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Abstract

This article shows that changes in the tone of central bank communication have a significant
effect on asset prices. Tone captures how the central bank frames economic fundamentals and
its monetary policy. A positive tone surprise is associated with increases in stock prices and
interest rates, whereas credit spreads and volatility risk premia decrease. These tone effects
are robust to controlling for policy actions as well as for conventional measures of monetary
policy shocks. Our results suggest that communication tone is a powerful instrument of
monetary policy, which affects risk premia embedded in asset prices.

As I had often remarked, monetary policy is 98 percent talk and 2 percent
action. (Ben Bernanke, 2016, p. 498)

I don’t think I’m stepping up my rhetoric on inflation, Draghi said […].
Financial market analysts nonetheless detected a shift in tone if not in substance
of monetary policy. (Reuters, Apr. 4, 2012)

All eyes will be on the ECB this afternoon. If the tone is clearly dovish, then it
could maybe stop the bleeding on the market. (Reuters, Aug. 7, 2014)

I. Introduction

Monetary policy strongly affects asset prices, a prime example being the effect
of monetary policy announcements on stock prices (e.g., Bernanke and Kuttner
(2005), Lucca and Moench (2015), Cieslak, Morse, and Vissing-Jorgensen (2019),
and Neuhierl and Weber (2021)). A large part of the information released on
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announcement days comes in the form of verbal communication, rather than
quantitative releases, and central banks (CBs) use such communication to explain
their policy decisions and the economic outlook and to shape market expectations.
CB communication is thus closely followed by market participants, extensively
covered by the financial press, and CBs evaluate the media coverage of their
statements to gauge the effectiveness of their communication.1 Importantly, market
participants do not only pay attention to the content but also, as the above quotes
illustrate, to the tone of CB statements (i.e., how the central bank frames its policy
decisions and the economic outlook). Hence, a natural question is “Does commu-
nication matter for asset prices beyond policy actions?” Ben Bernanke’s view that
“monetary policy is 98 percent talk and 2 percent action” suggests that it should.

The contribution of our article is to answer this question by showing that the
tone of CB communication matters for asset prices. A positive tone surprise is
associated with higher equity market returns, lower volatility risk premia (a proxy
for risk aversion implied by equity options), and lower credit spreads (in particular
for financial institutions). At the same time, a positive tone surprise is associated
with higher risk-free interest rates. Our results suggest that policy tone affects risk
premia embedded in asset prices and that these effects are very similar to those of
policy actions on stocks (e.g., Bernanke and Kuttner (2005)), variance risk premia
(e.g., Bekaert, Hoerova, and Lo Duca (2013)), and credit spreads (e.g., Gertler and
Karadi (2015)). Given that our analysis controls for policy actions, our findings
imply that communication tone is an additional policy tool that supplements other
instruments of monetary policy.

In the empirical analysis, we measure the tone of the European Central Bank
(ECB) president in press conferences (PCs) held after policy meetings, which offers
an ideal setup for our analysis.2 The ECB holds scheduled monetary policy meetings
on Thursdays and announces its interest rate decision at 13:45 CET. The policy
statement issued at that time contains little to no information other than the actual
interest rate decision. At 14:30, the PC starts. Since PCs take place during trading
hours, financial markets can react to new information instantaneously, and the stag-
gered timing of rate announcement and PC allows to disentangle market reactions to
news about policy rates and communication (e.g., Ehrmann and Fratzscher (2009)).

To quantify tone, we use the financial dictionary developed by Loughran and
McDonald (2011) to identify negativewords and evaluate each statement’s tone by
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1For an overview of the literature on CB communication, see, e.g., Woodford (2005) and Blinder,
Ehrmann, Fratzscher, DeHaan, and Jansen (2008). Berger, Ehrmann, and Fratzscher (2011) discuss how
the ECB evaluates communication effectiveness via media reception.

2The ECB was the first major central bank to use press conferences to inform the public about the
rationale behind its decisions and to provide an outlook, but recently, other central banks (including the
Fed) have started to adopt similar communication strategies.
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assessing the prevalence of negative words. We verify that tone indeed captures
how the ECB frames macroeconomic fundamentals by showing that phrases such
as “global imbalances,” “disorderly correction,” “excessive deficit,” and discus-
sions about fundamentals that, for example, “remain weak,” are among the most
important drivers of tone.

Turning to the relation between CB communication and asset prices, we first
study how equitymarkets respond to changes in tone. Figure 1 illustrates our results
by plotting the average cumulative returns of the EuroStoxx 50 (a European large-
cap stock index) in a 48-h window around policy rate announcements of the ECB.

The middle line (in blue) of Figure 1 shows the average cumulative return
across all 241 PCs in our sample. There is a preannouncement drift before the policy
rate announcement at 13:45 CET (indicated by the solid vertical line labeled “RA”),
akin to the findings in Lucca and Moench (2015) for FOMCmeetings. Contrary to
the FOMC preannouncement drift, however, these returns are completely reversed
in the 24 h after the announcement. The other 2 lines show average cumulative
returns over the same time window but separately for PCs with a more positive tone
(upper line in green) and PCswith amore negative tone (lower line in red) compared
to the previous PC. Three effects stand out from Figure 1. First, PCs with a more
positive tone are associated with higher returns than PCs with a more negative tone.
Second, tone-conditional returns co-move until the beginning of the PC and then
start to diverge. Third, unlike the preannouncement drift, the return spread between
PCs with positive and negative tone changes is not reversed.

The link between tone changes and equity markets is statistically significant
for intraday returns measured from the beginning of the PC as well as for returns
measured over the full PC day, for Eurozone indices as well as for country indices.

FIGURE 1

Stock Returns in the 48 Hours Around ECB Policy Rate Announcements

Figure 1 shows the cumulative returns of the EuroStoxx 50 index in the 48 hours around ECB policy rate announcements. The
ECB announces its rate decision at 13:45 (CET) and then holds a press conference, which starts at 14:30 CET. The time
window shown is from 13:45 on the day before until 13:45 on the day after the announcement. The dashed vertical lines
indicate the end of a trading day, whereas the 2 solid lines indicate the time of the policy rate announcement (“RA”) and the
start of the press conference (“PC”), respectively. The three lines correspond to all press conference days (middle line, blue),
the subset of days with positive tone changes (upper line, green), or negative tone changes (lower line, red).
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Our key finding is that the effect of tone changes on returns is robust to controlling
for market-based proxies for financial conditions leading up to the policy meeting,
the ECB’s policy rate and unconventional policy announcements, interest rate-
based measures of monetary policy shocks associated with the rate announcement,
and the PC (e.g., Altavilla, Brugnolini, Gürkaynak, Motto, and Ragusa (2019)), as
well as past tone changes and other textual characteristics. Accounting for all these
control variables, we can interpret our results in terms of tone surprises that move
stock prices, and we validate this interpretation using the residuals from autore-
gressive (AR) models of ECB tone as well.

Our results imply that surprises in ECB tone convey new information for stock
markets, which raises the question of why and how tone matters for asset prices. To
shed light on this question, we explore tone effects in risk-free interest rates and
other classes of risky assets.

We start by documenting that a positive tone surprise is associated with higher
(risk-free) interest rates, which implies that tone does not move stock prices through
a simple discount rate effect. Instead, we show that tone surprises have a large effect
on risk premia embedded in asset prices.

When ECB tone becomes more positive, the VSTOXX volatility index
(similar to the VIX in the U.S.) decreases, which implies that volatility insurance
becomes cheaper. At the same time, realized volatility is essentially unrelated to
tone changes. As a consequence, changes in the price of volatility insurance are
primarily driven by lowered risk premia required by investors in excess of expected
volatility. This, in turn, implies that positive tone surprises are associated with
market participants lowering their risk aversion. Thus, our finding represents a
communication-based analog to Bekaert et al. (2013), who find that monetary
easing decreases risk aversion as measured by variance risk premia.

As an alternative proxy for risk premia, we analyze the response of credit
spreads to tone changes. We find that a positive tone surprise is associated with a
decrease in credit spreads (i.e., the yield differential of BBB- and AAA-rated
corporate bonds), and this result is most pronounced for the credit spreads of
financial institutions. These tone responses of credit spreads aswell as the responses
of stocks and interest rates are qualitatively the same as the joint asset price
responses due to changes in the risk aversion of the financial sector in Gilchrist
and Zakrajšek (2012).

Since positive tone shocks are associated with higher stock prices and higher
interest rates, they bear a resemblance to CB information effects (e.g., Nakamura
and Steinsson (2018), Jaroci�nski (2020)). To explore this further, we expand our
analysis of tone surprises to account for information effects and find that controlling
for information shocks does not crowd out the effect of tone shocks on asset prices.
These empirical results cannot distinguish whether the significance of tone stems
from being a novel, text-based proxy for information effects orwhether tonematters
through a separate channel. However, they clearly show the CB tone moves for
asset prices because it conveys news not captured by empirical measures of policy
and information shocks.

At the beginning of the introduction, we asked the question whether a CB’s
communication matters for asset prices beyond policy actions. We find that it does.
Our results suggest that CB tone affects the risk-taking of market participants and
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the risk premia they require, which implies that communication tone is an important
instrument in the monetary policy toolkit.

Related literature. Our work relates to previous research that analyzes the
effects of monetary policy on the prices of stocks and other assets as well as to the
literature on CB communication.

Bernanke and Kuttner (2005) are among the first to show that Fed policy
decisions have a strong effect on stock prices. Other studies of equity returns around
policymeetings provide evidence for a preannouncement drift leading up to FOMC
meetings (Lucca and Moench (2015)) and weekly return patterns over FOMC
cycles (Cieslak et al. (2019)). Neuhierl and Weber (2019) show that the expected
path of monetary policy, measured from Fed Fund futures, predicts stock returns.
There is ample evidence that monetary policy affects prices of other assets as well
(e.g., Rigobon and Sack (2004), Campbell, Pflueger, and Viceira (2020)), and our
work is most closely related to those who document risk premium effects, such as in
term premia (e.g., Shiller, Campbell, and Schoenholtz (1983), Gertler and Karadi
(2013), andHanson and Stein (2015)), equities (e.g., Bernanke andKuttner (2005)),
credit spreads (e.g., Gilchrist and Zakrajšek (2012), Gertler and Karadi (2015)), and
options-implied measures of risk premia (e.g., Bekaert et al. (2013)).

A related literature focuses on quantifying monetary policy surprises from
changes in asset prices in short windows around policy announcements (e.g.,
Kohn and Sack (2004), Guerkaynak, Sack, and Swanson (2005), Nakamura and
Steinsson (2018), Cieslak and Schrimpf (2019), Ferrari, Kearns, and Schrimpf
(2021), Leombroni, Vedolin, Venter, and Whelan (2021), and Swanson (2021)).
In our empirical analysis, we use the interest rate shocks proposed by Altavilla et al.
(2019) and Jaroci�nski (2020) aswell as the policy and information shocks identified
by Jaroci�nski and Karadi (2020) from the joint market reactions of interest rates and
equities.

