that ended before the OMT announcements
(Figure 10). Only the Irish bonds do not appear to have benefited from this OMT effect. The
spread on the Irish bonds was already on the downward path following the announcement in
July 2011 of easier repayment terms on official lending by eurozone governments (Mody, 2018).
The OMT announcements also led to a higher likelihood of declines in the spreads. The only
exception is Spain where the relative likelihood of large changes remained skewed towards the

possibility of spread rises.
[Insert Figure 10]

The OMT announcements also led to a higher likelihood of declines in the spreads. The only
exception is Spain where the relative likelihood of large changes remained skewed towards the
possibility of spread rises. Finally, the immediate equity market response to the OMT announce-
ments is generally positive and statistically significant (Figure 11). Although the returns become
negative after two days, the revision does not eliminate initial gains. The positive reaction was
strongest in the case of Spanish and Italian stocks, which were under especially great stress in the
days before the OMT announcements. While gains elsewhere were uneven, the only country that
did not see equity price increases was Greece. It appears as if the state of the Greek economy
under a bailout program was so weak that the associated fall in sovereign bond yields through
OMT could not raise the optimism in the real sector.

Among all sectors, the banking sector equity price rose most impressively. The size of the
reaction is highly economically significant, corresponding to the 99" quantile of the returns’
empirical distribution.

In sum, our results confirm the general perception that the OMT announcements caused
markets to breathe a huge sigh of relief. Stress in the bond markets decreased, which helped

banks’ balance sheets and improved general economic prospects throughout the euro area.

2 Tn the context of the Eurozone crisis Benzoni et al. (2015) showed that mixed and uncertain policy signals
can generate uncertainty risk premium in equilibrium models of defaultable bonds.

23 In particular, we re-estimate QVARX and FAVAR models after adding the OMT interventions to the active
policy intervention variable and creating the separate OMT variable that captures additional effect of the OMTs
relative to previous active interventions.
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[Insert Figure 11]

4 Specification Checks

We evaluate the specifications presented from various perspectives. We only report a subset of

the results in this section, while the rest are in the accompanying Appendix E.

4.1 QVARX

Starting with model fit, for each country/quantile pair, Table 2 reports the percentage of times
the actual ten year sovereign bond spread change was below the estimated conditional quantile,
together with the p-values of the general specification test of the dynamic quantile model (Es-
canciano and Velasco, 2010). Given the high dimensionality of the empirical model, the results
indicate good performance - estimated frequencies are close to their population values and the
null hypothesis of the satisfying performance is not rejected for the majority (13 out of 15) of

country/quantile pairs.
[Insert Table 2]

Next, we use spreads on two-year government bonds (rather than ten-year government bonds)
as an alternative dependent variable. The data on Greek and Irish bonds is not available for the
entire period??; and so we estimate QVARX model for three remaining bonds. We observe the
same pattern of responses as before with a slightly stronger magnitude of reaction (Figures 12 and
13). The only qualitative difference to our baseline results is with respect to market perception
of relative risks, which becomes more skewed to spread increases for Italian bond in response to

sovereign bond and interest rate interventions.
[Insert Figure 12 and 13]

We then estimate the specification with ten-year bond yields (rather than spreads) as the
dependent variable. The results are very similar to the baseline specification and are reported in
Figure AE1. The similarity in responses between the yields and the spreads also implies that the
effect of monetary policy interventions on bond yields during the crisis was primarily driven by
the shifts in the risk premium.

Next, we check if the control variables we used are sensible. We first estimate conditional
median (Figure 14) and uncertainty responses (Figure 15) to each of the three control news
categories. In line with the earlier empirical literature, we find that the country bailouts and EU-
level actions (such as announcements regarding European bailout funds) led to downward spread
revisions, while rating downgrades and heightened local risks increased the expected spreads and
raised the right vis-f-vis left uncertainty, implying a further possible increase in spreads. Hence,

we can be confident that the control news set captures relevant confounding events.

24 The data for two year Greek bond ceases on March 12, 2012, while the data for Irish two-year bond is not
available between January 2010 and February 2011.
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[Insert Figure 14 and 15]

Further, we confirm that the main results are not sensitive to the choice of other control
variables. Given relatively high sample correlation between the VSTOXX, VIX, and ITRAXX
Europe index (above 0.45), we alternate between them in estimations. The results are qualita-
tively and often quantitatively analogous to the baseline and are reported in Figures AE2 and
AE3.

