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Abstract

This article assesses the communication of the European
Central Bank (ECB) using Natural Language Processing
(NLP) techniques. We show the evolution of discourse over
time and capture the main themes of interest for the central
bank that go beyond its traditional mandate of maintaining
price stability, enlightening main concerns and themes of
discussion among board members. We also built sentiment
signals compatible with any form of language, both formal
and informal, an important step as the ECB aims to enhance
communication with non-expert audiences. In a second step,
we measure the impact of the ECB’s communication on the
EUR/USD exchange rate. We found that our quantitative
series, both topics and sentiment, improve financial-linked
models consistently in all periods analyzed (2.5% on average).
Meaningful signals comprise a broad range of subjects and
vary in time. This suggests that overall ECB’s talk matters
for asset prices, including themes not directly related to
monetary policy. This result is particularly important in
a context in which the ECB, as well as other major central
banks, are moving towards integrating issues closer to the
society into their scope of action, implying that subjects,
which were considered peripheral, may become central.
This emphasizes the importance for markets to effectively
track central banks’ communication to improve investment
processes.
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1 Introduction

“Since I've become a central banker, I've learned to mumble with
great coherence. If I seem unduly clear to you, you must have
misunderstood what I said.”

Alan Greenspan, 1987.

“Today, central bank communication is at the heart of monetary
policy. It is actually a monetary policy tool in itself.”
Mario Draghi, 2014.

Central bank communication has evolved significantly over time. From Greenspan
(1987)! to Draghi (2014a), we have moved from a secrecy period in which central banks
systematically limited their communication to an environment in which discourse is not
only used extensively, but has also assumed an effective role for monetary policy.

According to the literature, two main factors have created the terrain that brought
about major changes observed in the way central banks voice themselves from the mid-
90s. First, an overall understanding that clear communication ensured the effectiveness
of monetary policy. Second, the greater independence granted to central banks. This
implied the need for an increase in democratic accountability, which required central banks
to explain how their decisions helped them to achieve their objectives (Blinder et al., 2008;
Draghi, 2014a; Yellen, 2012).

As such, the quest for transparency became primordial and major central banks have
started to (gradually) disclose information. For instance, the Federal Reserve (Fed) began
publishing public monetary policy statements in 1994 and the votes of individual members
in 2002. From 2003, the statements also contained explicit information, or forward guid-
ance, on the likely course of inflation. From 2005, the minutes of the Federal Open Market
Committee (FOMC) meetings started to be released. The European Central Bank (ECB),
which was formulated when these changes were taking shape, has adopted transparency
from its inception?. The ECB was the first central bank to offer monthly press confer-
ences (Draghi, 2014a) and its communication strategy generally relied on the use of code
words such as “strong vigilance”, “heightened alertness” as a way to signal to the markets
forthcoming changes in the conduct of monetary policy® (De Haan, 2008).

However, the 2007-2008 Global Financial crisis (GFC) and the advent of the zero lower
bound (ZLB) environment in major economies have requested greater central bank trans-

!Speech to the Subcommittee of the US Congress, November—December 1987 (See Ratcliffe (2017)).

2 According to Trichet (2008a), a new and bold level of transparency was important to i) ensure credibility
of the new currency, the euro, ii) render uniform the communication in the euro area, avoiding various
interpretations that could rise from different cultures and languages in the region and iii) establish and
consolidate credibility of the institution.

3Markets were very attentive to the use of these words. See, for example, https://ftalphaville.ft.com/
2011/02/03/478326/the-ecbs-code-words/
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parency, prompting a new communication revolution. Under such environment, agents
may find it difficult to foresee monetary policy decisions as signals are less clear to extract.
Indeed, in addition to a highly uncertain economic environment, skepticism may arise re-
garding the effectiveness of the new and numerous instruments used. Figure 1 highlights
the diversity of the non-standard monetary policy measures taken by the ECB since the
GFC inception. Different instruments have been used over time: from innovative liquid-
ity facilities to asset purchase programmes and negative deposit rates. In this context, to
steer expectations about future policies, central banks had to provide clearer guidance to
markets and be more explicit about how they understood their new environment (Coenen
et al., 2017; Draghi, 2014b). As a matter of fact, central banks’ talks have then become
one of the main instruments of monetary policy?.

More recently, we have also noticed both a great effort and commitment of major central
banks to diversify their audiences as well as a great willingness to listen to the public®.
The combination of unconventional monetary policies and extraordinary fiscal stimulus
(specially provoked by the COVID-19 pandemic crisis), has challenged public perception
of central bank independence (Macklem, 2020). Strengthening trust between the public
and central banks has become both desired and necessary. As such, communication has
proved to be an important tool not only in influencing investor’s expectations, but also in
handling crisis, ensuring markets® and getting closer to the society.

Reflecting this growing importance, central banks have engaged in spreading their mes-
sage. Regarding the ECB, there has been an increasing number of media channels over time
(e.g. speeches, interviews, twitters, podcasts) as well as a larger amount of interventions
given by different board members. From a purely analytical point of view, this shows that
communication has become more widespread, diverse and less focused on the figure of the
president of the institution. From a quantitative perspective, this constitutes an increase
in the volume and frequency of information available - and which remains broadly under
explored.

The objective of this paper is twofold. First, we aim at capturing and assessing the
evolution of ECB’s communication over time using text mining techniques. Second, from
the text mining based signals extracted, we evaluate the impact of the ECB’s discourse on
asset prices. Even though there are several studies on the topic”, our paper brings some
novelties to the literature on central bank communication. First, research on this subject

4Jens Weidmann, president of the Bundesbank, recently emphasized the central role of communication
to monetary policy. According to him “ECB watchers scrutinize every world. Changes in communication
are very keenly noticed and analyzed. And it is not only what is said but also what is unsaid that can
send a message” and “the language in central bank statements about the likely future course of monetary
policy (known as forward guidance) became more important than any concrete decision taken (or not taken)
during the monetary policy meetings” Weidmann (2018).

®See e.g. Ehrmann and Wabitsch (2020). In addition, note that the ECB held its first ECB listens in
October 2020, an event that brought together a range of European-level civil society organizations to hear
their views on the impact of the ECB’s monetary policy and communication and on the global challenges
ahead.

6See e.g. B. S. Bernanke (2013) and Trichet (2008b, 2008c). Coenen et al. (2017), in particular, found
that announcements of asset purchase programs have lowered market’s uncertainty effectively. Forward
guidance too, specially when providing information for long horizons.

"See Blinder et al. (2008) for a review.
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is considered relatively young mostly due to the difficulties in measuring qualitative infor-
mation in a direct, transparent, objective and reproducible way (Lucca & Trebbi, 2009).
We use Natural Language Processing (NLP) techniques in our study hence contributing to
the growing literature that applies computational linguistics tools to analyze central bank
communication. Specifically, we apply the Structural Topic Model (STM) introduced by
M. E. Roberts et al. (2019).

STM allows estimating general semantic themes within a collection of documents and
to simultaneously analyze the prevalence of each topic conditional on a number of factors.
Therefore, we estimated the main topics that characterize our corpus of texts as well as the
variation of their prevalence over time. This process allowed us to track the main subjects
of central bank communication over time and by speaker, highlighting the main research
and interests of the institution which goes beyond its core mandate of ensuring price sta-
bility. By doing so, we built and analyzed the ECB’s history through quantitative (and
reproducible) signals. This approach adds to the recent literature that uses NLP to identify
diverse messages contained in central banks’ discourse. Moreover, to our knowledge, our
article is the first to trace the evolution of the ECB’s communication through the speaker’s
perspective including extra-financial topics.

From our database, we also constructed sentiment signals to capture the overall emo-
tion displayed by speakers during their interventions. To do so, we used measures based on
three different common language lexicons (AFINN, NCR and BING) and a specific financial
dictionary (Loughran-McDonald). Most articles normally use only one of these measures
to capture the emotions possibly conveyed in a discourse. We believe that including these
set of broad-based lexicons, general and financial, is important because it allows to capture
the different language usage which varies according to the communication tools employed.
In this way, our quantitative process generates signals compatible with any means of com-
munication the central bank may use, whether formal (e.g. a speech) or informal (e.g.
twitter)®.

We then use these text mining based time-series to measure the effects of ECB’s commu-
nication on the evolution of asset prices, notably foreign exchange, which is little explored
in the literature despite the undeniable influence that central banks’ discourse has on the
FX market. Indeed, research has mostly focused on the impact of communication on the
yield curve. More precisely, we aim at measuring the impact of the ECB’s discourse on the
EUR/USD exchange rate. We employ the whole set of information (topics and sentiments)
extracted from its different interventions in our analysis. Our results show that the central
bank’s discourse exerts a systematic influence on the currency’s return over time and that
a variety of topics, which goes beyond monetary policy, plays an important role to explain
the EUR/USD performance.

8We implemented Principal Component Analysis (PCA) in order to understand the correlations and
variances within the different signals based on formal (financial) lexicon and informal (general) lexicons.

8



Figure 1: ECB’s non-standard policy measures

ECB’s Non-Standard Policy Measures (ECB-NSM)
Responses to Different Phases of the crisis

!

First Phase:
— ECB as a Lender of Last resort (2008 —2009)

Objective:  Provision of liquidity to banks
and keep financial market functionning.

Instruments:
e LTRO (6 months): 28/03/2008
e Fixed-rate full allotment: 15/10/2008
e LTRO (1Y)/CBPP1: 07/05/2009

Source: ECB and authors’ compilation.

!

!

Second Phase:
— Addressing the Sovereing Debt Crisis

Objective:  Addressing market’s malfunction-
ning and to reduce differences in financial
conditions faced by business and households in
different euro area countries.

Instruments:

e SMP1: 10/05/2010

e SMP2: 08/08/2011
LTRO (3Y): 08/12/2011
CBPP2: 06/10/2011
OMTs: 06/09/2012

Third Phase:
— Dealing with credit crunch and risk of deflation

Objective: as short-term interest rates were
close to the ZLB, ECB policy measures aimed at
influencing the broad set of interest rates relevant
for financing condition in the euro area.

Instruments:
e Forward Guidance: 04/07/2013
e ABSPP and TLTRO1: 05/06/2014
e Negative Interest Rates: 12/06/2014
e CBPP3: 04/09/2014
e Extended APP (PSPP incl.): 22/01/2015

e APP1 (60 EUR bn): 09/03/2015 extended
in 03/12/2015

e APP2 (80 EUR bn) and CSPP: 10/03/2016
e TLTRO2: 10/03/2016

e APP3 (60 EUR bn): 08/12/2016

e APP4 (30 EUR bn): 26/10/2017

e APP5 (15 EUR bn): 14/06/2018

e TLTRO3: 07/03/2019

e APP6 (20 EUR bn): 12/09/2019

e Additional APP funding (120 EUR bn):
12/03/2020 (coronavirus)

e PEPP (750 EUR bn): 18/03/2020 (coron-

avirus)

¢ Additional PEPP funding (600 EUR bn):
04/06/2020 (coronavirus)
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2 Relation to Literature

“Words speak at least as loud as actions”. In early 2000s, Giirkaynak et al. (2004) aiming
at accurately assessing the effects of US monetary policy decisions on asset prices, pointed
out that two major elements were necessary to tackle the task: i) the current federal funds
rate and ii) the future path of policy rates, which was closely related with the Federal
Open Market Committee (FOMC) announcements. As a conclusion, the authors claimed
that “words speak at least as loud as actions”. From that point, the literature on central
bank communication expanded and now it comprises studies for a large number of central
banks and a variety of asset classes. Our work associates to this research. While findings
are mixed, studies show that central bank talk can influence asset prices in a significant
manner (B. Bernanke et al., 2004; Blinder et al., 2008; Connolly, Kohler, et al., 2004;
Schmeling & Wagner, 2019).

Our research is closely related to studies specifically linked to the ECB’s communi-
cation. Overall, empirical evidence suggests that the central bank communication has a
significant impact on euro area interest rates for all maturities (Brand et al., 2010; Ehrmann
& Fratzscher, 2003). In particular, Rosa and Verga (2005) constructed an indicator based
on counting code words® in the ECB introductory statement (during the press conferences)
and found that communication affects short term dynamics of interest rates. In the same
fashion, Ehrmann and Fratzscher (2007) found that press conferences add substantial in-
formation often exerting an even larger effect on financial markets than the release of the
monetary policy decisions itself. For the authors, it was clear that 3-months Euribor futures
returns, as well as trading activity, responded to the ECB’s communication. According to
De Haan (2008), there is substantial evidence that ECB communications increase the pre-
dictability of interest rates decisions by the Governing Council.

Stepping back from the literature which (until then) mostly relied on subjective indi-
cators'? to quantify central bank communication, Brand et al. (2010) constructed a set
of multidimensional indicators of monetary policy news'! and studied their impact on the
euro area yield curve. Their results suggested that the yield curve was highly sensitive to

9 Code words refer to the use of some key words such as “strong vigilance” and “extremely alert” by the
ECB, in an attempt to signal markets futures changes in the conduct of the monetary policy. They were
often used during Jean-Claude Trichet’s mandate.

10 Among subjective indicators, we can find indicators based on counting code words in the ECB in-
troductory statement and the use of dummy variables to classify, for example, ECB’s assessments on the
‘inflation outlook’ as tilted towards greater accommodation or tightening of monetary policy. Very often,
in the case of the former, authors attributed a score of -1 whereas that in the later, +1. Such analysis were
thus highly dependent on the individual’s interpretation. Literature has been quite critical about the use
of such approaches. Blinder et al. (2008) pointed out that as these indicators are constructed ex-post, they
might mitigate the unexpected component in the statement and fail to capture how the financial market
understood the message at the release time. For Brand et al. (2010) “subjective indicators cannot possibly
reflect all the information that is used by financial markets when forming expectations about monetary
policy.”

HSpecifically, the authors used three different methodologies to extract monetary policy news from the
money market yield curve: i) a segregation of the time windows into decision and communication windows,
ii) rotated principal components and iii) recursive regressions. Note that the last two methods were inspired
on early work of Giirkaynak (2005).

10
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the ECB press conference, with more sizable and significant changes on the medium-to-long
tenors. The front-end of the curve, in turn, was essentially driven by the immediate pol-
icy decision. Recent studies corroborate this result. Leombroni et al. (2019) decomposed
ECB monetary policy surprises into target and communication shocks. The authors found
that in days of monetary policy announcements, euro area bond yields are mostly driven
by communication shocks with pronounced effects at medium maturities. Moreover, the
authors pointed out that the ECB monetary policy was no longer homogeneous after the
European debt crisis. In particular, communication shocks drove apart core and peripheral
yields.