Since we measure tone from CB statements, our work relates to the large
literature on CB communication (e.g., Woodford (2005), Blinder et al. (2008), for a
comprehensive survey). Early work includes Romer andRomer (2004) who apply a
narrative approach to identify monetary policy shocks from CB documents. Lucca
and Trebbi (2009) analyze the content of FOMC statements by semantic orientation
scores estimated from a large information set obtained through search engines.
Jegadeesh and Wu (2017) assess how the market responds to different topics
discussed in FOMC minutes. Hansen, McMahon, and Prat (2017)) investigate
how transparency affects deliberation of FOMCmembers, and Hansen andMcMa-
hon (2016) study how FOMC communication about economic conditions and
forward guidance affect economic and financial variables. More recently, Ehrmann
and Talmi (2020) use a human scoring approach to investigate how (small) changes
in CB communication affect financial markets. Picault and Renault (2017) develop
a lexicon to quantify ECB communication and show that it is helpful in explaining
future monetary policy outcomes. Other articles that analyze different communi-
cation characteristics (such as content, tone, similarity, readability, etc.) include
Bligh and Hess (2007), Rosa and Verga (2007), Rosa (2011), and Amaya and
Filbien (2015).

Our contribution to these branches of research is to show that policy commu-
nication matters for asset prices through a risk-based channel, beyond policy
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actions, because tone surprise conveys news not captured by monetary and infor-
mation shocks.

II. Measuring CB Tone

Our empirical analysis focuses on the ECB. Throughout our sample period
from 1999 to 2021, the ECB has held its monetary policy meetings on Thursdays
(scheduled well in advance), announced its interest rate decision at 13:45 CET, and
held a PC at 14:30.

The announcements and PCs take place during European trading hours and are
closely followed by market participants who can react to new information instan-
taneously. The staggered timing of rate announcement and PC provides an ideal
setup for disentangling market reactions to news about policy rates and communi-
cation tone. Our focus is on the tone surprise revealed during the PC, controlling for
any information released with the rate announcement 45 min earlier.3

The ECBwas the first major CB to adopt this form of communication and thus
offers the longest history to study the impact of CB tone on asset prices. Impor-
tantly, other CBs have recently followed the ECB’s example and started to hold PCs
after their policy meetings. For example, the Federal Reserve has started to hold
PCs very similar to the ECB’s setup in Apr. 2011, but only after every other FOMC
meeting. Boguth, Gregoire, and Martineau (2018) provide the first evidence that
markets pay higher attention and respond more strongly to FOMC meetings with
PCs than without PCs. In 2018, chairman Jay Powell announced that the Fed would
hold PCs after every FOMC meeting from 2019, emphasizing that increasing the
number of PCs is no indication about future policy actions but only about improving
communication.4 With more and more CBs seeking to improve communication
with the public by holding PCs after policy meetings, our results should be a useful
benchmark for assessing the likely effects of PCs on financial markets as CBs adopt
this form of communication as well.5

In total, our sample covers 241 ECB PCs from Jan. 1999 (the introduction of
the Euro) to Dec. 2021. For these PCs, we obtain transcripts of the ECB president’s
opening statements, which are carefully drafted in advancewith a 2-fold purpose: to
inform the general public about the rationale underlying the interest rate decision
made by the Governing Council and to provide a general outlook.

3For most of our sample (i.e., 1999 to 2016), the statement issued at 13:45 contained little to no
information other than the ECB’s interest rate decision. FromMar. 2016 onward, the press release reports
all monetary policy decisions, including unconventional monetary policy actions which had previously
been announced during press conferences. Since July 2016, the ECB has also included rate guidance in
the press release. With the onset of the COVID-19 crisis, the length of the press releases has increased
considerably, mostly due to the ECB announcing pandemic-related policy decisions.

4In his PC on June 13, 2018 (link), Chairman Powell states, “As Chairman, I hope to foster a public
conversation about what the Fed is doing to support a strong and resilient economy. And one practical
step in doing so is to have a press conference like this after every one of our scheduled FOMCmeetings.
[…] I want to point out that having twice as many press conferences does not signal anything about the
timing or pace of future interest rate changes. This change is only about improving communications.”

5Other central banks include the Bank of England, who started to hold press conferences after
inflation reports in 2015, but also other central banks (e.g., New Zealand, Norway, Sweden, and
Switzerland).
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Below, we discuss how we measure tone, present summary statistics for ECB
tone, and provide evidence that the ECB uses its tone to frame its judgment about
economic conditions and to adumbrate its future actions.

A. Measuring Tone from ECB PC Statements

The objective of our article is to quantify how changes in CB tone matter for
asset prices. For our analysis, we deliberately choose a simple dictionary-based
measure of tone that we quantify from ECB statements as described below. Addi-
tionally, we use the transcripts to compute other text-based measures proposed by
previous research to capture changes in the statements’ wording, complexity, and
lexical diversity. We discuss the processing of transcripts and the measurement of
these textual characteristics in detail in Appendix A.

We use the transcripts of the ECB PCs to construct a proxy for CB tone based
on the financial dictionary developed by Loughran and McDonald (LM) (2011).
More specifically, we use this dictionary to identify words that can be classified as
negative in financial contexts. In each transcript, we count the number of negative
words (N ) as well as the total number of words (T ) and define CB tone (τ) as

τ = 1�N=T ,(1)

such that lower values reflect a more negative CB tone and higher values imply a
less negative tone. Our empirical analysis focuses on changes in tone,Δτ, measured
as the first difference in τ between two subsequent PCs. Accordingly, we interpret
increases in τ as tone becoming more positive and decreases in τ as tone becoming
more negative.

Our choice to measure CB tone based on negative words listed in the LM
dictionary is driven by our objective to use a simple, transparent approach that does
not require any form of subjective judgment and thereby minimizes concerns
related to data mining. More specifically, our considerations are as follows.

First, we only use negative words because the usefulness of positive words for
measuring tone is very limited. On the one hand, positive words are frequently
negated (whereas negative words are not) and the framing of bad news often
involves positive words (e.g., Loughran and McDonald (2011), (2016)).6

Second, by relying on the well-established LM dictionary, we avoid the need
for a subjective classification of words as being negative or not. The LM dictionary
is explicitly designed to be informative for financial documents (in contrast to, e.g.,
the widely used Harvard Dictionary), and while it was originally applied to 10-K
filings, it has proven useful in other financial contexts as well (see, e.g., Gurun and
Butler (2012), Hillert, Jacobs and Müller (2014), and the surveys of Loughran and

6For example, Loughran and McDonald (2016) note (p. 1217) that “The framing of negative
information is so frequently padded with positive words that the measured positive sentiment is
ambiguous” such that ultimately there typically is “little incremental information in positive word
lists.” One could attempt to account for negations by training an algorithm to ignore or reinterpret
positive words in the vicinity of negations; however, doing so raises data mining concerns and does not
increase the accuracy of tone measurement. On the other hand, previous research suggests that market
participants tend to focus on negativewordswhile paying less attention to positivewords (e.g., Loughran
and McDonald (2020)).
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McDonald (2016), (2020)). Alternatively, we could build our own dictionary of CB
language, either by labeling words as negative based on common sense or based on
a statistical procedure that classifies certain words as negative based on themarket’s
reaction to the occurrence of these words. However, defining such a list ourselves
would essentially mean that we have control over the resulting time series of tone
and, thus, the outcome of our empirical analysis later in the article, which could
make our results susceptible to p-hacking concerns (e.g., Loughran and McDonald
(2020)). Using a statistical procedure to generate a word list would either require to
reserve some of the data for training the model (which limits the sample available
for the economic analysis) or to use the data twice, first to build the dictionary and
subsequently to analyze the effect of tone on asset prices (which creates hindsight
bias).

Finally, and again to avoid data mining concerns, we choose to measure tone
bymeans of simple word counts rather thanmore elaborate techniques. Approaches
such as term weighting or topic modeling use the full sample, which implies
hindsight bias. Hence, to avoid all these potential biases, we choose simplicity
and transparency over more elaborate alternatives in our empirical tests.7

The downside of our approach, as for any other method of textual analysis, is
that there can be misclassifications (i.e., cases where a phrase is identified as being
negative even though it is not). In Sections II.B and II.C, we document the useful-
ness of our tone measure by providing excerpts from PC statements and showing
which words and phrases drive ECB tone.

B. Descriptive Statistics for ECB Tone

Table 1 presents some descriptive statistics for ECB PCs. The first column
shows that PCs take place regularly but not at equidistant intervals. The average PC
cycle is around 23 trading days, with 9 and 49 days for the shortest and longest
intervals, respectively. The second column summarizes statistics for the ratio of the
number of negative words to the number of total words (N=T ), which we use to
compute the tonemeasure defined in equation (1). The averageN=T is around 2.5%
and is associated with substantial variability within the range of 0.4% and 5.7%.
The third column shows that tone changes (Δτ) are close to 0 on average and at the
median but exhibit substantial variation in the range from�2.4% to +2.0% as well
as a significant first-order autocorrelation. Of the 240 ECB tone changes in our
sample, we find that tone increases at 128 PCs and decreases in 112 cases. Figure 2
plots the time series of ECB tone and changes in ECB tone. The gray vertical lines
mark the dates of the ECBPCs. Graph A shows that ECB tone reached its minimum
at the end of 2008/beginning of 2009 during the financial crisis, and Graph B
illustrates that the volatility of tone changes over time.

7For the same reason, we do not ask human readers to evaluate CB statements. For instance, while a
potential advantage of that approach may be that human readers are better in processing certain nuances
of texts, a disadvantage is that human judgment cannot be avoided in the scoring process, thereby neither
guaranteeing an avoidance of misclassification nor “reader-fixed effects” in tone measures (e.g.,
Ehrmann and Fratzscher (2007)). Moreover, it would be difficult to set up a proper out-of-sample
analysis of how CB tone matters for asset prices, as multiple readers would have to be trained on a
large body of statements.
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C. Which Words Drive ECB Tone?

To provide evidence that tone indeed captures how the ECB frames macro-
economic fundamentals, we present summary statistics for themost frequently used
negative words that drive our tone measure as well as for bigrams and trigrams
(i.e., sequences of 2 and 3 adjacent words) in which they appear. Table 2 shows that
the most frequently used negative words are “weak,” “decline,” and “imbalances.”8

The most common bigrams and trigrams involving negative words include, for
instance, “global imbalances,” “weaker (than) expected,” “disorderly correction,”
“financial market volatility,” and “high level (of) unemployment.” This suggests
that our simple, dictionary-based measure correctly captures negative phrases
commonly used by the ECB. With this first evidence for tone picking up how the
ECB interprets and judges economic developments, we provide several PC excerpts
to illustrate the broader context in which tone is measured.