We also assess the sensitivity of the uncertainty estimates to the choice of benchmark quantile
levels. To do this we re-estimate the baseline specification at other quantile levels (15, 20, 80
and 85) and construct an alternative set of uncertainty measures. We do not include extreme
quantiles (95th and 99th), given the difficulties in their estimation in the high dimensional system.
The results with alternative quantile levels are close to the baseline specification (Figures AE4
and AE5). The only difference is that the estimated fall in the Greek spread right uncertainty
in response to euro liquidity intervention and the estimated rise in the likelihood of large fall in
Italian spread following the dollar intervention become insignificant at alternative quantile levels.

Finally, we ask if our results are the consequent of a “lucky” choice of ECB announcement
dates. We perform a random perturbation test. In particular, we construct 200 artificial ECB
timelines and re-estimate the QVARX model. We split the sample to non-overlapping 120 (work-
ing) day sub-periods such that the number of random announcement days drawn in each six-month
sub-period matches the actual number of events within the same period. In this way, we avoid the
possibility that random events are concentrated far away from the actual realization of events.
Table 3 reports the conditional median reaction of spreads to each randomized policy interven-
tion. Estimated randomized conditional median reactions are small, not significant and often of
opposite sign to the baseline estimates, suggesting that our estimates are capturing systematic
rather than random relations between the variables. The uncertainty reactions lead to a similar

conclusion, and are not reported.

[Insert Table 3]

4.2 FAVAR

We performed several specification checks of the FAVAR specification. None of these altered our
results in a qualitative or even meaningfully quantitative way. Hence, we report the results in
Appendix E and provide an overview of the tests we performed here.

First, we perturbed the choice of control variables and used either VIX or ITRAXX Europe
index as the main covariate (Figure AE6-AET). Second, we included additional confounding
factors to vectors x; or Ny one at a time. We started by including sets of local news releases
and sovereign rating changes to the vector V; in the VAR equation (Figure AE8-AE9). We
included spreads on two-year Spanish and Italian bonds as the additional confounding factors
(z¢) that could potentially capture spillovers from the building up of sovereign risk on equity

returns (Figure AE10).25 We also included daily change in euro-dollar swap basis and in the

25 We take Spanish and Italian bonds as the representative ones for the periphery countries. Including bonds of
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three-month Euribor-Eonia spread as additional source of confounding information (x¢, Figures
AE1l and AE12). The results across different specifications are fully in line with our baseline
estimates.

Third, we estimated the FAVAR model with industry returns only. The estimates were close
to the baseline, suggesting that the results are not sensitive to joint estimation of industry and
country returns (Figure AE13). We also confirmed that the results are not sensitive to the number
of lags included in VAR equation of FAVAR (Table AE2) and to different orderings of industry
returns within vector y; (not reported).

Finally, we repeated the placebo analysis in FAVAR framework by constructing 200 artificial
ECB timelines and re-estimating the FAVAR model for each of the constructed datasets. As
in the QVARX case, estimated impulse responses from randomized datasets are small and not
significant, suggesting that our estimates are capturing systematic relations between the variables
(Figure AE14).

5 Concluding Remarks

We find that dollar shortage was a key vulnerability of eurozone banks. Using dollars supplied by
the U.S. Federal Reserve, the ECB’s provision of dollars was crucial in stabilizing the eurozone’s
financial system, which also helped improve general economic prospects. In contrast, provision
of euro liquidity through multiple operations had limited effects. To be sure, banks used the
easier liquidity to buy sovereign bonds, which reduced the spreads. But such operations also
strengthened the so-called “sovereign-bank” doom loop, raising the concern that the more inti-
mate financial connection between governments and their banks would cause problems down the
line. Hence, markets anticipated spreads would likely rise again. Broad economic sentiment did
not improve.

The responses to the ECB’s active measures—direct interventions in bond markets and re-
duction in the policy rate—was, in most respects, similar to the passive liquidity provision. The
weak response to even the active measures, we believe, was the result of a lack of transparency
and uncertainty in the pattern of ECB actions. As a result, markets likely perceived that the
ECB measures were a response to more bad news and there was little assurance that the actions
taken would be reinforced by continued aggressive measures.

Our results imply that markets believed the ECB’s OMT promise would mitigate the euro-
zone’s severe financial and economic vulnerability. Immediately following the OMT announce-
ments, government bond spreads fell and the sentiment with regard to the banking sector as
well as the broader economy improved markedly. But OMTs have only been a promise, and the
question remains whether they will work if eventually the need arises to actually deploy them
(see Mody, 2018 for a discussion). Already, the ECB and the system of eurozone’s national cen-
tral banks have acquired substantial fractions of government bonds through the bond purchase

(quantitative-easing) program. There will be political limits to amount of a country’s bonds that

other countries would put a constraint on the VAR equation of FAVAR as the number of parameters to estimate
grows more rapidly to above 200.
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the ECB could buy. For, if the stressed country were to default on the bonds purchased by the
ECB, other member states would need to share losses as they replenish the ECB’s capital. Such
a concern would cause hesitation and delays, undermining the potential of OMTs.

