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Rigorous Thesis Introduction

The presented rigorous thesis is an elaboration of my diploma thesis defended at
the Institute of Economic Studies (Faculty of Social Studies, Charles University
in Prague) in June 2013. The whole text has been revised and some parts of it
have been modified, rewritten or removed completely. This revision reflects my
diploma thesis referees’ suggestions, new remarks and new resources as well as

more precise definition and more consistent organization of the text.

This rigorous thesis is separated into two parts — diploma thesis reflecting
referees’ suggestions (Part I. Diploma Thesis) and an article published based
on my 2013’s diploma thesis (Part II. Published Article).

Part I.: Diploma Thesis contains the defended master thesis with incorporated
referees’ suggestions and my revisions. In this diploma thesis, I focus on the
effects of the Czech National Bank Communication on the volatility of the 3M
PRIBOR and the yield of the Czech 10-year government bonds. It is struc-
tured as follows. The first chapter provides the literature review describing the
development in how central banks have behaved, from total discretion to trans-
parency, and stating the recent empirical findings. The next chapter discusses
the role of central banks’ communication in general and the end of the chapter
is focusing on the Czech National Bank. The following chapter describes the
methodology and the data that have been used. It also provides the results of

the econometric analysis and discusses the results.

The revision of the diploma thesis reflects referees’ suggestions. Firstly,
the title of the thesis was changed to correspond better to the studied subject
and grammatical errors and typos have also been corrected.. Secondly, I have
extended the motivation of the thesis, see the Introduction, for better reader’s
understanding what I am trying to say in my thesis. Then, I have added aca-

demic papers that deal with the effect of announcements on the bond markets



(e. g. Ederington & Lee 1993, Fleming & Remolona 1997, Goldberg & Leonard
2003), see section 1.3.1.

Moreover, one of the referee’s questions was why in my study any news
(inflation, report, minutes and comment) has impact on bond prices. As stated
in many papers, the surprise is what moves the prices. This surprise is captured
in a release all of the studied variables (inflation report, minutes or comments).
I wanted to enlarge the literature studying the effects of news to bond price
volatility; it was confirmed that these announcement shocks have an impact on
volatility. I conclude that markets incorporate public information into prices,

see the discussion in Part II.

Finally, why have not I used the higher frequency data but daily daily?
The incorporation of information takes time. Let us imagine the situation that
e.g. governor makes an interview and expresses his very own point of view on
the state of economy. Expectations are then formed during time, markets are
processing this information. After a while, Bank Board meeting takes place and

Y

the “state of economy” is shown in the adjustment of 2W repo. The markets
then adjust their expectations and so one. This is not a one-minute operations,

therefore I suppose that daily data are sufficient enough to capture the pattern.

Part II.: Published Article contains the enclosed published article. According
to the given rules for the rigorous theses presented at the IES, this represents

the sufficient enlargement of the diploma thesis. The paper was published as:

Horvath, R. & P. Karas (2013): “Central Bank Communication and
Interest Rates: The Case of the Czech National Bank.” Czech Journal
of Economics and Finance (Finance a dveér), 63(5): 4564-464,

and can be found on this website:

http://journal.fsv.cuni.cz/mag/article/show/1d/1285.


http://journal.fsv.cuni.cz/mag/article/show/id/1285

English resumé

Over the last two decades, the communication from central banks to public has
become an important mean of managing monetary policy. Communication is
therefore an important and powerful part of central bank’s toolkit. Why is it
so? How does it come that a central banker says only one sentence and this
moves e. g. exchange rate by some points? How are the interest rates affected
by central bank talks? These questions and more ones are the issues I would

like to explain in this rigorous thesis.

This rigorous thesis consists of two parts. The first part is the defended
diploma thesis where some referees’ suggestions have been incorporated and
the whole text has been revised and grammatical errors and typos have been
corrected. The second part is created by an article that both me and my
diploma thesis supervisor Mr. Horvath have published in Czech Journal of

Economics and Finance’s paper.

There are a lot of different strategies how and by what means central
banks can communicate with professionals and broad public. One can there-
fore ask what constitutes an optimal communication strategy. The answer to
this question is not easy and authors agree that there is hardly any optimal
answer. Therefore, I discuss different communication strategies and how the
transmission of information works. This thesis mainly refers to the Czech Na-
tional Bank (CNB). Thus, I describe the CNB’s primary objective, the price
stability, as well as other goals and tasks. I focus on the communication chan-
nels the CNB uses to share the main information. Lastly, I talk its policy

instruments over.

The core of this thesis is the analysis of volatilities of the short-term and
long-term interest rates in the Czech Republic, that are caused by the commu-
nication, by using the GARCH, the TGARCH and the EGARCH modelling

framework. I have compilled a unique database of dummy variables capturing



the release of the Inflation reports, the Bank Board meetings, minutes and com-
ments provided by the Bank Board members to media. Moreover, Bank Board
members’ comments are classified as positive, negative or neutral concerning

the economic outlook and the whole state of the Czech economy.

I have found that the CNB communication tends to decrease the volatility
of interest rate, i. e. this supports the assertion that the central bank aims
to decrease the noise in the financial markets. Written communication, as
captured by the monetary policy minutes and the Inflation reports, exerts a
calming effect on the financial markets. I did not manage to find this calming
effect for oral communication. This can be explained by the fact that listeners
may not be sure about the content of the oral comment. The timing of the
communication also matters, since comments made closer to the monetary

policy meeting a stronger effect on interest rate volatility.
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Abstract

