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Abstract
This paper examines whether the Federal Reserve (Fed) communication has significant 
impact on the level of uncertainty and risk aversion in the U.S., U.K., and Eurozone equity 
markets. We first apply computational linguistic tools to the Federal Open Market Commit-
tee (FOMC) meeting minutes to measure the tone of Fed communication and then decom-
pose the option-implied volatility into proxies for risk aversion and expected market vola-
tility (“uncertainty”). We provide novel evidence that the Fed’s optimistic tone decreases 
both uncertainty and risk aversion in global equity markets, with the former effect being 
stronger. We also find a stronger response of market participants to central bank communi-
cation during recessions and in periods of high policy uncertainty. Further analysis reveals 
that, in formulating their risk preferences, investors pay particular attention to FOMC’s 
discussion about financial market, credit condition, employment, and growth. Overall, our 
results suggest that central bank communication plays an important role in shaping percep-
tions and risk appetite of financial market participants.
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1  Introduction

In the wake of the 2007–2008 global financial crisis, central banks in major economies 
have decreased the policy rate to near zero lower bound to safeguard the stability of finan-
cial markets. As a result, central bank communication has emerged as a key tool for central 
bankers to shape market expectations and to achieve monetary policy objectives. Speaking 
at a conference in March 2015, the former chair of the Federal Reserve (Fed) Ben Bernanke 
made this very point: “monetary policy is 98 percent talk and only two percent action” 
(Bernanke 2015). Hence, it is important for policy makers to understand whether and to 
what extent central bank communication affects financial markets and economic outlook. 
Recent studies show that apart from policy decisions (actions), central bank communica-
tions (words) also had a substantial impact on asset prices (Schmeling and Wagner 2024), 
currency risk (Dossani 2021), term premium (Hansen et al. 2019), and economic activi-
ties (Luangaram and Wongwachara 2017).1 The aforementioned studies have contributed 
significantly to our understanding of how central bank communication can affect financial 
decisions and economic outcomes. What is still not clear is the mechanism by which it 
influences investors’ demand for risky assets.

Bernanke and Kuttner (2005) argues that monetary policy actions affect stock returns 
through at least two channels, i.e., by shaping market participants’ risk expectations (sig-
nalling effect) or by changing their risk tolerance (risk-taking effect). There is an emerging 
literature showing that a surprise decrease in the policy rate reduces uncertainty and risk 
aversion in equity markets (Gospodinov and Jamali 2012; Bekaert et al. 2013). However, 
the literature has focused primarily on policy decisions and there is no empirical evidence 
on the potential impact of central bank communication on investor perception and appetite 
for risk. This paper attempts to fill this gap in the literature and examines for first time 
the effects of Fed communications (words) on the level of uncertainty and risk aversion 
in equity markets. First, we employ tools from computational linguistics (“bag-of-words” 
method) to extract the Fed’s tone from its qualitative communications.2 Then, following 
Bekaert et  al. (2013), we decompose option-implied volatility into two components to 
investigate whether central bank tone has significant effects on time-varying risk aversion 
and uncertainty in the marketplace. This novel empirical approach allows us to address 
important questions regarding the channels through which central bank communications 
(words) affect asset prices.

Akhtar et al. (2011) points out that there exists a “negativity bias” and investors may 
give greater value to negative information than for positive information. We contribute to 
this literature by exploring the asymmetric market reactions to central bank communica-
tions. Specifically, we examine whether optimistic and pessimistic communication by the 
Fed affect investor’s risk expectation equally and, if not, we further investigate in what 
form such asymmetry exists. To our knowledge, this is the first paper that studies central 
bank communication from that angle. For a deeper understanding, we also identify distinct 
topics in the minutes of FOMC meetings and extract each topic’s tone from these commu-
nications.3 Jegadeesh and Wu (2017) shows that the Fed’s discussions about policy stance, 

1  Blinder et al. (2024) provides an excellent survey of the literature on central bank communication.
2  We follow Hubert and Labondance (2017) and use the directional dictionary of Apel and Grimaldi (2014) 
to convert qualitative information in the FOMC minutes to a quantitative measure of the Fed’s tone.
3  We employ a technique called Latent Dirichlet Allocation (LDA) to identify different topics and the rela-
tive importance of each topic in FOMC meeting minutes. Appendix A provides a more detailed description 
of topics in central bank communications.
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inflation, financial market, and consumption determine changes in equity prices. We extend 
this stream of literature by examining the heterogeneous impact of Fed’s views about vari-
ous economic topics on the market participant’s appetite for risk.

This paper also adds to the growing literature considering the state-dependent response 
of investor’s expectation to central bank communications. Prior studies suggest that inves-
tor’s reaction to monetary policy announcements is much stronger during tough economic 
times. For instance, Basistha and Kurov (2008) finds that an unexpected change in policy 
rate has a larger impact on equity returns during recessionary periods. Kurov (2012) shows 
that a surprise increase in the future path of the policy rate has a positive impact on equity 
markets during recessions and a negative impact during recoveries. Similarly, the informa-
tion content of central bank communication may also depend upon the degree of uncer-
tainty regarding the future economic and monetary policy. Kurov and Stan (2018) finds 
that monetary policy uncertainty drives stock market reaction to macroeconomic news. In 
this paper, we study the change in response of investor’s risk attitude to the Fed’s com-
munication during the period when uncertainty regarding future economic and monetary 
policy is higher than normal.4

Previous research provides evidence on the role of Fed’s announcements in changing 
investor’s expectation and behaviour in equity markets of other developed nations. Nave 
and Ruiz (2015), for instance, documents a significant reduction in investor’s risk aver-
sion in the European stock markets in response to a surprise decrease in Fed’s policy rate. 
Hayo et al. (2010) finds that information embedded in Fed’s communication significantly 
influences the European equity markets. Hence, this paper aims to extend the literature by 
investigating the potential spillover effect of Fed communication tone on time-varying risk 
aversion and uncertainty in the U.K. and Eurozone markets.

This paper is different from previous studies in several ways. First, unlike Jegadeesh and 
Wu (2017) which analyzes the impact of Fed’s tone on prices of fixed income assets, we 
examine for the first time whether Fed’s words affect uncertainty and risk aversion. Sec-
ond, our work is also different from Schmeling and Wagner (2024) who extracts the tone 
from the European Central Bank (ECB) press conference using the frequency of a single 
word (unigram). Picault and Renault (2017) points out that categorizing the tone of central 
bank communications based on the frequency of a single word may lead to misspecifica-
tion of context in the textual analysis. For example, “high” is a positive word but “high 
risk” is a negative concept in the context of central bank communication. In this paper, we 
follow Apergis and Pragidis (2019) and apply directional phrases (bigrams), a combination 
of noun and adjectives, to extract the Fed’s tone.5 Third, another distinguishing feature of 
this paper is our investigation of the impact of Fed unique topic’s tone on the investor’s 
appetite for risk. Our results reveal an interesting finding of investor response to central 
bank communications. As expected, the Fed’s optimistic discussion about financial market, 
credit conditions and economic growth reduces market uncertainty; on the contrary, the 
Fed’s optimism related to policy stance increases investor risk aversion. This suggests that 
market participants interpret central bank optimism about the policy stance as an indication 
of future contractionary policy and consider it as bad news.

4  We use the economic policy uncertainty (EPU) and monetary policy uncertainty (MPU) indices of Baker 
et al. (2016) to identify period when uncertainty regarding future policy is higher than normal. These indi-
ces are available at: http://​www.​polic​yunce​rtain​ty.​com.
5  The phrases are combination of nouns (concepts) and adjectives (tone modifiers) developed by Apel and 
Grimaldi (2014) specifically for the content analysis of central bank communication.

http://www.policyuncertainty.com
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Overall, our results show that Fed’s optimistic tone reduces both uncertainty and risk 
aversion in global equity markets, with the former (i.e., signalling) effect being stronger. 
This finding is consistent with that of Jegadeesh and Wu (2017) who finds that a posi-
tive Fed’s tone decreases the unexpected volatility in equity market. However, this differs 
from the finding of Bekaert et al. (2013) that policy actions affect prices primarily through 
the ‘risk-taking’ channel i.e., by shaping market participants’ perception of risk. Taken 
together, our findings uncover an important ‘signalling’ channel through which informa-
tion embedded in central bank communications (words) transmits to financial markets i.e., 
investors change their risk expectations in response to new information communicated 
through the FOMC minutes. In general, investors perceive the Fed’s optimistic (pessi-
mistic) tone as a signal of good (bad) outlook of the economy and financial conditions; 
these signals of future economic situation would then affect risk appetite and uncertainty 
in global equity market.6 The results of our paper remain statistically significant after con-
trolling for changes in policy rate, business cycles, macroeconomic fluctuations, and Fed’s 
forecasts. Additional robustness checks also confirm that our findings hold after chang-
ing the term weighting scheme, communication tool, directional lexicon, and response 
window.7

The paper proceeds as follows. In the next section we briefly discuss the prior literature. 
Section 3 describes our research design and identification strategy. Section 4 presents the 
empirical results, and Sect. 5 reports various robustness tests and additional results. Sec-
tion 6 concludes and discusses the policy implications of the study and avenues for further 
research.

2 � Related literature

2.1 � Effects of central bank decisions and communications

The academic literature on the impact of monetary policy on financial markets is large 
and rapidly growing. The general consensus is that monetary policy strongly affects asset 
prices. For example, Nikkinen and Sahlström (2004) shows that there is a significant reduc-
tion in the implied volatility of S&P500 index on the days of policy announcement.8 Gos-
podinov and Jamali (2012) divides the change in federal fund rate into expected and unex-
pected components and finds only the surprise changes in policy rate significantly affected 
market uncertainty. Bekaert et al. (2013) investigates the impact of monetary policy deci-
sions on changes in risk aversion and uncertainty in financial markets. Their results based 
on the structural vector autoregressive model reveal that a lax monetary policy decreases 
risk aversion and uncertainty. Using the shadow interest rate as a proxy for monetary pol-
icy stance, Hahn et al. (2017) provides additional support for the effects of monetary policy 
on risk aversion and uncertainty in periods of unconventional monetary policies.

In addition to the policy decisions (actions), central bank communications (words) are 
also closely followed by market participants and are extensively covered by financial press. 

6  Previous studies support the notion that monetary policy announcements (actions) contain vital informa-
tion about future economic conditions (Melosi 2017), which can in turn affect the perception of risk in 
financial markets (Bekaert et al. 2013; Hahn et al. 2017).
7  Appendix B contains the results of these robustness checks and additional analyses.
8  Option-implied volatility is one of the most widely used measures of equity market uncertainty (Whaley 
2000).
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Several studies have indeed documented significant effects of central bank communications 
(e.g., policy statements, speeches, press conferences and minutes of committee meeting) 
on stock return and volatility. For instance, Jubinski and Tomljanovich (2017) finds both 
FOMC decisions (actions) and FOMC minutes (words) have a significant impact on the 
volatility of individual equity returns in the U.S., albeit the central bankers’ actions tend 
to speak louder than their words. Kohn and Sack (2003) notes that both the forward guid-
ance and the assessment of future financial market conditions by central banks matter for 
asset prices. Considering a wider range of central bank communications, Rosa (2016) con-
cludes that the statements, minutes of FOMC meetings, and speeches made by the Fed 
chairman, increase the trading volume and volatility in fixed income and equity markets. 
Moreover, Leombroni et al. (2021) finds the ECB’s communications contain information 
relevant for the yield curve of countries in the Euro area. Employing the standard textual 
analysis, Schmeling and Wagner (2024) shows that central bank tone revealed in the ECB’s 
press conferences had a significant effect on equity prices, credit spread, and volatility risk 
premium in the European markets. Their results suggest that communication is a powerful 
instrument of monetary policy for central bankers to influence investors’ risk appetite and 
the risk premia they require.