Table 3 presents excerpts from the PC held on Jan. 15, 2009, which our
measure identifies to exhibit the most negative tone during our sample period. In
these excerpts, we highlight word sequences involving negative words that we have
identified in multiple statements (in red italic font) and mark the negative words
with asterisks (*). From this statement, the sentence having the largest impact on our
tone measure is from the discussion of economic risks, stating that

They relatemainly to the potential for a stronger impact on the real economy of
the *turmoil* in financial markets, as well as to *concerns* about the emer-
gence and intensification of protectionist pressures and to possible *adverse*
developments in the world economy stemming from a *disorderly* *correc-
tion* of global *imbalances*.

TABLE 1

The Tone of ECB Press Conference Statements

Table 1 reports descriptive statistics for the 241 ECB press conferences between Jan. 7, 1999 and Dec. 16, 2021. The first
column reports the number of business days between press conferences (PCs). N=T reports the ratio of the number of
negative words (N) divided by the total number of words (T ) in the president’s opening statement at the PC (in percentage
points). Δτ measures the change in tone τ compared to the tone at the previous PC, where τ¼ 1�N=T as defined in equation
(1); reported numbers are the changes in percentage points. For the 240 realizations of Δτ, we also report the coefficient of an
AR(1) regression and the associated t -statistic. “No. of obs. Δτ > 0” denotes the number of tone changes when tone becomes
more positive and “No. of obs. Δτ < 0” counts the observations when tone becomes more negative.

Days Between PCs N=T [in %] Δτ [in %]

Mean 23.2 2.545 �0.006
Std. dev. 6.9 0.994 0.745
Min 9.0 0.361 �2.409
Median 20.0 2.503 0.028
Max 49.0 5.651 2.015
AR(1) �0.403
t -stat. [�6.78]
No. of obs. Δτ > 0 128
No. of obs. Δτ < 0 112

8These counts are based on aggregating words by their word stem (e.g., the 467 occurrences we
summarize for “weak” are the sum of occurrences for “weak” (194), “weaken” (6), “weakened” (22),
“weakening” (58), “weaker” (121), “weakness” (60), and “weaknesses” (6)).
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In general, reading through these paragraphs, we find support for the view that
our tone measure picks up the ECB’s framing of economic and financial conditions
as well as the economic outlook. To provide a broader picture of what our tone
measure captures, we present additional excerpts in Section IA.A of the Supple-
mentary Material.

III. CB Tone and Equity Returns

In this section, we document a strong link between stock prices and the tone
of ECB PC statements. A more positive (negative) tone compared to the previous
PC is associated with higher (lower) equity market returns. These results are
robust to controlling for market-based proxies for financial conditions leading
up to the policy meeting, the ECB’s policy actions, and interest rate-based
measures of monetary policy shocks associated with the rate announcement
and the PC.

FIGURE 2

The Tone of ECB Press Conference Statements

Figure 2 plots the time series of ECB tone, τ, and changes in ECB tone, Δτ, in Graphs A and B, respectively. Tone is defined as
τ¼ 1�N=T , see equation (1), where N and T denote the number of negative words and the total number of words in a press
conference statement. Δτ is measured as the difference in τ between two consecutively held press conferences. Tone is
measured from the ECB president’s opening statements at the 241 ECB press conferences between Jan. 7, 1999, and Dec.
16, 2021. The vertical lines mark these 241 press conferences.

Graph A. Tone Level (τ)

Graph B. Changes in ECB Tone (Δτ)
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A. Equity Returns Around ECB PCs

Akin to the literature that quantifies monetary policy shocks from changes in
market prices in short windows around policy announcements, we start by studying
the impact of tone changes on asset prices in daily data. The high-frequency results,

TABLE 3

Excerpts from the ECB President’s Statement on Jan. 15, 2009

Table 3 presents excerpts of the ECB president’s introductory statement, given at the press conference on Jan. 15, 2009. Our
measure of CB tone identifies this statement to exhibit the most negative tone of all statements in our sample. From this
statement, we present the three paragraphs that have the largest impact on our tone measure, i.e., the three paragraphs with
the highest ratio of negative words to total words. Words highlighted in italic font and marked by asterisks (*) are negative
words identified by the dictionary we employ. Other words highlighted in italic font are common word sequences involving
negative words that we have identified in multiple statements.

• Looking further ahead, on the basis of our current analysis and assessment, we continue to see global economic *weak-
ness* and very *sluggish* domestic demand *persisting* in the coming quarters as the impact of the financial tensions on
activity continues. At the same time, we expect the fall in commodity prices to support real disposable income in the period
ahead. Furthermore, the euro area should over time reap the full benefit from the effects of policymeasures announced over
recent weeks.

• In the view of the Governing Council, this outlook for the economy remains surrounded by an exceptionally high degree of
uncertainty. Overall, risks to economic growth remain clearly on the downside. They relate mainly to the potential for a
stronger impact on the real economy of the *turmoil* in financial markets, as well as to *concerns* about the emergence and
intensification of protectionist pressures and to possible *adverse* developments in the world economy stemming from a
*disorderly* *correction* of global *imbalances*.

• Risks to price stability over the medium term are broadly balanced. *Unexpected* further *declines* in commodity prices
or a stronger than expected slowdown in the economy could put *downward* pressure on inflation, while upside risks to
price stability could materialize, particularly if the recent fall in commodity prices were to reverse or if domestic price
pressures turn out to be stronger than assumed. It is therefore *crucial* that price and wage-setters fully live up to their
responsibilities.

TABLE 2

Which Words Drive Tone?

Table 2 presents descriptive statistics for the “negative” words (as classified by the dictionary of Loughran and McDonald
(2011)) that are most prevalent in ECB press conference statements. Column 1 reports the 20 most frequently used negative
words, ordered by the number of their occurrence across all ECB press conference statements; these counts are based on
aggregatingwordsby their word stem.Columns2and3 show the context inwhich negativewordsaremost frequently usedby
the ECBby presenting counts for bigrams and trigrams (i.e., sequences of 2 and 3 adjacent words), respectively. The analysis
is based on 241 ECB press conference statements between Jan. 7, 1999, and Dec. 16, 2021.

Words No. Bigrams No. Trigrams No.

Weak 467 Global imbalances 86 Correction global imbalances 38
Decline 397 Weaker expected 56 Global imbalances regard 36
Imbalances 233 Structural unemployment 50 Imbalances regard price 36
Concerns 210 Fiscal imbalances 39 Disorderly correction global 36
Negative 202 Correction global 38 Lagged relationship business 33
Slow 176 Imbalances regard 37 Financial market volatility 32
Unemployment 175 Disorderly correction 36 Reduce structural unemployment 29
Crucial 163 Possibility disorderly 35 Reflect lagged relationship 29
Volatility 161 Market volatility 34 Possibility disorderly correction 26
Dampened 150 Prolonged period 34 Pressures possibility disorderly 25
Deficit 149 Lagged relationship 33 Prolonged period low 25
Downward 131 Excessive deficit 30 Continue reflect lagged 24
Challenges 113 Reflect lagged 29 Structural unemployment boost 24
Adverse 98 Level unemployment 28 High-level unemployment 22
Lagging 81 Disorderly developments 25 Financial market turmoil 21
Correction 80 Remain weak 25 Reducing vulnerabilities implementation 21
Disorderly 67 Revised downward 25 Vulnerabilities implementation structural 21
Restructuring 67 Excessive deficits 24 Disorderly developments owing 20
Excessive 63 High unemployment 24 Owing global imbalances 20
Turmoil 61 Negative impact 24 Vulnerabilities emerging markets 20
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shown in Figure 1, suggest that the effect of ECB tone changes on EuroStoxx
50 prices over the full trading day is very similar to that arising during the
PC. Accordingly, we should find similar PC effects in daily data when we compute
returns from the closing prices on the day preceding the PC and the day onwhich the
PC is held.

To study the effect of changes in ECB tone on Eurozone equity returns, we
obtain daily equity data for i) the EuroStoxx 50 (ESX50), which covers the 50 larg-
est firms in the Eurozone, from STOXX; ii) the MSCI EMU Index, a broad
Eurozone index, fromDatastream; iii) 10MSCI country indices, for EMU countries
with data from 1999 through 2021 (Austria, Belgium, Finland, France, Germany,
Ireland, Italy, Netherlands, Portugal, and Spain), from Datastream as well. The data
cover the period from the first to the last PC in our sample (i.e., Jan. 7, 1999, to Dec.
16, 2021) with 5,825 daily observations, of which 240 are PC days (with tone
changes) and 5,585 are non-PC days. Table IA.3 in the Supplementary Material
reports summary statistics for equity index returns over the full sample as well as
separately for non-PC days and PC days.

Table 4 provides such evidence for the ESX50 aswell as the broadMSCI EMU
index and 10 EMUcountry indices. In Columns 1 and 2 of Table 4, we report results
from regressions of daily returns on PC day dummies and find that not a single
coefficient is significantly different from 0. Hence, there is no general premium on
PC days, unlike the FOMC premium for the U.S. as documented in Lucca and
Moench (2015). Columns 3–6 present results for regressing returns on separate
dummies for PCs with positive tone changes and negative tone changes, respec-
tively and testing whether the estimated coefficients are equal. All dummies for
positive tone changes carry a positive slope coefficient and all dummies for negative
tone changes have a negative coefficient estimate; many of the estimates for
positive and/or negative tone change dummies are significantly different from
0. Moreover, we can reject equality of coefficients (based on an F test) at the 5%
level for both EMU market indices and all 10 countries.

B. Regressions of Equity Returns on ECB Tone Changes

The above results suggest that there is no PC day premium in EMU equity
markets but that stocks react differently when the ECB’s tone change is positive or
negative. We now provide evidence that tone changes convey new information for
stock returns that is not subsumed by control variables that account for policy
actions, market conditions, measures of monetary policy shocks proposed in the
literature, and other textual characteristics of the PC statements. We provide rele-
vant details on the construction of the monetary policy shock variables in Appendix
B and present summary statistics for all control variables in Table IA.4 in the
Supplementary Material.

Table 5 presents regression results for the ESX50. Specification 1 regresses PC
day returns only on tone changes to provide a benchmark estimate. We find a
significantly positive effect of tone changes on returns with a coefficient estimate
of 0.44. In economic terms, a 1 Std. Dev. increase (decrease) in tone changes, where
σ Δτð Þ¼ 0:00745, translates into a positive (negative) return of around 33 basis
points on a PC day.With 8 to 12 PCs per year, this translates into 2.6% to 3.3% p.a.,
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which seems sizeable given that the average annualized return of the ESX50 during
our sample is of a similar magnitude.