Central bank communication during unconventional monetary policy times also affects
financial markets. Overall, empirical evidence suggests that the announcements of asset
purchase programs (APP) and Securities Markets Programs (SMPs) impacted significantly
government bonds yields, especially in the peripheral euro area economies (Altavilla et al.,
2019; Altavilla et al., 2015). Coenen et al. (2017) therefore drew attention to the language
used and the information disclosed during the announcements of new policies. According
to the authors, statements that use more difficult language raise stock market volatility,
a notable evidence for APP announcements. The authors also pointed out that it is very
important to communicate the expected workings of the tools and to provide as many details
about their implementation as possible (e.g. extent of the policy) otherwise uncertainty
would increase. Clarity is hence key. This finding is in line with studies comprising other
major central banks such as the Federal Reserve Bank (Jansen, 2011) and the Bank of
Canada (Ehrmann & Talmi, 2020).

Forward guidance is also influential. Literature shows that its use in a particular econ-
omy affects local market interest rates (Hansen & McMahon, 2016). Specifically regarding
the ECB, empirical research has showed that this policy has lowered the full term structure
of private short term interest rates, with stronger and persistent results on longer maturities
(Hubert, Labondance, et al., 2018). Altavilla et al. (2019) found similar effects for longer-
term sovereign yields. Coenen et al. (2017) noted that this tool seems to be particularly
effective when the ECB gives guidance for long horizons and even stronger when jointly
unveiled with asset purchase programmes. Taking into account a sample of eight major
central banks and focusing on the formation of expectations, Sutherland (2020) provided
evidence that forecasters revise their interest rate prediction in the intended direction by
about five basis points (on average) in response to a change in forward guidance.

While transparency about policies has proven to be influential on markets, studies
have also shown that other factors such as the language tone also matters. For instance,
Schmeling and Wagner (2019) analyzed the ECB press conferences and found that a positive
tone is associated with higher equity market returns, lower volatility risk premia, and lower
credit spreads.

Our work is also closely related to the research that combines central bank communica-
tion and Natural Language Processing (NLP), in particular topic modeling. One approach
is to use dictionary based techniques such as the one applied on Lucca and Trebbi (2009).
The authors used the Google semantic orientation score to capture policy inclinations in the
FOMC statements. Regarding the ECB, Picault and Renault (2017) constructed a field-
specific dictionary based on the content of the ECB press conferences. Specifically, the

11
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authors proposed a term-weighting and contiguous sequence of words (n-grams) to better
capture the subjectivity of central bank communication. They found that the lexicon helps
to explain future ECB monetary policy decision when considering an augmented Taylor
rule and that the European stock market is more volatile following a negative tone of the
ECB on the economic outlook.

Although dictionary models are information based, they do not capture the context
of the documents, a major limitation for text analysis. Other techniques, such as latent
variables models overcome this issue. As a broad view, they assume that words are not
independent but linked together by underlying, unobserved topics!?(Bholat et al., 2015).

A widely known approach is the Latent Dirichlet Allocation (LDA, see Blei et al. (2003)).
Essentially, this probabilistic topic model treats each document as a mixture of topics, and
each topic as a mixture of words. Formally speaking, each topic is defined as a unique
distribution of words which yields a word-topic matrix. This provides a conditional prob-
ability for every word given each hidden topic (Wesslen, 2018)!3. Therefore, this method
allows the same word to appear in multiple topics with different probabilities, whereas a
standard mixture model would force each word to appear only in one topic. According to
Hansen et al. (2018), this is one of the main advantages of the LDA. The authors used
this technique to study the effects of increased central bank transparency, having the Fed-
eral Reserve as case-study and found evidence of increased conformity after the release of
FOMC meeting transcripts.

Such flexibility made the LDA one of the most used methods in topic modeling with
many applications. Research on this subject has evolved in the past years to allow models
to also capture correlations between topics, a major weakness of the LDA. This is an
important limitation as topic correlations are common in real-word data. Ignoring them
limits LDA’s ability to express the large scale data and to predict the new data (Cao et
al., 2009). A quite new, efficient and easy-to-implement approach to solve this issue is the
Structural Topic Model (STM) (M. E. Roberts et al., 2019), which we apply in this study!*.

In a nutshell, the STM adds richer structures to the traditional probabilistic topic
models (notably the LDA) and other topic models that have extended these such as the
Correlated Topic Model (CTM) (Blei, Lafferty, et al., 2007). The model allows researchers
to examine the relationship between topics and various covariates of interest (e.g. gen-
der, political party, location), a key innovation. The STM has been used in a variety of

12See Bholat et al. (2015) for a review of the main text mining techniques applied for central banks.

13Wesslen (2018) pointed out that the probabilistic nature of the LDA works similar to the SVD used in
earlier models such as the LSA. It acts as a dimensionality reduction process by reducing the information
about each document from the large number of columns (words) to a much smaller number of columns
(topics).

14 A ‘STM’ package is available in R. The model applies a fast variational EM algorithm which contributes
to fast and optimal computation. Note that while we are aware of new promising machine learning tech-
niques for language modeling, notably Word2vec (Mikolov et al., 2013) and the Bidirectional Encoder
Representations from Transformers (BERT) (Devlin et al., 2018), we opted not to use these approaches as
research has yet to understand their full capabilities. For instance, Ettinger (2020) found that while BERT
can generally distinguish good from bad completions involving shared category or role reversal (albeit with
less sensitivity than humans), it showed clear insensitivity to the contextual impacts of negation.

12
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contexts, including political economy and central banking. For instance, Moschella et al.
(2020) recently assessed the effects of negative public opinion of the ECB and found that
it apparently leads the institution to expand its scope of communication beyond that des-
ignated in its main mandate. For the authors, this is an indication that the ECB listens to
the public.

3 First insights on ECB’s communication

3.1 Database structure

Central banks have several communication channels to interact with the public. Among
them, we find a formal communication, in which policymakers make statements during
regular pre-scheduled events such as monetary policy meetings and Parliament hearings.
Normally, the language and communication adopted in such situations have a notion of
group strategy with the objective of transmitting an institutional and unified message. For
example, when the ECB President speaks at the Press Conference following the Governing
Council monetary policy meeting, she (he) speaks of a decision taken on behalf of the
group and not on a personal basis'®. Yet, there are other more informal situations, such
as speeches and interviews, being more irregular and in which the individual aspect can
(often unintentionally) stand out. The spontaneous aspect of these events acts as an
important strategic tool to emphasize some elements of a given policy or, rather, during
a crisis situation to reassure markets. Said differently, during circumstances in which
communicating more frequently is made absolutely necessary.

Our article covers formal and informal communication instruments used by the ECB.
Precisely, our database contains three of the main tools used: i) Press Conference, ii) Speech
and iii) Interview extracted from the ECB’s website!S.

Our database covers the period of February 02, 1997 to July 31, 2020 and is organized as
follows. Each communication event (speech, press conference or interview) is an observation
for which the date, speaker(s), title, subtitle and content are provided. We count for 25
individual speakers and the full cleaned database allows us to access 2977 interventions of
these types since the inception of the ECB. To avoid translation issues, we only considered

15The introductory statement, in particular, might reflect the position and the views of the Governing
Council, agreed upon a word-by-word basis by its members (De Haan, 2008).

16Precisely, the ECB started publishing from 2019 a pre-compiled data set containing the content of all
speeches delivered by its board members, which is updated every two months. See https://www.ech.europa.
eu/press/key/html/downloads.en.html. In addition, we used the database available on Kaggle, proposed by
Roberto Lofaro, which contains the list links to the ECB’s website for every press conference, interviews and
speeches since they started to be released to nowadays. See https://www.kaggle.com/robertolofaro/ech-
speeches-1997-t0-20191122-frequencies-dm/data. We checked every link in order to verify the validity of
the information provided. Note that the use of this database require to scrap the html or pdf content of
each link. The content was cleaned from hashtags and related topics proposed, biasing the models, and
of the menu rubrics. For the Press Conference, a limitation is that the “Question & Answer” session still
contains the questions affecting term frequencies. Ultimately, the two inputs were compared and provide
similar results. Finally, the Press Conferences were assigned to the main speaker. In the vast majority of
the cases, it was held by the President.

13
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documents in English, which represents 94% of the sample. Hence, the remaining data
contains 2815 lines. Table 1 provides a grouping of the content by speaker (individual and
groups) and it classifies speakers according to their latest intervention (column ‘Last’)!".
We reiterate that this table accounts for interventions off all categories.

Table 1 and Figure 2 show the main statistics. We observe that the number of inter-
ventions given by the board members has increased since the inception of the ECB, which
puts in evidence the central bank efforts to broaden communication with the public. The
Presidents, in particular, have a significant role in conveying the institution’s message.
Note, however, that the ECB communication’s strategy seems to have changed by the end
of Jean-Claude Trichet term in office. Apparently, until his mandate, the President was
the lead communicator of the institution. Jean-Claude Trichet, in particular, stands as
an outlier with 3.9 interventions alone per month on average which goes up to nearly 5
when adding the Press Conferences (Figure 2). These figures are far above the historical
marks of the other Presidents (about 2.2 interventions alone and 2.9 when adding press
conferences) and board members (around 2). The occurrence of two major crises during
his mandate, the 2007-2008 Global Financial crisis followed by the 2010-2012 European
Sovereign Debt crisis, could be a plausible explanation for his outstanding performance as
communication plays (clearly) a major role during difficult times. It is worth noting that
this fact was emphasized by Jean-Claude Trichet on different occasions in 20088,

Nevertheless, this explanation is certainly not sufficient as following Presidents have
also faced major adversities. For instance, Mario Draghi’s mandate started during the
European Sovereign Debt crisis, followed by the introduction of unconventional monetary
policy instruments wich led to growing skepticism about the effectiveness of monetary pol-
icy. Christine Lagarde’s subsequent term has recently begun and she has had to deal with
the Pandemic crisis and innumerable economic uncertainties. Just as before, these Presi-
dents have engaged on talking and spreading the ECB’s strategy. Yet, other members of
the executive board have spoken more frequently during both, Mario Draghi and Christine
Lagarde presidencies, which represents a change from the pattern observed in the early
years of the ECB.

Specifically, we observe a general increase in the number of interventions on average
— formal and informal — given by the board members. In particular, note the rise in the
number of interviews granted, which was almost nonexistent in earlier 2000s. All in all, this
may indicate a change in the European Central Bank’s communication strategy to a model
in which information is disseminated more widely, through different channels and with less
focus on the President of the institution. Delivering the message of the ECB seems to have
become a task of all'?.

1"Note that due to space limitations, we opted to abbreviate the first name of the speakers.

8Indeed, at least three interventions given in 2008 had as main topic ‘communication’ emphasizing
its changing role and importance in difficult times: “Central Bank communication - if supported by an
established strategy - might well be a quiet and uneventful activity. In difficult times, however, when the
economic outlook darkens exceptionally and confidence falters, communication becomes even more important
to explain how the central bank intends to gear its policy.” (Trichet, 2008c). In such context, the need for
more frequent communication became clear.

¥Indeed, the ECB has recently introduced new communication instruments and apparently adopted a
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Table 1: Speaker statistic table

Speakers N First Last Frequency per month (av)

C. Lagarde 24 04/11/2019 31/07/2020 25
F. Panetta 13 18/02/2020 27/07/2020 2.3
L. de Guindos 67 26/06/2018 26/07/2020 2.5
I. Schnabel 17 11/02/2020  21/07/2020 3.0
Y. Mersch 162 27/02/2013  02/07/2020 1.7
P. R. Lane 29 01/07/2019 01/07/2020 2.2
B. Coeuré 265 06/02/2012 18/12/2019 2.6
S. Lautenschliager 98 03/02/2014 30/10/2019 1.3
M. Draghi 9226 18/11/2011 28/10/2019 2.2
P. Praet 159 16/06/2011  15/05/2019 1.5
V. Constancio 137 09/07/2010  29/05/2018 1.3
J. Asmussen 40 27/03/2012 12/12/2013 1.8
J. M. Gonzélez-Paramo 101 18/10/2004 18/05/2012 1.0
L. Bini Smaghi 110 27/06/2005 16/12/2011 1.3
J. Stark 66 17/07/2006 02/12/2011 0.9
J. C. Trichet 407 20/11/2003 30/10/2011 3.9
G. Tumpel-Gugerell 136 30/06/2003 19/05/2011 1.3
L. Papademos 94  07/03/2003 31/05/2010 1.0
0. Issing 85 02/07/1998 22/05/2006 0.8
T. Padoa-Schioppa A7 03/09/1998  17/02/2005 0.6
E. Domingo Solans 60 04/12/1998 23/04/2004 0.9
W. F. Duisenberg 172 30/06/1997 29/10/2003 2.1
S. Haméldinen 43 26/10/1998 28/04/2003 0.7
C. Noyer 46 18/11/1998  23/04/2002 1.0
A. Lamfalussy 7 07/02/1997 30/06/1997 1.4
C. Lagarde, L. de Guindos 6 12/12/2019 16/07/2020 0.8
M. Draghi, L. de Guindos 11 14/06/2018 24/10/2019 0.6
V. Constancio, M. Draghi 45 12/01/2012 26/04/2018 0.5
V. Constancio, M. Draghi, E. Nowotny 1 02/06/2016 02/06/2016 -
V. Constéancio, D. Nouy 1 26/10/2014 26/10/2014 -
M. Draghi and I. Rimsevics 1 06/10/2013 06/10/2013 -
B. Coeuré and J. Nagel 1 18/09/2013 18/09/2013 -
B. Coeuré and J. Asmussen 1 29/07/2013 29/07/2013 -
M. Draghi, V. Constancio, B. Coeuré 2 03/11/2011 08/12/2011 1.6
J. C. Trichet, V. Consténcio 17 10/06/2010  06/10/2011 1.0
L. Papademos, J. C. Trichet 74 06/11/2003 06/05/2010 0.9
G.Tumpel-Gugerell, L. Papademos, J. C. 1  08/03/2007 08/03/2007 -
Trichet

W. F. Duisenberg, L. Papademos 14 06/06/2002 02/10/2003 0.8
W. F. Duisenberg, O. Issing, L. Papademos 1 08/05/2003 08/05/2003 -
W. F. Duisenberg, C. Noyer 26 30/03/2000 02/05/2002 1.0
W. F. Duisenberg, R. Rato, P. Solbes 1 03/01/2002 03/01/2002 -
W. F. Duisenberg, E. Domingo Solans 1 30/08/2001 30/08/2001 -

policy much in line with this view. Besides of being more active on social media (e.g. ‘# ECB hashtag’ on
Twitter), the central bank launched the ‘ECB Podcast’ in late 2019. In March 2020, it started releasing
the ‘ECB Blog’ which offers insights on recent policy decisions and economic analysis. Note that while the
Blog is authored by policymakers, in the Podcast, ECB’s staff other than the Executive board members
are often invited for discussions on major subjects affecting the euro area and external guests may also
participate. Altogether, these steps certainly underline the efforts of the central bank to democratize the
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Figure 2: Evolution of ECB’s interventions by speaker - average monthly frequency
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s *
9

Dates for both, first and last interventions by speaker, can be found in Table 1
Note that Alexandre Lamfalussy was President of the European Monetary Institute (EMI), forerunner to the European

Central Bank.