Nevertheless, prior studies have been primarily concerned with policy decisions and lit-
tle research has been conducted on the role of central bank communication in influenc-
ing market expectations. This lack of research is, perhaps, surprising given the growing 
importance of communication as a powerful instrument of the monetary policy toolkit. The 
current paper represents the latest attempt of such efforts to address these important issues.

2.2 � Transmission channels of central bank communications

The literature suggests two types of signals embedded in central bank communications. 
Romer and Romer (2000) explains the first, as the ‘information effect’ of the central bank’s 
signals about the assessment of near term economic and financial outlook. This informa-
tion alters investor’s expected risk and return, which then shift the equity prices. Nakamura 
and Steinsson (2018) finds that the information related to economic activities drives the 
impact of monetary policy shocks on the expectations and behaviour of investors. Mas-
ciandaro et  al. (2024) analyses social media content by policy makers and demonstrates 
that central bank communication affected investor beliefs and, subsequently, behaviour in 
financial markets. Additionally, the central bank communications contain a second type 
of signal indicating the future path of the policy rate. Woodford (2001) shows the changes 
in expectations about the future path of short-term interest rates affect the perceived risk 
and return of an investment. Kohn and Sack (2003) confirms the publications of forward 
guidance and economic outlook help the central bank achieve its macroeconomic objec-
tives. Finally, it is widely accepted that the ‘signalling effect’ of monetary policy can help 
stabilize financial markets by providing vital information about central bank’s assessment 
of future inflation and output gap (Melosi 2017).

Borio and Zhu (2012) points out that monetary policy announcements affect risk pre-
mium by shifting the risk appetite of market participants. They identify three transmis-
sion mechanisms through which the ‘risk-taking’ channel operates. Firstly, an unexpected 
change in the nominal interest rate affect the overall wealth of investors, or the value of 
collateral assets of a firm, which in turn may lead to a significant shift in risk appetite. Sec-
ondly, an ambition to achieve a target return after an expansionary monetary policy could 
increase the risk-bearing capacity of market participants. For instance, a fund manager is 
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willing to take more risk during consistently low policy rate regimes to achieve benchmark 
returns and to earn a higher compensation. Thirdly, the commitment of central banks for a 
consistent expansionary policy reduces the uncertainty in financial market and thus lowers 
the overall market risk premium.

Bernanke and Kuttner (2005) finds the impact of monetary policy on equity prices 
is largely due to a shift in the perceived risk of investment or the risk-bearing capacity 
of investors. This conclusion is corroborated by the finding of Bekaert et al. (2013) who 
shows that unexpected monetary policy easing significantly reduces risk aversion by mar-
ket participants. Kurov (2012) provides further evidence that policy statements contain 
additional information about the outlook of the economy, which can affect investors’ risk 
assessment and tolerance. Drechsler et al. (2018) develops a dynamic asset pricing model 
to describe the effect of a policy rate change on asset prices. In their model two agents 
with different risk-bearing capacity interact in response to a change in nominal interest 
rate, which in turn impacts on the aggregate risk aversion in the economy. Leombroni et al. 
(2021) expands the literature and demonstrates that the effectiveness of monetary policy 
depends on central banks’ ability to shape market expectation using instruments such as 
president speeches, statements, and press conferences. They provide evidence that central 
bank communications can shape long-term interest rates by changing risk premia.

3 � Research design and variables identification

3.1 � Quantifying the tone of central bank communication

3.1.1 � Dictionary‑based content analysis

A number of techniques have been put forward in the literature to quantify the tone from 
central bank communications (e.g., Picault and Renault 2017; Hansen et al. 2019).9 This 
paper uses the “bag-of-words” approach to extract central bank communication tone. Sev-
eral studies have applied a similar dictionary-based technique to estimate central bank 
tone. For instance, Schmeling and Wagner (2024) measures central bank tone using a 
list of negative words in the financial dictionary developed by Loughran and McDonald 
(2011). On the other hand, Hansen and McMahon (2016) extracts central bank tone with 
the directional dictionary of Apel and Grimaldi (2014). The selection of a suitable diction-
ary (lexicon) is crucial for capturing the tone effectively and for avoiding spurious cor-
relations in regression analysis. As Loughran and McDonald (2011) financial dictionary 
is developed to capture primarily the tone from corporate reports, in this paper we use the 
dictionary of Apel and Grimaldi (2014) that  is designed to facilitate research in central 
bank communications.

Picault and Renault (2017) argues that counting the frequency of single word to estimate 
central bank tone without analysing the context of the word may lead to misinterpretation. 
For instance, “decrease” is a negative word but “decrease in unemployment” is a positive 

9  Bholat et  al. (2015) describes in more detail the various content analysis techniques that are available 
for analysing central bank communications. The techniques differ on the degree of subjective judgment 
involved. On the one extreme, the narrative approach relies totally on the subjective interpretation of the 
researcher. On the other side, a fully automated (computational) content analysis such as Latent Semantic 
Analysis (LSA) is a machine learning technique with minimum human involvement. The semi-automated 
methods such as dictionary-based content analysis (“bag-of-words”) are in between these two extremes.
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concept. To lessen this concern our study follows Apergis and Pragidis (2019) to count the 
frequency of phrases (bigrams) based on the directional words list of Apel and Grimaldi 
(2014). Specifically, we develop phrases combining of positive and negative nouns (con-
cepts) and optimistic and pessimistic adjectives (tone modifiers). A sentence containing 
an optimistic phrase (a positive noun along with an optimistic adjective) representing the 
central bank optimism. Similarly, a sentence with the pessimistic phrase (a positive noun 
along with pessimistic adjective) representing central bank’s pessimistic view about that 
concept.10 Next, we count the frequency of pre-specified directional phrases in each para-
graph of communication document. After counting these phrases in each paragraph, we 
aggregate total optimistic (pessimistic) phrases (i) in each document (D).

After that, we calculate the optimistic (pessimistic) tone by dividing the number of opti-
mistic (pessimistic) phrases with the total number of phrases in each document. Finally, 
we estimate the net optimistic tone by subtracting the number of pessimistic phrases from 
the number of optimistic phrases and dividing it with the total number of phrases in each 
document.

Since all the text documents in our corpus (collection of documents) are in chrono-
logical order, we can estimate a time series measure of Fed’s tone for the period under 
investigation.

3.1.2 � Latent Dirichlet allocation

Fed’s communications contain a detailed discussion of committee members’ views about 
a variety of topics. For instance, the FOMC members frequently discuss the current and 
future economic conditions, key macroeconomic indicators, exchange rate positions, finan-
cial markets outlook, trade situations, rationale for their monetary policy decisions, and the 
future path of the short-term interest rate. In this paper we use Latent Dirichlet Allocation 

(1)Optimistic(D) =

n
∑

i=1

Optimistici,(p)

(2)Pessimistic(D) =

n
∑

i=1

Pessimistici,(p)

(3)Optimistic Tone(D) =
Optimistic(D)

Total Number of Phrases(D)

(4)Pessimistic Tone(D) =
Pessimistic(D)

Total Number of Phrases(D)

(5)NetOptTone(D) =
Optimistic(D) − Pessimistic(D)

Total Number of Phrases(D)

10  A phrase combining a negative noun and a pessimistic tone modifier will produce an optimistic phrase. 
For example, “declining risk” is an optimistic phrase. Table A4 of Appendix A shows the list of positive 
(negative) nouns and optimistic (pessimistic) adjectives.
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(LDA) method, a very popular algorithm developed by Blei (2012), to identify unique top-
ics (themes) that were discussed at each FOMC meeting.11

LDA classifies the large texts into different topics using the latent probabilistic distribu-
tions. The process can be explained graphically: the hyperparameters α and η expresses 
the Dirichlet distributions which provide topic’s distribution over paragraphs �p and word’s 
distribution over topics �K , respectively. For the first latent distribution, LDA assumes that 
each paragraph is a combination of various topics. The second distribution assumes that 
each topic is a combination of different words. To estimate parameters of these two latent 
distributions, LDA uses Bayesian method.

 Source: Blei (2012)
LDA has two main outputs, first, it provides the relative weight of each word, beta (β), 

which measures the probability of each word appearing in a topic.

Beta is the vector of probabilities for observing each term in a particular topic. For 
instance, words like employment, labour, and wages get higher weights for the topic of 
employment. Similarly, the words such as financial, credit, yield, and returns pose higher 
beta weights for financial market compared to other topics. The second output of LDA is 
known as theta (θ) which estimates the probability of each topic appearing in each para-
graph. More specifically, the theta measures the proportion of each paragraph allocated to 
a topic.

Each paragraph in the corpus is a mixture of K topics and the theta (θ) shows the portion 
of discussion about a particular topic in each paragraph. Using term weight (beta) we iden-
tify the topics under discussion in central bank communications and using topic proportion 
(theta) we measure the relative portion of each paragraph associated with a particular topic.

3.1.3 � Topic‑to‑tone

We follow Hansen and McMahon’s (2016) two-step process to extract central bank tone 
on each topic. In the first step, we apply LDA method explained in Sect. 3.1.2 to identify 

(6)

�̂it ≡ Pit

(

Term1

)

,Pit

(

Term2

)

,……… ..,Pnt

(

Termn

)

(7)�̂ip ≡ Pip

(

Topic1
)

,Pip

(

Topic2
)

,……… ..,Pkp

(

TopicK
)

11  Jegadeesh and Wu (2017) finds that the Latent Dirichlet Allocation is an efficient logarithm-based 
dimension reduction method to identify unique topics under the discussion in FOMC meetings.
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a particular topic using this topic’s theta score in each paragraph of communication doc-
ument. In the second step, we quantify the topic’s tone by conducting a “bag-of-words” 
analysis (as outlined in Sect. 3.1.1) on identified paragraphs. Each topic’s tone is systemati-
cally estimated using this ‘Topic-to-Tone’ approach combining both topic modelling tech-
nique and dictionary-based content analysis.

3.2 � Measuring uncertainty and risk aversion

To examine the impact of central bank communication on market participants’ risk prefer-
ences and beliefs, we follow Bekaert et al. (2013) and decompose the option-implied vola-
tility into proxies for risk aversion and expected market volatility (“uncertainty”).12 First, 
we estimate the realized volatility using rolling over sum for 22 daily returns on an equity 
index.

Next, we regress the realized variance ( RVt ) on lagged squared implied volatility ( IV2

t
 ) 

and lagged realized variance.

The fitted value from Eq. (9), R̂Vt , represents the expected realized variance. In the final 
step, we obtain the variance risk premium ( VRPt ) after subtracting the expected realized 
variance ( ̂RVt ) from squared implied volatility ( IV2

t
).

In our empirical analysis, we use the expected realized variance ( ̂RVt ) and variance risk 
premium ( VRPt) as proxies for uncertainty (UC) and risk aversion (RA), respectively.

This decomposition approach provides an ideal setting to analyze the channels that 
drive market reaction to central bank communications. If central bank tone affects asset 
prices through the ‘signalling’ channel, a significant change in uncertainty measure (UC) 
is expected. On the other hand, if communications move asset prices through primarily the 
‘risk-taking’ channel, we should find that central bank tone has a greater impact on risk 
aversion (RA).