Specification 2 adds lagged tone changes (to control for autocorrelation in tone
changes) and various measures of market conditions prior to the PC day (i.e., stock
returns, return volatility, implied volatility (VSTOXX), the level of interest rates
(German 2-year yield), and the term spread (German 10- minus 1-year yields)).
These controls are measured from the previous PC to the day before the current PC,
to control for the possibility that the ECB might adjust its tone to recent market
conditions (e.g., Cieslak and Vissing-Jorgensen (2021), provide such evidence for
the Federal Reserve). In essence, by controlling for lagged tone and financial
market developments prior to the PC, we are testing whether tone surprises move
stock prices.9 These controls hardly affect the estimate and significance of the
coefficient on tone changes.

In specification 3, we also control for other textual characteristics of PC
statements, discussed in more detail in Appendix A. First, we add a proxy for the

TABLE 4

ECB Press Conferences, Tone Changes, and Equity Returns

Table 4 presents results for the role of ECB press conferences (PCs) for daily equity returns of Eurozone market and country
indices. In Panel A, we report results from regressing returns on a constant and a dummy, 1(PC), that is, 1 on days with PCs,
and 0 otherwise. In Panel B, we report results from regressing returns on a constant and separate dummies for PC days with
positive tone changes (Δτ > 0) and negative tone changes (Δτ < 0). Numbers in brackets are t -statistics based onWhite (1980)
standard errors. Additionally, we report the p value of an F test that the coefficient estimates for both dummies are equal. The
data cover the period from the first to the last PC in our sample, that is, Jan. 7, 1999, to Dec. 16, 2021, with 5,825 daily
observations including 241 PCs, that is, we have 240 PC days with tone changes.

Panel A. PC Days Panel B. PC Days with Positive Versus Negative Tone Changes

Const 1(PC) Const 1 Δτ >0ð Þ 1 Δτ < 0ð Þ p[F]

EMU Market Indices
Eurostoxx 50 1.44 �3.63 1.44 24.13 �35.36 0.01

[0.85] [�0.32] [0.85] [1.64] [�2.11]
MSCI EMU 1.67 �4.65 1.67 21.30 �34.30 0.01

[1.04] [�0.44] [1.04] [1.57] [�2.14]

Country Indices
Austria 2.09 �0.16 2.09 19.95 �23.14 0.05

[1.03] [�0.01] [1.03] [1.52] [�1.32]
Belgium 0.45 �0.58 0.45 32.92 �38.86 0.00

[0.25] [�0.05] [0.25] [2.74] [�2.08]
Finland 2.25 6.91 2.25 40.02 �30.93 0.03

[0.93] [0.42] [0.93] [2.12] [�1.14]
France 2.32 �6.88 2.32 20.90 �38.63 0.01

[1.44] [�0.64] [1.44] [1.49] [�2.37]
Germany 2.18 �8.75 2.18 15.49 �36.44 0.02

[1.22] [�0.78] [1.22] [1.01] [�2.24]
Ireland 0.10 4.41 0.10 29.75 �24.54 0.02

[0.05] [0.36] [0.05] [1.71] [�1.54]
Italy 0.64 �7.62 0.64 20.65 �39.94 0.02

[0.35] [�0.61] [0.35] [1.40] [�1.97]
Netherlands 2.47 �1.43 2.47 19.84 �25.73 0.02

[1.50] [�0.15] [1.50] [1.55] [�1.84]
Portugal �0.48 �2.69 �0.48 20.92 �29.67 0.00

[�0.29] [�0.30] [�0.29] [1.88] [�2.10]
Spain 0.96 0.85 0.96 27.54 �29.66 0.02

[0.53] [0.07] [0.53] [1.87] [�1.59]

9In robustness checks, we repeat the empirical analysis with tone surprises which we obtain as the
residuals from autoregressive (AR) models for the level of tone, as we discuss in Section V.B.
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distance (DISt) of statements, which captures howmuch the wording of a statement
differs from that of the previous statement. DISt might matter for asset prices if
changes in communication reflect changes in the monetary policy stance or eco-
nomic environment (also see, e.g., Ehrmann and Talmi (2020)). Second, we add
proxies for changes in readability, as measured by the FOG index (ΔFOGt), and

TABLE 5

Equity Market Returns and Changes in ECB Tone

Table 5 presents results on the link between EuroStoxx 50 returns and changes in the ECB’s communication tone. On each
ECBpress conference (PC) day, we compute the change in tone (Δτt ) compared to the previous PCand the equity return from
the closing prices on the day preceding the PC and the day onwhich the PC is held. Our sample includes a total of 240 returns
and tone changes, computed from the 241 PCs between Jan. 7, 1999 andDec. 16, 2021.We regress returns on tone changes
and the following control variables. To control for autocorrelation in tone changes, we add lagged tone changes (Δτt�1). To
control for ECB policy actions, ΔMROt denotes the change in the policy rate announced at the PC at time t and UMPt is a
dummy that takes the value 1 for PCs at which unconventional monetary policy actions are announced, and 0 otherwise. To
control for monetary policy surprises, we use high-frequency interest rate data, either the first principal component (PC1) of
short-term interest rate changes around the press release announcing thepolicy rates and around the press conference or the
four factors proposed by Altavilla et al. (2019). To control for communication features other than tone, we include the distance
in thewording (DISt ), change in complexitymeasuredby the FOG index (ΔFOGt ), andchange in lexical diversitymeasuredby
the type-token ratio (ΔTTRt ) of the current compared to the previous PC statement. Finally, to account for the information set of
market participants prior to the PC day, we control for the stock market return and volatility, changes in the VSTOXX, and
interest rates (level and term spread) since theprevious PC.We report coefficient estimates, t -statistics basedonWhite (1980)
standard errors in brackets, the regressions’ adjusted R2, and the number of observations.

1 2 3 4 5 6

Const �0.00 0.00 0.00 0.00 0.00 �0.00
[�0.18] [1.00] [0.63] [0.67] [0.18] [�0.18]

ECB Tone
Δτt 0.44 0.44 0.46 0.47 0.48 0.54

[2.34] [2.65] [2.64] [2.71] [2.93] [2.82]
Δτt�1 0.03 0.02 0.08 0.13 0.15

[0.16] [0.12] [0.47] [0.85] [0.86]
ECB Actions
ΔMROt 0.69 1.98 1.54

[0.69] [1.62] [1.04]
UMPt 0.01 0.01 0.01

[1.61] [1.55] [1.63]
Monetary Policy Shocks
PC1 – press release �0.26

[�2.58]
PC1 – press conference 0.07

[2.45]
Target �0.16

[�1.50]
Timing 0.12

[2.51]
FG 0.00

[0.08]
QE �0.02

[�0.36]
Text Controls
DISt �0.00 �0.00 �0.00 0.00

[�0.10] [�0.22] [�0.11] [0.12]
ΔFOGt 0.05 0.04 0.03 0.06

[0.52] [0.39] [0.25] [0.50]
ΔTTRt 0.04 0.04 0.05 0.08

[1.30] [1.35] [1.89] [2.59]
Pre-PC Market Controls
Market return 0.00 0.01 �0.00 0.01 0.00

[0.03] [0.13] [�0.03] [0.12] [0.03]
Market volatility �0.07 �0.07 �0.07 �0.01 �0.01

[�0.93] [�0.88] [�0.89] [�0.16] [�0.18]
VSTOXX �0.01 �0.01 �0.01 �0.00 �0.01

[�0.37] [�0.33] [�0.46] [�0.29] [�0.36]
Interest rate level 1.05 0.95 0.87 0.38 0.20

[1.85] [1.68] [1.54] [0.61] [0.30]
Term spread �0.45 �0.58 �0.50 �0.50 �0.22

[�0.62] [�0.81] [�0.69] [�0.71] [�0.30]

Adj. R2 (%) 3.20 7.29 6.71 7.71 14.43 11.49
No. of obs. 240 239 239 239 239 206
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lexical diversity, whichwemeasure by the type-token ratio (ΔTTRt).More complex
and lexically diverse statements are potentially harder to interpret, might increase
uncertainty, and could thus matter for asset prices. However, these three additional
characteristics turn out to be insignificant and they also do not affect the signifi-
cance of tone changes. Hence, we can rule out that tone changes matter for stocks
because they capture features of other textual characteristics.

The results of specification 4 show that policy actions taken by the ECB hardly
affect the coefficient on tone changes by controlling for changes in policy rates and
for unconventional monetary policy announcements. More specifically, we com-
pute changes in the rate on main refinancing operations (ΔMRO)10 and construct a
dummy variable (UMPt) which takes a value of 1 when an unconventional policy
action (according to Cieslak and Schrimpf (2019)) is announced during a PC, and
0 otherwise. Neither of these policy actions are associated with regression coeffi-
cients different from 0, whereas the coefficient estimate for tone changes remains
unchanged and significantly positive.

Finally, we rule out the possibility that changes in tone capture the same
information as monetary policy shocks measured from high-frequency changes
in interest rates; we discuss the shock construction in detail in Appendix B. In
specification 5, we follow Jaroci�nski (2020) and measure shocks as the first
principal component (PC1) of changes in short-term interest rates. In the regression,
we control for shocks associated with the press release announcing policy rates and
shocks associated with the PC. In specification 6, we use the term structure-based
shock factors proposed by Altavilla et al. (2019) (i.e., their target factor for the rate
announcement as well as the timing, forward guidance (FG), and quantitative
easing (QE) factors for the PC). For both regressions, we find that coefficient
estimates for shocks reflecting responses in short-term rates during the PC are
significantly positive, but the coefficient on tone changes remains largely
unchanged and significantly positive as well.

These results show that changes in ECB tone convey new information for
EMU equity markets, which is not subsumed by policy actions, not due to market
conditions prior to PCs, and not captured bymeasures ofmonetary policy shocks. In
the Supplementary Material, we report additional results that corroborate our
findings. Repeating the regressions with ESX50 high-frequency returns measured
over different time periods of the PC day, Table IA.5 in the SupplementaryMaterial
confirms that the significance of tone changes only arises during the PC (i.e., in the
time window from 14:30 to 17:30 CET) and not before, as already suggested by
Figure 1.11 The results in Table 5 are also very similar to those for the broaderMSCI

10The MRO rate is the main policy rate, but using the rates of the deposit facility or the marginal
lending facility does not change the results as all three rates are highly correlated. All ECB-related data
can be obtained from the statistics section of the ECB website (https://www.ecb.europa.eu/stats/).

11Figure 1 shows that returns on days with more positive versus negative tone start to diverge at the
beginning of the press conference. There appears to be some preannouncement effect on the day of the
press conference; however, most of this can be traced back to the COVID-19-related stock market crash
inMar. 2020. The scheduled ECB press conference onMar. 12 happened to coincide with the Eurostoxx
50 losingmore than 10% in a single day andmuch of this right after themorning opening. Removing this
one outlier day from our sample substantially reduces the spread between the red and green line prior to
the PC.
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EMU index (Table IA.6 in the Supplementary Material) as well as for country
indices, where we find that Ireland is the only case in which equity returns are not
significantly related to tone changes in all specifications (see Table IA.7 in the
Supplementary Material).