From this database, we applied text mining techniques to clean, process and analyze
the unstructured data. We manually performed the preprocessing (e.g. removal of stop
words and punctuation, creation of n-grams, term normalization) and extensive discussion
on the different methodological steps taken is provided in the technical appendix?’.

In the next two sections, we perform both analytical and quantitative studies regard-
ing the ECB’s communication. Specifically, in section 3.2, we evaluate the transformed

data from a bottom-up perspective (speaker to institution) through a standard statistical
method. Then, in section 3.3, we apply the Structural Topic Model (STM) developed by

M. E. Roberts et al. (2019) to identify the main subjects addressed by the ECB over time

and extract quantitative topic signals

access — but also the offer — of information to a wider public

20See Appendix A.
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3.2 ECB’s narrative through the voices of the speakers

“Our main aim 1s to maintain price stability”... and beyond? The main objective of
the ECB is to maintain price stabilily, a commitment that is consistently emphasized
by executive board members during their interventions. But while monetary policy is
and should be the center of interest of a central bank, peripheral issues also have their
importance. After all, the ECB has also responsibilities in other domains such as banking
supervision, systems, international relations. Each executive board member is responsible
for specific areas. For instance, Benoit Coeuré, by the end of his mandate, was in charge of
Market Operations International and European Relations. Philip Lane, is the current chief
economist, responsible for Monetary Policy and Economics?'. Hence, while board members
normally share an unified broad view of the economy and monetary policy path, they also
have some specific areas and themes of interest. This may highlight ongoing research and
key topics at the center of discussion for the central bank.

Aiming at capturing these specificities, we computed the Term frequency - Inverse
Term frequency (TF-IDF). In a nutshell, this is a statistical measure used to evaluate
the relevance of a world in a document given a collection of documents. This is done by
multiplying two metrics: how many times a word appears in a document, and the inverse
document frequency of the word across a set of corpus of texts??. It works by increasing
proportionally to the number of times a word appears in a document, but is offset by the
number of documents that contain the word. Hence, a word that appears many times
across texts is penalized.

Figure 3 shows the TF-IDF statistics applied in all the documents in our database
classified by speaker, who appear according to the last intervention given (most recent
appears first). The terminologies and definitions of the acronyms can be found in the
Glossary **. This figure reveals then, the key words for every speaker and, in a sense, it
highlights the main topics and issues faced by the ECB throughout its existence, which
goes beyond its central mission of maintaining price stability. We highlight some of them
below:

European Construction Themes related to the European construction and its institu-
tions were specially highlighted in the beginning of the ECB (e.g. Alexandre Lamfalussy,
Christian Noyer, Willem Duisenberg). The so-called ‘Stage Three’ of the Economic and
Monetary Union (or ‘Stage Three EMU’), which started on January 1999, contemplated
(among other factors) the introduction of the euro, the conduct of the single monetary pol-
icy by the European System of Central Banks (ESCB) besides of carrying into effect the
intra-EU exchange rate mechanism (ERM II). The latter is an instrument ruling ‘accession’
of new members to the bloc, linking the non-euro area members states to the euro, with the
objective of helping these countries to enhance policies to achieve stability and fostering

2L A complete of view of the distribution of responsibilities among the board members and updates can be
found in the ECB’s website. See, e.g., https://www.ech.europa.eu/echb/pdf/orga/distributionofresp3_EB.
pdf?74db2d62776862d6302dc19ec0251e39

22Further details are provided in Appendix A.

23Gee Appendix C.
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convergence. One step further toward the adoption of the European single currency.

Productivity Labor productivity also gained special attention in early 2000s and stands
as a central theme for the former President Jean-Claude Trichet. In particular, he per-
ceived the slowdown in productivity growth in the euro area as one of the most important
economic challenges in the region. Differences regarding the trajectory observed in the
United States were remarkable?*. Further European integration, particularly in financial
markets, reduction of the barriers to competition and continued structural reforms were
perceived as key elements to help reversing the trend. Moreover, it is interesting to note
the appearance of the word ‘alertness’ on Jean-Claude Trichet’s statistics. This certainly
highlights (as pointed out previously) his distinct style of communication on which code
words (e.g.“heightened alertness”) were frequently used to send signals about future mon-
etary policy path to the markets. By saying that the central bank was ‘alert’, he delivered
the message that the ECB was ready to act promptly to the emergence of threats to the
price stability.

Deepening Integration and CMU Themes related to integration deepening have been
importantly highlighted. It includes several subjects from the enlargement of systems and
payments (e.g. SEPA, eSEPA, cards) to the homogenization of statistics (e.g. AnaCredit)
and unification of financial markets (See e.g. Gertrude Tumpel-Gugerell, Jean-Claude
Trichet; Jorg Asmussen; Vitor Contancio, Sabine Lautenschldger, Luis de Guindos). Re-
garding the latter, note that following the euro area decision to move towards the Bank
Union on June 2012, subjects related to this matter such as the Single Supervisory Mech-
anism (SSM), which grants the ECB the supervisory authority over all banks within the
EU member states, became key (e.g. Jorg Asmussen; Vitor Contancio). More recently, the
implementation of the Capital Markets Union (CMU) agenda, aiming at fostering deep and
diversified capital markets in the European Union amplifying financing options in the re-
gion, has been an important topic for the European Commission and to the ECB. Notably,
the advent of the Brexit implying the departure of the largest financial center in the EU,
imposed challenges and reassessment to this agenda. The vice-president, Luis de Guindos,
has given particular attention to these matters.

24In the 1980s, annual growth in hourly productivity was 2.5% in Europe and only 1.3% in the United
States. But over the period 1996-2004, hourly productivity growth in the United States rose from 1.3% to
2.5%, whereas it fell from 2.5% to 1.3% in Europe. Facing these figures, Trichet stated “I am perplexed
as to the spectacular decline in productivity gains observed in Europe, despite the fact that we live in the
same technological world and the same global environment.” (“Banque de France International Symposium:
Productivity, competitiveness and globalisation”, 2005). Jean-Claude Trichet identified structural rigidities
within the euro area as the main constraint to the improvement in this figure, rather than euro area’s failure
to ensure widespread technological innovation (often used as an argument).
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Crisis and Emergency Programs The 2007-2008 Global Financial Crisis and the sub-
sequent European Sovereign Debt crisis were also (unsurprisingly) addressed by all board
members. Issues on asset-backed securities and subprime were articulated by José Manuel
Gozalez-Paramo while macroprudential policies and bank risk assessment (e.g.NPLs, LTV-
ratio) were central to Vitor Constancio. The Outright Monetary Transactions (OMTs),
an emergency bond-buying program to protect the euro area from speculation that could
have forced some countries out of the single currency during the European crisis, specially
characterizes Mario Draghi’s interventions. The OMTs were announced one week after the
notorious 26 July, 2012 speech, on which Mario Draghi stated that “Within our mandate,
the ECB is ready to do whatever it takes to preserve the euro. And believe me, it will
be enough.” This program can be considered as a concrete manifestation of Draghi’s com-
mitment to save the currency. Indeed, the former President is credited with rescuing the
euro given his decisive posture in a time when the risk of the euro area breaking up was
extremely high?®.

Unconventional Monetary Policy and Digital world More recently, asset purchase
programmes and forward guidance are key subjects, especially for the chief economists,
(former) Peter Praet and (current) Philippe Lane. Note that in addition to monetary
policy, themes related to digital currencies and underlying technology have also been part
of recent discussions within the ECB, lead by Yves Mersch.

Pandemic The Coronavirus pandemic has been (as expected) exhaustively highlighted,
being a major topic for all board members. Note, however, that the Pandemic Emergency
Purchase Programme (PEPP), launched in response to the risks imposed by the COVID-19,
has been particular debated by Isabel Schnabel and Christine Lagarde.

Climate Change President Lagarde has brought a ‘green touch’ to the ECB. She has
given particular attention to environment and climate change matters, putting green pol-
icy in the top of the ECB’s agenda. The topic has been central in her discourse since her
confirmation as ECB president: “Any institution has to actually have climate change risks
and protection of the environment at the core their understanding of their mission” and she
elected the subject to be a “mission-critical priority” for the ECB?S.

3.3 Enhanced topic analysis

“Central banking has never been a static business.” The Structural Topic Model (STM)
allows the estimation of main topics that characterizes our corpus of texts and their cor-
responding proportion in every document. We used their evolution over time to generate

GSee  e.g. https://www.ft.com/content/a62b221c-eb64-11€9-a240-3b065ef5{c55 and  https:
//www.bloomberg.com/news/features/2018-11-27/3-words-and-3-trillion-the-inside-story-of-how-mario-
draghi-saved-the-euro. Ultimately the OMTs were never activated.

26Gee https://www.europarl.europa.eu/meetdocs/2014-2019/plmrep/ COMMITTEES/ECON/PR/
2019/09-04/1187645EN.pdf.
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topic analysis and assess whether some topics prevalence helps to explain asset prices fluc-
tuations at a determined point in time?".

Note that there is no ‘right’ answer to the number of topics that are appropriate for
a given collection of texts (Grimmer & Stewart, 2013; M. E. Roberts et al., 2019). This
implies, hence, that this variable is set according to the author’s discretion®®. In our work,
we opted to use the selection strategy based on the work of D. Mimno and Lee (2014) which
has the advantage of automatically selecting the number of topics. As highlighted by M. E.
Roberts et al. (2019), this procedure should not be seen as estimating the “true” number
of topics, but it can be a useful place to start and has the computational advantage that it
needs to be run only once. The methodological choice was to apply a spectral initialization
as recommended by M. E. Roberts et al. (2019), as the authors found it produces the best
results consistently??. From this procedure, we obtained a total of 87 topics®’.

Figure 4 shows the main topics found and their associated top ten words. In order to
simplify visualization and assessment, we classified them in broader subjects, in a total of
8 clusters. They are:

1 ‘Banks, Regulation and Financial Instability’;

2 ‘Monetary Policy and Inflation’;

3 ‘Trade and International Issues’;

4 ‘Payments, Settlements and Statistics’;

5 ‘EU construction, EMU setup and Enlargement’;
6 ‘Growth, Employment and Structural reforms’;

7 ‘Fiscal Policy, Debt and Sovereign crisis’;

8 ‘Environment and Social Concerns’.

27See Appendix A.4 for technical details.

28There are several tests available to help choosing the number of topics such as calculating the held out
likelihood (Wallach et al., 2009) and performing a residual analysis (Taddy, 2012).

29Note that, from an operational point of view, using text mining in investment processes requires re-
training the model and testing its predictive performance on “future”, to improve its predictive capabilities,
which is the cross-validation step. In this paper, however, we use the full sample and no machine learning
or cross validation algorithm, mostly due to the lack of observations for this exercise to be truly mean-
ingful. However, from an analytical perspective, our study to transform the ECB’s communication into
time-series, providing multiple interesting insights.

30 As robustness check, we tested four other techniques to identify the optimal number of topics. They
all converge towards a number between 70 and 100 topics. See Figure 22 on Appendix A.4.
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Figure 5: Shift in main topic composition
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Figure 5 shows the evolution of these aggregate themes over time3!. They are broadly in
line with the findings and analysis showed in the TF-IDF statistics. We can see that Euro-
pean construction thematic was predominant in the beginning of the central bank and the
euro area, an important phase of adjustments and continued implementation of processes
aimed at deeper European integration (e.g. the Stage Three EMU). Monetary policy is, of
course, a major topic for the ECB. A certain intensification of its relative importance has
been noted more recently, possibly due to the introduction of non-conventional monetary
measures such as the quantitative easing and the forward guidance in which communication
is particularly necessary.

Issues related to banking and financial risks have also always been present, but with a
sharp increase in its relative participation after the Global Financial crisis, in which the
need for greater financial and banking regulation became self-evident. Fiscal matters gained
strong prominence during the European Sovereign Debt crisis, in which the increase in
indebtedness of some countries (notably Greece, Portugal) was so pronounced that investors
called into question their ability and willingness to repay their debt.

Environment and social issues started to be tackled more significantly in the past decade
(Figure 6 for details) and we note that the occurrences for these subjects were higher than
traditional themes such as fiscal policy for certain dates. We expect these subjects to
increase in importance from now onward following President Lagarde’s commitment to

31See Appendix A.4.3 for the underlying topics of each cluster.
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these matters underpinned by the support of the European Parliament®?. Indeed, as part
of its strategy review, the ECB aims to encompass new challenges that people value and
care about like climate challenge or inequality (Lagarde, 2020).

As Alexandre Lamfalussy, former President of the European Monetary Institute, fore-
runner of the ECB, once highlighted “Central banking has never been a static business.
Throughout its long history it has performed different tasks in different periods.”3

Figure 6: Shift in ‘Environment and Social Concerns’ discourse

Age/ Pension (35) Inequality /wealth (38)
Climate ( Woman/Equality /Educ.
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Source: Structural Topic Model (STM). Authors’ calculation.
The original sparse distributions of probability of presences of each topics are displayed on Figure 36 on
page 79. The vertical axis gives the relative probability of presence of the topic, normalized per its own

maximum prevalence score. The normalized value follows: v ;/max;(yx).

32Specifically, on February 12, 2020, the European Parliament approved (by a large majority) for a
resolution recommending the ECB to look at ways in which central banks can tackle the climate change:
“As an EU institution, the ECB is bound by the Paris Agreement on climate change and that this should be
reflected in its policies, while fully respecting its mandate and its independence; welcomes the emergence of
a discussion about the role of central banks and supervisors in supporting the fight against climate change;
calls on the ECB to implement the environmental, social and governance principles (ESG principles) into
its policies, while fully respecting its mandate and its independence.”. See https://www.europarl.europa.
eu/doceo/document/TA-9-2020-0034_EN.pdf.

33See Lamfalussy (1994).
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4 Financial Markets Modeling

4.1 Explanatory variables of interest

Using topic modeling and dictionary analysis, we extract two quantitative signals of interest
to be considered in our EUR/USD model.