3.3 � Assessing the impact of central bank communication

To examine the effects of Fed’s communication tone, we estimate the following 
specification:

(8)RVt =

22
∑

i=1

r2
i

(9)RVt = �IV2

t−22
+ �RVt−22 + �t

(10)VRPt = IV2

t
− R̂Vt

(11)Yi
t,t+1

= �i + �iNetOptTonet + �iXt + �i,t

12  The option-implied volatility index measures the risk-neutral expected volatility from various put and 
call European options on the equity index. For example, in United States the implied volatility index (VIX) 
is derived from a large array of S&P500 put and call options, having maturity in the next 22 trading days.
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where Yi
t,t+1

 is the dependent variable relating to the implied volatility (VIX), uncertainty 
(UC), or risk aversion (RA); NetOptTonet is our measure for central bank tone given by 
Eq. (5); and Xt is a vector of control variables including Fed’s policy rate, growth of indus-
trial production, unemployment rates, Fed’s forecasts for GDP and inflation. Cieslak et al. 
(2019) argues the overall impact of Fed on stock market could be much larger than previ-
ously thought. They show that FOMC announcements have a strong effect on stock returns 
even weeks after a meeting (i.e., the full cycle of days between FOMC meetings). Hence, 
to assess the link between Fed’s communication tone and subsequent changes in market 
expectations, we estimate our dependent variables over the ‘minutes cycle’ (i.e., the period 
between two FOMC minutes)13 and then regress each dependent variable on the Fed’s tone. 
More precisely, to analyze the effects of Fed’s tone displayed in the FOMC minute at time t, 
we compute our dependent variables from the date of publication to the day before the next 
FOMC minutes at t + 1. We denote our dependent variables as Yi

t,t+1
;i = VIX,UC, orRA.14

To investigate the impact of Fed’s tone during recessions, we multiply the tone with a 
dummy ( DREC

t
 ) that takes value one for NBER-designated recessionary period and zero 

otherwise.15

Note that in Eq. (12) the strength of linkage between central bank communication tone 
and option-implied market expectations is allowed to vary across business cycles (βi vs. 
ωi). Similarly, we create two additional dummies to further study the state-dependent 
impact of Fed’s tone during periods of heightened uncertainty in the economic and mon-
etary policies. We compare the current month Economic Policy Uncertainty (EPU) and 
Monetary Policy Uncertainty (MPU) indices of Baker et  al. (2016) with their own past 
3  months rolling averages and categorise a period as high policy uncertainty when the 
index is higher than its past 3 month’s average. Then, we form two dummies ( DEPU

t
 and 

DMPU
t

 ) taking value one for the months when EPU or MPU are higher than their lagged 
average and zero otherwise. Finally, we multiply our EPU (or MPU) dummy with Fed’s 
tone to assess the impact of central bank communications during episodes of high and low 
policy uncertainty.

Next, we estimate the following equations to study the spillover effect of Fed’s commu-
nication tone on implied volatility, risk aversion, and uncertainty in the U.K. and Eurozone. 
We use domestic variables to control for business cycle and economic variations. Specifi-
cally, to control for domestic macroeconomic variations, we include in Zt the growth of 
industrial production, consumer price index and gross domestic production in the U.K. and 

(12)Yi
t,t+1

= �i + �iNetOptTonet ∗ DRe c
t

+ �iNetOptTonet ∗
(

1 − DRe c
t

)

+ �iXt + �i,t

(13)
Yi
t,t+1

= �i + �iNetOptTonet ∗ DEPU
t

+ �iNetOptTonet ∗
(

1 − DEPU
t

)

+ �iXt + �i,t

(14)
Yi
t,t+1

= �i + �iNetOptTonet ∗ DMPU
t

+ �iNetOptTonet ∗
(

1 − DMPU
t

)

+ �iXt + �i,t

13  During our sampling period from December 2004 to May 2018, the average time interval between the 
publications of two meeting minutes is approximately 3 weeks. Table A1 of appendix A contains the dates 
of all FOMC meetings and publication of their minutes for the period under investigation.
14  As a robustness check, we show that our main conclusions remain unchanged when focusing only on the 
day Fed releases the FOMC minutes instead of ‘minutes cycle’ (see Sect. 5.1.4).
15  The dates for NBER-designated recession period are available at www.​nber.​org/​cycles/​cycle​smain.​html.

http://www.nber.org/cycles/cyclesmain.html
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Euro area. We also consider Fed’s policy rate to allow for the spillover impact of Fed’s 
policy decisions while investigating the effect of Fed’s communication tone.

To explore the potential asymmetric response of market participants to the Fed’s opti-
mism and pessimism, we allow both OptimisticTonet and PessimisticTonet to enter the 
regression model as in Eq. (17).

Additionally, we also dig a little deeper to understand the information that drives inves-
tor’s expectations and changes investor’s risk appetite. In particular, using the procedure 
described in Sects. 3.1.2 and 3.1.3 to extract topic tone, we study the influence of each 
topic’s net optimistic tone on the level of uncertainty and risk aversion in the marketplace. 
Again, we further evaluate whether the optimistic and pessimistic tone of each topic affect 
investors’ risk expectations differently.

4 � Data descriptions and results

4.1 � Data descriptions

4.1.1 � FOMC meeting minutes

Like other central banks, the Fed communicates with the public through various tools e.g., 
policy statements, press conferences, Federal Open Market Committee (FOMC) meeting 
minutes, chairman speeches, testimonies to the US Congress, and Summary of Economic 
Projections (SEP) reports. Nevertheless, in this paper we choose to analyze the minutes of 
FOMC meeting for the following reasons. First, compared to other sources of communi-
cation, FOMC meetings are scheduled in advance and their minutes are closely watched 
by market participants and also highly reported in the press. For instance, the Wall Street 
Journal reports:

“Federal Reserve officials are debating whether they will need to raise interest rates 
to levels sufficient to slow down a fast-growing economy to prevent it from overheat-
ing, minutes of the central bank’s last policy meeting show.”

Source: The Wall Street Journal, 17th October 2018

(15)Y
i(UK)

t,t+1
= �i + �iNetOptTonet + �iZt + �i,t

(16)Y
i(EZ)

t,t+1
= �i + �iNetOptTonet + �iZt + �i,t

(17)Yi
t,t+1

= �i+�iOptimistic Tonet + �iPessimistic Tonet + �iXt + �i,t

(18)Yi
t,t+1

= �i + �iTopic
�sNetOptTonet + �iXt + �i,t

(19)Yi
t,t+1

= �i+�iTopic
�sOptTonet + �iTopic

�sPesmTonet + �iXt + �i,t
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Although the press conferences after each FOMC meeting may also serve as an appro-
priate tool to extract tone, the Fed started press conferences only after April 2011.16 Sec-
ond, our use of the computational content analysis requires a well-structured communi-
cation tool which is free from personal attributes of the speaker. Unlike the Fed chair’s 
speeches, the composition of FOMC meeting minutes is well structured and systematic 
to express the committee member views on economic conditions (Boukus and Rosenberg 
2006).  Fed’s policy statements, on the other hand, are very short and lack detailed infor-
mation for macroeconomic and financial conditions. Moreover, these policy statements are 
announced simultaneously with monetary decisions, making it difficult to disentangle the 
effects of the Fed’s actions (decisions) from words (communications).17

The Federal Open Market Committee, or FOMC, is the body within the Fed that 
is responsible for setting monetary policy and it meets eight times on average in a year. 
The Fed started publishing meeting minutes since January 1994 but before the December 
2004 Fed releases minutes with irregular delays and sometimes minutes of the meeting 
were published after the subsequent FOMC meeting. Jubinski and Tomiljanovich (2017) 
argues that FOMC decisions in the subsequent meeting may provide additional new infor-
mation for market participants before the publication of the previous meeting minutes. 
Hence, this paper focuses only on the minutes of FOMC meetings published after Decem-
ber 2004. Since December 2004, FOMC minutes have been released on average 21 days 
after the meeting. Table  A1 of appendix A contains the FOMC meetings and minutes 
release dates for the period under investigation.

We download the minutes of FOMC meetings in HTML format from Fed’s website.18 
On average, the minute (document) contains 4,000 words and about 10 to 12 pages long. 
Our sample covers FOMC meetings from December 2004 to May 2018 including a total of 
108 meetings. The FOMC minute comprises of four major parts, the first part outlines the 
FOMC member names, official details, and confirmation statement for the previous meet-
ing decisions. The second part provides each member’s view about the economic situa-
tion and outlook. The third section contains the committee member projections for future 
economic and financial market conditions. Finally, the fourth section elaborates the ration-
ale for policy stance and the future path of the policy. As the first part of each document 
describes the administration details and names of committee members, we eliminate the 
first part of FOMC minutes before applying the computational content analysis.

We arrange the documents in chronological order and develop a metadata file which 
contains all the FOMC meeting minutes (documents). Next, we prepare a corpus (collec-
tion of documents) comprising of 108 FOMC minutes. Afterwards, we process our text 
by striping the white spaces, transferring all the words to the lower cap, eliminating the 
English stop words, removing punctuations and numbers.19 Then, we stem all the words to 
their common linguistic root using Porter’s stemming allocation.20 Figure A1 in appendix 

17  Nevertheless, as an additional analysis, we also extract the Fed’s tone using policy statements and inves-
tigate its impact on uncertainty and risk aversion after controlling for policy decisions (see Sect. 5.2.1).
18  The FOMC minutes are available at The Fed—Historical Materials by Year (federalreserve.gov).
19  The stop words are the common neutral words such as pronouns, articles, propositions, conjunctions, 
and auxiliary verbs.
20  For instance, the stemming process converts the words inflationary, inflation, inflating and inflated into 
a common linguistic root "inflat".

16  Using an interaction dummy variable for the period after the Fed started doing press conferences, 
we investigate the change in the impact of information in FOMC minutes on market expectations (see 
Sect. 5.2.2).
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A contains an example showing each step of the text cleaning process. Subsequently, we 
create a matrix of all the unique stemmed terms to form a Document-Term Matrix (DTM). 
Each row represents a paragraph from the FOMC minutes, and each column represents a 
unique term. The values of the matrix indicate the frequency of each term in a paragraph.

Figure 1 shows the word cloud indicating the most frequent words in the FOMC min-
utes during our sampling period. The font size of each word in the word cloud depicts 
the cumulative frequency of that term in FOMC meeting discussions. Moreover, Table A2 
of appendix A contains the top 50 most frequent words with their relevant frequency of 
appearing. As we can observe that terms such as market, economy, financial and growth 
are among the top ten most frequent words. This corroborates the view that FOMC meet-
ing minutes contain vital new information about economic and financial conditions.

4.1.2 � Fed’s communication tone

To extract Fed’s communication tone, we use the list of directional phrases combining pos-
itive (negative) nouns and optimistic (pessimistic) adjectives. Our list of phrases is based 
on a directional dictionary of Apel and Grimaldi (2014) which was developed primarily for 
central bank communications analysis. Specifically, following Apergis and Pragidis (2019), 
we employ the phrases combining the concepts (nouns) and tone modifiers (adjectives) to 
estimate Fed’s tone. Table  A4 of appendix A contains the list of directional nouns and 
adjectives.

Figure  2 displays Fed’s communication tone from December 2004 to May 2018. As 
we can observe that the Fed is highly pessimistic during the global financial crisis and the 
Eurozone sovereign debt crisis. Table 1 reports descriptive statistics for Fed’s tone. The 
mean and standard deviation show that FOMC members are generally more pessimistic 
during the sample period and there is a high variation in the central bank tone.

4.1.3 � Topics in FOMC minutes

To better understand the information content of FOMC minutes, we apply the Latent Dir-
ichlet Allocation (LDA) method to identify ten distinct topics under discussion in FOMC 
meetings. Selecting the optimal number of topics for LDA has an  important implication 
on the estimated results. The extremely low number of topics leads to a problem in the 
interpretation of results. On the contrary, choosing a high number of topics leads to the 
redundancy of similar concepts in different topics (Goloshchapova et al. 2019). We follow 
Röder et al. (2015) and use the coherence score to choose the optimal number of topics. A 
high coherence score depicts the higher co-occurrence of words in the text and provides the 
optimal number of topics. Figure A2 in appendix A indicates that the coherence score is 
highest at ten topics.