IV. Why Does Tone Matter?

Our finding that changes in ECB tone significantly move stock markets raises
the question of why and how tone matters for asset prices. To shed light on this
question, we now study how the prices of other assets respond to changes in
ECB tone.

Our results suggest that the relation between tone changes and stock returns
cannot be explained by movements in risk-free rates but must be driven by how
tone matters for risk premia embedded in asset prices. A more positive tone is
associated with a lower option-implied risk aversion and with lower credit
spreads, in particular for financial institutions. We discuss how the tone effects
on asset prices are consistent with a risk-based channel of monetary policy and
more specifically with the linkages between credit spreads, interest rates, and
stock returns documented by Gilchrist and Zakrajšek (2012). We also show that
these tone effects are robust to controlling for policy and information shocks, as
in Jaroci�nski and Karadi (2020), which supports our conclusion that tone sur-
prises primarily affect risk premia.

A. ECB Tone and Risk-Free Government Bond Yields

A natural starting point for our further analysis of market responses to CB
communication is to consider interest rates. Using German government bonds,
Figure 3 presents results for the term structure of yield changes on ECB PC
days.12

Graph A of Figure 3 shows that, on average across all PC days (dashed blue
line), yields of all maturities increase and more so for longer as compared to shorter
maturities. When we separate PC days with positive (green) and negative (red) tone
changes, we see a similar slope effect for both, but the level of yield changes is
significantly different across all maturities: When ECB tone becomes more posi-
tive, all yields increase andmore so for longer maturities. When ECB tone becomes
more negative, yields of shorter maturities decrease whereas yields of longer
maturities increase on average. Graph B presents results from regressing yield
changes on tone changes on PC days as well as our standard control variables for
other textual characteristics, policy actions, market conditions, andmonetary policy
shocks. We plot the tone coefficient estimates along with 95% confidence intervals
and find that estimates are positive for all maturities with the link being statistically
significant for maturities up to 5 years.

12We use Bundesbank data for the term structure of German government bond yields. These data are
available over our full sample period, whereas European yield data available from the ECB only start in
2004. Over the joint sample period, the German yield curve is highly correlated with the ECBAAAyield
curve.
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These results show that a more positive ECB tone is not only associated with
higher stock prices but also with higher interest rates. Finding that interest rates and
equity prices respond to tone changes in the same direction is interesting for two
reasons. On the one hand, this finding suggests that tone does not move stock prices
through a simple risk-free rate discount effect. Instead, stock returns in response to
changes in ECB tone appear to reflect news about risk premia, and we provide
evidence supporting this notion below. On the other hand, the positive co-movement
of interest rates and equity prices appears similar to that underlying the identification
of “central bank information shocks” (e.g., Nakamura and Steinsson (2018), Jaro-
ci�nski and Karadi (2020)) as we discuss in more detail in Section IV.D.

FIGURE 3

Government Yield Changes on ECB Press Conference Days

Figure 3 presents results on changes in the German government bond yield curve (for maturities ranging from 1 to 20 years,
x-axis) in response to changes in ECB tone. Graph A presents average PC day yield changes in basis points, for all PC days
(dashed lined in blue) as well as conditional on the tone changes at the most recent PC having been positive (green triangles)
or negative (red bullets). Graph B presents results from regressing PC day yield changes on changes in ECB tone (Δτ) as well
as our standard control variables for other textual characteristics, policy actions, market conditions, and monetary policy
shocks. We plot the slope coefficients for tone changes, along with 95% confidence bands (based onWhite (1980) standard
errors). The sample spans a total of 240 tone changes from 241 ECB press conferences between Jan. 1999 and Dec. 2021.

Graph A. Positive Versus Negative Tone Changes on PC Days
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Graph B. Regressions of PC Day Yield Changes on Tone Changes
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B. Does Tone Matter for Risk Premia? Evidence from Options

Our findings in Section III suggest that investors adjust their expectations for the
stock market return in response to changes in ECB tone. Conceptually, such adjust-
ments may be driven by changes in the quantity of risk that investors face or the
premium they require per unit of risk. To analyze these different dimensions, we assess
the realized volatility of ESX50 returns, changes in index options-implied volatility,
and the link between realized volatility and changes in implied volatility.13We follow
Bekaert et al. (2013) and Bekaert, Engström, andXu (2022), who propose to measure
time variation in risk aversion via variance risk premia implied by equity options.
Bekaert et al. (2013) show that unexpectedmonetary policy easing is associatedwith a
decrease in variance risk premia, which implies a lower risk aversion by market
participants. Similarly, we find that a more positive CB tone is associated with a
significant decrease in options-implied volatility as well as in volatility risk premia.

1. Realized Volatility, Implied Volatility, and Risk Premia

First, we use high-frequency data to compute the realized volatility (RV) of the
ESX50 for each trading day in our sample, following the approach of Bollerslev,
Hood, Huss, and Pedersen (2018).14 For each day, we also compute the realized
volatility from14:30 to 17:30 (RVPC), which captures the timewindow of the PC on
ECB announcement days. Using both estimates, we check whether realized vola-
tility is different on PC and non-PC days and whether realized volatility is different
on PC days with positive compared to negative tone changes.

Panel A in Table 6 reports the results from regressing RV or RVPC on PC and
PC tone change dummies. We find that realized volatility is significantly higher on
PC days compared to non-PC days by about 15 basis points over the full trading day
and by about 17 basis points in the time period from 14:30 to 17:30. However, the
sign of ECB tone changes does not appear to matter for realized volatility, as we are
far from rejecting the null hypothesis of equal coefficients when we regress RV and
RVPC on separate dummies for PCs with positive and negative tone changes; the p
values of the F tests are 0.30 for RV and 0.56 for RVPC.

Next, we compute changes in index options-implied volatility, measured by
the VSTOXX, which is a volatility index computed from options on the ESX50,
similar to the VIX based on S&P 500 options in the U.S.15 The VSTOXX can be
interpreted as a price of volatility insurance, since VSTOXX is the fixed leg in a
volatility swap that pays the difference in implied volatility and future realized
volatility of the ESX50. To analyze whether ECB tone matters for the pricing of
insurance against future volatility, we compute log changes in VSTOXX from the

13For summary statistics of all volatility quantities, see Table IA.8 in the Supplementary Material.
14For each day in our sample, i) we compute 5 daily series of squared 5-min log returns, starting at the

first five unique 1-minmarks, respectively; ii) we compute the sum of squared returns for each of the five
series; iii) we obtain that day’s estimate of realized variance as the average of the five sums; iv) we take
the square root to obtain our estimate of realized volatility. Bollerslev et al. (2018) provide a discussion
that this procedure provides an efficient estimate of realized volatility.

15The VSTOXX is designed to make pure volatility tradable and to be replicable by options
portfolios that do not react to ESX50 price changes but only to volatility changes. The VSTOXX is
computed from maturity-specific subindices, which themselves are computed from ESX50 options in
predefined maturity buckets and across moneyness levels. For details, see the STOXX (2018).

18 Journal of Financial and Quantitative Analysis

https://doi.org/10.1017/S0022109024000073
D

ow
nloaded from

 https://w
w

w
.cam

bridge.org/core . IP address: 18.219.129.22 , on 04 N
ov 2024 at 19:00:21 , subject to the Cam

bridge Core term
s of use, available at https://w

w
w

.cam
bridge.org/core/term

s .

https://doi.org/10.1017/S0022109024000073
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


TABLE 6

Realized Versus Implied Volatility and Changes in ECB Tone

Table 6 presents results on the link between stock market volatility and changes in the ECB’s communication tone. For each
day in our sample, we measure the realized volatility of the Eurostoxx 50 from intraday data over the full day (RV) and over the
time window from 14:30 to 17:30 (RVPC). We measure changes in implied volatility as daily log changes in the VSTOXX,
Δlog VSTOXXð Þ. Finally, as a proxy for changes in the VRP, we compute the ratio of changes in implied volatility to realized
volatility. On each ECB press conference (PC) day, we compute the change in tone (Δτt ) compared to the previous PC. The
data cover the period from the first to the last PC in our sample, that is, Jan. 7, 1999, to Dec. 16, 2021. Panel A reports results
from using all days in our sample. In columns 1 and 2 of Panel A, we report results from regressing the volatility quantities on a
constant and a dummy, 1(PC), that is 1 on dayswith PCs, and 0 otherwise. In columns 3–6, we report results for regressions on
a constant and separate dummies for PC days with positive tone changes (Δτ > 0) and negative tone changes (Δτ < 0).
Numbers in brackets are t-statistics based onWhite (1980) standard errors. Additionally, we report thep value of an F test that
the coefficient estimates for both dummies are equal. Panel B reports results for PC day regressions of changes in implied
volatility and changes in volatility risk premia on tone changes and a set of control variables; for detailed variable descriptions,
we refer to Table 5.

Panel A. ECB Press Conferences and Tone Changes

PC Days PC Days with Positive Versus Negative Tone Changes

Const 1(PC) Const 1 Δτ > 0ð Þ 1 Δτ < 0ð Þ p[F]

Realized Volatility
Trading day RV 97.67 15.27 97.67 11.33 19.78 0.30

[44.98] [4.26] [44.98] [2.44] [3.19]
From 14:30 to 17:30RVPC 61.15 17.48 61.15 15.84 19.35 0.56

[43.76] [6.48] [43.76] [4.34] [4.40]

Changes in Implied Volatility
Δlog VSTOXXð Þ 4.23 �121.72 4.23 �200.14 �32.10 0.05

[0.59] [�2.81] [0.59] [�3.40] [�0.52]

Proxies for Volatility Risk Premia
Δlog VSTOXXð Þ=RV �0.34 �1.52 �0.34 �2.17 �0.78 0.09

[�4.06] [�3.50] [�4.06] [�3.45] [�1.39]
Δlog VSTOXXð Þ=RVPC �0.34 �1.52 �0.34 �2.17 �0.78 0.09

[�4.06] [�3.50] [�4.06] [�3.45] [�1.39]

Panel B. Regressions on ECB Tone Changes

Δlog VSTOXXð Þ Δlog VSTOXXð Þ=RV Δlog VSTOXXð Þ=RVPC

1 2 3 1 2 3 1 2 3

Const �0.02 �0.01 �0.01 �0.77 �0.35 �0.28 �1.70 �0.90 �0.93
[�0.91] [�0.59] [�0.49] [�0.32] [�0.15] [�0.11] [�0.47] [�0.25] [�0.24]

ECB Tone
Δτt �1.48 �1.49 �2.08 �134.49 �135.30 �179.38 �204.94 �206.59 �273.39

[�2.74] [�2.84] [�3.17] [�2.69] [�2.72] [�3.01] [�2.77] [�2.86] [�3.10]
Δτt�1 �0.34 �0.47 �0.50 �11.34 �16.49 �37.91 �18.69 �21.05 �55.99

[�0.55] [�0.79] [�0.69] [�0.20] [�0.27] [�0.53] [�0.22] [�0.23] [�0.52]
ECB Actions
ΔMROt �0.37 �3.93 �3.84 170.51 �2.32 �154.60 295.39 �6.98 �259.02

[�0.14] [�1.19] [�0.99] [0.81] [�0.01] [�0.47] [0.91] [�0.02] [�0.53]
UMPt �0.05 �0.04 �0.04 �1.75 �1.68 �1.19 �2.15 �2.04 �1.36

[�2.39] [�2.29] [�1.99] [�1.25] [�1.18] [�0.74] [�1.20] [�1.11] [�0.64]
Monetary Policy Shocks
PC1 – press release 0.73 35.98 65.59

[2.52] [2.40] [3.08]
PC1 – press conference �0.19 �7.90 �7.45

[�1.61] [�0.83] [�0.51]
Target 0.39 21.18 33.45

[1.42] [1.36] [1.52]
Timing �0.42 �31.32 �39.67

[�1.97] [�1.81] [�1.60]
FG 0.02 10.51 18.92

[0.18] [0.89] [0.99]
QE 0.46 58.24 91.81

[2.00] [2.72] [2.69]
Text Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pre-PC Market Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes

Adj. R2 (%) 3.20 6.33 4.12 2.16 2.21 3.66 1.21 1.48 2.28
No. of obs. 239 239 206 239 239 206 239 239 206
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close on the day before the PC to the close on the PC day (i.e., the timing is exactly
the same as in our analysis of stock returns above (e.g., Table 5)).