Topic signals The STM provides a probability of presence of each topic in each inter-
vention. The metric representing this probability is called gamma3*. There is a bijection
between document (e.g. speech) and dates. Therefore, we used the gamma distributions
by date as a time-series proxy for the presence of a determined topic in a discourse. An
illustration of the topics dispersion is provided Figure 7. Topic 15 — development/ growth/
construction of the European alliance — is mostly concentrated in the beginning of the
period. Topic 34 — Coronavirus / Pandemic —, in turn, is naturally present more recently.
Note, however, that some topics are not distributed this way, being more persistent over
time. An example could be Topics 49 (Fiscal policy) and 52 (Financial Integration) while
Topic 29 (Liquidity) has been addressed since the Global Financial Crisis. Topic 63 (APP)
highlights the ECB’s quantitative easing program, started on 2015.

Figure 7: Example of topic probability over time (2002-01-03 to 2020-07-31)
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Source: Structural Topic Model (STM). Authors’ calculation.

34See Appendix A.4 for more information on Topic Modeling.
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Sentiment signals We compute a broad set of scores, based on both general lexicons (e.g.
AFINN, BING, NRC?*) and a specialized financial dictionary (Loughran-McDonald?%),
totalizing 18 series. Our purpose is to take into account the different style of discourse
— formal or informal — used by central banks which may vary depending on the audience
and type of communication media chosen. As we showed previously, they are becoming
increasingly diverse.

Figure 8: Projection on the PC1 and PC2
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To reduce the dimensionality of these dictionary-based series, we perform a Principal
Component Analysis (PCA). Figure 8 shows that the PC1 captures well the binary (positive
and negative) polarity dimension®” and Figure 9 evidences that the average tone employed
by the ECB shifted from enthusiastic to more neutral since the Global Financial crisis®®.

However, we can also note that the first two components do not capture well the
Loughran-McDonald dictionary which is known to have value added when applied in finan-
cial contexts. Therefore, we take all the sentiment variables into account in the quantitative
analysis.

35The NRC Emotion Lexicon has eight basic emotions (anger, fear, anticipation, trust, surprise, sadness,
joy, and disgust) and two sentiments (negative and positive).

36The Loughran-McDonald dictionary has six categories: negative, positive, uncertainty, litigious, con-
straining and superfluous.

37See Appendix A.3 for details in building the scores and for details on the PCA methodology.

38 Armelius et al. (2020) found a similar shape.
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Figure 9: Polarity component - PC1 (2002-01-03 to 2020-01-01)
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4.2 EUR/USD return as dependent variable

The economic literature comprises a wide range of models to assess the value of exchange
rates on the middle and long run which are based on macroeconomic fundamentals (e.g.
Behavioral Equilibrium Exchange Rate (BEER) model and Fundamental Equilibrium Ex-
change Rate model (FEER)?°. In the short term, exchange rate variations are notoriously
more difficult to explain and forecast?C.

Exchange rates fluctuate in the short run due to a wide range of factors, notably in-
terest rates differential, economic surprises, equity market performance, but also by more
‘qualitative’ factors such as political uncertainties and central bank communication. Figure
10 highlights this point. It shows a 4 years time-window for the EUR/USD exchange rate
(from mid-2014 to mid-2018), a period on which a set of ‘qualitative’ events played a major
role to the currency’s trajectory. Precisely, from June 2014 until the beginning of 2015,
the euro was especially driven by the expectations, announcement and implementation of
unconventional monetary policy measures by the ECB.

From the beginning of 2015 until the end of 2016, a new (lower) level for the euro was set
and the currency traded around the 1.10-1.15 range — excluding the four times in which the

39In particular, the BEER model tries to find a long term relationship between the real effective exchange
rate (REER) and different macroeconomic fundamentals, such as terms of trade or the productivity of an
economy. The FEER model, takes into account the dynamics of the balance of payments into account. See
e.g. Clark and MacDonald (1999) and Cline, Williamson, et al. (2008) for more details.

40See Rossi (2013) for a review.
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1.05 floor was ‘tested’. Note that the events driving the currency to such a low level were
mostly related to news about quantitative easing measures (in the second episode, there
were also fears of a Greek default, which was dismissed by the ECB). From November 2016,
the currency traded lower, on the 1.05-1.10 range, a combination of expectations of better
economic momentum in the US — as Donald Trump won the US presidential elections a
massive fiscal stimulus was expected - and an extreme monetary policy easing in the euro
area. Moreover, we should note that the region had a challenging political calendar in the
beginning of 2017 with, for example, rising risks of populism in France (French presidential
elections).

From the middle of 2017, ECB’s communication pointing out ‘confidence’ regarding the
macroeconomic scenario supported the euro above 1.15. Later, in January 2018, ECB’s
Minutes pointing out that the central bank would change its communication to a normal-
ization earlier than expected drove the currency above 1.20. Finally, in late April 2018,
the rise of populist government in Italy weighted on the euro and the currency depreciated
against the dollar and breaking below 1,20.

While some might argue this is a quick extrapolation of causal-relationship-effects and
that other factors might also have played a role during a specific event-date, the chart view
highlights that some qualitative information does affect the euro. Therefore, from the topic
analysis, we aim to quantify the ECB’s communication and assess its effects on the euro
on the days an intervention took place.

4.3 Control variables

To test the value added of our signals, we introduced a set of (mostly) market-based
control variables, as they have the advantage of being measure in daily basis. Economic
variables are, of course, very important to exchange rate but they are, in turn, often
measured and/or available at lower frequency (monthly or quarterly) basis (e.g. industrial
production, current account), which represents a major drawback for our exercise as we
would like to explain the euro’s return in the very short term, at some specific days.

That been said, we made full-use of the economic variables that could be found and/or
approximated at higher frequency such as the Economic Surprise Index, which could be a
good indicator for growth and drive short term deviations of the currency. We also took
into account a set of interest rates for the Euro area (e.g. Eonia, MRO) including short and
long-term bond yields (2Y and 10Y) for different economies within the region, from the
core (France, Germany, Netherlands) and peripheral countries (Spain, Portugal, Italy) as
well as the OIS curve, which is the best proxy for a risk-free yield curve in the euro area*!.
Stock markets return (STOXX 50) and risk aversion indicators (volatility of the German
stock market - VDAX and VSTOXX, as the euro area’s implied stock volatility) were also
considered. The complete list of the control variables used in our model(s) is provided in
Appendix D.

41See e.g. De Santis and Stein (2016) and Lane (2020 (accessed October 9, 2020)).
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4.4 Quantifying the impacts

Modeling EUR/USD return We aim at assessing the value-added of the quantitative
signals extracted from the ECB’s communication on the EUR/USD time series. To control
for general market effects and in line with the literature, we considered only days in which
the ECB made an intervention (speech, interview or press conference). The full sample is
daily, spans the time from 01 January 2002 to 31 July 2020, comprising a total of N =167
variables*?. The general structure of the model over the full database can be expressed as
follows:

AEUR/USDt = BZt + €

where Z; is the matrix gathering the 167 time series. We identified four major groups of
explanatory variables: i) ‘Bond yields and spreads’; ii) ‘ Risk-free rates’; iii) ‘ Macro-financial
indicators’and iv) ‘ECB’s communication’. Thus, this equation becomes:

AEUR/USDt = Z Bj,Tij,T,t + Z BTAOISTﬂg + Z BZAFCl,t + (]_)
jeA T leM
Bond yields and spreads Risk-free rates Macro—ﬁnan;iral indicators
Z B Vit + Z BsSmg +e;
keT se€

-~
ECB’s communication

where A is the operator of time differentiation, A is the set of countries/areas, y; is the
bond yield of Country 543, T" is the maturity, OIS corresponds to the OIS rates in the euro
area, M is a set of macro-financial control variables FC;, T is the set of topic prevalence
series v, , £ is the set of sentiment series Sm.

To measure the impact of the communication series on the euro, along with other macro-
financial variables, we perform a Lasso regression similarly to Bennani et al. (2018). As
the database is large, we fix the degree of freedom to a maximum of 15 variables**. The
penalized Lasso estimate is defined by:

. N N 2
Blasso = argming Z (AEUR/USD - By - Z @nZn)
i1 n=1
s.t Card(B, #0) <15 (2)

12We considered all the topics built up, with the exception of those in the ‘4.Payments and statistics’
cluster, which highlights, from an operational point of view, the introduction of payment systems in the
euro area. We opted not to take it into account to eliminate potential noise in the model since this cluster
is not directly related to market movements. In addition, its connotation of euro area integration is already
captured by other topics contained in the cluster ‘5. EU construction, EMU setup and Enlargement’.

431t can also represent the spread against the German bond yield for the same maturity.

4410 this context, it is necessary to normalize the series as we working with signals in different units.
For instance, macro-financial variables are daily returns in bps or percentage, topics indicate probability
of presence in a corpus and sentiment represents the fraction of words belonging to each dictionary.
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subject to YN | 18| < /\io where Ao = XN |BOLS| (BOLS the least squares estimates) and A
ranges from 0 to to*°.

Topics generated are gathered in time (as it can be observed in Figure 7), thus, we
decided to distinguish three time periods in line with what is used in the literature:

- Pre-crisis: January 01, 2002 to July 30, 2007;

- Crisis (Global Financial Crisis and European Sovereign Debt crisis): August 01,
2007 to September 30, 2012;

- Post-crisis: October 01, 2012 to July 31, 2020.

As an example, Figure 11 shows variables selection for the post-crisis period. From
this process, we select the most significant variables to perform a ordinary least square
regression. For each period, we compare the outcomes with and without the inclusion of
time series signals based on central bank communication.

4.5 Results

Table 2 shows the ordinary least square estimates for the EUR/USD based on this prelim-
inary Lasso selection. Overall, while the variables that explain the euro’s return change
over time, the three sub-periods under study comprise communication-related variables.
Indeed, the topic-based time series, constructed with the STM model, are systematically
selected out of 167 variables, meaning that ECB’s talk does matter for the euro. Indeed,
their inclusion in the regressions improve a traditional financial model in an important
manner in all periods (on average 2.5% to the adjusted R-squared). Note, in particular,
that the last period exhibits larger gains as well as a larger number of topic signals selected.
This may highlight the growing importance of the ECB’s communication during the zero
lower bound environment, the introdcution of asset purchase programmes and the adoption
of forward guidance. Entering the model details, we present the main findings for each of
the four blocs of variables as it follows:

Bond yields and spreads We observe that interest rate differentials between the United
States and Germany (Spread2Y.US) impacts significantly and negatively the euro. This is
in line with the carry trade strategies and the empirical literature which evidences that an
increase in the interest rate in the home country, induces capital inflows and appreciates
the domestic currency?S. This finding holds only for the crisis and post-crisis periods. The
latter was particularly marked by monetary policy divergences between the US and the euro
area. For instance, while during a Congress hearing in May 22 2013 former Fed chairman,
Ben Bernake, announced the central bank could slow the pace of its asset bond purchases,

4>We use the glmnet R package to perform this operation. See e.g. Friedman et al. (2010) for further
details. Note that equation 2 is given under the consideration of o = 1, which corresponds to the Lasso
penalty. Other possibilities for « values, e.g. the ridge-regression (a = 0), were not explored.

46See e.g. Nadal-De Simone and Razzak (1999).
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Figure 11: A EUR/USD — Post-crisis Lasso regression
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the ECB started signaling in early 2014 that a quantitative easing would be on the way to
fight deflation and lift the economy.

Looking at the crisis period, we note that the spread between Peripheral countries and
Germany long-term bond yields (Spread10Y.Peripheral) also stands out as an explanatory
variable. This metric is often used as a proxy of financial distress in the euro area. Hence,
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higher spread tends to negatively affect the euro.

In the pre-crisis, peripheral long-term yields (Peripheral.10Y) played a major role for
the currency. Special attention goes to the (a priori unexpected) negative linkage between
the yields and the euro. More than a puzzle, this might be a consequence of the euro area
construction. The introduction of the euro in January 1999, prompted an interest rate con-
vergence of the bond yields of countries within the euro area (See Figure 12). Specifically,
interest rates in the peripheral economies drop to levels closer to the ones observed in the
core countries. This lower interest rate environment prompted a credit-finance boom in
these economies and the region became particularly attractive for investments. Hence, the
inverse relationship between yields and the euro could hold in this period.

Risk-free rates The OIS curve also seems to play an important role for the euro, spe-
cially middle-term tenors. Shorter maturities (OIS.6M), in particular, gained relatively
importance during the crisis period. In times of low inflation, ‘low-for-long’ short term in-
terest rates and the adoption of unconventional monetary policies in major economies, an
increase in middle to longer-term yields stand out as a positive influence for the currency.

Figure 12: Euro area Sovereign Bond 10Y yields
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Macro-financial indicators this group is also influential. Starting with oil prices, we
note the positive EUR/USD - WTI linkage during the first 2 periods, which might essen-
tially reflect the known strong inverse relationship between oil prices and the US dollar.
Historically, such relationship holds given two main factors. As crude oil prices are quoted
in USD, a weaker USD implies oil prices were higher in US dollar terms. Moreover, the
United States were during a long time a net oil importer implying that an increase in oil
prices affected negatively its trade balance, putting the USD under pressure. However, the
shale revolution has substantially changed this configuration. From 2011, the US became
net oil exporter of refined petroleum products, implying that higher oil prices no longer
contribute to a further deterioration of the US trade balance. It has actually helped the
US to improve its trade balance deficits. Hence, the historically strong inverse relationship
between oil prices and the US dollar has become more unstable. Accordingly, in the post-
crisis period, the WTI no longer figures as a major variable selected to explain EUR/USD
variations.

Higher equity returns (STOXX50) are normally associated with a negative returns for
the euro, as a stronger currency means lower international competitiveness for European
companies, which make up a big part of the index. Note, however, that a positive relation-
ship was captured during the crisis period, which could be associated with the nature of
the risk-off periods itself. Under such situations, safe havens assets (USD, US treasuries,
Japanese Yen) normally over-perform. Hence, a decline of the financial stress lead, for
instance, by improvement in markets sentiment and positive growth news, might prompt
investors to undo conservative portfolio positions and look for diversification.

Macroeconomic surprises and policy also play a major role for the euro. While unan-
ticipated negative news on the macro front in the US (US.Surprise) positively affects the
euro, better than expected positive news regarding the macro indicators in the euro area
(Euro.Area.Surpise) drives the currency up. ECB’s non-standard monetary policy mea-
sures (ECB.NSM) negatively impacts the currency. All in all, the standard macro-financial
model for the euro presents the expected signs.