This thesis analyzes the effect of the Czech National Bank’s (CNB) communi-
cation on the interest rate volatility (PRIBOR reference rate). Starting with
the literature survey about the central bank communication in the world, I
focus on the literature that concerns the CNB. To model the CNB’s commu-
nication, I use the GARCH(1,1), EGARCH(1,1) and TGARCH(1,1) models. I
have created a unique data set containing the dummy variables for the CNB
communication. The results are as follows: (a) the CNB’s communication tends
to decrease the volatility, (b) timing of the communication has a key role as
the comments closer to the meeting have bigger calming effect, and that (c)
there is no clear effect concerning the comments of the Bank Board members

in the media.
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Abstrakt

Tato diplomové prace analyzuje efekt komunikace Ceské narodni banky (CNB)
na vyvoj urokovych sazeb (referen¢ni sazbu PRIBOR). Predklddam pruzkum
literatury tykajici se komunikace centralnich bank, a to nejen ve svété, ale za-
méruji se hlavné na CNB. K modelovani komunikace CNB pouzivam modely
GARCH(1,1), EGARCH(1,1) a TGARCH(1,1). Vytvoril jsem datovy soubor
obsahujici dummy proménné popisujici komunikaci centralni banky. Vysledky
jsou nésledujici: (a) komunikace centralni banky snizuje volatilitu, (b) dilezi-
tou roli hraje i nacasovani komunikace, protoze komentare blize k datu zasedani
Bankovni rady maji spiSe uklidiiujici efekt na volatilitu a (c¢) komentare ¢lent

Bankovni rady v médiich maji nejasny efekt na volatilitu.

Klasifikace JEL E43, E44, E52, E58
Klicova slova Ceské narodni banka, signalizovani pomoci
monetarni politiky, komunikace centralni

banky, casova struktura trokovych mér,

GARCH analyza

Autor prace Be. Pavel Karas
Vedouci prace doc. Roman Horvath, Ph.D.
Email autora karasp@email.cz

Email vedouciho prace roman.horvath@gmail.com
Akademicky rok 2012/2013


http://ideas.repec.org/j/E43.html
http://ideas.repec.org/j/E44.html
http://ideas.repec.org/j/E52.html
http://ideas.repec.org/j/E58.html
mailto:karasp@email.cz
mailto:roman.horvath@gmail.com

List of Tables

3.1. Descriptive statistics . . . . . . . . ... ... L. 35

3.2. Correlation matrix among communication variables . . . . . . . 35

A.1. GARCH: The effects of the CNB communication on PRIBOR
A.2. EGARCH: The effects of the CNB communication on PRIBOR
A.3. TARCH: The effects of the CNB communication on PRIBOR
A.4. GARCH: The effects of the CNB communication on 10Y bond .
A.5. EGARCH: The effects of the CNB communication on 10Y bond
A.6. TARCH: The effects of the CNB communication on 10Y bond .

QMmO aw



List of Figures

2.1.
2.2.

3.1.
3.2.

3.3.
3.4.
3.5.
3.6.

Model of central bank information transmission . . . . . .. .. 13
The CNB and its inflation target: fulfillment and forecast . . . . 21
Examples of random walk processes . . . . . . .. ... .. ... 27
Frequency of the CNB communication before the Bank Board

meeting . . . . ... 36
Frequency of communication around meetings . . . . . . .. .. 37
Distribution of comments (direction;) . . . . . . .. ... .. 38
PRIBOR; plots. . . . . . . .. o .o 39

YieldlOY;plots . . . . . . o 40



List of Acronyms

AIC

AR

ARCH

ARCH-LM

BIC

CNB

EGARCH

GARCH

MA

OLS

PRIBOR

SIC

TARCH

Akaike Information Criterion
Autoregressive model

Autoregressive Conditional Heteroskedasticity
Lagrange Multiplier test

Bayesian information criterion

Czech National Bank; Cesk4 narodni banka
Exponential GARCH

General ARCH

Moving Average model

Ordinary Least Squares

Prague InterBank Offered Rate

Schwarz Information Criterion

Threshold GARCH



Master Thesis Proposal

Author Mgr. Pavel Karas
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Proposed topic The Czech National Bank Communication: GARCH analysis
of 3M PRIBOR rate and Czech 10Y government bonds

Topic Characteristics 1 would like to investigate how the Czech National Bank’s
various monetary policy signals such as repo rate changes, inflation reports, speeches
by and minutes from monetary policy meetings affect the term structure of interest

rates.

This thesis would also assess the effectiveness of monetary policy communication of
the CNB. I would like to come to the conclusion which of the previously mentioned
monetary policy signals do affect the yield curve and in what sense. Moreover, I
would like to find out what is the role, if any, of statements in predicting the next

policy move.

Hypotheses

1. Does CNB communication have any effect on the term structure of interest

rates?
2. Which types of news are more relevant?

3. What are the effects from various signaling channels on the structure of interest

rates?
4. How large are the impacts on short-term interest rates and long-term ones?

5. How important is it to control for publication of relevant economic news?

Methodology 1 would like to use the Autoregressive Conditional Hazard Model
(ACH model) derived by Hamiltion and Jorda (2002) because the policy rate is
changed irregularly in time and we are uncertain about when the policy rate will be

changed next, given information available today. As Anderson et al. (2004) suggest,
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the unexpected movements in the term structure are driven by changes in expectation

of future short-term interest rates and unexpected changes in the term premia. We

will use their model, too.
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. Empirical results
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Introduction

The past recent years have changed the practice of how central banks are com-
municating with the public. This thesis describes this movement towards a
greater independence and transparency. We can also see a shift in via to whom
the banks communicate, from individuals to committees. We also observe an
increasing number of central bank talks in the media, as well as regular com-

ments of members of Bank Boards.

In this thesis I will empirically study quite a young topic: the central bank
communication and its effects on financial markets. The communication is one
way of how the central bank can assess uncertainty about future rates and
therefor affect their level and volatility. Since the Czech National Bank (CNB)
explicitly targets inflation, I focus on the interest rate and the government
bonds instead of the exchange rate as it is more common practice in the recent
literature. Apart from the daily 3M PRIBOR reference rate, I am studying
the Czech 10-year government bond. There is so much literature about this
subject concerning lots of central banks all over the world, but there is none
literature that studies Czech National Bank’s talks and their effects.