Table A3 of appendix A contains the top twenty most frequent words along with their 
term probability (Beta) appeared in each topic. The FOMC minutes contain mostly dis-
cussion about employment, investments, monetary policy, growth, financial markets, 
credit conditions, economy, consumption, exchange rate, and inflation. Figure 3 displays 
the term’s probability of appearing in each topic. Similarly, Fig. 4 shows the word clouds 
of ten topics and the font size represents the frequency of occurrence of each word in 
each topic. Figure A3 in appendix A indicates the proportion of each topic discussed in 
FOMC meetings. It is evident that the focus of discussion in FOMC meetings changed 
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dramatically after the global financial crisis from growth and policy rate to employment 
and credit conditions.

Using the topics-to-tone modelling approach outlined in Sect.  3.1.3, we estimate the 
optimistic and pessimistic tone of each topic. Figure 5 presents the net optimistic tone of 
each topic over the sample period. It is evident that during the NBER designated recession-
ary period the FOMC member’s discussion was highly pessimistic about employment, con-
sumption, investment, and financial market. For greater clarity, we also display each topic’s 
net optimistic tone in a separate graph (Figure A4 in appendix A).

4.1.4 � Uncertainty and risk aversion

To measure risk aversion and uncertainty, we use a decomposition of the option-implied 
volatility index on the S&P500 index i.e., the Chicago Board of Trade (CBOT) VIX index. 
First, we estimate the realized monthly variance for the U.S. stock market using the daily 

Fig. 1   FOMC minutes word cloud. This word cloud shows the most frequent words in the Federal Open 
Market Committee (FOMC) minutes from December 2004 to May 2018. The font size of each word repre-
sents the frequency of that particular term throughout the sample period. Before applying the textual analy-
sis, we first eliminate all the punctuations, auxiliary verbs, numbers, symbols, and common words (stop 
words). To avoid repetition of words with similar concepts, we stem all the unique words. Stemming refers 
to removing the suffixes and all the words with the same epistemological root to associate with a single 
word
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realized volatility (which is computed using squared 5-min returns on S&P500 index).21 
Next, we run a regression of the realized variance ( RVt ) on lagged squared implied volatil-
ity ( VIX2

t
 ) and lagged realized variance, which yields:

21  The 5-min returns are available at the "realized library" of Oxford-Man Institute of Quantitate Finance: 
https://​reali​zed.​oxford-​man.​ox.​ac.​uk/.

Fig. 2   Fed’s communication tone. These plots show the Fed’s optimistic tone, pessimistic tone, and net 
optimistic tone, respectively. We extract the tone using directional lexicon consisting of optimistic and pes-
simistic bigrams (phrases) on FOMC minutes from December 2004 to May 2018. We count the frequency 
of optimistic and pessimistic phrases in each document and divide them with the total number of phrases in 
each document (minutes). The shaded area indicates the NBER-designated recessionary period

https://realized.oxford-man.ox.ac.uk/
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The t-statistics reported in parentheses are corrected for autocorrelation and heterosce-
dasticity using the Newey-West (1987) procedure. The significance of coefficients suggests 
that both lagged realized volatility and implied volatility affect S&P500 volatility. The fit-
ted value from this regression, R̂Vt , is our proxy for uncertainty. Risk aversion is then given 
by the difference between the squared VIX and uncertainty. Table  2 reports descriptive 
statistics for the implied volatility (VIX), uncertainty (UC), and risk aversion (RA). The 
variations in these measures are presented in Fig. 6. One can observe that both uncertainty 
and risk aversion remained extremely high during the global financial crisis. In Sect. 4.2.3 
we follow a similar procedure to explore the spillover effect of Fed’s communications 
on equity markets of the United Kingdom (UK) and Eurozone (EZ). We decompose the 
implied volatility on FTSE-100 index (VFTSE) and STOXX-50 index (VSTOXX) to meas-
ure the level of uncertainty and risk aversion in the UK and EZ, respectively.

4.2 � Results and discussion

4.2.1 � Impact of Fed’s communication tone

This paper explores empirically the effects of Fed’s optimism on the implied volatil-
ity, uncertainty, and investor’s risk aversion in the global equity markets.22 Panel A of 
Table 3 shows the results for the impact of net optimistic tone on VIX index. The results 
suggest that Fed’s optimistic communication decreases the option-implied volatility. The 
slope coefficient on net optimistic tone is negative and statistically significant at 5% level 

(20)RVt = − 0.0008
(0.4316)

+ 0.3948
(4.138)

VIX2

t−22
+ 0.3322

(3.8555)
RVt−22 + �t

Table 1   Descriptive statistics of Fed’s communication tone

This table reports descriptive statistics for the Fed’s tone extracted using directional optimistic and pes-
simistic phrases of Apel and Grimaldi (2014) directional lexicon. We use 108 FOMC minutes from Decem-
ber 2004 to May 2018 to estimate the Fed’s tone. Specifically, we calculate the net optimistic tone by 
dividing the number of net optimistic phrases with a total number of phrases in each FOMC minutes. Net 
optimistic phrases are calculated by subtracting the number of pessimistic phrases from a number of opti-
mistic phrases in each FOMC minutes

Optimistic tone Pessimistic tone Net optimistic tone

Mean 0.786 0.825 − 0.039
Standard error 0.038 0.041 0.046
Median 0.794 0.798 − 0.017
Standard deviation 0.398 0.431 0.483
Kurtosis − 0.249 − 0.034 0.305
Skewness − 0.272 0.174 − 0.211
Minimum 0.000 0.000 − 1.364
Maximum 1.634 1.833 0.949
Observations 108 108 108

22  For our main analysis, we study the impact on the exogenous variables for the window starting from the 
day of FOMC minutes was published up to a day before next meeting minutes was released. Specifically, 
we estimate the implied volatility, uncertainty and risk aversion for the window which starts from meeting 
minutes publishing day up to the day before next meeting minutes was announced.
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after controlling for policy rate decisions, Fed’s forecasts, business cycle, and economic 
variations. This implies that central bank’s optimistic assessment of economic conditions 
decreases investor fear.23

Panel B and C of Table 3 contain the results for the impact of Fed’s tone on uncertainty 
and risk aversion, respectively. There is a significant decrease in uncertainty in response to 
the Fed’s optimism. A closer inspection of panel B reveals that uncertainty decreases by 
0.42 percentage points in response to one percentage point increase in the Fed’s net opti-
mistic tone. In addition, panel C in Table 3 indicates that one percentage point increase in 
Fed’s net optimistic tone also decreases the investor’s risk aversion (increases the risk-bear-
ing capacity) by 0.38 percentage points. However, the impact on investor’s risk appetite is 
significant only at 10% level. The adjusted R2 shows that the Fed’s tone defines almost 47% 

Fig. 3   Term’s probability of appearing in each topic. This figure indicates the terms along with their prob-
ability of occurrence in each topic. The probability of occurrence (Beta) shows the probability of each term 
belongs to a particular topic. Using the Latent Dirichlet Allocation (LDA), we extract the following ten top-
ics from FOMC minutes. The coherence score was used to choose the optimal number of topics. 1. Employ-
ment, 2. Investment, 3. Monetary Policy, 4. Growth, 5. Financial Market, 6. Credit Conditions, 7. Economy, 
8. Consumption, 9. Exchange Rate, 10. Inflation

23  Whaley (2000) points out that VIX index is a useful gauge of investor fear in the equity market.
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and 15% of the overall variation in uncertainty and risk aversion, respectively. A compari-
son of results in panel B and C reveals that the Fed’s tone has a higher impact on uncer-
tainty compared to risk aversion.

These results are economically meaningful and consistent with previous studies. For 
example, Jegadeesh and Wu (2017) finds that the Fed’s positive tone decreases the unex-
pected volatility of S&P500. In another study, Hansen and McMahon (2016) documents a 

Fig. 4   Word clouds of ten unique topics. Each word cloud shows the 30 stemmed most frequent terms in 
each topic of FOMC minutes. The font size represents the frequency of occurrence of each term in each 
topic
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decrease in implied volatility in response to the Fed’s optimism revealed in monetary pol-
icy statements. Previous studies also document similar results in other major economies. 
Apergis and Pragidis (2019) finds that positivity in the European Central Bank’s (ECB’s) 
tone increases the mean and decreases the volatility in major European equity markets. 
Picault and Renault (2017) discovers that equity market volatility decreases in response 
to ECB’s positive assessment of economic conditions. Moreover, the results of Schmeling 
and Wagner (2024) show that the ECB’s positive tone decreases the risk premium in some 
European equity markets. Hansen et  al. (2019) finds that BoE’s forecasts for economic 
indicators (Information Report) carry vital signals for market participants to derive their 
expectation about future economic conditions.

However, the previous studies express a mixed opinion on the interpretation of the cen-
tral bank’s optimistic and pessimistic tone. On the one hand, some suggest that positivity 
(optimism) in central bank’s tone is an indication of the future contractionary policy and 
interpreted as bad news for market participants (Neuhierl and Weber 2019). Campbell et al. 
(2012) distinguishes the forward guidance into Odyssean and Delphic. The Odyssean for-
ward guidance suggests central bank commitment about the future path of the policy rate. 
The Delphic forward guidance indicates the forecasts about the macroeconomic fundamen-
tals and potential policy interventions in response to macroeconomic activities. Consistent 

Fig. 5   Topic’s net optimistic tone. This figure plots each topic’s net optimistic tone extracted using the Fed-
eral Open Market Committee (FOMC) minutes for the period from December 2004 to May 2018. First, we 
use Latent Dirichlet Allocation to identify ten different topics from FOMC minutes. Second, we apply Apel 
and Grimaldi (2014) directional dictionary to classify the phrases in optimistic and pessimistic categories 
for each topic. Third, this paper computes the net optimistic phrases after subtracting a number of pessimis-
tic phrases from a number of optimistic phrases. Finally, we compute the net optimistic tone after dividing 
the net optimistic phrases by a number of total phrases. The shaded area is the NBER designated recession-
ary period
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with Delphic effect of central bank communications, Hansen et al. (2019) documents that a 
positivity in central bank communications drives market expectations.