The results in Panel A of Table 6 show that implied volatility significantly
decreases on PC days by about �1.2%.16 However, once we distinguish between
PCs with positive and negative tone changes, we find that implied volatility
significantly decreases only on days with positive tone changes (by �2.00%),
whereas it is not different from 0 on PC days with negative tone changes; accord-
ingly, we can reject the hypothesis of equal dummy coefficients with a p value of
0.05. Hence, our results suggest that volatility insurance becomes cheaper when
ECB tone becomes more positive.

The above findings are intriguing, because they suggest that ECB tone matters
for the volatility risk premium (VRP) and hence for investors’ risk aversion. Changes
in implied volatility are either due to changes in expected future volatility or changes
in the VRP that investors are willing to pay on top of expected volatility. Given that
realized volatility is not significantly different on PC days with positive and negative
tone changes, it seems unlikely that ECB tone affects expectations about future
realized volatility, and we provide more evidence for this view below. Instead,
ECB tone appears to affect the VSTOXX through changes in volatility risk premia.

To assess changes in the VRP, we compute log changes in the VSTOXX
relative to realized volatility, using both RV and RVPC.17 Similar to the VSTOXX,
we find that VRPs decrease on PC days and that oncewe control for the sign of ECB
tone changes, this is mostly due to PCs with positive tone changes.

2. Regressions on ECB Tone Changes

To provide further evidence for a link of implied volatility and volatility risk
premia to ECB tone, we run regressions of changes in VSTOXX and VRPs on tone
changes and the set of control variables that we have also used in our analysis of
stock returns above. The results in Panel B of Table 6 show that the coefficient
estimate for tone changes is significantly negative in all specifications, which
implies that a positive tone surprise is associated with lower volatility risk premia
and a decline in the pricing of volatility insurance.18

Beyond these significant tone effects, we also find (mostly significant) neg-
ative coefficients for UMPt in the VSTOXX regressions, which suggests that
announcements of unconventional policy actions reduce options-implied volatility,
in line with, for example, Hattori, Schrimpf, and Sushko (2016). Moreover, we find

16This finding is similar to the negative VIX changes on FOMC announcement days documented by
Boguth et al. (2018). To the extent that such decreases in VIX reflect a reduction in uncertainty, one can
rationalize announcement premia in the theoretical framework ofAi andBansal (2018). Recall, however,
from Section III that we do not find significant ECB announcement day effects in the ESX50.

17Our goal is to track changes inVRP at high frequency. Ideally, wewould like tomeasure VRP from
a 1-day volatility swap that pays the difference between 1-day VSTOXX (fixed leg) and realized
volatility over the PC day (floating leg), but unfortunately such contracts do not exist. To assess whether
VRP increases or decreases, we compare the 1-day change in the VSTOXX relative to realized volatility.
To rule out the hypothetical case that tone changes may not affect RV and RVPC but realized volatility
going forward, we verify that there are no tone-related patterns in realized volatility over the next week,
month, and 3 months; see Table IA.9 in the Supplementary Material.

18Table IA.10 in the Supplementary Material additionally reports regression estimates for all control
variables.
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that changes in implied volatility and volatility risk premia are positively related to
interest rate-based measures of monetary policy shocks, either to the “PC1 – press
release” shock in specification 2 or the “QE factor” shock in specification 3. Put
differently, unexpected monetary policy tightening is associated with higher
implied volatility and risk premia. Additionally, we repeat the regression analysis
for different VSTOXX maturities, ranging from 1 month to 2 years. Figure 4
illustrates that the estimated coefficients are significantly negative and monotoni-
cally increase with maturity, except for a small twist at the 1-year horizon. These
results suggest that communication tone has a stronger impact on short-term
compared to longer-term risk premia.

Hence, akin to the finding of Bekaert et al. (2013) that monetary easing
decreases variance risk premia, we find that a more positive communication tone
is associated with a significant decrease in volatility risk premia. Considering
that we control for policy actions, changes in market conditions since the last PC
day, and yield-basedmonetary policy shocks, our results suggests that changes in
ECB tone affect risk premia embedded in asset prices. In other words, ECB tone
matters for asset prices through a risk-based channel by affecting investor risk
aversion.

C. ECB Tone and Corporate Credit Spreads

The results above show that there is a link between CB tone and economic
fundamentals and that tone matters for asset prices through risk premia. To better
understand this combination of results, we now study the relation between ECB
tone and credit spreads, motivated by previous evidence that changes in credit
spreads are driven by risk premia and reflect the risk-bearing capacity of financial
intermediaries.

Gilchrist and Zakrajšek (2012) study the interrelations between credit
spreads, economic activity, and monetary policy. First, they show that the pre-
dictive relation between credit spreads and economic activity is driven by the
spreads’ embedded risk premia, which also account for most of the spreads’
variation. Second, they argue that increases in credit spreads reflect a reduction
in the effective risk-bearing capacity of the financial sector, which in turn leads to
a reduction in credit supply, a contraction in economic activity, a decline in
interest rates, and a fall in stock markets. Third, they provide evidence that shocks
to credit spreads are linked to the deterioration in the profitability and creditwor-
thiness of broker–dealers, who are the marginal investors in corporate debt
markets. The results of Gilchrist and Zakrajšek (2012) are consistent with earlier
evidence that changes in monetary policy that affect the risk-bearing capacity of
intermediaries will directly matter for asset prices, such that looser policy leads to
a lower price of risk (see, e.g., Adrian and Shin (2008) and Adrian, Moench, and
Shin (2010)). For a recent survey of this “risk-taking channel” of monetary policy,
see Adrian and Liang (2018). More generally, the idea that financial intermedi-
aries are the marginal investors in asset markets and therefore play a crucial role
for the pricing of assets is central to the recent literature on intermediary asset
pricing (see, e.g., He and Krishnamurthy (2013), Adrian, Etula, and Muir (2014),
and He, Kelly and Manela (2017)).
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To analyze whether changes in ECB tone matter for EMU credit spreads, we
obtain data on IBOXX credit indices to compute corporate yield spread differ-
entials between BBB- and AAA-rated firms.19 Table 7 presents results for broad
credit indices and for indices covering either financial or nonfinancial firms.
Panel A shows that credit spreads tend to decrease on PC days, but the only
significant effect we find is for financial firms (�1.39 basis points, t-statistics
of �2.36). When we test for differences in PC day effects conditional on tone
becoming more positive or negative, we find a significant difference for financial
firms (p value 0.05), where a more positive tone is associated with a spread
decrease of �2.4 basis points. Using the same dummy regressions, we find

FIGURE 4

Changes in ECB Tone and Term Structures of Volatility Changes

Figure 4 shows the slope coefficient estimates from regressions of changes in implied volatility and proxies for volatility risk
premia on changes in ECB tone and our standard set of control variables.Our sample covers the 241 press conferences (PCs)
held by the ECB between Jan. 7, 1999, to Dec. 16, 2021, from which we compute 240 changes in ECB tone. On each PC day,
we measure the change in implied volatility as the daily log change in the VSTOXX, Δlog VSTOXXð Þ, from the closing values of
the day preceding the PC and the day on which the PC is held. As proxies for changes in volatility risk premia, we scale
changes in implied volatility by the realized volatility, computed from high-frequency data either over the full PC day (ΔVRP) or
over the time window from 14:30 to 17:30 (ΔVRPPC). We compute changes in implied volatility and volatility risk premia using
VSTOXX indices with maturities between 1 month and 24 months and present coefficient estimates (solid line with bullets)
along with 95% confidence bands (dashed lines, based on White (1980) standard errors).
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19For summary statistics of changes in credit spreads, see Table IA.11 in the SupplementaryMaterial.
For most of their empirical analysis, Gilchrist and Zakrajšek (2012) use the excess bond return of their
self-constructed credit index, because it is the best predictor of future economic activity in their
U.S. sample. For the BBB–AAA spread, they find that the predictive ability is less significant but
qualitatively the same.We use the BBB–AAA spread because Krylova (2016) finds that the BBB–AAA
spread mostly dominates alternative corporate spread measures as leading indicator for the Eurozone.
More recently, Gilchrist and Mojon (2018) provide credit risk indices for the euro area.
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weaker results for the credit spreads of all firms (p value of 0.11) and no PC
effects for nonfinancial firms (p value of 0.30).

Turning to the regression analysis in Panel B of Table 7, we obtain a similar
picture but with more pronounced results.20 There is a negative relation between

TABLE 7

Corporate Credit Spreads and Changes in ECB Tone

Table 7 presents results on the link between changes in corporate credit spreads and changes in the ECB’s communication
tone. For each day in our sample, we compute changes in credit spreads, defined as the yield differentials of BBB- and AAA-
rated bonds of all corporates and separately for financials and nonfinancials. On each ECB press conference (PC) day, we
compute the change in tone (Δτt ) compared to the previous PC. Daily data on credit spreads of corporates and financials are
available from Apr. 1999 and for nonfinancials from Aug. 1999 to Dec. 2021. Panel A reports results from using all days in our
sample. In Columns 1 and 2 of Panel A, we report results from regressing changes in credit spreads on a constant and a
dummy, 1(PC), that is 1 on dayswith PCs, and 0 otherwise. In columns 3–6, we report results for regressions on a constant and
separate dummies for PC days with positive tone changes (Δτ > 0) and negative tone changes (Δτ < 0). Numbers in brackets
are t-statistics based on White (1980) standard errors. Additionally, we report the p value of an F test that the coefficient
estimates for both dummies are equal. Panel B reports results for PC day regressions of changes in credit spreads on tone
changes and a set of control variables; for detailed variable descriptions, we refer to Table 5.