ECB’s communication signals Regarding our time-series based on the ECB’s com-
munication, we observe that topics and sentiments that exert an influence on the euro
also evolve over time. During the pre-crisis period, the topic related to the development
of the euro area (Development (15)) played a positive and substantial role for the euro.
This provides evidence that at its inception, the new currency created (the euro came
into circulation in 2002) depended first and foremost on the success of the creation of the
euro area to exist. Topics related to monetary policy strategy (Monetary Policy (72)) and
incrementation of financial markets and bank union (Europe/Fin.Mkt/CMU (56)) were
also significant for the currency. The latter influenced the euro’s return negatively, which
should reflect the timid political action on this front during this phase, as concrete advances
related to the banking union began to be observed only from 2012 onward.

During the crisis period, themes related to growth (Growth (27)), fiscal policy (Fiscal
Policy (49)) and the need for low rates environment (Low /rates/inflation (8)) positively af-
fected the currency. This emphasizes the particularity of the period, in which expansionary
monetary and fiscal policies were extremely necessary to support economies.
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Looking at the most recent period, we note that a greater number of topics were selected
as explicative variables for the euro. This could reflect the ascension of communication as
a key monetary policy instrument in the past decade, under the unconventional mone-
tary policies environment. In particular, themes related to debt and crisis management
(Debt/crisis (74)) among member states have a significant negative influence on the euro,
highlighting worrying of fiscal situation in the region given to the high indebtedness of
many countries. Lower bank profitability under the low/negative policy rate environment
(NLPS/Profitability (28)) is also major source of concern, weighing on the currency. Sub-
jects related to the euro area expansion (topic 51) have also exert pressure on the currency
under this period, possibly reflecting markets perception on the need of a more stable (both
economic and political) environment within region before taking further steps to enlarge-
ment. Improvements in financing conditions and credit (Bank/loan/credit (77)), in turn,
positively affect the currency. It is interesting to note the appearance of the sentiment
variable ‘Superfluous’ which is negatively related to the euro. In times on which central
bank communication has been at the “heart of monetary policy” central banks need to be
attentive in delivering precise and clear policy messages.

4.6 Discussion

Results show the added-value of using Natural Language Processing (NLP) for assessing
central bank communication and construct relevant signals. The unsupervised and parsimo-
nious methods applied allowed us to highlight the diversity and temporal dispersion of the
subjects addressed by the ECB — disentangling the multiple strands of its communication.

Through these set of signals, we measured the relative importance of ECB’s talk on
the euro performance. We note that the text mining based series increase the explana-
tory power of the euro/US dollar models by more than 2% on a market as complex as the
Forex. Importantly, the topic signals prevalence is systematically selected over other finan-
cial variables by the Lasso method implemented, stressing the importance of the ECB’s
communication as driver for the euro’s return. Potentially, a refinement of the model by the
inclusion of additional information about the dataset (i.e. covariates), an option provided
by the Structural Topic Model (STM), could generate even more promising results.

Indeed, this is a major innovation of the STM in comparison to other probabilistic topic
models (see Appendix A.4.1). The generative process of the STM integrates contextual
information in the process of topic construction. This allows to highlight perspectives of
different agents within a group and/or of different entities on a particular subject. To
illustrate the latter, we enlarged our dataset to also comprise Federal Reserve Bank?” (Fed)
communication. Figure 13 outlines the main ‘wording’ used by the ECB and the Fed related
to the topic Financial Stability Risk. This Figure suggests that the Fed still focuses on a
more traditional risk dimension, while the ECB’s discourse has shifted to include climate
change and transition as major risks for financial stability. This finding corraborates the
idea of “transatlantic divide” introduced by Drei et al. (2019). However, we should note

4"We used partial content scrapped dataset for public speeches given by Fed governors. The data
is provided by Natan Mish and available on Kaggle at https://www.kaggle.com/natanm/federal-reserve-
governors-speeches-1996-2020/version/2.
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Figure 13: Financial Stability Risk
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Source: Structural Topic Model (STM); Author’s calculation. This Figure highlights how the vocabulary

used to talk about a particular topic (in this case, Financial Stability) differs between the ECB and the
Fed.

that the Fed is catching up on this matter and has recently put potential risks arising from
climate change on the table*®. This analytical tool has several applications. For example,

48During the Fed Press Conference on November 05, 2020, chairman Jerome Powell pointed out that
the institution is taking important setps toward integrating climate risks into their analysis “incorporating
climate change into our thinking about financial requlation is relatively new, as you know. And we are very
actively in the early stages of this, getting up to speed, working with our central bank colleagues and other
colleagues around the world to try to think about how this can be part of our framework.” Also note that
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under the current take-off in ESG investing, analysts could use such process to encompass
cultural disparities within discourse.

Overall, our findings suggest that topic modelling could be useful in ex-post expert
analysis as it enlarges the camp of information available, having value for both central banks
and market practitioners. The former, can have a better assessment of their discourse. For
instance, if they detect a negative market response to a given topic, they might rethink their
tone or approach. As for asset owners and investment managers, such a tool can rapidly
process information of several central banks communication if data is properly integrated.
In practice, this approach can be used to better understand risks and opportunities in their
investment universe.

That been said, our methodology is subject to some limitations:

(i) Looking at daily variations on speech days only reduce significantly both number of
observations and the possibility for the market to react over several days/weeks to
some announcements,

(ii) Both sentiment and topic series were constructed in a simple manner (and could be
improved — e.g. including covariates),

(iii) Our approach considers fixed content which can be made dynamic (as in Lima et al.
(2020)) and compatible with forecasting,

(iv) Variances of financial variables are generally time-varying. Splitting the period helps
limiting these effects, but modelers often use GARCH/ARCH, i.e. volatility clustering
models to better capture the relationships. Some adaptions can be made to the Lasso
to be compatible with such modeling (Medeiros & Mendes, 2017).

(v) Finally, we did not test for the value added of this database in a predictive process.

We justified our choices along the methodology and in the Appendix. We emphasize
that our objective was to use text mining to provide a new reading of central bank’s
communication, and to develop a prove of concept tool, assisting analysts in their task
when it comes to dissect the semantic content of central banks’ discourse. Therefore, if
the limitations above applies, they all refer to existing techniques than could be integrated
straightforwardly.

in the November 2020 Financial Stability Report, the Fed adressed the implications of climate change for
financial stability for the first time (System, 2020).
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Table 2: Sub-periods models based on Lasso selection (Figures 31 and 32)

Dependent variable:

01/01/2002 to 30/07/2007

EUR/USD
01/08/2007 to 30/09/2012

01/10/2012 to 31/07/2020

Peripheral. 10Y —0.058*** —0.058***
(0.008) (0.008)
Spread10Y .Peripheral —0.017*** —0.017***
(0.004) (0.003)
Spread2Y.US —0.019*** —0.021*** —0.033*** —0.034***
(0.004) (0.004) (0.006) (0.006)
OIS.6M 0.020** 0.019**
(0.009) (0.009)
0OIS.1Y 0.061*** 0.062***
(0.019) (0.019)
0OIS.5Y 0.042*** 0.038*** 0.025*** 0.026™**
(0.011) (0.011) (0.008) (0.008)
WTI 0.027** 0.029*** 0.053*** 0.054***
(0.011) (0.011) (0.011) (0.011)
STOXX50 —0.064*** —0.066** 0.101%** 0.100*** —0.049"* —0.049***
(0.019) (0.019) (0.019) (0.018) (0.014) (0.013)
US.Surprise —0.012"* —0.012*** —0.010"** —0.011***
(0.004) (0.004) (0.003) (0.003)
Euro.area.Surprise 0.006** 0.007**
(0.003) (0.003)
ECB.NSM —0.696*** —0.669***
(0.137) (0.136)
"Mon.Pol./Rate/Inf./FG (72)’ —0.056*
(0.023)
"Development (15)° 0.402**
(0.190)
"Europe/Fin.Mkt/CMU (56)’ —0.047**
(0.023)
‘Growth (27)’ 0.082%**
(0.027)
"Low /rates/inflation (8) 0.065**
(0.026)
"Fiscal policy (49)’ 0.062**
(0.026)
“Debt/crisis (74)° —0.056"
(0.016)
"NLPs/Profitability (28)’ ~0.030"
(0.016)
"Bank/loan/credit (77) 0.039**
(0.016)
"Euro area Expansion (51)’ —0.038**
(0.016)
"Superfluous’ —0.037**
(0.016)
Constant 0.010 —0.002 0.007 0.007 0.028* 0.028*
(0.023) (0.024) (0.027) (0.026) (0.016) (0.016)
Observations 436 436 495 495 830 830
R? 0.206 0.233 0.331 0.359 0.160 0.193
Adjusted R? 0.199 0.221 0.323 0.347 0.152 0.181
Residual Std. Error 0.476 (df = 431) 0.470 (df = 428) 0.590 (df = 488) 0.580 (df = 485) 0.458 (df = 822) 0.450 (df = 817)
F Statistic 27.004%* (df = 4; 431)  18.616™" (df = T; 428) | 40.323*** (df = 6; 488) 30.197** (df = O; 485) | 22.285%** (df = 7; 822) 16.233"** (df = 12; 817)

Note:

Source: Author’s calculations.

*p<0.1; **p<0.05; ***p<0.01
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5 Conclusion

This article narrates the history of the European Central Bank through its communication
using quantitative tools. We used text mining techniques for this purpose, valuing the
unstructured data available and extracting information hidden in corpus of texts, revealing
patterns and trends. This procedure allowed us to identify the main topics of interest to
the ECB. We showed that they go beyond the core objective of maintaining price stability,
enlightening research focus and main themes of discussion among board members. Fur-
thermore, we built sentiment signals compatible with any form of intervention, formal and
informal. This is an important step, as emotions are also a distinctive element of discourse,
being important in the transmission of a message.

We then used both of these signals, topics and sentiment, to measure the impact of
central bank communication on asset prices, especially on the euro. We analyzed in an
“agnostic” way the main signals of influence on the currency, whether or not they are
related to monetary policy. Our results show that both signals are significant drivers
for the euro’s return. They are consistently chosen by the Lasso selection over time and
improved the regressions in all sub-periods analyzed (2.5% on average). We also note
that more communication variables are significant under the zero lower bound period,
which emphasize the greater role of communication in this environment. Consistently
with the literature, our sentiment variables suggest that tone matters and that delivering
clear messages is key. We showed that meaningful topics change over time and encompass
a broad range of subjects: from the development and enlargement of the euro area, to
fiscal policies, liquidity risk and banks’ profitability. As a whole, this implies that financial
markets are sensitive to a large and diverse scope of the ECB’s communication, well beyond
the traditional thematic of monetary policy. Clearly, there is a central bank communication
factor at play in the European financial markets, including an extra-monetary one.

This is particularly important in a context where the ECB is conducting a strategy
review and aims at integrating more social-related issues into its scope of actions - certainly,
a road of one-way. By trying to understand how the institution through its stewardship
(of course within its mandate) can help the society to move forward on some issues such as
climate change and/or inequality, the central bank could give market incentives, easing the
movement in the intended direction. While this is hot-topic discussion that surpasses the
objectives of this article (social-related themes should be addressed only by governments?
Should central bank address market failures?), the important message to take is that the
ECB has changed, has enhanced communication and intends to be fully understandable
and closer to the society. This certainly means that themes that until then were observed
as secondary, will become central. Being able to identify such themes may become essential
from an active management point of view, for both alpha generation and stock selection.
Taking into account that central banks of other major economies have also advanced in the
same direction, markets may have to adjust, making this issue to become imperative.
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A Text mining methods

In this section, we introduce the main text mining principles used in our analysis. The
objective is to provide a review of the parsimonious techniques and algorithms that can
be used on any text database. Therefore, from a sample extracted in the speech database
provided by the European Central Bank*’, we explain how to extract information about the
words used, their frequency and relation with surrounding words. Then, we present some
examples of sentiment analysis and we provide illustrative examples to calibrate contextual
preprocessing, automatically or manually, which is recommended for a process of better
quality.
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In order to provide a comprehensive pedagogical review of the main principles of text
mining, we restricted the corpus of texts to few Mario Draghi’s speeches in this section.
Our objetive is to introduce the first notions of text mining and data science tools ‘naively’
i.e. without using any knowledge of economy or finance.

498ee European Central Bank. (25 October 2019). Speeches database. Retrieved from: https://www.
ecb.europa.eu/press/key /html/downloads.en.html
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A.1 Basic statistics

Data analysis in text mining starts normally with a simple word count. The referring
metric is called term-frequency:

Number of times word w appears in document u

tf(w,u) =

This statistic is nothing else than the number of times we observe a given word divided by
the number of words (n) in the corpus of texts (e.g. speeches, interviews, etc.). The rank
of the word r evolve between 1 and n from the most to less used word. For instance, the
word ‘euro’ in the IMFC Statement speeches appears 121 times on a total of 6071 words, its
frequency is, hence, t fouo = 0.0199 and its rank is 1. It is possible to rank each word with
regard to the referring speech or corpus. Figure 14 shows the Zipf’s law, that translates
the idea that the frequency of a term is inversely proportional to its rank. We note that it
is almost identical for every speech (of comparable length). These distributions are typical
of the language and are observable in any context.

Total number of word in the document

Figure 14: Draghi’s intervention examples: Zipf’s Law
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Inverse document frequency (idf) is a complementary numerical statistic reflecting the
importance of a word to characterize a document among the corpus of texts. The tf—idf
increases with the frequency but is offset by the number of documents in the corpus that
also contain a given word. It is defined as follow:

idf (w,C) = log(

Total number of documents in the corpus C )
Number of documents in C containing the word w

This procedure allow us to adjust the frequency of the words that appears in every doc-
ument. This metric is interesting before implementing topic analysis. For example, if the
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world ‘euro’ has a term frequency 0.0199, its idf in this corpus is null because this world
is present in every document.
The tf.idf is the metric defined for each word in every document as the product of the
two:
tfidf (w,d,C) =tf(w,d) xidf (w,C)
Figure 15 shows the tf-idf in a subset of six Mario Draghi’s speeches. This metric allows
to extract the information that are characteristic of every speech.

Figure 15: Draghi’s interventions example: ¢ f.idf
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A.2 Exploration and contextual treatment

Combined words and common patterns: n-grams In text analysis, we can also
observe and extract relationship between words. The common sequences of words are
called n-grams. Figure 16 is a graphic interpretation of the most encountered words-
relationships in Mario Draghi’s speech database. We can note, for instance, that one of the
main linkages is ‘monetary policy’, but also that ‘comprehensive’ is generally followed by
‘assessment’, ‘cross’ by ‘border’, ‘downside’ by ‘risk’. In quantitative processes, n-grams are
often retrieved automatically, using a frequency threshold and a brief qualitative check-up.
In our paper, we chose to establish the list manually, an important procedure that was
done in the preprocessing.