I have created an extensive data set on how the CNB communicates the
economic outlook and its implications for monetary policy to the public. More
specifically, the data set contains unity values for the days when the Inflation
report, the most important document published by the CNB, is released and
for the days when the minutes, approximately a 1000-words-long document, is
issued. Moreover, I have scrutinized the comments provided by members of the
CNB Bank Board and assigned different values (+1 or —1) to given comments.
The analysis takes into account the timing of the CNB communication, because
it is believed that comments made closer to the Bank Board meeting have higher

impact. The effects of these variables are analyzed using the mean and variance
equations of the GARCH, the EGARCH and the TGARCH models.
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Previous research has pointed up the role of the timing of central bank
communication. As a consequence, my hypothesis to be tested are: (i) whether
the Czech central bank’s communication affects the interest rate (volatility),
(ii) whether its communication becomes more potent as the monetary policy
meeting approaches, and (iii) whether, in contrast to most of the previous
literature, its communication affects not only short-term, but also long-term

interest rates.

The main findings of this thesis can be summarized as follows. First, I
found that the CNB communication tends to decrease the volatility of interest
rate as well as the government bond yield, i. e. this supports the view that the
central bank aims to decrease the noise in the financial markets. Comments
made closer to the date of the Bank Board meeting (a timing of the communica-
tion) have a more calming effect on the volatility. Thus, the CNB does a great
job, because its communication timing decreases the volatility. There is not
a clear pattern concerning comments. This can be explained by the fact that
listeners may not be sure about the content of the comment. Another expla-
nation is that the members’ comments are more individualistic with opposing

signals or opinions on the current or future situation.

The remainder of this paper is structured as follows. Chapter 1 provides
the literature review describing the development in how central bank have be-
haved, from total discretion to transparency, and stating the recent empirical
findings. Chapter 2 discusses the role of central banks’ communication in gen-
eral and the end of the chapter is talking about the Czech National Bank.
Chapter 3 describes the methodology and the data. It also provides the re-
sults of the econometric analysis and discusses the results. Finally, Conclusion

includes the concluding remarks as well as ideas for further research.



Chapter 1

Literature review

This chapter provides a literature review. First of all, I will describe the devel-
opment in thinking by stating the milestones that have changed the perception
of how central banks should behave. Apart from the recent openness and the in-
dependence of central banks, the transparency plays an important role because

it manages the monetary policy effectiveness and the democratic accountability.

I also present the recent empirical findings in literature regarding how
macroeconomic announcements and communication influence asset prices, money
and bond markets, exchange rate, interest rates and so on. At the end of this
chapter, some papers concerning the CNB’s communication, e.g. through me-

dia, are mentioned there.

1.1. Development in thinking

Ehrmann & Fratzscher (2007a) state that the recent past has been a witness
of a change in how central banks all around the world are performing their
monetary policy. Along with a trend toward a greater openness, there has been
a movement toward a decision-making by committees rather than individuals,

as well as a strong emphasis on a central bank transparency.

There were times, prior to the 1990s, when central banks did not talk
publicly about their decisions and actions performed. They were “shrouded in
mystery” (Blinder et al. 2008) and it was generally believed that they should
not be talkative at all. Karl Brunner (1981, p. 5) writes:

“Central Banking ... thrives on a pervasive impression that ... [it] is an

esoteric art. ... The esoteric nature of the art is moreover revealed by an
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inherent impossibility to articulate its insights in explicit and intelligible words

and sentences.”

Ten years later, there were debates about how central banks should behave
in order to improve its decisions and the monetary policy as a whole. Alan
Blinder (1999, pp. 70-72) expressed a view of what central banks should be
like:
“Greater openness might actually improve the efficiency of monetary pol-
icy ... [because] expectations about future central bank behavior provide the
essential link between short rates and long rates. ... By making itself more pre-
dictable to the markets, the central bank makes market reactions to monetary

policy more predictable to itself. And that makes it possible to do a better job

by managing the economy.”

More recently, Michael Woodford (2001, pp. 12 and 16-17) emphasizes the
necessity for a higher transparency. He concludes that:

o

.. successful monetary policy is not so much a matter of effective control of
overnight interest rates ... as of affecting ... the evolution of market expectations

. [Therefore,] transparency is valuable for the effective conduct of monetary
policy ... this view has become increasingly widespread among central bankers

over the past decade.”

What have we learnt from these three papers? We can clearly see the sharp
progression here: from the 1981’s disapproval of central bankers’ rejection to
communicate to 2001’s claim that the core of monetary policy is the art of
managing expectations via the central banks’ communications. The presented
development can be, without any exaggerations, called a “revolution in think-
ing” (Blinder 2009).

1.2. Transparency

The previous paragraphs are talking a lot about the transparency. Trans-
parency can be understood as “much is known by many” or as “behaving
and operating in such a way that it is easy for others to see what actions are
performed”?. Woodford (2001) claims that “transparency is valuable for effec-
tive conduct of monetary policy” (p. 16). Central banks know that. They
have become more transparent in the last fifteen years and put a much higher

importance on their communications.

1 According to: http://www.investopedia.com/, accessed April 12, 2013.
2 According to: https://en.wikipedia.org/, accessed April 9, 2013.


http://www.investopedia.com/terms/t/transparency.asp
https://en.wikipedia.org/wiki/Transparency_(behavior)
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Locoman & Holub (2011) discuss this subject much deeper. They define

different types of the monetary policy transparency:
1. Political transparency,

Economic transparency,

Procedural transparency,

Policy transparency,

AT

Operational transparency.

We will not describe these types in a detail, but we will state different look
at the transparency. An interested reader can also find an exhaustive list of

relevant literature in their paper.