Overall, our results are consistent with the view that investors change their risk percep-
tion and risk-bearing capacity in response to the central bank’s communications. The new 

Table 2   Descriptive statistics of implied volatility, uncertainty, and risk aversion

This table reports descriptive statistics for the implied volatility, market uncertainty and investor’s risk aver-
sion of S&P500 index. We use implied volatility (VIX) index of the Chicago Board of Trade. The VIX 
index measures implied volatility from various European option prices. We apply Bekaert et  al. (2013) 
decomposition methodology to divide implied volatility into market uncertainty and investor’s risk aversion 
components. The decomposition process starts with the calculation of a realized variance. In this paper, we 
calculate the daily realized variance using the five minutes returns on S&P500. Later we use lagged realized 
and implied variance to estimate expected realized variance. The estimated realized variance represents the 
uncertainty in the equity market and the difference between implied variance and estimated realized vari-
ance is a measure for investor’s risk aversion

Implied volatility 
(VIX)

Uncertainty (UC) Risk aversion (RA)

Mean 0.098 0.074 0.048
Standard error 0.012 0.008 0.009
Standard deviation 0.123 0.083 0.091
Kurtosis 19.783 17.976 46.228
Skewness 4.076 3.859 6.100
Minimum 0.021 0.020 0.003
Maximum 0.866 0.594 0.802
Observations 108 108 108

Fig. 6   Time series plots for VIX, UC and RA. This figure shows the variations in implied volatility (VIX) 
index, market uncertainty (UC) and risk aversion (RA) for the period from December 2004 to May 2018. 
Following Bekaert et  al. (2013), we decompose the implied variance into uncertainty and risk aversion 
components using the difference between risk-adjusted and risk-free variance of equity market index
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Table 3   Impact of Fed’s communication tone

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VIX)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(− 0.000) (− 0.000) (− 0.000) (− 0.000) (− 0.000)
Net optimistic tone − 0.4597* − 0.4607* − 0.4132** − 0.4391** − 0.4474**

(− 1.937) (− 1.930) (− 2.179) (− 2.096) (− 2.091)
Policy rate − 0.0561 0.0065 − 0.058 − 0.1743

(− 0.617) (0.090) (− 0.528) (− 0.667)
Industrial production − 0.3771*** − 0.3887*** − 0.5589

(− 3.477) (− 3.102) (− 1.558)
GDP forecasts − 0.0382 − 0.006

(− 0.449) (− 0.081)
INF forecasts 0.1252 0.1352

(0.794) (0.802)
Unemployment rate − 0.2361

(− 0.634)
Adj. R2 0.204 0.199 0.332 0.331 0.335
Panel B: uncertainty (S&P500)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(0.000) (0.000) (− 0.000) (− 0.000) (− 0.000)
Net optimistic tone − 0.4949* − 0.4967* − 0.4357** − 0.4114** − 0.42**

(− 1.953) (− 1.949) (− 2.392) (− 2.107) (− 2.129)
Policy rate − 0.0944 − 0.0142 0.0543 − 0.0676

(− 0.978) (− 0.206) (0.647) (− 0.373)
Industrial production − 0.4835*** − 0.4643*** − 0.6425**

(− 3.562) (− 3.528) (− 2.113)
GDP forecasts − 0.0661 − 0.0324

(− 1.455) (− 0.584)
INF forecasts − 0.1074 − 0.0969

(− 1.350) (− 1.176)
Unemployment rate − 0.2474

(− 0.829)
Adj. R2 0.238 0.24 0.462 0.462 0.468
Panel C: risk aversion (S&P500)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(0.000) (0.000) (− 0.000) (− 0.000) (− 0.000)
Net optimistic tone − 0.327* − 0.3273* − 0.3048* − 0.3699* − 0.3773*

(− 1.685) (− 1.679) (− 1.736) (− 1.879) (− 1.856)
Policy rate − 0.0152 0.0144 − 0.1548 − 0.2579

(− 0.216) (0.230) (− 1.262) (− 0.880)
Industrial production − 0.1787* − 0.2154* − 0.3663

(− 1.946) (− 1.957) (− 1.013)
GDP forecasts − 0.0031 0.0255

(− 0.028) (0.265)
INF forecasts 0.3053 0.3142
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information about future economic and financial outlook embedded in the central bank’s 
tone appears to be the primary reason for the effect of communications on equity markets 
(Romer and Romer 2000). The notion of “Narrative Economics” highlights the importance 
of popular narratives in formatting and spreading expectations in an economy (Shiller 
2017). We provide evidence that central bank communication is a powerful instrument of 
monetary policy, which can shape investor’s expectations and influence the degree of risk 
aversion in the market.

4.2.2 � Is the impact of Fed’s tone state‑dependent?

Consider next the results for Eq.  (12) which allows the impact of central bank commu-
nication tone to vary across business cycles. We find that, as one might expect, investors 
are more sensitive to the Fed’s communications tone during recessions than in the normal 
economic times. Indeed, a closer inspection of Table 4 reveals that both the magnitude and 
the significance of coefficient on Fed’s net optimistic tone is higher in recession (βi) than in 
normal economy state (ωi). This is the case for the implied volatility, uncertainty, and risk 
aversion. This finding is consistent with the evidence of Basistha and Kurov (2008) who 
documents a higher impact of policy rate during recessions compared to good economic 
times. In another closely related study, Apergis and Pragidis (2019) also finds a higher 
impact of ECB’s tone on equity returns and volatility during the global financial crisis 
period.

This table reports the estimation results of Eq. (11). The results for the impact of Fed’s net optimistic tone 
on implied volatility, uncertainty, and risk aversion are provided in panel A, B and C, respectively. Follow-
ing Bekaert et al. (2013), we use the difference between risk-adjusted and risk-free volatility to decompose 
the VIX into uncertainty and risk aversion components. To estimate the Fed’s tone, we apply a bag of word 
method of Apel and Grimaldi (2014) to categorise the discussion in FOMC meetings into an optimistic 
and pessimistic tone. In particular, following Apergis and Pragidis (2019), we measure the frequency of 
optimistic and pessimistic phrases in each FOMC minutes from January 2005 to May 2018. Estimates on 
the net optimistic tone are obtained by dividing the difference between the frequency of optimistic and pes-
simistic phrases with a total number of phrases in each FOMC minutes. We control for the effect of other 
Fed’s announcements using policy rate decisions and projections for Gross Domestic Production (GDP) 
and inflation (INF) variables. We also include industrial production and unemployment rate to control for 
business cycle and economic variations. All the series are standardized to have zero mean and unit standard 
deviation. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity 
using the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 
5% and 10% level respectively

Table 3   (continued)

Model (1) (2) (3) (4) (5)

(1.483) (1.429)
Unemployment rate − 0.2093

(− 0.538)
Adj. R2 0.098 0.09 0.113 0.155 0.154
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Table 4   Impact of Fed’s tone during recessions

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VIX)
Constant − 0.1914** − 0.1949** − 0.1725*** − 0.1744*** − 0.1725***

(− 2.465) (− 2.613) (− 2.822) (− 2.862) (− 2.672)
Net Opt Tone × DRec − 1.3144*** − 1.3321*** − 1.2011*** − 1.2281*** − 1.223***

(− 4.765) (− 4.954) (− 4.523) (− 4.305) (− 4.496)
Net Opt Tone × (1 − DRec) − 0.0708 − 0.0657 − 0.0801 − 0.0945* − 0.1019*

(− 1.213) (− 1.172) (− 1.561) (− 1.664) (− 1.662)
Policy rate − 0.1075* − 0.0608 − 0.1021 − 0.1517

(− 1.894) (− 1.299) (− 1.505) (− 0.990)
Industrial production − 0.2457*** − 0.2475*** − 0.3224

(− 4.526) (− 3.599) (− 1.608)
GDP forecasts − 0.0868 − 0.0724

(− 0.566) (− 0.495)
INF forecasts 0.0939 0.0985

(1.175) (1.138)
Unemployment rate − 0.1017

(− 0.414)
Adj. R2 0.498 0.504 0.556 0.562 0.559
Panel B: uncertainty (S&P500)
Constant − 0.2007** − 0.2056** − 0.1736*** − 0.1790*** − 0.1769***

(− 2.389) (− 2.609) (− 3.046) (− 3.249) (− 3.071)
Net Opt Tone × DRec − 1.3915*** − 1.416*** − 1.2286*** − 1.2209*** − 1.2155***

(− 5.126) (− 5.533) (− 6.140) (− 5.082) (− 5.322)
Net Opt Tone × (1 − DRec) − 0.087 − 0.0799 − 0.1005** − 0.0578 − 0.0657

(− 1.453) (− 1.458) (− 2.286) (− 1.200) (− 1.350)
Policy rate − 0.1486** − 0.0819* 0.009 − 0.0444

(− 2.431) (− 1.832) (0.175) (− 0.465)
Industrial production − 0.3513*** − 0.3194*** − 0.4**

(− 5.166) (− 4.929) (− 2.437)
GDP forecasts − 0.116 − 0.1005

(− 1.095) (− 0.947)
INF forecasts − 0.1395** − 0.1345**

(− 2.305) (− 2.326)
Unemployment rate − 0.1095

(− 0.573)
Adj. R2 0.562 0.58 0.691 0.707 0.706
Panel C: risk aversion (S&P500)
Constant − 0.1402** − 0.1419** − 0.1350** − 0.1334** − 0.1314*

(− 2.164) (− 2.222) (− 2.170) (− 2.110) (− 1.947)
Net Opt Tone × DRec − 0.9532*** − 0.9618*** − 0.9214** − 0.9732*** − 0.9678***

(− 2.685) (− 2.700) (− 2.562) (− 2.797) (− 2.897)
Net Opt Tone × (1 − DRec) − 0.0421 − 0.0396 − 0.0441 − 0.1065* − 0.1142

(− 0.870) (− 0.826) (− 0.920) (− 1.717) (− 1.577)
Policy rate − 0.0526 − 0.0382 − 0.1885* − 0.2407
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Next, we also analyze the impact of Fed’s tone over the periods of high and low policy 
uncertainty. The results for the effect of Fed’s communication tone at the times when eco-
nomic or monetary policy uncertainty is elevated are provided in Tables 5 and 6, respec-
tively. Similar to the recession analysis, we interact Fed’s tone with a dummy variable 
which takes the value of unity for periods with high policy uncertainty. Our results show 
that the Fed’s tone has a much stronger impact on uncertainty and risk aversion during the 
period with a high policy uncertainty. During the episodes of high EPU and MPU, market 
participants are unsure about future economic conditions resulting in stronger response to 
the new information in central bank communications (Hubert and Labondance 2017).

4.2.3 � Does the Fed’s communication tone have spillover effect?

The results reported in Tables 7 and 8 show that the effects of Fed’s communication 
indeed spillover to other developed economies such as the U.K. and Eurozone. A closer 
inspection reveals that the impact of Fed’s tone is stronger in the Eurozone than in the 
U.K. These results confirm the findings of Nave and Ruiz (2015) about the potential 
impact of the unexpected reduction in Federal fund rate on the uncertainty and risk 
aversion in European equity markets. Additionally, Hayo et  al. (2010) finds that the 
Fed’s tone extracted from speeches significantly affect the changes in European and 
Pacific equity markets. In this paper we show that apart from policy rate decisions 

This table reports the estimation results of Eq.  (12). The results for the state-dependent impact of Fed’s 
net optimistic tone on implied volatility, uncertainty, and risk aversion are provided in panel A, B and C 
respectively. Following Bekaert et  al. (2013), we use the difference between risk-adjusted and risk-free 
volatility to decompose the VIX into uncertainty and risk aversion components. We follow Apergis and 
Pragidis (2019) and measure the frequency of optimistic and pessimistic phrases in each FOMC minutes 
from January 2005 to May 2018. This study estimates an interaction dummy which takes the value of unity 
for the NBER designated recessionary months and zeroes otherwise. We control for the effect of other Fed’s 
announcements using policy rate decisions and projections for Gross Domestic Production (GDP) and infla-
tion (INF) variables. We also include industrial production and unemployment rate to control for business 
cycle and economic variations. All the series are standardized to have zero mean and unit standard devia-
tion. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity using 
the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 5% and 
10% level respectively

Table 4   (continued)

Model (1) (2) (3) (4) (5)

(− 1.087) (− 0.882) (− 1.923) (− 1.143)
Industrial production − 0.0758 − 0.1075 − 0.1862

(− 1.065) (− 1.427) (− 0.811)
GDP forecasts − 0.0403 − 0.0251

(− 0.243) (− 0.164)
INF forecasts 0.2813* 0.2862*

(1.929) (1.824)
Unemployment rate − 0.107

(− 0.375)
Adj. R2 0.252 0.247 0.245 0.285 0.28
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Fed’s communication also affects the changes in investor’s perception and pricing of 
risk in other developed nations. The Fed’s communication is a vital source of informa-
tion for investors not only in the U.S. but also in the global financial markets.