Text preprocessing This step is of prior importance. The preprocessing can be defined
as a series of command transforming the original data (e.g. )speech) into an character easily
convertible in informative time-series. These operations depend on the desired output. In
general, it is common to remove punctuation, numbers®® and ‘stop-words’. Stop-words are

S0Except if is the idea is to extract numeric information from a report, for example.
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Figure 16: Draghi’s interventions n-grams
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words very often found in texts and that have no informative value: ‘the’, ‘a’; ‘that’, ‘of’,
‘in’, ‘but’, ‘also’, ‘by’, etc. Note that the word ‘not’ is also an stop-word. Hence, before
doing stop-worlds removal, one might establish the existance of ‘not-words’ otherwise it
would be removed, and we would lose the information about the negation and hence,
changing the context of the document analysed®!.

The second important step of the preprocessing is to integrate the contextual language
common patterns or n-grams (generally we collect bigrams and trigrams). The desired
output of this treatment is not for our learning algorithm to determine that the subject is
indeed ‘monetary policy’ (without splitting the two words). We wish to extract information
such as is the speaker is in favor of a strengthening or an ease of the policies? Optimally,
we aim at assessing the speakers’ confidence and opinion about future policies. Therefore,
common language patterns must be treated ex-ante, or will bias our analyses. The operation
is rather simple, and consists into sticking words together. Following the example given in
the n-grammas above, ‘monetary policy’ becomes ‘monetary-policy’, ‘cross border’ becomes
‘cross-border’ and ‘downside risk’ becomes ‘downside-risk’. After the preprocessing, we
generally obtain smoother frequency distributions. Note that the recent topic and sentiment

51For instance, “not happy” would be defined as one world and become “not-happy” This procedure is
important to keep the negation of the context. Once this is done, one can procedure with the removal of
stop words.
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algorithm proposed treat reasonably well these operations, but we consider results are
cleaner, more readbale and of superior quality when supervised.

To obtain smoother words’ distribution, it is required to lemmatize or stem the text.
Lemmatization automatically groups words such as ‘produce’, ‘production’, ‘product’, un-
der a common word: ‘produce’. The stem operation provides the common root only,
‘produc-’. Some of these operations have to be controlled in a ‘non-naive’ process, not to
affect specific designations (for instance ‘global domestic produc-’). Other operations can
be added, including sparsity treatment, translation of non-English words, etc. We opted
to use lemmatization of the words as it gives better interpretability.

A.3 Sentiment analysis

The value-added of a text mining process lies on its ability to quantitatively assess speakers
opinions and sentiments. This translates into numerous questions: How to detect the posi-
tiveness of a speech? Extract clues reflecting the confidence of the speaker or spot sarcasm
in an interview? Is there a quantitative way to distinguish and classify speeches based on a
text mining analysis? Answering all these questions require a advanced sentiment analysis
model.

This type of model exists in the industry, and an increasing number of data providers
now propose a set of metrics capturing sentiments. Naturally, their internal processes are
confidential and therefore produce metrics hardly reproducible. On the academic side,
we can find some example of initiative exploring the subject. Liu (2012) and Liu and
Zhang (2012) present all the fundamental concepts of text mining and associated literature,
including sentiment analysis. Some overviews of more advanced machine learning methods
can be found in Feldman (2013). These concepts are sometimes associated with topic
modeling (Lin & He, 2009). Finally, comprehensive implementation guides®? (Naldi, 2019)
are also made available to ease the development of internal processes. In this paper, we
use solely open-source database lexicons and simple process. More advanced modeling
techniques is not necessarily pertinent in our case, as central banks tend to be factual,
neutral anf may (normally) use sarcasm during interventions.

A common method to classify speeches is to compare the words used to a preliminary
classified dictionary or lexicon. For example, we can create small dictionary for negative
locutions. There are of two main types of negative words: the ‘not-words®?’, that reverse
the sense of the following word, and ‘negatively charged word®’, that indicate that the
speaker is talking about something undesirable. The words in the second list can retrieve
a value score, for instance: ‘banal’ gets -1 or 0 while ‘atrocious’ and ‘awful’ -3 (AFINN
score). Filtering the speeches the words connected to items in the ‘not-words’ list is crucial
to avoid misinterpreting the speech.

52Most sentiment detection functions are designed for social networks and informal speeches. Processes
using punctuation detection or emoticons are less suitable when the use of formal language is the norm,
such as central bank speeches and statements.

53 Not-words list: ‘not’, ‘no’, ‘neither’, ‘nor’, ‘negative’, ‘under’, ‘never’, ‘without’, etc.

54 Negative words: ‘alarming’,  ‘annoy’, ‘anxious’, ‘apathy’,‘appalling’, ‘atrocious’,
ful’,'bad’,‘banal’,‘barbed’, ‘beneath’,'boring’, ‘broken’,‘collapse’, ‘confused’, ‘contradictory’, ‘contrary’,
‘corrosive’, ‘corrupt’,‘crazy’, ‘criminal’, ‘cruel’,‘cry’, ‘cutting’, ‘cut’, ‘deformed’; ‘deny’,‘deplorable’, etc.

‘aw-
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The lexicon can be complemented by positive words, to build an affinity index. In
Mario Draghi’s speeches, we filtered the affinity words. Figure 17 shows the words that
are preceded by a negation and their affinity value provided by external open-source. This
picture provides an indication of the preprocessing that will be required in the next step
of our analysis. Indeed, we can see that some words positively charged such as ‘perfect’
or ‘clear’ are very often encountered preceded by a negation: ‘not-perfect’ and ‘not-clear’.
Inversely, some negative words are mitigated by not-words as well ‘warning” and ‘resigned’
were in fact, ‘no-warning’ and ‘not-resigned’. Therefore the sentiment value can be reverted
or ignored (i.e. set to 0). Other step can be added to extract properly information from
text (detect sarcasm or contrasted opinions).

Figure 17: Draghi’s interventions: Negation and Affinity Scores
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Sentiment lexicons time-series To simply attribute a score to the overall sentiment
carried by a speech, we introduce lexicons and sum-up the scores of the words within the
speech. In such a specific context, the general lexicons should be treated to avoid dedicated
financial terms, such as interest, to be influential, as, it generally carries a sentiment, in
this case, a priori positive (in AFINN only®®). The generation of control series based on
the sentiment derived from these lexicons could add value in the process. We use multiple
sentiment indicators which increase the robustness of our analysis. In addition, we employ
both, general and financial dictionaries, allowing to capture different language usage which
may vary according to the communication tool employed.

The first general purpose lexicon we introduced is the affinity (AFINN) table contains
contains a list of 2477 words scored from -5 to +5 (Nielsen, 2011). For each speech, the

55For that reason we had to remove this word from the list.
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AFINN score is defined as follow:

N, AFINN (word € speech)(t)

Sagn(t) = ];1 N (word € speech) (1)

where N is the total number of scored words in the speech given at time ¢. The BING list
counts for 6786 words that are simply sorted as positive or negative. The score of each
word is binary (41 or -1). Similarly, the BING (Hu & Liu, 2004) score is the defined as
the excess of either positive or negative locution in the speech:

N, BING (word € speech)(t)
Sping(t) = k; N (word € speech)(t)

Finally, we introduce the crowd-sourced word-emotion NRC lexicon (Mohammad & Turney,
2013). In this lexicon words are associated to an emotion. It regroups 13901 connections,
for instance, abandon is connected to fear and more generally to a negative sentiment. The
NRC signal is a 10-dimensional vector constructed following the similar process:

SNRC (t) = (Spositive(t) 3 Snegative (t) 3 Sfear (t) ) Santicipation (t) PREED) Strust (t) )

where S;(t) is the re-based count of words associated to one emotion with respect to the
speech length N:
N, I(word € speech)(t)

Si(t) = k; N (word € speech)(t)

where I(word € speech)(t) = 1 if the word in the speech given at date ¢ is in the list
describing emotion I and 0 otherwise, and N the total number of words in the speech.
Loughran and McDonald (2011) introduced a financial lexicon indicating for sentiment
negative, positive, litigious, uncertainty, constraining, or superfluous. We represented the
normalized detection of the Financial terms on Figure 18.

This process reacts to higher concentration of words in the corresponding lexicon. Ig-
noring positive and negative classification, already available in the general purpose lexicons,
the four remaining dimensions presents series with little correlation to each other (Figures
18 and 19). Indeed, we can observe spikes in the concentration of terminology associated
to litigious or uncertainty.

This process provide simple averaged word count signals. We tested different processing,
for instance controlling the scores when the word were preceded by not words, and we found
the simple average specification to be robust in this particular context. These aggregated
scores from each of these open source lists provides time-series presenting redundancy.

Principal component analysis This method consists in creating representative objects,
the principal components, carrying the variance of the full database. For instance, we
constructed 18 open source time-series from the scores described above. The scree-plot
Figure 20 shows that 5 dimensions allow to embed 77.2% of the variance. The 3 first
dimensions alone, 66.4% and the 2 first, plotted Figure 8, 59.5%. We constructed the
mapping given Table 3.
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Figure 18: Loughran and McDonald (2011) detection over ECB’s communication
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All series above and spots over 3 standard deviation bellow.

The positive and negative lexicons are highly correlated to each other. Figure 8 indeed
shows similar projection on PC1 and PC2 of corresponding sentiment, the polarity be-
ing mostly characterized through the PC1 component discriminant contribution. AFINN
appears perfectly anti-correlated (and therefore redundant) with negative dictionaries indi-
cators and also present low correlation with the positive general emotions dictionary. Figure
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Figure 19: Correlation sentiment score series
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8 and Table 3 shows that the two first components of the PCA fails to capture Loughran
and McDonald (2011) dictionaries: uncertainty requires PC4 to PC6, superfluous is also
captured by PC5. These components are hybrid scores we enter the Lasso analysis in our
exercise.

As a conclusion, under the current specification and given the restricted content used,
principal components adds little value to the initial signals, but they are useful to under-
stand the decomposition of the input signal variances. They show that there is little effect
of specific emotions over the binary positive/negative component. This observation is made
in the context of the full database, with no distinction between speech, interview or press
conference. The context and level of formalism can explain this observation. On the hand,
we also show that specific and dedicated vocabulary must be specified in a dictionary based
process. Therefore, Loughran and McDonald (2011) based series could have a value-added
on the prediction of the market variables.
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Table 3: Component contributions (%)
Score PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCl10
AFINN 259 284 263 1429 7.02 50.66 459 881 0.72  0.02
- | BING 0.84 1991 0.05 0.20 0.00 054 165 3.13 255 0.11
~ | anger 708 508 0.63 3.05 1.73 0.08 1.38 0.18 0.00 50.23
anticipation | 8.80 6.32 056 0.72 033 024 0.11 014 0.43 1.95
disgust 485 5.83 1.87 424 579 026 0.92 1.62 6551  4.87
fear 9.64 4.36  0.03 0.02 009 0.16 0.11 0.08 0.88 2.03
2 | oy 620 819 5.05 047 087 121 0.02 220 056 0.12
Z | negative 943  6.47 0.02 0.04 020 149 051 058 352  0.18
positive 911 7.63 0.05 0.06 015 007 096 0.94 0.00 0.01
sadness 692 740 153 087 1.74 031 031 043 598  0.66
surprise 631 0.61 9.94 046 007 1012 11.14 37.99 0.07 5.74
trust 885 6.45 0.52 025 061 019 044 121 0.03 1.83
| constraining | 2.98 0.18 31.85 2.50 4.42 147 1558 31.97 568  0.63
= | litigious 1.37  0.67 31.13 17.05 0.24 331 3789 3.18 239 1.82
= | negative.fin | 6.62 7.60 0.37 0.07 0.04 243 337 0.02 797 20.94
"g" positive.fin | 5.44 9.17 0.00 051 055 5.64 1.98 633 0.10 8.74
2 | uncertainty | 2.91 0.73  0.25 30.55 16.81 21.80 18.49 0.10 3.60  0.04
superfluious | 0.08 0.58 13.51 24.65 59.34 0.02 0.55 1.07 0.00 0.09
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A.4 Topic analysis

Even-though the role of a central bank is highly specific, which restrict the possibilities in
terms of possible topics, one must distinguish if the main subject is, for instance, energy
price, unemployment or discussion about the potential causes of the next financial crisis.
To perform an unsupervised topic analysis of a corpus, a standard approach is to use the
Latent Dirichlet Allocation (LDA) model, introduced by Blei et al. (2003). Then, multi-
ple methodological improvements have been developed to supervise and optimize results
(Mcauliffe & Blei, 2008; Ramage et al., 2009; Zhu et al., 2012).

A.4.1 Structural Topic Model (STM)

In this study, we use M. E. Roberts et al. (2019) Structural Topic Model R package (M.
Roberts et al., 2020). This method adds richer structure to previous probabilistic models,
notably the Latent Dirichlet Allocation (LDA) and its extensions. For instance, the Cor-
related Topic Model (CTM), which allows correlation between topics (Blei, Lafferty, et al.,
2007) and the Dirichlet-Multinomial Regression topic model (D. M. Mimno & McCallum,
2008), which attempted to incorporate general covariate information into topic model.

In essence, the STM, like other probabilistic topic models (e.g. LDA), is a mixture over
words where each word has a probability of belonging to a topic. And a document is a
mixture of topics. As such, the sum of topic proportions across all topics for a document
is one, and the sum of word probabilities for a given topic is one. But the STM model
uses a correlated topical model structure that can be enhanced by using external covariate
information about the experimental design into the model (e.g. authors, gender, political
party, location). This is a major innovation on topic modeling. In other wors, in this spec-
ification, topical prevalence and topical content can be a function of document metadata
(i.e. additional information). One must distinguish these two concepts:

e Topical prevalence refers to how much a document is associated with a topic;

e Topical content refers to the words used within a topic.

Hence, metadata associated to topical prevalence are referred by the authors as topical
prevalence covariates. Variables associated to topical content are referred to as topical
content covariates. That being said, the model is flexible: it allows using or not topical
prevalence covariates, a topical content covariate, both, or neither. In the case of no
covariates, the model reduces to a (fast) implementation of the Correlated Topic Model
(CTM) (Blei, Lafferty, et al., 2007). The STM is then general and suitable to a large
number of areas of research.