More generally, our empirical results say that in periods of heightened uncertainty, central
bank interventions are effective if they: i) provide clear signals of the central bank’s commitment
to stabilize the economy; and ii) address the source rather than the symptom of financial stress.
In contrast, ambiguous signals about the likely course of the central bank actions and, hence,
uncertainty about the prospects of the economy, have more limited effects. In particular, provision
of liquidity to banks without creating confidence in economic prospects can increase risk-taking

incentives of banks.
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Results:

Table 1: Monetary policy measure:

Datein . . . - Implied
Date of release etimations Policy action Policy measure  Coefficient probability
Euro liquidity
03/12/2009 03/12/2009 The ECB’s Governing Council signals gradual phasing out of liqudity operations 2.381 0.023
ECB announces return to variable rate tender proceduresin the regular 3-month longer-term
04/03/2010 04/03/2010 refinancing operations (L TROs), starting with the operation to be allotted on 28 April 2010. 0.049 0.005
25/03/2010 25/03/2010 gpce?ata:r;r:;unc& that it will continue to accept bonds with BBB- rating as collatera in its monetary 1412 0.009
09/05/2010 10/05/2010 ECB announces asupplementa_ry sx-mon_th LTRO at arate which will be fixed at the average 771 0030
minimum bid rate of MRO during the period
10/06/2010 10/06/2010 ECB announces return to fixed rate tender procedure in 3-month LTROs -4.020 0.027
ECB announces stricter rules on bank collateral by revising haircuts on some classes of assets. It aso
28/07/2010 28/07/2010 provides details on the haircut schedul e effective from January 2011 6.387 0.028
04/08/2011 04/08/2011 ECB announces aliquidity-providing supplementary LTRO with amaturity between 6-12 months -0.595 -0.81%** 0.006
06/10/2011 06/10/2011 ECB announces second covered bond purchase programme and the details of new 6-12 months LTRO -10.126 (0.31) 0.032
08/12/2011 08/12/2011 ECB announces 12-36 months LTRO + collateral changes + lower minimum reserve requirements -26.094 0.261
ECB announces specific national eligibility criteriaand risk control measures for the temporary
09/02/2012 09/02/2012 acceptance of additional credit claims as collateral in Eurosystem credit operations for 7 central banks -3.717 0.053
(4 periphery).
22/06/2012 22/06/2012 ECB announces expanding pool of assets that can be used as collateral in monetary operations -28.656 0.088
03/07/2012 03/07/2012 ECB announces cap at the current Iex_/els of the amount of government-guaranteed debt that banks can 18.390 0.252
offer as collateral in monetary operations
Sovereign bond interventions and interest rate changes ("active")
09/05/2010 10/05/2010 ECB introduces Securities Markets Programme -18.396 0.526
02/12/2010 02/12/2010 ECBIannounce that it will continue to pr.owde exceptfonal fi nanlq.al .|quuldlty and will expand the 7682 0.152
bank's bond-buying programme to contain the sovereign debt crisisin the euro zone
07/04/2011 07/04/2011 ECB increases the key reference rate by 25 basis points. -1.816 0.025
07/07/2011 07/07/2011 ECB increases the key reference rate by 25 basis points 3.028 0.077
07/08/2011 08/08/2011 E;:r:z;nnounc&s active implementation of the SMP program (unofficially buying Spanish and Italian 16,609 0.307
03/11/2011 03/11/2011 ECB reduces the key reference rate by 25 basis points -4.913 -0.06*** 0.139
08/12/2011 08/12/2011 ECB reduces the key reference rate by 25 basis points 1.798 (0.02) 0.018
05/07/2012 05/07/2012 ECB reduces the key reference rate by 25 basis points -7.782 0.002
26/07/2012 26/07/2012 The President Draghi says that the ECB will do whatever it takes to protect the euro. -3.045 0.288
02/08/2012 02/08/2012 Announcement of the Outright Monetary Transactions (OMTs) programme -1.903 0.042
06/09/2012 06/09/2012 ECB announces the technical features of the OMT. -2.122 0.012
Dollar liquidity
27/01/2010 27/01/2010 ECB announces discontinuation of the temporary swap lines with the US Federal Reserve System on -0.200 0.057
1 February 2010.
09/05/2010 10/05/2010 ECB announces activation of the USD swap lines 4.612 0.068
17/12/2010 17/12/2010 ECB announces activation of the Sterling swap lines 0.641 0.070
21/12/2010 21/12/2010 ECB announces continuation of the USD swap lines 1.089 0.003
29/06/2011 29/06/2011 ECB announces continuation of the USD swap lines 0.743 1.99%** 0.043
25/08/2011 25/08/2011 ECB announces continuation of the Sterling swap lines 0.569 (0.63) 0.150
ECB announces three additional US dollar liquidity-providing operations with a maturity of three
15/09/2011 15/09/2011 months. These operations will be conducted in addition to the ongoing weekly seven-day operations 2.108 0.384
announced on 10 May 2010.
ECB announces temporary network of reciprocal swap lines with the FED, BoE, BoJ, SNB and BoC,
which will remain vaid until 1 February 2013. It also announces that the existing US dollar liquidity-
307112011 3071172011 providing operations will be conducted at alower price; the initial margin for three-month US dollar 4.840 0.570
operations is reduced, while weekly margin calls are introduced
12/09/2012 12/09/2012 ECB announces continuation of the Sterling swap lines 0.408 0.007