4.2.4 � Asymmetric effect of optimistic and pessimistic tone

The results of our investigation into the potential asymmetric effects of Fed’s opti-
mism and pessimism are presented in Table  9. As expected, the implied volatility, 
uncertainty and risk aversion decrease (increase) in response to the Fed’s optimistic 
(pessimistic) tone. Comparative analysis suggests that the Fed’s pessimistic tone has a 
relatively stronger effect on risk aversion compared to an optimistic tone. In particular, 
one percentage point increase in the Fed’s pessimistic tone increases investor’s risk 
aversion by 0.30 percentage point. However, one percentage point increase in optimis-
tic tone decreases the risk aversion by only 0.15 percentage point. This confirms that 
there is a "Negativity bias" and investors overreact to bad news compared to good news 
(Akhtar et al. 2011). Our results are also in line with those of White (2018) who finds 
that in equity markets, the negative communication by the Fed has a higher impact 
than its positive communication.

4.2.5 � Heterogeneous impact of topic’s tone

To further understand the information that drive investor’s risk perception and appetite, we 
examine the impact of communication tone of certain topics on uncertainty and risk aver-
sion. The results in Table 10 show that Fed’s optimism about financial markets, investment 
and exchange rate are primarily responsible for the changes in investor’s risk attitude. Spe-
cifically, our results show that the Fed’s optimistic discussions about financial market and 
investment have significantly reduced the level of uncertainty in the U.S market.

The results of Table 11 show that an optimistic tone for financial market outlook and 
credit conditions decreases uncertainty. In addition, pessimism related to the economic out-
look, growth indicators and investment scenario increases market uncertainty. Surprisingly, 
the Fed’s optimism about the future path of policy rate increases investor fear and risk 
aversion. These findings imply that market participants view FOMC meeting discussion 
as an indication of the future short-term rate. Fed’s optimistic tone about monetary policy 
indicates future contractionary monetary policy and thus increases investor’s aversion to 
risk in the market. Jegadeesh and Wu (2017) also find that the Fed’s positive tone about 
financial market, investments outlook, and economic situations reduce the unexpected 
volatility in the S&P500 index, but a positive tone about policy stance increases the unex-
pected volatility. Picault and Renault (2017) documents that both ECB’s dovishness about 
monetary policy stance and positivism about economic conditions decreases the volatility 
in European stock markets. In this study, we find that the Fed’s optimistic tone about the 
economic outlook and financial market conditions decreases the uncertainty and risk aver-
sion. However, the optimistic tone about policy stance increases the market-wide fear and 
investor’s aversion to risk.
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5 � Robustness tests and additional results

5.1 � Robustness

In this section we conduct a series of robustness checks to test the validity our results by 
changing (i) weighting scheme, (ii) scaling method, (iii) directional dictionary, (iv) meas-
ures for uncertainty and risk aversion, and (v) the number of topics in LDA analysis.24,25

5.1.1 � Term weighting scheme

In the analysis presented in the previous sections, we assign equal weight to each term 
appearing in the FOMC meeting minutes. However, the terms appearing more frequently 
may add less to the conceptual information. As a robustness check, we use an alterna-
tive weighting scheme that penalizes the most frequent terms in the text to extract central 
bank tone. The term frequency-inverse document frequency (tf-idf) is the most commonly 
known weighting scheme which inversely related to the frequency of terms (Jegadeesh and 
Wu 2017). The results reported in Table B3 of appendix B confirms our earlier findings 
that the Fed’s optimism decreases both uncertainty and risk aversion, with the former effect 
being stronger.

5.1.2 � Net optimistic index

Next, we estimate Fed’s net optimistic index by dividing the number of net optimistic 
phrases with a sum of optimistic and pessimistic phrases in each minute document. This 
exercise addresses the concern that using the ratio of net optimistic phrases out of total 
phrases in FOMC minutes may cause a bias in the estimation of Fed’s tone. For exam-
ple, a lengthy meeting may have a comparatively lower ratio which results in extremely 
low values for net optimistic tone. Thus, we calculate another index of net optimistic tone 
which does not penalize the tone measure for the length of the document. The results pre-
sented in Table B4 of appendix B are qualitatively similar to that reported previously in 
Table 3 suggesting that Fed’s optimistic (pessimistic) tone decreases (increases) investor’s 
risk aversion.

5.1.3 � Fed’s positive tone

Consideration is also given to the potential influence of using an alternative dictionary to 
extract the Fed’s tone. Different from the main analysis, here we extract the Fed’s tone 

24  In the interest of brevity, the results for our robustness checks and additional analyses are given in appen-
dix B.
25  It is possible that the observed link between Fed’s communication and market expectations is caused 
by the Fed’s reaction to the state of the economy and periods of heighten uncertainty. We are grateful to 
the referee for pointing out this possibility. As the robustness check, we conduct a series of additional tests 
considering (i) orthogonal Fed tone, (ii) lagged independent variable, and (iii) the Fed’s tone ‘surprise’. The 
results of these tests show that our conclusions remain unchanged after addressing the endogeneity concern. 
In the interest of brevity, the results of these checks are not reported here but are available upon request.
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Table 5   Impact of Fed’s tone during high economic policy uncertainty

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VIX)
Constant − 0.0149 − 0.0148 − 0.0143 − 0.0138 − 0.0146

(− 0.116) (− 0.114) (− 0.136) (− 0.131) (− 0.141)
Net Opt Tone × DEPU − 0.6557** − 0.6536** − 0.6014** − 0.6159** − 0.6364**

(− 2.179) (− 2.147) (− 2.403) (− 2.383) (− 2.425)
Net Opt Tone × (1 − DEPU) − 0.1455 − 0.1501 − 0.1116 − 0.1446 − 0.138

(− 1.137) (− 1.197) (− 1.225) (− 1.331) (− 1.191)
Policy rate − 0.0282 0.0329 − 0.0232 − 0.1666

(− 0.339) (0.487) (− 0.232) (− 0.699)
Industrial production − 0.3727*** − 0.3841*** − 0.5964*

(− 4.216) (− 3.767) (− 1.762)
GDP forecasts − 0.0141 0.0275

(− 0.140) (0.316)
INF forecasts 0.1026 0.1138

(0.649) (0.685)
Unemployment rate − 0.295

(− 0.793)
Adj. R2 0.259 0.252 0.383 0.378 0.388
Panel B: uncertainty (S&P500)
Constant − 0.0151 − 0.0147 − 0.0142 − 0.0144 − 0.0153

(− 0.112) (− 0.108) (− 0.148) (− 0.150) (− 0.163)
Net Opt Tone × DEPU − 0.6934** − 0.6886** − 0.6215*** − 0.5964** − 0.6179**

(− 2.224) (− 2.180) (− 2.627) (− 2.390) (− 2.497)
Net Opt Tone × (1 − DEPU) − 0.1768 − 0.1877 − 0.1381 − 0.1032 − 0.0962

(− 1.082) (− 1.169) (− 1.486) (− 1.149) (− 0.933)
Policy rate − 0.0667 0.0119 0.0907 − 0.0595

(− 0.754) (0.185) (1.073) (− 0.383)
Industrial production − 0.4792*** − 0.4594*** − 0.6818**

(− 3.914) (− 4.167) (− 2.382)
GDP forecasts − 0.0409 0.0027

(− 0.761) (0.049)
INF forecasts − 0.131 − 0.1193

(− 1.411) (− 1.299)
Unemployment rate − 0.309

(− 1.025)
Adj. R2 0.295 0.292 0.514 0.515 0.529
Panel C: risk aversion (S&P500)
Constant − 0.0121 − 0.0122 − 0.0120 − 0.0108 − 0.0115

(− 0.110) (− 0.110) (− 0.113) (− 0.108) (− 0.116)
Net Opt Tone × DEPU − 0.4859* − 0.4865* − 0.462* − 0.5088** − 0.5265**

(− 1.907) (− 1.892) (− 1.959) (− 2.094) (− 2.082)
Net Opt Tone × (1 − DEPU) − 0.0723 − 0.071 − 0.0529 − 0.1387 − 0.133

(− 0.765) (− 0.758) (− 0.583) (− 1.204) (− 1.137)
Policy rate 0.0078 0.0365 − 0.1275 − 0.2518
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using a list of negative words from Loughran and McDonald (2011) financial dictionary. 
Next, we compute the frequency of negative words in each FOMC minute. As Jegadeesh 
and Wu (2017) points out the positive words are more frequently negated, we only use a 
list of negative words. Then, we estimate the ratio of negative terms out of total unique 
terms in each document.

To capture optimism in the Fed’s communication, we subtract the estimated ratio of 
negative terms from 1 to measure the Fed’s positive tone.

Table B1 of appendix B reports descriptive statistics for the Fed’s positive and negative 
tone. As shown in Figure B1 the Fed’s positive tone and our ‘net optimistic tone’ move 
closely together for the period under study. Similar to the results presented in the previ-
ous sections, it is evident that during the 2007–2008 global financial crisis Fed’s tone was 
extremely negative. Interestingly, similar pattern can also be seen in the net optimistic tone 
measure. The results of Table B5 confirm that the findings in previous sections carry over 
to this alternative lexicon.

(21)Ratio of Negative TermsD =
# Negative Terms (N)D

# Total Terms (T)D

(22)Fed�s Positive ToneD = 1 − Ratio of Negative terms D

This table reports the estimation results of Eq.  (13). The results for the state-dependent impact of Fed’s 
net optimistic tone on implied volatility, uncertainty, and risk aversion are provided in panel A, B and C 
respectively. Following Bekaert et  al. (2013), we use the difference between risk-adjusted and risk-free 
volatility to decompose the VIX into uncertainty and risk aversion components. We follow Apergis and 
Pragidis (2019) and measure the frequency of optimistic and pessimistic phrases in each FOMC minutes 
from January 2005 to May 2018. This study estimates an interaction dummy which takes the value of unity 
for the months with higher-than-average EPU and zero otherwise. We control for the effect of other Fed’s 
announcements using policy rate decisions and projections for Gross Domestic Production (GDP) and infla-
tion (INF) variables. We also include industrial production and unemployment rate to control for business 
cycle and economic variations. All the series are standardized to have zero mean and unit standard devia-
tion. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity using 
the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 5% and 
10% level respectively

Table 5   (continued)

Model (1) (2) (3) (4) (5)

(0.119) (0.608) (− 1.162) (− 0.912)
Industrial production − 0.175** − 0.2118** − 0.3959

(− 2.358) (− 2.286) (− 1.140)
GDP forecasts 0.0158 0.0519

(0.124) (0.460)
INF forecasts 0.2875 0.2973

(1.428) (1.391)
Unemployment rate − 0.2558

(− 0.657)
Adj. R2 0.131 0.122 0.144 0.179 0.183
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Table 6   Impact of Fed’s tone during high monetary policy uncertainty

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VIX)
Constant − 0.0009 − 0.0009 − 0.0009 − 0.0009 − 0.0008

(− 0.007) (− 0.007) (− 0.009) (− 0.008) (− 0.008)
Net Opt Tone × DMPU − 0.6194** − 0.6224** − 0.5819** − 0.5869** − 0.592**

(− 2.050) (− 2.045) (− 2.274) (− 2.257) (− 2.299)
Net Opt Tone × (1 − DMPU) − 0.2299 − 0.2285 − 0.1693 − 0.1982* − 0.2103

(− 1.299) (− 1.308) (− 1.622) (− 1.714) (− 1.642)
Policy rate − 0.0627 0.0004 − 0.0343 − 0.1433