Let me start with the definition of transparency in the context of central
banking. “A central bank is transparent when it provides at all times sufficient
information for the public to understand the policy regime, to check whether
the bank’s actions match the proclaimed regime and to pass a judgment on its

performance” (Blinder et al. 2001).

In fact, there are two reasons for openness: effectiveness of monetary
policy and democratic accountability. Policy effectiveness is raised when the
broad public can anticipate the bank’s actions with a confidence. Transparency
reduces uncertainty and limits the costs associated with decisions which turn
out to have been based on mistaken expectations. These two rationales are
not completely independent of each other but will be treated separately in the

following paragraphs.

1.2.1. Monetary policy effectiveness

The secrecy was a characteristic of central banks which accompanied both their
internal operations and their external communication. The literature findings
nevertheless prove that the monetary policy is most effective when the markets
correctly anticipate it. There are three features of the effective monetary policy
signaling (Blinder et al. 2001):

1. “Monetary policy mostly acts through variables that are driven by market
expectations.” The very short-interest rate is controlled by central banks.
The Czech national bank controls the 2W repo rate. As noted by Blin-

der (1999), these short-term interest rates have a trivial impact on the
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economy. Longer-term interest rates, asset prices and the exchange rate,
to the contrary, constitute powerful and marked influences. The link
between short-term interest rate and these financial variables involves

expectations.

2. “The channel from interest rates to the real economy and inflation in-
volves price and wage setting” Transparency goes hand in hand with
credibility (Locoman & Holub 2011). The credibility improves the ef-
fectiveness, acceptability and speed of monetary policy (De Haan et al.
2004). If it is not obvious what a central bank wants to achieve, the
adjustment of the market participant’s behavior (price and wage setting)

is slow.

3. “Transparency also reduces the cost of policy changes” Central bankers
are aware that sudden changes in policy confuse the public and, conse-
quently, may harm their credibility. Therefore, the public must clearly

understand the policy regime.

Thus, central banks are better off if they reveal completely and truthfully their
chosen policy regime and the procedures put in place to enforce such a regime.
Everything ought to be communicated to the broad public unless a case can be
made that some confidentiality is desirable under the particular circumstances
that prevail (Blinder et al. 2001).

1.2.2. Democratic accountability

Being a public institution, a central bank must be fully accountable for all its
procedures and actions. A communication is in the center of accountability
because any central bank cannot operate successfully unless it uses a broad
support. Central bank is accountable to different groups (citizens, media, gov-

ernments or financial markets) with different knowledge and interests.

It is not a secret that an average citizen typically does not understand
monetary policy. He does not care about the price stability, but he cares about
the inflation. Ordinary citizen does not read Inflation reports, therefore, media

should take its place here and take control and inform them.

Media face two problems when dealing with monetary policy. Firstly, they
need to create and maintain an interest in a technical subject. Secondly, media

need to diversify their sources of information and analysis. When making the
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statements clear to ordinary citizens, media must understandably explain cen-
tral bank’s actions and intentions. “Simplification and pedagogy are essential
ingredients here, but the risk is to lose nuance, a key ingredient in central bank

communication” (Blinder et al. 2001).

There are also governments and parliaments there and they are, on the
other hand, very interested in monetary policy since economic conditions are
often playing an important role during elections. Governments have a clear
view of what central banks should do. This conflict of interests is therefore

solved by the central bank independence.

Money does matter to financial markets. A key responsibility of cen-
tral banks is ensuring the stable price and the health of the financial system
(Bernanke 2004). The volatility makes financial markets while it is disliked by
public. Moreover, minutes and seconds play a big role for the financial market
while public is limited with time that takes monetary policy to have real effects

on economy, i.e. several months.

We should not forget other involved watchers. These can be found in
financial institutions or in academia. Their role can be friendly or hostile.
They can be friends while clarifying and justifying central banks actions. They
can be foes because they can be critical, they can outguess some actions that

a central bank wants to hide etc.

1.3. Recent empirical findings

1.3.1. Foreign literature review

This thesis is based on the extensive literature discussing how macroeconomic
announcements (e.g. unemployment data or release of the CPI index) are
incorporated in asset prices. McQueen & Roley (1993) study the responsiveness
of stock prices. Fleming & Remolona (1999) and Thornton (1998) write about
money and bond markets. Last but not least, Andersen et al. (2003) and Faust
et al. (2007) study behavior of exchange rates.

Further works highlighted the asymmetries and time variations. Andersen
et al. (2003) show that the bad news has a greater impact on the exchange rate
than the good news. Andersen et al. (2007) and Laakkonen & Lanne (2010)
add that the news effects are dependent on business cycles. Gilbert et al. (2010)
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find a smaller responsiveness to macroeconomic announcements that should be
revised in the future, and in particular a substantially larger reaction to news
with more information content about monetary policy decisions by the Federal

Open Market Committee.

Ehrmann & Sondermann (2012) study the reaction of United Kingdom
macroeconomic announcements and Bank of England’s Inflation Report on
short-term interest rates (2M, 3M, 6M and 12M British zero-coupon bonds).
They argue that the reaction of financial markets to news cannot be studied in
isolation, as there can be important interdependences: one piece of news does
not only have direct effects on asset prices and market volatility, but it can also

alter the relative importance of other pieces of news.

The relation between the central bank communication and the reaction
of bond markets is also studied in many papers (see e.g.Andersen et al. 2007,
Balduzzi et al. 2001 or Jones et al. 1998). It is confirmed that the bond (prices,
trading volume and bid-ask spreads) are sensitive to scheduled macroeconomic
announcements. The effects, however, vary significantly according to maturity.
Kim et al. (2004), for instance, prove that news related to the internal economy

are important for the bond markets.