Notes: The first two columns reports the dates of ECB policy announcements: actual and in estimations (if the
announcement is outside the trading hours). Column 3 provides short description of the policy change. Column 4
reports estimated policy measure defined as the orthogonalized change in: excess bank liquidity (in billion EUR,
top panel), yield on two-year Belgium sovereign bond (in basis points, middle panel) and three month euro-dolar
basis (in basis points, lower panel) on the announcement days. Column 5 reports estimated coefficient for the
announcement dummy of the related intervention, when this variable is included in the regression (1) for the policy

instrument. Column 6 reports estimated probability of monetary policy intervention from probit regressions of

policy interventions on lagged financial and SPF forecast variables.
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Table 2: QVARX model fit:

quantile 10 50 90

Hits DCQ test Hits DCQ test Hits DCQ test
Greece 9.87% 0.525 50.63% 0.205 90.13% 0.162
Ireland 8.62% 0.024 49.51% 0.375 90.96% 0.373
Italy 8.48% 0.010 49.93% 0.330 90.82% 0.130
Portugal 9.46% 0.101 50.49% 0.426 90.82% 0.262
Spain 8.62% 0.152 49.80% 0.300 90.54% 0.148

Notes: For each country in row and each quantile level in column, Table 2 reports: the percentage of times the
actual ten year sovereign bond spread change was below the estimated quantile level (first column); the p—value
of the dynamic conditional quantile (DCQ) specification test (second column) of Escanciano and Velasco (2010).
The conditioning set under the alternative for each bond spread in the row includes regressors from equation (2)
and the second lag of the corresponding bond spread. Critical values of the test statistic are obtained using the
approximation procedure outlined in Escanciano and Jacho-Chavez (2010). In calculations we use 3000 draws from

10 independent (m=10 in notation of their paper) standard normal random variables.
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Table 3: Placebo tests:

Spread Estimate Euro Liquidity FX liquidity Active

Median 0.017 0.020 0.022
Greece

Cl [-0.0310.098] | [-0.046 0.098] | [-0.0720.094]
ireland Median 0.003 0.002 0.010

Cl [-0.0330.032] | [-0.0350.039] | [-0.0390.043]
Ital Median 0.004 0.002 0.010

y Cl [-0.021 0.029] | [-0.0230.038] | [-0.0350.474]

Spain Median 0.004 0.007 0.003

Cl [-0.024 0.027] | [-0.0350.035] | [-0.0410.042]

Median 0.002 0.005 0.016
Portugal

Cl [-0.0310.037] | [-0.0410.058 | [-0.0430.063]

Notes: The table reports estimated contemporaneous responses of the change in the ten year government bond
spreads vis-f-vis Germany (rows) with respect to randomly drawn announcements (columns). The first row for
each country reports estimated average conditional median response across 200 artificial timelines. The second row

reports 68% confidence interval based on the empirical placebo distribution.
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Figure 1: Key ECB policy measures, 07/2008-10/2012:
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Notes: The figure reports timeline of the key liquidity and active policy measures implemented by the ECB (bars)
and the path of the ECB main reference rate (solid line).
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Online Appendix

to accompany

Central Bank Policies and Financial

Markets: Lessons from the Eurozone Crisis
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Appendix A: Data definitions and Sources:

Bond yields: daily mid yields for generic ten-year government bonds of Germany, Greece,
Ireland, Italy, Portugal and Spain from Bloomberg; daily yields for benchmark ten-year Irish
government bonds between October 12, 2011-September 28, 2012, from Thomson Datastream;
daily mid yields for generic two-year government bonds of Belgium, Germany, Italy, Portugal
and Spain reported by Bloomberg; VSTOXX index: daily index of implied volatility of Euro
STOXX 50 options prices reported by Bloomberg; VIX index: daily index of implied volatility
of S&P 500 options prices, collected by CBOE and reported by Bloomberg; ITRAXX Eu-
rope index: daily index of 125 most liquid CDS contracts for European companies reported by
Datastream; Three month Euribor rate: daily weighted average of interest rates in the unse-
cured Euro interbank market reported by Bloomberg; Three month Eonia swap rate: daily
overnight index swap rate on Eonia, which is a weighted average of overnight unsecured Euro
interbank transactions, reported by Bloomberg; Market liquidity: daily yield spread between
the German federal government bonds and German KfW agency bonds, provided to authors by
Krista Schwarz.

Equity prices: daily local currency MSCI Eurozone price indices for 43 industries and 11
countries, reported by Bloomberg; Three month euro dollar swap basis: deviation from the
covered interest rate parity with respect to three month Libor rates defined as: (14+3mLibor)-
((14+-3mEuribor)*3mForward/Spot), exchange rates defined in units of Dollar for 1 Euro and
sourced from Thomson Reuters; Euro-area excess bank liquidity: defined as the daily deposits
at the Euro-system deposit facility net of the recourse to the marginal lending facility and plus
current account holdings in excess of those contributing to the minimum reserve requirements,
sourced from ECB daily liquidity conditions data.

Appendix B: News Controls Construction:

To construct the dataset of news controls we start from Bloomberg’s daily news briefings for
European economic news. The briefing offers a summary of the key (most read) financial news
of the day. Since we are not interested into question whether the news impact sovereign yields
per se, the universe of daily key financial news is too wide with potentially heterogeneous impact
on the spreads. We therefore define several categories and group the news along this dimension:
i) sovereign rating changes by three major credit rating agencies (S&P, Moody’s, Fitch); ii)
announcements of the EU level measures, including the bailout packages for individual countries;
iii) local economic and political news.

To minimize endogeneity concerns and to control for the impact of the multiple announcements
on the same topic, we focus only on the key announcements as in Ait Sahalia et al. (2012). The
approach is also consistent with empirical evidence in Bahaj (2014) who shows that only top 10%
of events he identifies contribute to 80-90% of the variance of the intra-day sovereign yield changes.
To select the key events we merge the Bloomberg data with additional databases and in the case
of single country news we also apply additional criteria. The data on rating changes is easily
available on Bloomberg and, analogously to the ECB announcement data, the exact timing is
obtained by cross-checking the Bloomberg newswire with alternative news sources. To construct
the set of EU policy announcements we: a) cross-check the Bloomberg data with alternative news
sources; b) cross check the Bloomberg data with alternative timelines (Bahaj, 2014, De Santis,
2014, Brutti and Saure, 2015, Bruegel timeline?®) and retain only the events that appear in all
three sources. Finally, the set of local country news is obtained by excluding the news related
to: a) changes in the sovereign spreads levels, b) issuance of the sovereign bonds ¢) individual

6 http://www.bruegel.org/blog/eurocrisistimeline/
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companies.

Appendix C: Simulated Impulse-Response Analysis

We are interested in tracing the contemporaneous and dynamic impact of the policy interventions
across the conditional quantiles. The elements of parameter matrix C' measure contemporaneous
impact of the ECB interventions, controlling for the risk spillovers from other peripheral countries
and for the impact of other news releases, past changes in the spread level and common factors.