(− 0.809) (0.006) (− 0.358) (− 0.639)
Industrial production − 0.3822*** − 0.3867*** − 0.5455

(− 3.735) (− 3.481) (− 1.647)
GDP forecasts − 0.0441 − 0.014

(− 0.379) (− 0.148)
INF forecasts 0.0738 0.084

(0.535) (0.571)
Unemployment rate − 0.2203

(− 0.630)
Adj. R2 0.234 0.23 0.368 0.361 0.364
Panel B: uncertainty (S&P500)
Constant − 0.0007 − 0.0007 − 0.0008 − 0.0009 − 0.0009

(− 0.005) (− 0.005) (− 0.008) (− 0.009) (− 0.009)
Net Opt Tone × DMPU − 0.6267** − 0.6314** − 0.5797** − 0.5653** − 0.5706**

(− 2.121) (− 2.122) (− 2.554) (− 2.247) (− 2.307)
Net Opt Tone × (1 − DMPU) − 0.3054 − 0.3032 − 0.2277* − 0.1606* − 0.1732

(− 1.318) (− 1.324) (− 1.816) (− 1.664) (− 1.638)
Policy rate − 0.0999 − 0.0194 0.0789 − 0.0353

(− 1.167) (− 0.323) (0.950) (− 0.243)
Industrial production − 0.4879*** − 0.4622*** − 0.6287**

(− 3.635) (− 3.921) (− 2.259)
GDP forecasts − 0.0723 − 0.0407

(− 1.057) (− 0.727)
INF forecasts − 0.1609* − 0.1501

(− 1.686) (− 1.628)
Unemployment rate − 0.231

(− 0.829)
Adj. R2 0.256 0.259 0.488 0.497 0.502
Panel C: risk aversion (S&P500)
Constant − 0.0009 − 0.0009 − 0.0009 − 0.0007 − 0.0007

(− 0.008) (− 0.008) (− 0.009) (− 0.007) (− 0.007)
Net Opt Tone × DMPU − 0.4905* − 0.4915* − 0.472* − 0.493** − 0.4975**

(− 1.780) (− 1.774) (− 1.835) (− 2.008) (− 2.030)
Net Opt Tone × (1 − DMPU) − 0.0919 − 0.0915 − 0.063 − 0.1695 − 0.1802

(− 0.996) (− 1.003) (− 0.877) (− 1.478) (− 1.394)
Policy rate − 0.0219 0.0084 − 0.1351 − 0.2322
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5.1.4 � FOMC minutes release day

For completeness, we also examine the impact of Fed’s tone on investor’s risk percep-
tion and risk appetite on the day Fed releases the FOMC meeting minutes. The results are 
reported in Table B6 of appendix B. Interestingly, whilst there is a decrease in uncertainty 
and risk aversion even on the day FOMC minutes published, it turns out that the coeffi-
cient capturing the impact of Fed’s optimism on minutes release day (βi) becomes gener-
ally smaller and less significant than that reported in Table 3. The differences allow us to 
corroborate the recent evidence of Cieslak et al. (2019) that FOMC announcements have a 
strong effect on stock returns even weeks after a meeting.

5.1.5 � Number of topics

In our main analysis, we analyze 10 distinct topics under discussion in FOMC meetings. 
As a robustness test, we follow Jegadeesh and Wu (2017) and examine only eight topics in 
this section. Figure B3 of appendix B provides a graphical description of the topic along 
with each term’s beta weights and Table B2 includes the most frequent twenty terms in 
each topic. We assigned names to each topic based on the most frequent terms in each 
topic. A total of 8 topics were extracted: financial market, consumption, inflation, policy, 

This table reports the estimation results of Eq.  (14). The results for the state-dependent impact of Fed’s 
net optimistic tone on implied volatility, uncertainty, and risk aversion are provided in panel A, B and C 
respectively. Following Bekaert et  al. (2013), we use the difference between risk-adjusted and risk-free 
volatility to decompose the VIX into uncertainty and risk aversion components. We follow Apergis and 
Pragidis (2019) and measure the frequency of optimistic and pessimistic phrases in each FOMC minutes 
from January 2005 to May 2018. This study estimates an interaction dummy which takes the value of unity 
for the months with higher-than-average MPU and zero otherwise. We control for the effect of other Fed’s 
announcements using policy rate decisions and projections for Gross Domestic Production (GDP) and infla-
tion (INF) variables. We also include industrial production and unemployment rate to control for business 
cycle and economic variations. All the series are standardized to have zero mean and unit standard devia-
tion. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity using 
the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 5% and 
10% level respectively

Table 6   (continued)

Model (1) (2) (3) (4) (5)

(− 0.380) (0.164) (− 1.283) (− 0.885)
Industrial production − 0.1837** − 0.2138** − 0.3552

(− 2.237) (− 2.151) (− 1.050)
GDP forecasts − 0.008 0.0188

(− 0.058) (0.159)
INF forecasts 0.2625 0.2716

(1.468) (1.403)
Unemployment rate − 0.1962

(− 0.532)
Adj. R2 0.129 0.121 0.146 0.172 0.171
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Table 7   Spillover effect of Fed’s tone in the United Kingdom (UK)

This table reports the estimation results of Eq. (15). The results for the spillover effect of Fed’s net optimis-
tic tone on implied volatility, uncertainty, and investor’s risk aversion in the United Kingdom (UK) are pro-

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VFTSE)
Constant 0.0000 0.0049 0.0049 0.0069 0.0069

(0.000) (0.036) (0.036) (0.078) (0.081)
Net optimistic tone (Fed) − 0.481** − 0.4807** − 0.4805** − 0.2437** − 0.2928**

(− 2.146) (− 2.138) (− 2.118) (− 2.244) (− 2.497)
Policy rate (Fed) − 0.0163 − 0.0032 − 0.6089** − 0.4581*

(− 0.173) (− 0.012) (− 2.058) (− 1.741)
Industrial production (UK) − 0.0144 0.7378** 0.5496*

(− 0.056) (2.234) (1.938)
Gross domestic production (UK) − 0.6585*** − 0.5532***

(− 3.276) (− 3.093)
Consumer price index (UK) 0.1746**

(2.243)
Adj. R2 0.224 0.217 0.209 0.479 0.498
Panel B: uncertainty (FTSE-100)
Constant 0.0000 0.0056 0.0050 0.0072 0.0072

(0.000) (0.040) (0.035) (0.087) (0.089)
Net optimistic tone (Fed) − 0.5205** − 0.5209** − 0.515** − 0.2579** − 0.2933**

(− 2.187) (− 2.179) (− 2.268) (− 2.388) (− 2.585)
Policy rate (Fed) − 0.0591 0.2469 − 0.4105** − 0.3021*

(− 0.594) (0.799) (− 2.500) (− 1.816)
Industrial production (UK) − 0.3354 0.4811*** 0.3458**

(− 1.056) (2.955) (2.134)
Gross domestic production (UK) − 0.7148*** − 0.6391***

(− 4.557) (− 4.300)
Consumer price index (UK) 0.1256*

(1.920)
Adj. R2 0.264 0.261 0.274 0.594 0.603
Panel C: risk aversion (FTSE-100)
Constant 0.0000 0.0047 0.0047 0.0067 0.0067

(− 0.000) (0.035) (0.035) (0.076) (0.079)
Net optimistic tone (Fed) − 0.4653** − 0.4649** − 0.4654** − 0.2364** − 0.2862**

(− 2.127) (− 2.119) (− 2.089) (− 2.212) (− 2.470)
Policy rate (Fed) − 0.0106 − 0.0345 − 0.6201* − 0.4675*

(− 0.115) (− 0.130) (− 1.972) (− 1.680)
Industrial production (UK) 0.0262 0.7535** 0.5629*

(0.102) (2.129) (1.854)
Gross domestic production (UK) − 0.6367*** − 0.5301***

(− 3.097) (− 2.911)
Consumer price index (UK) 0.1769**

(2.226)
Adj. R2 0.209 0.201 0.194 0.445 0.464
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employment, growth, exchange rate, and investments. The evidence reported in Table B7 
of appendix B shows that the Fed’s optimism about financial markets, consumption, eco-
nomic growth, and employment are primarily responsible for the impact of Fed’s tone on 
risk perception and risk appetite.

Finally, Table B8 of appendix B also provides the results of asymmetric impact of opti-
mistic and pessimistic tone in each of eight topics. The evidence presented suggests that 
optimism about financial market, consumption, employment, and exchange rate decrease 
uncertainty and risk aversion. On the other hand, pessimism about the financial market, 
inflation and consumption increase uncertainty and risk aversion. These findings are con-
sistent with the evidence of Jegadeesh and Wu (2017) who shows that the Fed’s positive 
tone about inflation, policy, and employment determines the unexpected volatility in the 
U.S. stock market.

5.2 � Additional analysis

There is a number of communication tools the central bank can use to shape market 
expectations and to influence the behaviour in financial markets. For instance, Boukus 
and Rosenberg (2006) estimates the Fed’s tone using FOMC meeting minutes. On the 
other hand, Hubert and Labondance (2017) focus on FOMC policy statements to extract 
information from the Fed’s communication. While FOMC minutes provide a more 
detailed view of members about economic outlook and credit conditions, the FOMC 
minutes published after 3  weeks of meeting and investor may respond to contents of 
policy statement that released on the day of FOMC meeting. Previous studies also sug-
gest that ECB’s press conferences after the Governing Council meetings may affect the 
changes in equity prices. Hence, in this section we re-examine the impact of Fed’s tone 
considering these alternative communication tools.

5.2.1 � FOMC policy statements

We extract the Fed’s tone from FOMC policy statements to understand the investor 
response to the new information revealed in these statements. To measure the optimism 
and pessimism in the policy statement, we use the directional dictionary of Apel and 

vided in panel A, B and C respectively. Following Bekaert et al. (2013), we use the difference between risk-
adjusted and risk-free volatility to decompose the VFTSE into uncertainty and risk aversion components. 
To estimate the Fed’s tone, we apply a bag of word method of Apel and Grimaldi (2014) to categorise the 
discussion in FOMC meetings into an optimistic and pessimistic tone. In particular, following Apergis and 
Pragidis (2019), we measure the frequency of optimistic and pessimistic phrases in each FOMC minutes 
from January 2005 to May 2018. We control for the effect of other Fed’s announcements using policy rate 
decisions. We also include the growth of industrial production, GDP, and CPI in the UK to control for 
domestic macroeconomic variations. All the series are standardized to have zero mean and unit standard 
deviation. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity 
using the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 
5% and 10% level respectively

Table 7   (continued)
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Table 8   Spillover effect of Fed’s tone in the Euro area (EA)

This table reports the estimation results of Eq. (16). The results for the spillover effect of Fed’s net optimis-
tic tone on implied volatility, uncertainty, and investor’s risk aversion in the Euro Area (EA) are provided in 

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VSTOXX)
Constant 0.0000 0.0061 0.0040 0.0056 0.0037

(0.000) (0.046) (0.031) (0.049) (0.036)
Net optimistic tone (Fed) − 0.4735** − 0.4757** − 0.4642** − 0.3567*** − 0.3961***

(− 2.291) (− 2.296) (− 2.403) (− 2.859) (− 3.090)
Policy rate (Fed) − 0.1589 − 0.0463 − 0.078 − 0.1299

(− 1.641) (− 0.372) (− 0.790) (− 1.336)
Industrial production (EA) − 0.1902** 0.1939 0.0504

(− 2.048) (0.986) (0.306)
Gross domestic production (EA) − 0.4929** − 0.4025**

(− 2.161) (− 2.156)
Consumer price index (EA) 0.2557**

(2.040)
Adj. R2 0.217 0.235 0.251 0.342 0.386
Panel B: uncertainty (STOXX-50)
Constant 0.0000 0.0069 0.0033 0.0050 0.0036