The evolution in technologies has enabled to use high-frequency data.
Ederington & Lee (1993) examine the impact of scheduled macroeconomic news
announcements (the employment report, the CPI and the PPI) on interest rate
and foreign exchange futures markets (T-Bond, Eurodollar and deutsche mark
futures markets) by using high-frequency data. Fleming & Remolona (1997)
also use high-frequency data on bond markets and they find that bond prices
react largely to the arrival of public information about the economy. They also
suggest that the price and trading reactions reflect the differences of information
content in different announcements under different market conditions. When
analysing the U.S. and German sovereing bond markets, Goldberg & Leonard
(2003) find that the largest moves in yields are associated with announcements

on labour market conditions, real GDP growth and consumer sentiment.

1.3.2. Literature concerning the CNB

Rozkrut et al. (2007) evaluate the communication strategies of the Czech Na-
tional Bank, the National Bank of Hungary and the National Bank of Poland.

They found that a communication largely differs among these banks, and that
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policy makers” words do not often correspond with their deeds. They provide
an evidence that central banks’ talks influence market expectations of future
policy decisions. The consistency of policy maker’s statements (the extend
to which their words correspond with their prospective deeds), communication
strategy and the committee structure, see subsection 2.3.3, influence the impact

of central banks’ talks on predictability of monetary policy decisions.

Bohm et al. (2012) analyze the coverage of monetary policy of the CNB
in media during the period of 2002 — 2007. They studied articles in four most
relevant Czech daily broadsheets®. They found out that the surprise in setting
the interest rate was perceived neutrally in the media. This is interpreted such
that the surprise, that has been believed to play an important role in manag-
ing the expectations, is part of a standard monetary policy. Next, regardless of
the direction of the move, the changes in interest rates are appreciated by the
media. The media does not like rising inflation and dislike disinflation. Accel-
erating GDP growth is perceived as good. They conclude that “despite being
perceived neutrally, an unexpected CNB interest rate decision... attracted the
attention of the media. Similarly, interest rate changes .. were in principle

extensively covered in the media”.

Filacek et al. (2007) confirm that the inflation-targeting regime has brought
the transparency of central banks into special focus as they are highly depen-
dent on the market perception of their policy decisions and communication.
They argue that under such a regime, it is important for the central bank to
disclose interest rate forecast. Market expectations are moving closer to the
CNB’s. This enhances the accountability and credibility of the CNB’s forecasts
as well as it improves the efficiency of its monetary policy conduct. Filacek &
Saxa (2012) add that the private analysts do coordinate their forecasts for the
interest rate and inflation according to the CNB’s forecasts. On the other hand,
they conclude that there is no or limited evidence that such a coordination ex-

ists for the exchange rate and the GDP growth.

Bulif et al. (2007) and Bulif et al. (2008) are interested in the inflation
targeting and the communication of central banks of Chile, the Czech Republic,
Hungary, Poland, Thailand and Sweden. They find that inflation targets, infla-
tion forecasts and verbal assessments of inflation factors contained in quarterly

inflation reports provided a consistent message during the years 2000 — 2005.

3The broadsheets used in their paper are Mlad4 fronta Dnes, Pravo, Hospodafské noviny
and Lidové noviny.
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Fiser & Horvéath (2010) analyze the effects of the CNB communication,
macroeconomic news and interest rate differential on exchange rate volatility
using the GARCH model. They present that the communication has a “calm-
ing” effect on the volatility of exchange rate. Moreover, they discover that
the timing of the communication does matter as the financial markets respond

more to the communication before the policy meetings rather than after them.



Chapter 2

Central bank communication

In the following text, I define the communication of central banks mentioning
what it is, why central banks talk and how the transmission of the signals is
performed. I mention not only benefits, but also disadvantages of communi-
cation. I describe the model of communication. At the end of this chapter,
I analyze the Czech National Bank, stating what sort of communication and

what policy instruments the CNB can use.

2.1. Definition of communication

Central bank communication can be defined as “provision of information by
the central bank to the public. Given information refers to such matters as
the objectives of monetary policy, the monetary policy strategy, the economic

outlook, and the outlook for future policy decisions” (Blinder et al. 2008).

Central bank talking is a key concept of how central banks are trying to
make themselves understood. Many authors agree that the trend nowadays
is towards great openness and transparency. Transparency is based on both
policy effectiveness and democratic accountability (Blinder et al. 2001). The
more transparent and accountable central bank is, the more independent it
should be.

One important tool for achieving transparency and thereby accountabil-
ity, that were both discussed above, is the communication with the public. A
lot of authors (Andersson et al. 2006, Blinder 2009, Ehrmann & Fratzscher
2007a, Eijffinger & Tesfaselassie 2007, Hayo & Neuenkirch 2011, Rosa 2011 or

Ehrmann & Sondermann 2012) discuss different communication techniques and
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sources that are used for different types of recipients. I will try to summarize

them later.

To paraphrase economic “who, what and how”, we will seek answers to
questions “why central banks talk”, “what they say” and “how they do it”.

Before answering these questions, let me present a model of communication.

2.2. Model of communication

The model of central bank communication was summarized by Filardo et al.
(2008). This model is based on the work of Shannon (1948). The model is
shown on fig. 2.1. Let us describe individual parts of the picture. The following
text is based on the paper of Filardo et al. (2008).

Point (A) describes the stock of information about monetary policy X that is
about to be shared with a broad public. The provided message should
contain such information as the policy framework, the decision making
process, the policy decision, assessments of the economy, likely future

actions etc.

Point (B) represents the situation in which the central bank has to choose its
communication strategy judiciously. Therefore, the provided information
X is reduced to Xy C X that will be finally disclosed. More information
does not always mean better (Bernanke 2004), it does not improve clarity
of sent message (Filardo et al. 2008). Releasing too much information
may overwhelm the receivers who can become more confused about the

intentions of the central bank.

Point (C) describes how the message is transmitted. Many theories of mone-
tary policy assume that transmission of the signal from the central bank to
the public is almost magical. In reality, there are number of ways, includ-
ing press conferences, releases of minutes, speeches, interviews, written

statements, reports, background documents or research working papers.