To contruct dynamic impulse-responses we rely on dynamic simulation, which in our context
has a close connection with the nonlinear impulse-response analysis (Gallant et al, 1993; Koop et
al, 1996). Decompose vector M into the intervention variable of interest M ; and the remaining
intervention variables: M; = [ M Mo ] Decompose the parameter matix C in the same
way. Let ZtSH denote the generic variable after the intervention, while while Z}¥ O denotes the
variable without it. If the policy intervention realizes at time ¢, the model (2) can be solved
forward as:

ZgH = o+ AQi—1 + BAy;—1+ C1 + CoMy 2 + Dxy—1 + GN;

QJE = a+ AQP" + BAy! + CoMyy1 s + DM + GNyyy (A1)
Without the shock this yields:

iNO = a+ AQi—1+ BAy;—1 + CQM@Q + Dxi_1 + GN;
QNG = a+AQNO + BAYNO + CoMyi12 + DO + GNyj (A2)

Hence, the response of the conditional quantile to intervention M;; after one period is equal
to the difference between the two quantile functions:

Q1= QN1 = A(Q" = Q) + B(Ay" = Ayp"?) + D (27" — 2{') (A3)

Equation (A3) has several implications: i) the quantile impulse responses are dependent on
the history (the time ¢ at which the response is computed); ii) the responses depend on its
own path {QfH - QY O} and the paths of other variables following the shock {AytSH — Ayl O}
and {z7# — 2NO}; iii) the responses are independent of other interventions and news releases
{M; 2, N} that occur simultaneously with M, ; or during the forecast horizon as long as they are
independent of M ;.

If the change in spreads Ay; and common factors z; were independent of the intervention,
then only the own path dependence will be present and the response function could be estimated
directly from VAR or using local projections (Jorda, 2005). However, such an assumption would
be unrealistic in our setup given the fast response of financial variables to the news. On the
other hand, it seems plausible to assume that the news N; are independent of the intervention
contemporaneously or over a short daily horizon.?

To minimize the specification error, we do not specify a mechanism for how the spreads Ay,
and common factors z; respond to the intervention M; ;. Instead, we rely on simulating the paths
of {AytSH P } and {Ayiv O xN O}, which in combination with the estimated parameters and
the recursion (A1) and (A2) generate impulse responses. We do that in the following way:

1. Draw 200 paths (with repetition) of {AytSH ap } from the observed data on the days of
policy announcements using a one-sided window of two days (the day of the announcement
and the subsequent two).

2T Monetary policy intervention measures are mutually independent by construction.
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2. 200 paths for non-shock response {Ay{v O xN O} are generated from the remaining days in
the sample (not selected in the step 1).

3. Plug generated paths {AytSH Ly } into equation (Al) and, using estimated parameters
and the remaining data {2, N;}, obtain 200 realizations of Qtsfl

4. Plug generated paths {AytN O zN O} into equation (A2) and, using estimated parameters
and the remaining data {2, N;}, obtain 200 realizations of Qé\_fg

5. The responses with respect to the intervention at time ¢ are obtained as an average of
fol — Qﬁg from steps 3 and 4 over the 200 paths.

6. Repeat the steps 1-5 for the days of actual intevention announcements.?®
7. Take the average of the responses over the selected days (average over the previous step).

8. Repeat steps 1-7 for other horizons: h =2,3,,,,, H.

Appendix D: Markov Chain Monte Carlo Details

The QVARX model described in Section 2 can be expressed in more compact form as:
Qf = AQ{ 1 +71Z, (A4)

where Z; now encompasses all right hand side variables: Z; := (Ay;—1, 241, My, N¢, 1). Let 8 be
the vector of unknown parameters: 3 := (vec (A)",vec (T)/)I.

Following White et al. (2015), the estimate 3 minimizes the modified quantile regression
criterion function:

mﬁinLT B)=T" til {231 Py.i (Ayit — i (-, 5))}

where pg; (u) = u (0 —1(u < 0)) is the "check function" and ¢, (-, B) is the " conditional
quantile of the i variable. The standard QMLE estimator based on the criterion function Lz (3),
however, faces computational difficulties in the high-dimensional framework as the criterion func-
tion generally tends to move slowly and remains within local nonconvex regions. To circumvent
such situations, we estimate the parameters using the Chernozhukov and Hong (2003)’s Laplace
type estimator. The LTE estimator is a function of integral transformation of the criterion
function Lz (8) to a proper, quasi-posterior, distribution. The unknown parameters are then
estimated as the mean of the quasi-posterior distribution of the parameters which can be approx-
imated using the Markov Chain Monte Carlo methods. By transforming the estimation problem
to estimation of the well-defined moments of the quasi-posterior distribution, the LTE estimator
alleviates the computational curse of dimensionality, while providing the global optimum. The
resulting estimates also remain efficient.

We use block adaptive Random Walk Metropolis Hastings algorithm (Roberts and Rosenthal,
2009) for generating MCMC samples. The vector of unknown parameters 3 is divided in three
non-overlapping blocks. Let 3, denote the b*" block of the parameters. The algorithm to construct
chain of length M contains two main steps.