Panel A. ECB Press Conferences and Tone Changes

PC Days PC Days with Positive Versus Negative Tone Changes

Const 1(PC) Const 1 Δτ > 0ð Þ 1 Δτ < 0ð Þ p[F]

All corporates 0.02 �0.60 0.02 �1.13 0.01 0.11
[0.31] [�1.64] [0.31] [�1.74] [0.04]

Financials 0.06 �1.39 0.06 �2.44 �0.18 0.05
[0.27] [�2.36] [0.27] [�2.48] [�0.30]

Nonfinancials 0.01 �0.27 0.01 �0.67 0.18 0.30
[0.09] [�0.62] [0.09] [�0.86] [0.75]

Panel B. Regressions on ECB Tone Changes

All Corporates Financials Nonfinancials

1 2 3 1 2 3 1 2 3

Const �0.00 �0.00 �0.00 0.00 0.00 0.00 �0.00 �0.00 �0.00
[�1.18] [�1.32] [�1.01] [0.50] [0.25] [0.70] [�1.17] [�1.08] [�1.09]

ECB Tone
Δτt �0.01 �0.01 �0.01 �0.02 �0.02 �0.02 �0.01 �0.01 �0.00

[�2.48] [�2.51] [�1.87] [�2.75] [�2.78] [�2.47] [�1.81] [�1.91] [�0.86]
Δτt�1 �0.01 �0.01 �0.01 �0.02 �0.02 �0.00 �0.01 �0.01 �0.01

[�1.89] [�1.95] [�1.46] [�1.81] [�2.11] [�0.34] [�2.22] [�2.05] [�1.85]
ECB Actions
ΔMROt 0.09 0.10 0.13 0.16 0.18 0.29 0.01 0.00 0.01

[1.50] [1.39] [1.40] [1.89] [1.72] [2.21] [0.68] [0.10] [0.26]
UMPt �0.00 �0.00 �0.00 �0.00 �0.00 �0.00 �0.00 �0.00 �0.00

[�1.83] [�1.92] [�2.11] [�1.22] [�1.34] [�1.27] [�2.28] [�2.06] [�2.82]

Monetary Policy Shocks
PC1 – press release �0.00 �0.00 0.00

[�0.78] [�0.84] [1.51]
PC1 – press conference �0.00 �0.00 �0.00

[�0.15] [�0.80] [�0.38]
Target �0.00 �0.01 �0.00

[�1.14] [�2.34] [�0.05]
Timing 0.00 �0.00 �0.00

[0.28] [�0.98] [�0.39]
FG �0.00 �0.00 �0.00

[�0.79] [�0.68] [�0.88]
QE �0.01 �0.01 �0.01

[�1.80] [�1.33] [�1.49]

Text Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pre-PC Market Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes

Adj. R2 (%) 4.14 3.70 5.05 12.63 12.94 19.69 2.49 1.88 1.28
No. of obs. 239 239 206 239 239 206 235 235 206

20Table IA.12 in the Supplementary Material additionally reports regression estimates for all control
variables.
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changes in credit spreads and changes in ECB tone, with the link being most
significant for spreads of financial firms.21 Among the control variables, we note
that the ECB’s policy actions have a significant impact on credit spreads as well.
UMP announcements significantly lower credit spreads (in line with, e.g.,
Chodorow-Reich (2014)) in the sample of all corporates, mostly driven by the
impact on the spreads of nonfinancial firms. For financials, we find in our most
comprehensive specification that changes in credit spreads are positively related to
changes in the policy rate and negatively related to target shocks. Controlling for
these and other effects, the coefficient estimate on tone changes is significantly
negative in all specifications for financial firms (t-stats between�2.47 and�2.78),
mostly significant for the set of all firms (t-stats between�1.87 and�2.78) but less
so for nonfinancial firms (t-stats between �0.86 and � 1.91).

Taken together, the confluence of our results suggests that the answer to the
question how and why tone matters for asset prices is a risk-based channel. We find
that tone affects risk premia very similarly to policy actions, as shown by, for
example, Bernanke andKuttner (2005) for stocks, Bekaert et al. (2013) for variance
risk premia, and Gertler and Karadi (2015) for credit spreads. Put differently, CB
tone moves asset prices because it seems to affect the risk aversion of market
participants. More specifically, the ECB tone-related linkages we document
between stock returns, interest rates, and credit spreads are qualitatively the same
as those that arise in Gilchrist and Zakrajšek (2012) due to shocks to intermediary
risk-bearing capacities. Our finding that the results are more pronounced for the
credit spreads of financial institutions than for nonfinancial corporations provides
further evidence for a risk-based channel of CB tone and suggests a link between
CB communication, intermediaries, and asset prices.

D. CB Tone and Information Shocks

In our empirical analysis, we find that changes in CB tone move stock prices
and interest rates in the same direction. We now connect this finding to recent
research on CB information effects, which has proposed to use the co-movement
between stocks and interest rates aroundCB announcements to distinguish between
“policy shocks” and “information shocks” (e.g., Nakamura and Steinsson (2018),
Jaroci�nski and Karadi (2020)).

We use the (updated) shock series of Jaroci�nski and Karadi (JK) (2020) who
identify policy and information shocks from the high-frequency co-movement of
interest rates and stock prices via sign restrictions; for details, see Appendix B. The
intuition is as follows: A monetary policy shock (i.e., an unexpected tightening or
easing of the monetary policy stance) should move stock prices and interest rates in
opposite directions. That is, a tightening shock should increase discount rates and,
as a consequence, decrease stock prices. By contrast, interest rates and stock prices
co-move in the same direction in case of an information shock, that is, if an
announcement reveals unexpectedly good (bad) news about economic conditions,
this will drive up (down) both stocks and interest rates.

21We note that lagged tone changes are significant in some specifications as well and account for this
in robustness checks that we present in Section V.B..
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Our finding that tone surprises move stock prices and interest rates in the same
direction raises the question whether these tone effects are similar to the JK
information shocks. To address this question for stocks and interest rates as well
as for the tone effects in volatility and credit markets, we extend the regression
analysis by including the JK policy and information shocks as additional variables.
Table 8 reports the main results across asset classes using the Eurostoxx 50 (as in
Table 5), the 2-year German government bond yield (as in Figure 3), options-
implied volatility and volatility risk premia (as in Table 6), and the credit spreads
of financials (as in Table 7). These results show that the coefficient estimates for
tone changes remain significant in all asset classes.

For interest rates and credit spreads, we find that the results are virtually
unchanged when including JK policy and information shocks. For returns on the
Eurostoxx 50 as well as changes in the VSTOXX and in volatility risk premia, we
find that including policy and information shocks substantially increases the
adjusted R2 values and somewhat reduces the magnitude of the tone coefficients,
but the tone effects remain statistically significant. The coefficient estimates for,
both, policy and information shocks are statistically significant as well, with the
estimates for information shocks having the same sign as the estimates for the tone
surprises, whereas the policy shock coefficients take the opposite sign.

TABLE 8

ECB Tone and Policy Shocks Versus Information Shocks

Table 8 presents results on the link between asset price responses and changes in ECB tone, controlling for “policy shocks”
and “information shocks” as proposed by Jaroci�nski and Karadi (2020). Each column refers to a different asset class: ESX50
refers to returns in the Eurostoxx50 equity index, 2Y to changes in the German 2-year government bond yield, VSTOXX to log
changes in theVSTOXXvolatility index, VRPandVRP-PC to changes in theproxies for variance risk premia (i.e., log changes in
the VSTOXX scaled by realized volatility measured over the full day or from 14:30 to 17:00), and Credit-Fin to changes in the
credit spread of financial institutions. On each press conference, we regress the asset price responses on changes in ECB
tone compared to the previous press conference, a large set of control variables (for detailed variable descriptions we refer to
Table 5), aswell as policy and information shocks.We report coefficient estimates, t -statistics basedonWhite (1980) standard
errors in brackets, the regressions’ adjusted R2, and the number of observations.

ESX50 2Y VSTOXX VRP VRP-PC Credit-Fin

Const 0.00 0.00 �0.02 �0.97 �1.86 0.00
[1.06] [1.01] [�1.08] [�0.40] [�0.51] [0.30]

ECB Tone
Δτt 0.27 0.01 �0.96 �94.80 �151.91 �0.02

[2.27] [2.75] [�2.05] [�1.96] [�2.13] [�2.68]
Δτt�1 �0.02 0.00 �0.08 6.95 11.56 �0.02

[�0.20] [0.40] [�0.15] [0.12] [0.14] [�2.08]

ECB Actions
ΔMROt �0.25 0.04 1.97 360.63 512.42 0.18

[�0.22] [1.81] [0.64] [1.51] [1.41] [2.04]
UMPt 0.00 0.00 �0.03 �0.86 �0.91 �0.00

[1.07] [2.32] [�2.01] [�0.73] [�0.58] [�1.21]

Monetary Policy Shocks
Policy shock �0.23 �0.00 0.58 43.10 64.43 �0.00

[�5.12] [�0.07] [3.40] [4.33] [4.48] [�0.50]
Information shock 0.25 0.00 �0.61 �49.07 �59.52 �0.00

[6.05] [0.66] [�3.39] [�3.97] [�2.96] [�1.83]

Text Controls Yes Yes Yes Yes Yes Yes
Pre-PC Market Controls Yes Yes Yes Yes Yes Yes

Adj. R2 (%) 38.30 5.64 16.23 9.59 6.88 13.56
No. of obs. 239 239 239 239 239 239
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From a conceptual perspective, it is difficult to say whether tone shocks are a
new, text-based proxy for CB information effects, capturing different aspects than
the JK information shocks, or whether tone surprises affect asset prices through a
separate channel. In other words, it could be that tone and information shocks are
(imperfectly correlated) proxies for the same underlying effect.22 Drawing a clear
distinction between these two possibilities presents a challenge, and we defer this
task to future research since it is not necessary for the purpose of our study.What we
show is that CB tone indeed matters for asset prices, also when controlling for the
policy and information shock measures proposed by Jaroci�nski and Karadi (2020).

V. Additional Results and Robustness Tests

This section summarizes additional results and robustness checks, which we
present in the Supplementary Material.

A. Robustness over Subsample Periods

To show that our results are not driven by a particular period in our sample
(e.g., the financial crisis), we repeat the empirical analysis for 18 6-year subsamples.
Figure IA.1 in the Supplementary Material shows that there is a positive spread in
stock market returns on days with positive compared to negative tone changes in
17 of the 18 subsamples. For interest rates, we find that positive (negative) tone
changes are typically associated with increases (decreases) in the 2-year yield of
German government bonds or, at least, less of a decrease (less of an increase).
Moreover, we find that a more positive tone is usually associated with a decrease in
the VSTOXX, whereas a negative tone change is associated with an increase or a
smaller decrease. The inverse relation between tone changes and credit spreads of
financial firms appears to have started in 2009, that is, after the onset of the financial
crisis when investors became particularly concerned with the health of financial
institutions and have become less important in recent years. Taken together, these
results show how tone effects vary over time and corroborate our conclusion that
tone conveys information that matters for asset prices through a risk-based channel.