Point (D) states that regardless of how carefully a central bank has created its
message, there is a possibility for miscommunication. This possibility can
arise from a number of causes: bad timing or miscalibration of messages
to different audiences. Thus, instead of information X, we get a noisy
information X,. The end result can be a serious confusion of the signals

from the central bank.
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Fig. 2.1: Model of central bank information transmission
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Points (E) and (F) show that a wrong interpretation of the signals by the
intended recipients is always possible. This is caused by the fact that
the different groups of recipients are seeking different types of informa-
tion. The received information X, is sorted by its importance for them,
pi (E(VS) ;1 =1,...,J. Moreover, the recipients have different abilities
to absorb, to interpret or to pay attention to the details in the mone-
tary policy. These fact also reduce the effectiveness of a communication

strategy.

According to Blinder (2009), the bank should reveal enough about its analysis,
actions and internal deliberations so that every interested person can under-
stand each of monetary decisions. There are at least four recipients of central
bank talks — the markets, the media, the politicians, and the broad public — to
whom the message has to be clear and consistent. If there are some discrep-
ancies in communications, it can lead to severe damages; we will discuss them

later.

Now, let us answer the three questions mentioned above one by one. In
the following section, I am presenting the reasons why central banks should
communicate in a loud and clear voice, what they should and should not say

and how their communication should be done.
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2.3. Why, what and how

2.3.1. Why

Central banks directly control a single short-term interest rate, 2W repo rate in
the case of the CNB. That is why this short-term one can be used as a lever to
influence more important asset prices and yields (stock prices, government and
corporate bond yields, mortgage rates). Central bank influences expectations
of future short-tem rates, ¢, ; in eq. (2.1), which, in turn, influence long-tem
rates and other financial-market prices (e.g. bonds), R; in eq. (2.1). These
prices then influence other macroeconomic variables (e.g. inflation oroutput).
This allows the central banks to influence the overall course of the economy
(Bernanke 2004).

From a basic financial theory, we know that there is a link between short-
term interest rates and longer-term rates (e.g. Treasury bond yields, mortgage
rates). The link is based on the market expectations about the future short-
term rates. For example, Bomfim (2003) demonstrated that the shape of the
term structure of Treasury yields can be effectively described by a two-factor
model: the first factor corresponds to the current setting of the funds rate
and the second factor closely approximates expectations of a medium-term

monetary policy.

As described in the previous paragraph, interest rates on longer-term
instruments should reflect the expected sequence of future overnight rates. So,

the n-day rate should be, approximately:

1
Rt = Oy + g : (Tt + rte+1 + rf+2 + ...+ Tf+n71) + E1t, (21)

where 7y is the current overnight rate, ry,; is today’s expectation of tomorrow’s
overnight rate (and so on for ¢ + 2, ¢t + 3, ...), a,, is a term premium and the

error term €q; indicates that the term premium might be stochastic.

Equation (2.1) describes the ezpectations theory of the term structure.
Although the theory explains the simultaneous movement of rates, and also the
relationship between the long and short terms well, it does not say anything
about why the yield curve has an upward slope most of the time, that is, why

longer term maturities command a higher interest rate in comparison to the
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short term.!

This theory is sometimes used to explain the yield curve but it has proven
to be inaccurate in practice as interest rates tend to remain flat when the yield
curve is normal. In other words, expectations theory often overstates future

short-term interest rates.?

Benefits of communication

Andersson et al. (2006) state that financial markets react to information on
the outlook provided by central banks. This is because central banks usually
give a lot more resources to forecasting and estimating of the underlying state
of economy than a private sector forecasters. Kohn & Sack (2003) argue that
private agents do pay bigger attention to economic pronouncements of their
central bank, especially if the bank is credible and is established as an effective

forecaster.

Since we all are living in a non-stationary world, where learning is natural,
and where there is either non-rational expectations or asymmetric information
between a central bank and general public, the central bank communication
counts. The real world is changing constantly. That is why learning by and

about the central bank never ends.

Therefore, learning about the central bank communication is a crucial
factor. The public has to learn about parameters the central banks are using
in their calculations. Bernanke (2004) points out that the adaptive learning in
macroeconomics plays an important role as learning changes the “nature of the
optimal monetary policy” (p. 4). He also adds that “communication by central

bank may play a key role in helping to improve economic performance”.

The essential message that any central bank should express to the public
is its policy regime — what is trying to achieve, how it goes about doing so and
its probable reactions to the contingencies that are likely to occur. Of course,
we need to have in our mind that no central bank can express in advance its

reactions on every contingency nor to reveal every details about its operations.

1 According to: http://www.forextraders.com/, retrieved Dec 31, 2012
2 According to: http://www.investopedia.com/, retrieved Dec 31, 2012


http://www.forextraders.com/forex-analysis/forex-fundamental-analysis/pure-expectations-theory.html
http://www.investopedia.com/terms/e/expectationstheory.asp
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Downside to communication

On the other hand, a lot of authors also express the disadvantages of com-
munication. Bernanke (2004), for instance, warns that a lot of information is
not always better. Blinder et al. (2008) add that poorly designed or poorly
executed communications can do more harm than benefit. This is because ir-
relevant or badly communicated information may create more noise, and can

even compromise the integrity and quality of policy-making process itself.

Communication can be undesirable and damaging under certain circum-
stances. Ehrmann & Fratzscher (2009) define the purdah® period and they
show that any communication during this period leads to an excessive market
volatility. This period differs in time span but can be defined as “some time
before policy meetings or other important events and some time after”. For
Federal Reserves, they established its period to be 7 days before and 3 day af-
ter Federal Open Market Committee meetings, as well as before the chairman’s

semiannual testimony to Congress.

The “cacophony problem”, see Blinder et al. (2008), arises when monetary
policy decisions are announced by a committee rather than by a single person
because too many voices might confuse rather than enlighten the public —

especially when these messages are conflicting.