Step 1: Draw a candidate vector of parameter values in block b, 55, as: 8; = 5y, + &, where
B is the current state of the vector of parameter values in block b and &, is a jump proposal
vector sampled from the mixture of normal distributions defined below.

28 Alternatively, the steps can be repeated over the full sample, with no effect on the results.
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Step 2: Accept or reject the proposal based on the acceptance probability:

min <1, el (9,0-0) = L (mm)})
b

where 5_; denotes the current state of parameters in blocks other than the bth. and ), is the
scale parameter set in the range around 0.1 (Kormiltsina and Nekipelov, 2016)2?. If the proposal
is accepted, replace 3, with 37, otherwise keep it unchanged. Move to the next block.

To improve efficiency of the algorithm in the high-dimensional framework, we allow proposal
distributions to adapt as the chain learns about the posterior distribution from its own past.
However, to avoid situations in which the algorithm adapts to efficiently explore unimportant
regions of the parameter space, the proposals are drawn from the mixture distribution that mixes
the past information about the posterior distribution with occasional jumps to other regions. The
proposals are drawn from the mixture:

¢ N <O,v3n7b§]m’b> wp. 1 =946
" N (0, 621) )

Here, N (O, v?n bim,b) is the adaptive component where f)mb is the sample covariance matrix

of parameters within the b** block, calculated using previous m — 1 iterations of the algorithm.
The scaling factor U%I , relates the degree of adaptation to overall acceptance rate. We follow

Roberts and Rosenthal (2009) and initialize it at v, = 2.38/Sp, where Sy is the size of the block.
The scale factor is then fine tuned with the rule:

e If the proposal was rejected: vp11p = Ump — vop/ (1004/m)
e If the proposal was accepted: vy,414 = Upp + 2.3 * vgp/ (100y/m)

e If the proposal was from non-adaptive part: vy, {15 = V-

such that the overall block’s acceptance rate approximately equals 30%. N (0, ¢ I;) provides
non-adaptive component. After some initial fine tuning, the scale parameter ¢, is set to 0.1 To
obtain non-singular estimate of the covariance matrix im,b, the first 1500 iterations of the chain
use only non-adaptive component with the scaling factor 0.025S5,. To improve computational
efficiency, covariance matrix im,b is estimated using the rolling window of 50,000 iterations. The
probability of large jump ¢ is set to 5%.

The starting values for the quantile spillover parameters in matrix B are set to zero. The
starting values for all other parameters are taken from the estimates of individual quantile au-
toregression models for each spread.

We use 1,000,000 draws in estimation of the QVARX tail quantiles and 800,000 draws in
estimation of the conditional median with burn-in of 200,000. Initial values for quantiles Qg
are set to empirical quantiles over the pre-sample 100 data points. The parameters are grouped
in three blocks: the first block includes intercept and parameters for lagged spreads and lagged
quantiles (matrices A and B), the second block includes parameters of common covariates (matrix
D), while the parameters for the policy intervention and news releases variables (matrices C' and
GG) comprise the last block. We run several diagnostic checks including different initialization of
the chains to examine the properties of the approximated distributions (Cowles and Carlin, 1996).
The results suggest good mixing of the chains and their convergence to stationary distributions.

29 Specificially, the draws of A, are made from the Inverse Gamma distribution IG (T, —1/60).
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The final MCMC sample is obtained by selecting every 200" observation from the initial sample
to limit the impact of sampler’s autocorrelation.
~ ~ M
The estimate 3 is obtained as the mean of the final MCMC sample: 3 = M~! S B(m). Using
m=1

the estimate, the impulse-responses are generated following the steps outlined in the previous
section. The confidence intervals for impulse-responses are obtained using the corresponding
quantiles of the response path distribution.
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Appendix E: Additional Results

This Appendix contains additional empirical results summarized in the following Tables and
Figures:

e Table AE1: Summary of the news releases data.

e Table AE2: Sumary of estimated cummulative responses of MSCI country and industry
returns for alternative lag lengths in FAVAR.

e Figure AE1l: Estimated cummulative responses of 10Y bond yields.

e Figure AE2: Estimated cummulative responses of 10Y bond spreads from QVARX with
Itraxx Europe index as alternative covariate.

e Figure AE3: Estimated cummulative responses of 10Y bond spreads from QVARX with
VIX as alternative covariate.

e Figure AE4: Estimated cummulative responses of 10Y bond yields using alternative quan-
tiles (15 and 85) in uncertainty calculations.

e Figure AE5: Estimated cummulative responses of 10Y bond yields using alternative quan-
tiles (20 and 80) in uncertainty calculations.