(0.000) (0.051) (0.026) (0.046) (0.036)
Net optimistic tone (Fed) − 0.4824** − 0.4852** − 0.4652** − 0.3518*** − 0.3809***

(− 2.238) (− 2.250) (− 2.542) (− 2.932) (− 3.180)
Policy rate (Fed) − 0.1915* 0.0036 − 0.0298 − 0.068

(− 1.894) (0.027) (− 0.312) (− 0.708)
Industrial production (EA) − 0.3298*** 0.0754 − 0.0303

(− 2.642) (0.593) (− 0.239)
Gross domestic production (EA) − 0.52*** − 0.4534***

(− 2.785) (− 2.731)
Consumer price index (EA) 0.1884

(1.622)
Adj. R2 0.225 0.256 0.32 0.423 0.445
Panel C: risk aversion (STOXX-50)
Constant 0.0000 0.0058 0.0040 0.0056 0.0037

(− 0.000) (0.045) (0.032) (0.049) (0.035)
Net optimistic tone (Fed) − 0.4609** − 0.463** − 0.4531** − 0.349*** − 0.389***

(− 2.286) (− 2.290) (− 2.373) (− 2.832) (− 3.056)
Policy rate (Fed) − 0.1502 − 0.0527 − 0.0833 − 0.1361

(− 1.593) (− 0.435) (− 0.850) (− 1.403)
Industrial production (EA) − 0.1649* 0.2069 0.0612

(− 1.863) (1.007) (0.361)
Gross domestic production (EA) − 0.4771** − 0.3854**

(− 2.065) (− 2.056)
Consumer price index (EA) 0.2597**

(2.057)
Adj. R2 0.205 0.22 0.23 0.315 0.36
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Grimaldi (2014). The results reported in Table  B9 of appendix B are largely consist-
ent with our findings obtained from FOMC minutes, indicating that the Fed’s optimism 
revealed in both policy statements and meeting minutes helps to reduce the level of 
uncertainty and investor’s aversion to risk.

5.2.2 � FOMC press conferences

Compared to minutes of FOMC meetings which are published with a lag of 3 weeks, 
a press conference provides information to market participants on the same day of the 
meeting. The press conferences are quite detailed compared to policy statements and 
they are similar to FOMC minutes containing the views of committee members about 
current and future economic conditions. However, the Fed only started press confer-
ences in April 2011 and there were  relatively few observations  for a  rigorous empiri-
cal analysis. Nonetheless, we create a dummy variable which takes a value of unity for 
observations after April 2011 and zeros otherwise in order to test whether the impact 
of Fed’s tone (extracted from FOMC minutes) varies before and after April 2011. The 
results reported in Table B10 show that the response of investors to FOMC minutes is 
highly significant before the Fed started press conferences and remained muted for the 
period after April 2011. The differences allow us to suggest that after the Fed started 
press conferences the effect of FOMC minutes on investor’s risk perception and appetite 
decreased.

panel A, B and C respectively. Following Bekaert et al. (2013), we use the difference between risk-adjusted 
and risk-free volatility to decompose the VSTOXX-50 into uncertainty and risk aversion components. To 
estimate the Fed’s tone, we apply a bag of word method of Apel and Grimaldi (2014) to categorise the 
discussion in FOMC meetings into an optimistic and pessimistic tone. In particular, following Apergis 
and Pragidis (2019), we measure the frequency of optimistic and pessimistic phrases in each FOMC min-
utes from January 2005 to May 2018. We control for the effect of other Fed’s announcements using policy 
rate decisions. We also include the growth of industrial production, GDP, and CPI in the EA to control for 
domestic macroeconomic variations. All the series are standardized to have zero mean and unit standard 
deviation. The t-statistics reported in parentheses are corrected for autocorrelation and heteroscedasticity 
using the Newey-West (1987) procedure. Superscripts ***, **, * indicate the statistical significance at 1%, 
5% and 10% level respectively

Table 8   (continued)
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Table 9   Asymmetric impact of Fed’s optimistic and pessimistic tone

Model (1) (2) (3) (4) (5)

Panel A: implied volatility (VIX)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(− 0.000) (− 0.000) (− 0.000) (− 0.000) (− 0.000)
Optimistic tone − 0.3517** − 0.3297** − 0.2594** − 0.2027*** − 0.2042***

(− 2.143) (− 2.065) (− 2.540) (− 2.787) (− 2.742)
Pessimistic tone 0.4314* 0.4518* 0.3876** 0.2807** 0.2814**

(1.770) (1.801) (2.001) (2.160) (2.155)
Policy rate − 0.1074 − 0.0387 0.2903* 0.2292

(− 1.133) (− 0.529) (1.903) (1.313)
Industrial production − 0.4461*** − 0.4132*** − 0.4929**

(− 2.957) (− 3.648) (− 2.091)
GDP forecasts 0.1029 0.0991

(0.846) (0.817)
INF forecasts − 0.5402** − 0.5199***

(− 2.439) (− 2.647)
Unemployment rate − 0.1082

(− 0.446)
Adj. R2 0.226 0.229 0.414 0.515 0.512
Panel B: uncertainty (S&P500)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(− 0.000) (− 0.000) (− 0.000) (− 0.000) (− 0.000)
Optimistic tone − 0.3167 − 0.309 − 0.2401 − 0.1762* − 0.1818*

(− 1.472) (− 1.435) (− 1.655) (− 1.832) (− 1.909)
Pessimistic tone 0.3237 0.3308 0.2679 0.1452 0.148*

(1.382) (1.396) (1.544) (1.594) (1.712)
Policy rate − 0.0373 0.0301 0.4077** 0.1851

(− 0.566) (0.520) (1.992) (1.061)
Industrial production − 0.4371** − 0.4012** − 0.6917**

(− 2.083) (− 2.582) (− 2.569)
GDP forecasts 0.1301 0.1161

(1.060) (0.892)
INF forecasts − 0.6293** − 0.5553**

(− 2.067) (− 2.067)
Unemployment rate − 0.3941

(− 1.617)
Adj. R2 0.145 0.138 0.315 0.452 0.472
Panel C: risk aversion (S&P500)
Constant 0.0000 0.0000 0.0000 0.0000 0.0000

(− 0.000) (− 0.000) (− 0.000) (− 0.000) (− 0.000)
Optimistic tone − 0.2278** − 0.2112** − 0.1783*** − 0.1543*** − 0.1542***

(− 2.280) (− 2.313) (− 2.628) (− 2.854) (− 2.778)
Pessimistic tone 0.3923* 0.4076* 0.3776* 0.3061* 0.3061*

(1.669) (1.662) (1.722) (1.824) (1.806)
Policy rate − 0.0806 − 0.0484 0.1726 0.1777
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This table reports the estimation results of Eq. (17). The results for the asymmetric impact of Fed’s optimis-
tic and pessimistic tone on implied volatility, uncertainty, and risk aversion are provided in panel A, B and 
C respectively. Following Bekaert et al. (2013), we use the difference between risk-adjusted and risk-free 
volatility to decompose the VIX into uncertainty and risk aversion components. To estimate the Fed’s tone, 
we apply a bag of word method of Apel and Grimaldi (2014) to categorise the discussion in FOMC meet-
ings into an optimistic and pessimistic tone. In particular, following Apergis and Pragidis (2019), we meas-
ure the frequency of optimistic and pessimistic phrases in each FOMC minutes from January 2005 to May 
2018. We control for the effect of other Fed’s announcements using policy rate decisions and projections for 
Gross Domestic Production (GDP) and inflation (INF) variables. We also include industrial production and 
unemployment rate to control for business cycle and economic variations. All the series are standardized to 
have zero mean and unit standard deviation. The t-statistics reported in parentheses are corrected for auto-
correlation and heteroscedasticity using the Newey-West (1987) procedure. Superscripts ***, **, * indicate 
the statistical significance at 1%, 5% and 10% level respectively

Table 9   (continued)

Model (1) (2) (3) (4) (5)

(− 0.926) (− 0.649) (1.298) (1.089)
Industrial production − 0.209* − 0.21** − 0.2034

(− 1.944) (− 2.571) (− 1.012)
GDP forecasts 0.2198 0.2201*

(1.651) (1.685)
INF forecasts − 0.4792** − 0.4809***

(− 2.503) (− 2.801)
Unemployment rate 0.009

(0.039)
Adj. R2 0.153 0.15 0.184 0.254 0.247
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6 � Conclusions

Recent studies show that apart from policy decisions (actions) central bank communica-
tions (words) also play a significant role in determining asset prices and economic out-
comes. Yet, with the growing importance of central bank communications, there remain an 
imperative question regarding the channels through which communications affect prices. 
This paper addresses empirically this question and investigates for first time the effects 
of Federal Reserve (Fed) communication on the level of uncertainty and risk aversion in 
global equity markets. First, we apply the computational linguistic analysis on the min-
utes of 108 FOMC meetings to compute a quantitative measure of Fed’s confidence about 
the economic and financial outlook. Then, we decompose the option-implied volatility 
into proxies for uncertainty and risk aversion to examine the impact of Fed’s optimism on 
investors’ risk expectation and risk appetite. Furthermore, following the ‘Topic-to-Tone’ 
modelling approach, we study the heterogeneous impact of FOMC’s discussions on various 
topics. Finally, we also analyze the spillover effect of Fed’s communications on uncertainty 
and risk aversion in the U.K. and the Eurozone.

Overall, our findings provide novel evidence that monetary policy in the form of central 
bank communication can impact both uncertainty and risk aversion in global equity mar-
kets, with the former effect being stronger. It uncovers an important ‘signalling’ channel 
through which information embedded in central bank communications (words) transmits 
to financial markets i.e., by altering investors’ perception and pricing of risk and return in 
the marketplace. In addition, we find that investors’ response to pessimistic tone is stronger 
compared to the optimistic tone and there is also a stronger response of market partici-
pants to the Fed communication during recessions and at the times when policy uncer-
tainty is elevated. Further analysis reveals that, in formulating their risk preferences, inves-
tors pay particular attention to FOMC’s discussion about financial market, credit condition, 
employment, and growth.

We deem our results very important in contributing to the current debate on the role of 
central bank communication in asset pricing and investment behaviour, and are of great 
significance to the market regulators and finance practitioners. Market participants need to 
consider the information embedded in the communications of central banks while evaluat-
ing their investment decisions and may treat this as a ‘signal’ or predictor for future mar-
ket movement. Another policy implication behind our empirical results is that when com-
municating to the public the authorities need to be mindful of using pessimistic language 
as financial markets tend to overreact to negative news, especially during recessions and 
economic downturns. More broadly, as central bank communications are closely followed 
by financial markets, policymakers should carefully design a transparent communication 
strategy to ensure market stabilization and effective implementation of monetary policy.

In this paper we provide evidence that the Fed communication tone conveys important 
information relevant for market participants in shaping their risk expectation and risk toler-
ance. However, as with any empirical investigation, the results of this study must be taken 
in context. We investigate a modest number of FOMC minutes that are available at a rela-
tively low frequency with a 3-weeks publication lag. Also, we focus our attention on the 
impact of Fed communication on global equity markets, whilst it may be more informative 
to conduct a comparative analysis of the communication strategies of the Fed, the Bank of 
England, and the ECB. Further research which seeks to address these issues may provide 
additional insights into the link between central bank communication tone and the changes 
in market expectation. Likewise, exploration of the impact of central bank communication 
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on investor trading behaviour (e.g., portfolio rebalancing and arbitrage decisions) would 
also be an interesting area for future research.
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