The data generating process summarized bellow follows M. E. Roberts et al. (2019) and
M. E. Roberts et al. (2016) and Figure 21 shows a graphical illustration. Essentially, each
document indexed by d (d € 1,... D) with a vocabulary of terms, indexed by v (vel,...,V),
given the number of topics K, can be expressed as:

1. Draw topic proportions in documents 6,

044, % ~ LogisticNormal (p = x40, X0)
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Figure 21: Graphical illustration of the Structural Topic Model (M. E. Roberts et al., 2016)

Topic
' Document-topic Per-word topic Observed Topic word Content
E ) proportions assignment word distribution covariates

Covariates 8 J—' 9 | Z | . w \ | ﬁ “ [
/ ﬁ < exp(m, +K‘1]“" + K-'\‘,-.’\- + K‘\-i,i‘.t,.-)

)/ )

Coeflicients

Source : M. E. Roberts et al. (2016).

where x4 is a vector of document prevalence covariates size p, I' = [y1, ... , vk]| is
a matrix (p, K — 1) of coefficients of topical prevalence and X is the (K -1, K - 1)
covariance matrix.

2. Given a document-level content covariate y,, draw the document-specific distribution
over words representing each topic (k):

(%) () ()
Bajw o< €XP <mv Ry T Rygo t Ry

where:

m, is the baseline word distribution®®
- ri,(:zj is the topic specific deviation

/ﬁz(fi),v is the covariate group deviation

()

vk is the interaction between the two

Note that when no covariate is introduced in the model, the expression becomes

B kv < €Xp (m + ri,(:zj ) or simply point estimated (this latter behavior is the default).

3. For each word in each document, (n € 1, ..., Ny):

a) Draw each word’s topic assignment based on the document distribution over
P g
topics:
Zgn|0a ~ Multinomial(6,)

°6The authors highlight that m,, is specified as the estimated (marginal) log-transformed rate of occur-
rence of term v in the document collection under study (e.g. Airoldi et al. (2005)), but it can alternatively
be specfied as any baseline distribution of interest.
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(b) Conditional on the topic chosen, draw an observed word from that topic:
wd7n|zd7n, ﬁd,k =Zdn "~ Multinomial(ﬁd,k = de)

The STM approach to estimation builds on prior work in variational inference for topic
models (e.g. Blei, Lafferty, et al. (2007)). In particular, the authors developed a partially-
collapsed variational Expectation-Maximization algorithm which upon convergence gives
the estimates of the models parameters. Regularizing prior distributions are used for 7,
k and (optionally) ¥ to help enhancing interpretation and preventing overfitting. Further
technical details can be found on M. E. Roberts et al. (2016).

This model also computes the FREX metric (Airoldi & Bischof, 2012, 2016; M. E.

Roberts et al.,, 2019) to measure exclusivity balancing word frequency. FREX is the
weighted harmonic mean of the word’s rank in terms of exclusivity and frequency:

w 1-w B
FREX = -
e (ECDF(ﬁk,v/ > Bi0) ECDF(fr.) )

where ECDF is the empirical CDF and w is the weight which set to .7 to favor exclusivity.
The STM package allows to visualize topic correlation (see Figure 33), and provide cluster
tool with respective FREX metrics.

A.4.2 Optimal number of topic

This step consists in comparing metrics in several topic models to maximize or minimize
to find — the scale of magnitude of — the optimal number of topics and their specification.
Several study revealed that their is no right answer, but several optimization process were
developed providing a value for the optimal number of topics (Arun et al., 2010; Cao et al.,
2009; Deveaud et al., 2014; Griffiths & Steyvers, 2004)°". The optimal number of topics
was determined by maximizing the coherence score, that are based on averaging measures
of pairwise association between the most probable worlds in a topic (Newman et al., 2010):

é(k’) = ZFs(wi, wj)

i<j

where w;, w; are the top words of the topic, and Fy is the coherence scoring function.
There are multiple measures for coherence, we find several example of specifications on the
Palmetto project platform®®:

- Cy measure is based on a sliding window, one-set segmentation of the top words and
an indirect confirmation measure that uses normalized point-wise mutual information
(NPMI) and the cosine similarity (Réder et al., 2015)

- Cp is based on a sliding window, one-preceding segmentation of the top words and
the confirmation measure of Fitelson’s coherence (Roder et al., 2015)

>TThe comparison of the metrics are proposed by ldatuning R package (Nikita, 2016).
https://palmetto.demos.dice-research.org/.
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- Cycr extrinsic measure is based on a sliding window and the point-wise mutual in-
formation (PMI) of all word pairs of the given top words (Newman et al., 2010)

- Cumass intrinsic measure is based on document co-occurrence counts, a one-preceding
segmentation and a logarithmic conditional probability as confirmation measure (D.
Mimno et al., 2011)

- Cypur is an enhanced version of the Cycr coherence using the normalized pointwise
mutual information (NPMI) (Aletras & Stevenson, 2013)

- (4 is based on a context window, a pairwise comparison of the top words and an
indirect confirmation measure that uses normalized point-wise mutual information
(NPMI) and the cosine similarity (Aletras & Stevenson, 2013)

Formally, the most commonly used coherence score is the Cynass, specified as follow:

M i-1 D(w,gflf),w§k))+1

CUMass(kav(k)) = ;;log D(w(k))

where V(k) = (wgk), ...,wj(\ff)) is a list of the M most probable words in topic k& and where
“D(v) is the document frequency of word type v (i.e., the number of documents with least
one token of type v) and D(v,v") be co-document frequency of word types v and v' (i.e.,
the number of documents containing one or more tokens of type v and at least one token
of type v')”(D. Mimno et al., 2011, p. 265). Comparing different metrics (Figure 22), we
can see that the optimal number of topics generally is between 70 and 100. Additionally
the spectral initialization (D. Mimno & Lee, 2014) of structural topic modeling (M. E.
Roberts et al., 2019) package converged to 87°9. This number can vary depending on the
preprocessing, input database (with or without interviews), beginning of the sample, but
consistency of topics provided by the model remains perfectly acceptable.

A.4.3 Topic clustering

In this section we describe the distribution of the topics used in the analysis in time. We
gathered the 87 topics in thematic clusters to be able to compare the change in general
thematic discourse. We note that overall the coverage of themes is stable overtime, while
underlying specific topics distribution are strongly concentrated in small time period. This
suggest that using these topics to measure the impact on the communication on financial
variable can be pertinent on rather small time period only. The Figure 5 on page 23
represents the percentage of the general communication represented by each cluster over-
time. The following figures detail the breakdown of the subjects. The vertical axis gives
the relative probability of presence of the topic, normalized per its maximum prevalence
score. The normalize value follows: ~x ;/max; ().

9 Among other values, according to the computer used, pre-possessing complexity, input database (with
or without interviews), etc.
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Figure 23: Shift in ‘Banking’ discourse probability of presence
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Figure 24: Shift in ‘Monetary Policy and Inflation’ discourse probability of presence
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Figure 25: Shift in ‘trade and international relations’ discourse probability of presence
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Figure 26: Shift in ‘Payment, Settlement, Statistics’ discourse probability of presence
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Figure 27: Shift in ‘Fiscal Policy’ discourse probability of presence
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Figure 28: Shift in ‘Growth and structural reforms’ discourse probability of presence
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Figure 29: Shift in ‘Euro construction and EMU’ discourse probability of presence
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Figure 30: Shift in ‘Extra-financial questions’ discourse probability of presence
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B Notations

Indices and sets

jeA Country
le M Control variables
ke{l,- K} Topics
se{l,, Sy} Sentiments
ve{l,-,V} Vocabulary/Dictionary
de{l,, D} Documents
ne{l, Ng} Token (position or) index in document d
Variables
EUR/USD EUR/USD (euro) exchange rate
Yit Bond yield time series of Country j
OISt OIS rates time series at maturirity T for the euro area
FCpy Control variables time series
Sy Sentiment time series
04 Topic mixture / proportion of each topic in document d
T4 Vector of document topical prevalence covariates
Yd Vector of document topical content covariates
r Matrix coefficients for topic prevalence
by Covariance matrix
Bk Word probabilities for each topic
Vi Probability of presence of a topic
W Observed word (in document d at position n)
Zd.w Per-word topic assignment
My Baseline word distribution
li](:l Topic specific deviation
/il(,z)ﬂ} Covariate group deviation
;Z)7k7v Interaction between topic and covariate deviations
c(k), (C) Coherence measure
Parameters
T Maturity
A Country
M Control variables
K Topics
S Sentiments
%4 Vocabulary/ Dictionary
D Documents
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C Glossary

ABS Asset-Backed Securities It is an investment
security (a bond or a note) which is collateralized
by a pooll of assets such as loans, leases, credit card
debt, royalties.

ACCBs Accession Country Central Banks It
corresponds to the Central Banks of countries aim-
ing at being part of the euro area.

ACP countries African, Caribbean and Pa-
cific countries is a grouping of 79 African, Caribbean
and Pacific states with which the European Union
has a special relationship, particularly regarding
trade.

Current trade arrangements are based upon Eco-
nomic partnership agreements (EPAs). EPAs link
the EU to ACP countries in seven regional group-
ings:

AnaCredit Analytical Credit Datasets It is a
central credit register created by the ECB to harmo-
nize statistical database on credit provided by finan-
cial institutions within the eurozone and/or that are
part of the Single Supervisory Mechanism (SSM).

APP Asset Purchase Programme It is s part
of a package of unconventional monetary policy
measures on which central bank buys government
bonds or other financial assets to support the mon-
etary policy transmission mechanism and provide
the amount of policy accommodation needed to en-
sure price stability. It was initiated by the ECB
in mid-2014 and it comprises currently four differ-
ent programms: 1) corporate sector purchase pro-
gramme (CSPP); 2) public sector purchase pro-
gramme (PSPP); 3) asset-backed securities purchase
programme (ABSPP) and 4) third covered bond pur-
chase programme (CBPP3). In response to the coro-
navirus outbreak, a temporary asset purchase pro-
gramme of private and public sector securities was
also launched, the Pandemic Emergency Purchase
Programme (PEPP), aiming at providing additional
support to the euro area. .

BRRD Bank Recovery and Resolution Directive
This Directive came into effect on 2015 with the pur-
pose of creating a common framework in the Euro-
pean Union for the recovery and resolution of banks

and investment firms. It is considered a key compo-
nent of European efforts to end the “too big to fail”
problem.

BVAR Bayesian Vector Auto-regression It is a
statistical technique that uses Bayesian methods to
estimate vector auto-regression (VAR) models.

CBDC Central Bank Digital Currency It is also
called Digital Base Money or Digital Fiat Currency.
It is the digital form of fiat money - a currency estab-
lished as money by a government regulation, mone-
tary authority or law.

CCPs Central Counterparties Clearing It corre-
sponds to the Clearing members and/or clearing ac-
tivities which are authorized to offer services in Eu-
ropean Union.

CCyB Countercyclical Capital Buffer 1t is a reg-
ulatory capital adequacy ratio requirement applied
to banks taking into account of the macro-financial
environment in which they operate. The rate can
vary (as a proportion of risk-weighted assets) and
should be increased suring the upswing of the finan-
cial cycle and relaxed during a downturn.

CEBS Committee of European Banking Supervi-
sors It was established with the objective to advise
the European Commission on legislative/regulatory
measures in the banking field, to contribute to the
consistent implementation of Community Directives
and to the convergence of Member States’ supervi-
sory practices throughout the Community. CEBS
is comprised of high level representatives from the
banking supervisory authorities and central banks
of the European Union.

CFA Franc Zone 1t is an economic and mon-
etary area bringing together France and 15 countries
in Sub-Saharan Africa. Note that the CFA franc is
one of two regional African currencies backed by the
French treasury with pegging to the euro. It can re-
fer to either the Central African CFA franc, or the
West African CFA franc.

CIISI Cyber Information and Intelligence Shar-
ing Initiative It is an scheme aiming at protecting
the financial system by preventing, detecting and re-
sponding to cyber attacks.
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CMU Capital Markets Union It corresponds to
an European Union (EU) initiative which aims to
deepen and further integrate the capital markets of
EU member state.

CPMI Committee on Payments and Market In-
frastructures It is an international standard set-
ter that promotes, monitors and makes recommen-
dations about the safety and efficiency of pay-
ment, clearing, settlement and related arrangements,
thereby supporting financial stability and the wider
economy. The CPMI also serves as a forum for cen-
tral bank cooperation in related oversight, policy
and operational matters, including the provision of
central bank services.

CRE loans Commercial Real State loans It is a
mortgage security by a lien on a commercial, rather
than residential, property.

CRT Credit Risk Transfers They are instruments
that can be used by banks for credit risk shedding
(protection buying) and/or risk taking (protection
selling) purposes. They can also make markets in
credit derivatives aiming at running matched credit
risk positions.

CSDs Central Securities Depositories They are
financial organizations that specialize in holding se-
curities, including equities, bonds and money market
instruments.

DLT Distributed ledger technology They are also
called Distributed ledger or shared ledger. It is a con-
sensus of replicated, shared and synchronized digi-
tal data geographically spread across multiple sites,
countries or institutions. There is no central admin-
istrator (e.g. the blockchain system).

EAA Euro area accounts It provides a compre-
hensive picture of how economic value is generated
and distributed in the euro area economy on the
basis of an analytical grouping of economic agents
into institutional sectors based on the methodolog-
ical framework established in the European System
of Accounts 2010 (ESA 2010).

ECRB Euro Cyber Resilience Board for pan-
FEuropean Financial Infrastructures It is a forum for
strategic discussions between financial market infras-
tructures. Its objectives are to raise awareness of the

topic of cyber resilience, foster trust and collabora-
tion and catalyse joint initiatives to develop effective
solutions for the market.

EMI European Monetary Institute It was the
forerunner of the European Central Bank (ECB),
operating between 1994 and 1997.

EMS European Monetary System It was an ex-
change rate regime set up in 1979 (and which
ended in 1999) to foster closer monetary policy co-
operation between the central banks of the Mem-
ber States of the European Economic Community
(EEC). The objective of the EMS was to promote
monetary stability in Europe. It was built on the
concept of stable but adjustable exchange rates de-
fined according to the newly created European cur-
rency unit (ECU) — a currency basket based on a
weighted average of EMS currencies. Within the
EMS, currency fluctuations were controlled through
the Exchange Rate Mechanism (ERM).

EMU Economic and Monetary Union The Euro-
pean Council confirmed the progressive realization of
the Economic and Monetary Union (EMU) in June
1988. To achieve this objective, three evolutionary
steps were proposed: i) Stage One (starting in July
1990): it enhanced, for example, the complete free-
dom for capital transactions. ii) Stage Two (starting
in January 1994) which, for example, increased the
coordination of monetary policies among countires
and promoted the process leading to independence
of national central banks. iii) Stage Three (Starting
on January 1999): set the introduction of the euro
and put into force the Stability and Growth Pact,
among others. Further details on https://www.ecb.
europa.eu/ecb/history /emu/html/index.en.html

EPC European Payments Council It was founded
in 2002 aiming at developping the Single Euro Pay-
ment Area. It represents payment service providers,
supports and promotes European payments integra-
tion and development, notably SEPA.