e Figure AEG: Estimated cummulative responses of MSCI country and industry returns from
FAVAR with VIX as alternative factor.

e Figure AE7: Estimated cummulative responses of MSCI country and industry returns from
FAVAR with Itraxx Europe index as alternative factor.

e Figure AES: Estimated cummulative responses of MSCI country and industry returns from
FAVAR with local news releases as additional covariates.

e Figure AE9: Estimated cummulative responses of MSCI country and industry returns from
FAVAR with periphery countries rating changes as additional covariates.

e Figure AE10: Estimated cummulative responses of MSCI country and industry returns
from FAVAR with Spanish and Italian 2Y bond spread changes as additional factors.

e Figure AE11 Estimated cummulative responses of MSCI country and industry returns from
FAVAR with 3M Euribor-Eonia spread changes as additional factor.

e Figure AE12: Estimated cummulative responses of MSCI country and industry returns
from FAVAR with changes in 3M euro-dollar swap basis as additional factor.

e Figure AE13: Estimated cummulative responses of MSCI industry returns from FAVAR
with industry returns only.

e Figure AE14: Sumary of placebo tests in FAVAR.

e Figure AE15: Estimated cummulative responses of MSCI country and industry returns
from FAVAR: all responses from the baseline specification.
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Table AE1l: News releases summary:

Tow ~ Hiohe - Lowe
number | OVereign - sovereign

risk risk
EU policy announcements 28 1 27
Rating changes Spain 19 19 0
Local news Spain 27 21 6
Rating changes Ireland 17 14 3
Local news Ireland 24 14 10
Rating changes Italy 10 10 0
Local news Italy 14 7 7
Rating changes Greece 28 25 3
Local news Greece 33 19 14
Rating changes Portugal 17 17 0
Local news Portugal 19 9 10

Notes: The table shows the number of days with each type of the news releases in the sample. We focus only on the
key news releases (see discussion in Appendix B). The second column shows the total number of news releases, the
third column shows the number of news which imply higher individual country’s or periphery countries’s sovereign
risk and the last column shows the number of news that suggest lower risk. The rating changes include changes in

the credit outlook and in the credit watch by three major rating agencies (Fitch, Moody, S&P).
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Table AE2: Estimated response for alternative lag lengths in FAVAR:

Dollar Liquidity Euro liquidity Active intervention

VAR lags 1 2 3 1 2 3 1 2 3
Country

Greece 1.38 131 117 -0.06 -0.16 -0.11 0.27 0.20 0.19
Ireland 164 157 1.44 -0.26 -0.36 -0.29 -0.42 -0.47 -0.47
Italy 1.84 1.74 159 -0.05 -0.19 -0.13 0.18 0.11 0.09
Portugal 1.19 1.13 1.03 0.03 -0.06 -0.03 0.23 0.19 0.17
Spain 1.77 1.66 153 0.15 0.00 0.04 0.56 0.50 0.47
Austria 172 164 1.49 -0.18 -0.29 -0.23 -0.08 -0.15 -0.17
Belgium 134 1.28 1.18 -0.15 -0.23 -0.19 -0.30 -0.34 -0.34
Finland 154 1.48 1.33 -0.38 -0.47 -0.39 -0.46 -0.53 -0.53
France 1.67 1.59 1.32 -0.20 -0.30 -0.24 -0.25 -0.30 -0.31
Germany 1.59 1.52 1.39 -0.27 -0.37 -0.30 -0.45 -0.50 -0.50
Netherlands 1.44 1.37 1.26 -0.20 -0.29 -0.23 -0.32 -0.37 -0.37
Industry

Banks 2.40 2.26 2.05 0.10 -0.09 -0.02 0.75 0.66 0.61
Insurances 194 184 1.68 -0.10 -0.23 -0.17 0.08 0.01 -0.01
Automobiles 1.95 1.89 171 -0.55 -0.65 -0.55 -0.92 -0.99 -0.98
Communic Equip. 153 1.48 1.29 -0.59 -0.67 -0.56 -0.64 -0.73 -0.73
Construction 1.79 171 155 -0.21 -0.32 -0.25 -0.15 -0.22 -0.23
Multi Utilities 1.63 154 1.42 -0.01 -0.12 -0.08 0.14 0.08 0.07
Telecomm. Servic 1.29 1.22 1.13 0.08 -0.02 0.01 0.29 0.25 0.23

Notes: The table reports estimated six day cummulative responses of MSCI country (top row panel) and industry

returns (lower panel) to the ECB interventions in column for different lag lengths (1, 2 and 3) used in FAVAR.
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