Reasons for communication

The central banks’ mandate is first and foremost to achieve price stability. The
process started with the Reserve Bank of New Zealand in 1989 and has spread to
countless central banks (Blinder et al. 2001). Central banks can control interest
rates only at the shorter end of the maturity spectrum, but monetary policy
affects the economy through its impact on the longer-term interest rates as
well as on asset prices and exchange rates. The link is the market expectations
working through the term structure of interest rates: transmitting the central

bank’s command to the economy.

Communication really matters (Blinder et al. 2001). The same authors
state one concrete example: from early 1996 to mid-1999 in the USA. Because

of the Fed’s greater openness, the bond market began to anticipate the central

3 The word “purdah” originally comes from Urdu and Hindi, and literally means “curtain,”
referring to the practice of preventing men from seeing women (see, e.g., Wikipedia,
http://en.wikipedia.org/, Dec 31, 2012).


http://en.wikipedia.org/wiki/Purdah
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bank’s actions better than it had in the past. Fed left the federal funds rate
virtually unchanged, but bond rates were moving up (when it looked like the
economy was in danger of overheating) and down (when it looked like there
was little such danger). Thanks to Fed’s communication, the bond market was
doing the Fed’s work for it.

2.3.2. What

Different groups are interested in different messages provided. The commu-
nication takes different forms in different times and places. A central bank

generally talks about at least four aspects of monetary policy:
1. the overall objectives and strategy,
2. the motives behind a particular policy decision,
3. the economic outlook,

4. future monetary policy decisions.

Talking about objectives and strategy

First, and perhaps foremost, central banks need to make clear their long-run
objectives. An independent central bank should be given a clearly-defined
mandate by its government (Blinder et al. 2008). A central bank should provide
theirs quantifications, at least for two reasons. First, numerical targets help
to maintain accountability. Second, a quantitative objective helps to formulate

expectations of economic agents.

Economic agents do not have to know the precise policy rule a central
bank uses for its own calculations. Instead, agents learn about this rule by

watching what the central bank does and listening to what is says.

Talking about methods

Central banks should reveal a great deal about their methods — including their
forecasts, the models used to derive them and to explore alternative policies,

and the precise methods of implementing policy changes.
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Talking about forecasts

Forecasts are any forward-looking information that central banks provide. It
can consist of central bank’s assessment of future inflation and economic activ-
ity as well as future monetary policy decisions. Central banks differ in opinions

whether and how they communicate such information.

Periodic reports typically provide their assessment of expected future in-
flation. This holds for inflation targeting central bank. However, central banks
that are not targeting inflation also release their inflation forecasts (Bulit et al.
2008, Cesk4 Narodni Banka 2004).

Central banks should reveal at least the broad contours of their forecasts
(e.g. the paths of major variables like output, employment and prices) as often

as those forecasts are made.
There are three reasons for publishing forecasts:

1. information should be revealed unless there is a persuasive reason to
withhold it,

2. monetary policy is apt to work better when a central bank keeps markets

better informed,

3. the central bank can explain its actions to the public better by using the

forecast as a background for its decisions.

Talking about models

Most central bank watchers will care only about the bank’s basic view of how
the economy works and how it thinks monetary policy affects output and prices.

Well-chosen words supplemented by a few key numbers may be sufficient.

Talking about decisions

Prompt and clear announcements of monetary policy decisions can lower the
noise by creating news and eliminating any potential guessing on the side of

economic agents.

All decisions should be publicly announced as soon as they are made,
with no informational advantage to select ’insiders’. The next step would be
to publish conditional plans for future monetary policy. However, hardly any

central banks formulate such plans, even for internal use.
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2.3.3. How

The most important thing is whether monetary policy decisions are made by a
single individual, or as it is increasingly the norm, by a committee — and if by a
committee, whether decisions are presented as achieved by consensus (collegial
committee) or by individuals voting for their own preferences (individualistic

committee).
Central banks can use different types of communication:
1. statements — issued shortly after the meeting
minutes — following statements some week later with a fuller explanation

forecasts

-~ W

'bias’ statements
5. speeches — purpose ought to be to enlighten rather than befuddle

Collegial committees should strive to convey a consistent message. Emit-
ting a conflicting signal may confuse markets, making the central bank less

transparent.

Individualistic committee should air their differences of opinions in public
as required by transparency. Hearing conflicting view may of course confuse
central bank watchers. But, in an individualistic committee, the cacophony of

voices is part of the underlying reality.

2.4. The Czech National Bank

The Czech National Bank’s role and powers are described in Act No. 6/1993
Coll. on the Czech National Bank of 17 December 1992*. Another source for

this section is the CNB’s website® (hereinafter “the website”).

The primary objective is to maintain a price stability. It should also
oversee the stability of the financial system, ensure smooth circulation of money
and smooth payments and support the balanced and smooth development of
the Czech financial market®. To fulfill the primary objective, the CNB is given
the right to set monetary policy of the Czech Republic.

4 Available online at www.cnb.cz/en/legislation/acts/download/act_on_ cnb.pdf, Accessed
March 9, 2013.

® Visit: http://www.cnb.cz/, accessed March 9, 2013.

6 See: http://www.cnb.cz/en/about__cnb/mission.html, accessed March 11, 2013.


http://www.cnb.cz/en/legislation/acts/download/act_on_cnb.pdf
http://www.cnb.cz/
http://www.cnb.cz/en/about_cnb/mission.html
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The supreme governing body is the Bank Board” of the Czech National
Bank. It sets monetary policy and the instruments for implementing this policy,
and decides upon the fundamental monetary policy measures of the Czech
National Bank and measures in the area of financial market supervision. This
Bank Board has another functions such as approving the budget of the CNB and
so on, see Article 5 of the Act for more information. The Bank Board consists
of seven members, comprising the Governor of the Czech National Bank, two
Vice-Governors of the Czech National Bank and four other members of the
Bank Board of the Czech National Bank who are appointed for a term of six
years and relieved from the office by the President of the Czech Republic. For
the list of current members of the CNB Bank Board see the website®.