EPP European People’ Party It is an Euro-
pean political party with Christian-democratic, con-
servative and liberal-conservative member parties.
It includes major centre-right parties such as the
CDU/CSU of Germany and The Republicans of
France. It has been one of the largest party in the
European Parliament since 1999.
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ERM Ezchange Rate Mechanism It was a system
introduced by the European Economic Community
on 13 March 1979, as part of the European Mone-
tary System (EMS), in order to stabilise exchange
rates and help Europe to become an area of mon-
etary stability before the introduction of the single
currency, the euro, which took place on 1 January
1999.

ERM - II Exchange Rate Mechanism II The
Exchange Rate Mechanism (ERM II) was set up on
1 January 1999 as a successor to ERM to ensure
that exchange rate fluctuations between the euro and
other EU currencies do not disrupt economic stabil-
ity within the single market, and to help non euro-
area countries prepare themselves for participation
in the euro area. The convergence criterion on ex-
change rate stability requires participation in ERM
IT.

ESCB European System of Central Banks It
comprises the ECB and the national central banks
(NCBs) of all EU Member States whether they have
adopted the euro or not.

ESM  European Stability Mechanism It is an in-
strument designed to safeguard financial stability in
the euro area. Like its predecessor, the temporary
European Financial Stability Facility (EFSF), the
ESM provides financial assistance to euro area coun-
tries experiencing or threatened by financing difficul-
ties.

ESRB European Systemic Risk Board It was es-
tablished on 2010 in response to the financial crisis.
It is tasked with the macroprudential oversight of
the financial system within the European Union in
order to contribute to the prevention or mitigation
of systemic risks to financial stability in the EU.

Eurosystem It is the Monetary Authority of
the euro area. It comprises the European Central
Bank (ECB) and the national central banks of the
Member States whose currency is the euro.

FCIs Financial Conditions Indexes The FCIs are
constructed as weighted averages of different finan-
cial variables. The ECB FClIs, in particular, include
the 1-year OIS, the 10-year OIS, the Nominal Effec-
tive Exchange Rate (NEER) of the euro vis-a-vis 38
trading partners, and the Euro STOXX Index.

FMIs Financial Market Infrastructures It is de-
fined as a multilateral system among participating
institutions, including the operator of the system,
used for the purposes of clearing, settling, or record-
ing payments, securities, derivatives, or other finan-
cial transactions.

FSAP Financial Services Action Plan is a key
component of the European Union’s attempt to cre-
ate a single market for financial services. Created in
1999 and to last for a period of six years, it contained
42 articles related to the harmonisation of the finan-
cial services markets within the European Union. It
was scheduled to be completed by the end of 2004.

IEA International Energy Agency It is an inter-
governemental organization acting as a policy advi-
sor to help countries provide secure and sustainable
energy for all.

IMS International Monetary System It refers to
the system and rules that govern the use and ex-
change of money around the world and between
countries.

IMS International Monetary System It refers to
the system and rules that govern the use and ex-
change of money around the world and between
countries.

I0SCO International Organization of Securities
Commissions It refers to the system and rules that
govern the use and exchange of money around the
world and between countries.

IPN Inflation Persistence Network The IPN is a
research team consisting of economists from the FEu-
ropean Central Bank and the national central banks
of the Eurosystem conducting a coordinated research
project on the patterns, determinants and implica-
tions of inflation persistence in the euro area and in
its member countries.

LCBGs It is an acronym used to refer to Large
and Complex Banking Groups.

LCR Liguidity Coverage Ratio It is one ratio used
as policy response for the liquidity crisis. It aims
at promoting the short-term resilience of the lig-
uidity risk profile of banks. It does this by ensur-
ing that banks have an adequate stock of unencum-
bered high-quality liquid assets (HQLA) that can be
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converted easily and immediately in private markets
into cash to meet their liquidity needs for a 30 cal-
endar day liquidity stress scenario.

Libra Libra Digital Currency It is a blockchain-
based payment system proposed by Facebook.

LMU  Latin Monetary Union It was a system (es-
tablished in 1865 and disbanded in 1927) that uni-
fied several European currencies into a single one
and that could be used in all the member states.
Many countries minted coins according to the LMU
standard even though they did not formally accede
to the LMU treaty.

LTV ratio Loan-to-value ratio It is an assess-
ment of lending risk regurlarly used by financial in-
stitutions before approving a mortgage. Typically,
high LTV ratios are considered higher risk loans.

M3 Monetary Aggregates They comprise mon-
etary liabilities of monetary financial institutions
(MFIs) and central government, vis-a-vis non-MFI
euro area residents excluding central government.
M1 corresponds to the sum of currency circulation
and overnight deposits; M2 is the sum of M1, de-
posits with an agreed maturity of up to two years
and deposits redeemable at notice of up to three
months; M3 is the sum of M2, repurchase agree-
ments, money markets fund shares/units and debt
securities with a maturity of up to two years.

MaRs Macroprudential Research Framework It
is an internal network for macroprudential research
launched in Spring 2010 by the European System
of Central Banks. It was created in response to
the 2007-2008 Global Financial crisis which put in
evidence that macroprudential aspects of financial
supervision and regulation had to be significantly
strengthened.

MNESs 1t is an acronym used to refer to Multi-
national Enterprises.

MTOs Medium-term budgetary objectives It
refers to a country budgetary target in accordance
with the Stability and Growth Pact (SGP) with the
objective of supporting EU governments in achiev-
ing their commitments on sound fiscal policies. They
take into account the need to achieve sustainable
debt levels while ensuring governments have enough
room to manoeuvre and a safety margin against

breaching the EU’s fiscal rules. All EU countries
are expected to reach their medium-term budgetary
objectives (MTOs), or to be heading towards them
by adjusting their structural budgetary positions at
a rate of 0.5% of GDP per year as a benchmark.
MTOs are updated every 3 years, or more frequently
in the case of a country that has undergone a struc-
tural reform which significantly impacted its public
finances.

NBH 1t is an acronym used to refer to National
Bank of Hungary.

NBRM 1t is an acronym used to refer to Na-
tional Bank of the Republic of Macedonia.

NCBs It is an acronym used to refer to National
Central Banks.

NPLs Non-performing loans It consists of a loan
in which the borrower is default.

OCA Optimum Currency Area It corresponds to
a geographical region that would maximize its eco-
nomic efficiency having the entire region sharing a
single currency.

OMTs Outright Monetary Transactions It is a
program of the ECB launched in 2012, in response
to the financial fragmentation stemming from the
sovereign debt crisis, under which the central bank
could make purchases (“outright transactions”) in
the secondary sovereign bond markets, under certain
conditions, of bonds issued by Euro area member
states. Omne of the most relevant technical features
of OMTs was no ex ante quantitative limits would
be considered for this transactions.

PEPP Pandemic Emergency Purchase Pro-
gramme It is a temporary asset purchase programme
of private and public sector securities to counter the
serious risks to the monetary policy transmission
mechanism and the outlook for the euro area posed
by the outbreak and escalating diffusion of the coro-
navirus, COVID-19. It was launched in March 2020
with an amount of €750 billion and extended by
EUR 600 billion to EUR 1.35 trillion in June 2020.
The ECB also extended the life of PEPP from the
end of 2020 to June 2021.
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PES Party of European Socialists Social-
democratic European political party. It comprises
national-level political parties from all member
states of the European Union (EU) in additon to
Norway and the United Kingdom.

Pfandbriefe Pfandbrief bond market is a type
of bond issued by German mortgage banks that’s
collateralised by long-term assets (property mort-
gages or public sector loans, for example). Pfand-
briefe are a classic funding instrument employed by
Pfandbrief banks and constitute one of the largest
segments of the European bond market.

PEMI Principles for Financial Market Infras-
tructures International standards for payment sys-
tems, central securities depositories, securities set-
tlements systems, central counterparties and trade
repositories. ~ The CPMI and IOSCO monitor
their implementation and its member committed to
adopting their principles and responsibilities.

PSD Payment Services Directive It is an EU di-
rective, administrated by the European Commission
to regulate payment services and payment services
providers throughout the European Union and Eu-
ropean Economic Area (EEA).

PSPP Public Sector Purchase Programme It was
unveiled by the ECB on 22 January 2015 and con-
sisted of the purchase of bonds issued by euro-area
governments, agencies and European institutions.

RTGS Real-time gross settlement (TARGET 2)
It also known as TARGET 2, where the processing
and settlement of payments takes place in real-time
within the euro area. Each transfer is also settled
individually.

SDD SEPA Direct Debit It is a payment method
fully deployed and operated in the euro area member
states.

SEPA / eSEPA Single Buro Payments Area
It is a payment-integration initiative of the Euro-
pean Union for simplification of bank transfers de-
nominated in euro. The eSEPA refers to the new
technologies evolving the SEPA.

SNA System of National Accounts It is the inter-
nationally agreed standard set of recommendations
on how to compile measures of economic activity.

SPEs Special Purpose Entities It is a subsidiary
created by a parent company to isolate financial risk.

SREP Supervisory Review and Evaluation Pro-
cess It is a supervisory activity on which there is
an assessment on the risks faced by banks and on
their capabilities on managing such risks effectively.
Specifically, the SREP shows where a bank stands in
terms of capital requirements and the way it deals
with risks. In the SREP decision, which the super-
visor sends to the bank at the end of the process,
key objectives are set to address the identified is-
sues. The bank must then “correct” these within a
specific time.

SRM Single Resolution Mechanism It applies to
banks covered by the single supervisory mechanism
(SSM) and it is the second pillar of the banking
union. The purpose of the SRM is to ensure an or-
derly resolution of failing banks with minimal costs
for taxpayers and to the real economy.

SSM  Single Supervisory Mechanism It refers to
the system of banking supervision in Europe. It
comprises the ECB and the national supervisory au-
thorities of the participating countries.

TLTROs Targeted Longer-term Refinancing
Operations They correspond to Eurosystem oper-
ations that provide financing to credit institutions
and it was first launched in 2014. They are ‘targeted’
operations, as the amount that banks can borrow
is linked to their loans to non-financial corporations
and households. The third series of these operations
(TLTROs - III) were announced in March 2019 and,
similarly to TLTRO 1I, the interest rate to be ap-
plied is linked to the participating banks’ lending
patterns. The more loans participating banks issue
to non-financial corporations and households (ex-
cept loans to households for house purchases), the
more attractive the interest rate on their TLTRO
IIT borrowings becomes. The primary objective of
these operations is to preserve favorable borrowing
conditions for banks and stimulate bank lending to
the real economy.

ULC Unit Labor Costs They are labor costs (e.g.
wages and remunerations) per unit of added value
produced.
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D Data Description

All the variables used in our model have daily frequency and the sample starts on 01

January 2002 to 31 July 2020.

Overnight Index Swap (OIS) rates Itis
a fixed-for-floating interest rate swap with a floating
rate leg tied to the index of daily interbank rates,
that is the EONIA for the euro area. It is consid-
ered the best proxy for a risk-free yield curve in the
region. We collected data with 1, 3, 6, 9 month, 1,
2, 3, 5, 10 year maturities. For each maturity, we
calculated the daily return in bps. The series were
obtained in Datastream.

Sovereign  Yields Our data comprises
sovereign bond yields with 2 and 10 year maturi-
ties for Germany, France, Italy, Spain and Portugal.
For each of them, we calculated the daily returns
in bps. For each maturity, we also defined two ma-
jor groups. The “core” yields, which is the average
yield of Germany and France and the “peripheral”
which is the average yield of Italy, Spain and Por-
tugal. Then, we also calculated the daily returns
in bps. This grouping proved particularly effective
during the Lasso selection. When bond yields for
two or more countries in one of these groups were
selected, we chose to use the variable as a group
(hence, core or periphery) and not the yield related
to a particular country. The series were obtained in
Datastream.

Spreads Interest rate differentials between two
countries play a key role in the currency mar-
kets. Thus, we calculated the spreads for short and
long-term sovereign bond maturities (2Y and 10Y)
between the United States and Germany. Then, we
measured the daily returns in bps. The same cal-
culus was also made for government yield spreads
within the euro area, which indicates financial stress
in the region. Specifcally, we measured the spreads
for Italy, Spain, Portugal and also the aggregate Pe-
ripheral group against the Germany 2Y and 10Y
bund yields.

ECB’s Non-standard Monetary Policy
Measures (ECB. NSM) This is a dummy
variable which captures the main non-standard mon-
etary policy measures announced by the ECB. They
are highlighted in Figure 1 and further information
can be found in the ECB’s website.

Euro We considered the daily returns of the
EUR/USD. Data was obtained in Datastream.

WTI We calculated the daily returns of crude oil
price. Data was obtained in Datastream.

STOXX50 We considered the daily returns of
the Euro area stock price index. It provides a blue-
chip representation of super-sector leaders in the re-
gion. The index covers 50 stocks from 9 Eurozone
countries: Belgium, Finland, France, Germany, Ire-
land, Italy, Luxembourg, the Netherlands and Spain.
Data was obtained in Datastream.

iTRAXX These are tradable credit default
swaps indices. We considered two measures in our
analysis. The ‘Main’, composed of the most liquid
125 CDS referencing European investment grade
credits and the ‘Crossover’, comprises the 75 most
liquid sub-investment grade entities. We calculated
the daily returns for the indices. Data was obtained
in Datastream.

VSTOXX It is the implied volatility of the
STOXX50, capturing financial stress. We consid-
ered daily changes of the index. Data was obtained
in Datastream.

VDAX 1t is the implied volatility of the Ger-
man DAX stock market index, which could also be a
proxy of financial stress in the Euro area. We consid-
ered daily changes of the index. Data was obtained
in Datastream.

Citigroup Economic Surprise Indices
These are a good proxy of high-frequency macro in-
dicators. These indices track how economic indica-
tors are coming in ahead of or below markets ex-
pectations. Data is provided at daily frequency and
calculated as the normalized deviation of the actual
economic data release from the market consensus
prior to the data publication. We took data for the
United States and the Euro area from Datastream.
We considered daily changes of these indicators.
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E Factor picking Lassos

Figure 31: AEUR/USD - Pre-crisis Lasso regression
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Coefficients
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Figure 32: AEUR/USD — Crisis Lasso regression
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F Complementary materials

Figure 33: Topic correlations
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Figure 34: Topic Summary
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Figure 36: Topics gamma distribution (probability over each speech)
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