B. Surprises Based on AR-Models of CB Tone

In our main analysis, we have studied surprises in ECB tone via regressions of
asset price responses on tone changes, lagged tone changes, and proxies for the
information set of market participants prior to the PC. The advantage of using tone
changes and control variables is that all variables are observable in real time and no
separate estimation is required to obtain tone surprises, thereby avoiding generated
regressor issues. An alternative approach is to model ECB tone as an AR process in
a first step, potentially including other variables as well, and to obtain tone surprises
as the residuals from the ARmodel. We then use these residuals as tone surprises in
a second step, in which we relate changes in asset prices to these tone surprises.

22The sample correlation of tone changes with policy shocks is�0.032 and with information shocks
is 0.167.
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We now repeat the empirical analysis using AR(1), AR(3), and AR(5) models
for the level of ECB tone in two specifications. In the first specification, we only
include lags of ECB tone on the right-hand side of the regression. In the second
specification, we extend the AR models to also include other information available
to market participants prior to the PC, that is, the stock market and interest rate
quantities that we have used as control variables for market conditions in our main
analysis.We then regress asset price changes on theARmodel tone surprises aswell
as the control variables we have included in our main analysis (except for the
variables already incorporated in the respective AR models). We report the results
in Tables IA.13 and IA.14 in the Supplementary Material, which show that the tone
coefficient estimates have very similar magnitudes and levels of significance as in
the regressions reported in Sections III and IV.

C. Tone Surprises, Policy Actions, and Fundamentals

Our results suggest that CB tone moves asset prices through a risk-based
channel, with tone surprises affecting risk premia required by market participants.
In additional analyses, we check whether tone could also matter for asset prices by
signaling news about the future path of monetary policy or economic fundamentals.
We discuss our findings below but delegate details of the econometric setup to
Section IA.B of the Supplementary Material.

First, we show that (lagged) tone changes have some predictive power for
future policy rate changes over and above the information contained in lagged
MRO changes: A more positive (negative) tone predicts future increases
(decreases) in policy rates. This finding is generally consistent with CB tone
surprises being informative about the future policy stance, but we have already
shown above that tone-related risk premium effects dominate risk-free discount rate
effects.

Second, we use predictive regressions to study whether tone changes are
informative about future fundamentals. The signs of the estimated coefficients
support the intuition that a more positive tone is associated with better economic
conditions, which is in line with our finding that tone surprises share some simi-
larities with CB information effects. However, we only find some degree of sig-
nificance for growth in (real) industrial production and, somewhat more
pronounced, for business confidence, which may be indicative of either cash flow
or risk premium effects; all other estimates are insignificant. Hence, it appears
unlikely that tone surprises matter for asset prices mostly due to predictive power
for future fundamentals.

D. Sovereign Yield Spreads

In an additional empirical exercise, we examine the effect of tone surprises on
the term structures of sovereign yield spreads on Italian and Spanish government
bonds compared to German government bonds. Repeating the analysis of the term
structure of German government bonds (from Section IV.A), we now present
analogous results for sovereign yield spread curves in Figure IA.2 in the Supple-
mentary Material. To have full sample coverage from 1999 to 2021, we focus on
maturities of 1–10 years. Economically, our findings are consistent with a risk-
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based channel of tone, that is, we find in Panel A that a more positive tone is, on
average, associated with lower sovereign yield spreads. Panel B shows the results
from regressing sovereign yield spread changes on changes in ECB tone (Δτ) as
well as our standard control variables for other textual characteristics, policy
actions, market conditions, and monetary policy shocks. With these control vari-
ables, all estimates for maturities of 2 years or longer are negative, but most are not
significantly different from 0 at the 5% level.

VI. Conclusion

We propose to assess market-relevant news in CB announcements directly
from the verbal communication of policy makers. Using a systematic approach to
measure the tone of the ECB president in PCs held after policy meetings, we find
that a positive tone surprise is associated with significantly higher stock prices,
higher interest rates, lower volatility risk premia, and lower credit spreads. These
tone effects are robust to controlling for policy actions and standard measures of
monetary policy shocks, which implies that tone surprises convey price-relevant
news to the market.

Our findings contribute to the debate on effective CB communication. We
show that a simplemeasure of CB tone conveys news for asset prices through a risk-
based channel, similarly to the risk premium effects of policy actions. Thus, from
the perspective of policy makers, our results imply that communication tone is an
important instrument in the monetary policy toolkit. By tilting their communication
to have a more positive or negative tone, central bankers can affect the risk appetite
of market participants and, thereby, financial conditions and the pricing of risky
assets. This may prove particularly useful in times of high uncertainty or when the
scope for policy actions is limited.

Appendix A. ECB Statements and Textual Characteristics

The transcripts of the ECB press conferences are publicly available on the ECB
website (https://www.ecb.europa.eu/press/pressconf/).

After obtaining the transcripts, we follow standard procedures of the textual
analysis literature in preparing the transcripts for further analysis: We i) convert all
words to lowercase, ii) remove numbers, iii) remove punctuation, iv) remove English
stop words (e.g., for, very, and, of, are, etc.), and v) strip excessive whitespace.

The objective of our article is to assess how surprises in ECB affect asset prices.
Throughout our empirical analysis, we control for other textual characteristics of ECB
press conference statements to rule out that tone changes matter for asset prices because
they capture features of these other characteristics, which are described in more detail
below.

First, we compute the “distance” (DISt) between two consecutive PC statements.
DISt is based on the Euclidean distance between two vectors (one for each PC) where
each vector counts the number of occurrences of each word (each word is represented
by 1 row in the 2 vectors). Thus, larger values imply larger differences in the wording
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used in the two PCs.23 We control for DISt because Bholat, Santos, and Schonhardt-
Bailey (2015) and Ehrmann and Talmi (2020) suggest that CB communication might
affect markets differently depending on how much it deviates from the previous
communication.

Second, we use the FOG index to quantify the complexity/readability of ECB
statements and measure changes in the index (ΔFOGt) between consecutive PCs. The
FOG index aims at measuring the number of years of education needed to understand a
text on first reading and is computed from the text’s average number of words per
sentence and its percentage of complex words (defined as words with more than
2 syllables). For more details about the FOG index, its application in financial research,
and alternative readability measures (that in our application yield very similar results),
see the survey of Loughran and McDonald (2016). Third, and somewhat related, we
control for changes in the lexical diversity of ECB statements. Specifically, we compute
the type-token ratio, that is, the ratio of unique words (types) to total words (tokens) and
its changes (ΔTTRt) between consecutive PCs.

We control for ΔFOGt and ΔTTRt to account for the possibility that tone changes
may be correlated with changes in complexity and lexical diversity. Complex and lexi-
cally diverse statementsmay have aworse “signal-to-noise” ratio than simpler statements,
which could impact on the effectiveness of central bank (CB) communication to markets
(e.g., Woodford (2005), Blinder et al. (2008)). By controlling for ΔFOGt and ΔTTRt, we
can rule out that tone effects on asset prices may simply reflect that market participants
respond differently to complex and lexically diverse compared to simple statements
because these are harder to interpret and lead to more uncertainty.

Appendix B. Measures of Monetary Policy Shocks

In our empirical analysis, we control for three sets of monetary policy shock
measures. We obtain the monetary policy shock data from Altavilla et al. (2019) as
well as the high-frequency asset price data from the (updated) euro areamonetary policy
database (EA-MPD), which was established by these authors. Additionally, we obtain
the updated series of the policy and information shocks proposed by Jaroci�nski and
Karadi (2020) fromMarek Jarocinski’s website. We describe the shock measures below
and present summary statistics in Table IA.4 in the Supplementary Material.

First, we use the four factors proposed by Altavilla et al. (2019) as control vari-
ables, using the replication data available for their article. Using high-frequency data on
the term structure Overnight Index Swaps (OIS) and German yields, they provide four
factors, estimated as rotated factors from principal component analyses. The “Target”
factor summarizes the interest rate response to the rate announcement, measured in a
narrow time window around the press release (using median rates between 13:25–13:35
and 14:00–14:10). Using interest rate changes during a narrow time window around the
press conference (using median rates between 14:15–14:25 and 15:40–15:50), they
rotate the first three principal components into the “timing,” “forward guidance,” and
“quantitative easing” factors. The interpretation provided by Altavilla et al. (2019)
suggests that the “timing”-factor captures information relevant for the short run, the

23We choose Euclidean distance for its simplicity. We have also experimented with alternative
distance measures such as cosine similarity, which are immune to mechanical effects due to variation
in text lengths across documents, and obtained similar results. Moreover, computing distance metrics
based on bigrams (e.g., Tetlock (2011), Amaya and Fibien (2015)) leads to very similar results.
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“FG”-factor for monetary policy over the medium term, and the “QE”-factor contains
information relevant for long-term yields. For more details on the econometric proce-
dure, see their article. The factor data are available from the beginning of the year 2002
until the end of our sample period.

Second, we follow Jaroci�nski (2020) in measuring surprises in euro area short-
term interest rates. To do so, we use high-frequency EA-MPD data and extract the first
principal component of changes in the 1-, 3-, and 6-month, and 1-year OIS rates. We
apply the same time windows as Altavilla et al. (2019) to measure shocks associated
with the rate announcement in the press release (“PC1 – Press release”) as well as shocks
associated with the press conference (“PC1 – Press conference”).

Third, we use the updated shock series of Jaroci�nski and Karadi (2020) to assess
the importance of controlling for “policy shocks” and “information shocks” when
testing for the effect of tone surprises on asset price. Jaroci�nski and Karadi (2020)
use sign restrictions on the co-movement of short-term interest rates and stock returns to
identify “policy” and “information” shocks. The key idea can be summarized as
follows: Conventional monetary policy shocks should lead to a negative co-movement
of interest rates and stocks, because unexpectedly higher rates should depress asset
valuations through stronger discounting of future cash flows. One can think of such
shocks as, for example, news about the CB reaction function. Hence, in a structural VAR
framework, such policy shocks can be identified by imposing that shocks to stock prices
and short-term rates move in opposite directions. However, news released during a
monetary policy event can also refer to information about the CB’s view of the state of
the business cycle and/or near-term economic growth. Such news would imply an
increase in short-term rates as well as higher stock prices (due to higher cash flows).
Imposing this positive co-movement of shocks allows for identifying information
shocks. We refer to Jaroci�nski and Karadi (2020) for details on the computation of
these shocks.

Supplementary Material

To view supplementary material for this article, please visit http://doi.org/
10.1017/S0022109024000073.
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