2.4.1. CNB’s communication

I have already discussed the issue of the central bank communication in section
2.3 of this chapter. In order to reach a high level of accountability, an indepen-
dent bank must also be transparent. This is achieved mainly by communicating

several types of information, see subsection 2.3.2.

Generally, the CNB Bank Board meets eight times a year®, exceptionally
at extraordinary meetings. These meetings are planned at the beginnings of
February, May, August and November and at the ends of March, June, Septem-
ber and December. During the meeting it is decided on whether there should
be an increase, decrease or no change to two-week repo rate. The results of
the votes are made public at 1 p.m., and at 2.30 p.m. there is a press confer-
ence. At the press conference, the CNB releases the ratio of the votes cast, a
brief digest of the information which the Bank Board based its discussion on,
and a list of the risks pertaining to the current forecast according to the Bank
Board members. At around 3 p.m., the presentation given at the press confer-
ence is made public. Since May 2007, the CNB provides audio recordings, and
since December 2009, it provides also videos from the press conferences on its

website, usually one hour after the press conference.

Minutes, a brief description of Bank Board’s discussion, are made public

eight days, in average, after the meeting. Since 2008, minutes state names of

7 http://www.cnb.cz/en/about_cnb/bank_board/, accessed March 11, 2013.

8 http://www.cnb.cz/en/about_cnb/bank_board/bank_board _members/index.html, ac-
cessed March 11, 2013.

9 This holds since 2008, before that they used to meet every month.


http://www.cnb.cz/en/about_cnb/bank_board/
http://www.cnb.cz/en/about_cnb/bank_board/bank_board_members/index.html
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Fig. 2.2: The CNB and its inflation target: fulfillment and forecast

October—-December 2012
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(a) Fulfillment of the inflation target of CNB in the period
from March 2011 to March 2013
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(b) The CNB’s forecasts for inflation at the monetary policy
horizon, published in February 2013

Source: Inflation Report IV /2012, sekce Ménové politiky CNB

the Board members and their decisions about the interest rate changes. For

more information on minutes, see Apel & Grimaldi (2012).

Detailed transcripts of the monetary Bank Board meetings and the inputs
for the Bank Board’s decisions on monetary issues (the Situation Report on
Economic and Monetary Developments and the Monetary Policy Recommen-

dation) are published six years later (available in the Czech version only).

The CNB also publishes a lot of publications and these are also available
online on its website. The Inflation Report is without any doubts the most
important document. It is published four times a year (February, May, August

and November). Section I of the Inflation Report is a summary, section II


http://www.cnb.cz/cs/menova_politika/zpravy_o_inflaci/2012/2012_IV/
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contains a description of the Czech National Bank’s new quarterly macroeco-
nomic forecast, and section III presents its assessment of past economic and
monetary developments. The inflation forecast and the assumptions underly-
ing it are published with the aim of “making monetary policy as transparent,

comprehensible, predictable and therefore credible as possible”.

The CNB also releases publications on Monetary policy (Inflation reports,
Central bank monitoring and Global economic outlook), on Financial stability
(Financial stability reports, Stress testing), on Supervision (Financial market
supervision reports) and also its Annual reports (Financial and Annual Reports
and Financial statements). Apart from publications, the CNB also provides
press releases, different presentations and interviews provided by the employees
of the CNB, all is available on the website.

2.4.2. Policy instruments

As it has already been mentioned, the CNB’s primary goal is to maintain the
price stability, and since 1998 it is done by inflation targeting. Until April 2001,
the inflation target was represented by net inflation. Since then, it is repre-
sented by a growth in consumer price index (CPI) and by a target trajectory

in a continuous band.

On fig. 2.2a), there is the development of the inflation since December
2010. Inflation was in the tolerance band of 2% £ 1%. We can see that in
December 2011, the inflation crossed the 3% border and was about it until
November 2012. In December 2012, the inflation was slightly about 2 %. The
forecast of inflation development, fig. 2.2b), expects that the inflation will be

in the tolerance band.
Here, I present the main instruments the CNB is using for monetary policy:

> Open market operations
Open market operations are used for steering interest rates in the econ-
omy. They are mostly executed in the form of repo operations. According
to their aim and regularity, they can be divided into the following cate-

gories:

o The main monetary policy instrument takes the form of repo tenders,
i.e. a sale and repurchase agreement backed by a collateral. The

basic duration is 14 days (2W repo rate).
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o The supplementary monetary instrument is the three-month repo
tender, when the CNB is accepting liquidity for a three-month pe-

riod.

o Fine-tuning instruments (foreign exchange operations and securities
operations) are used to smooth the effects of unexpected liquidity

fluctuations on interest rates.

> Automatic facilities

Automatic facilities are used for providing and depositing liquidity overnight.

o The deposit facility is a non-collateralized standing facility used by
banks to make overnight deposits. The deposits are re-numerated
at the discount rate, which generally provides a floor for short-term

interest rates on the money market.

o The marginal lending facility provides banks with overnight liquidity
from the CNB in form of repo operations. The interest rate applied
to this facility is the lombard rate, which is a ceiling for short-term

interest rates on the money market.

> Extraordinary facilities
Introduced in August 2008, extraordinary liquidity-providing repo oper-
ations with two-week and three-month maturities are aimed at “fostering
the functioning of the government bond market”. Since January 2011,

the liquidity-providing repo operation with two-week maturity remains.

> Minimum reserves
Every bank, building society and foreign bank branch that has a banking
license in the Czech Republic or intends to operate in the Czech Republic
on the basis of the “Single License” has to put a specified volume of liquid
funds on its account with the CNB.



Chapter 3
Analysis of the volatility

In this thesis, I am going to analyze the impact of the CNB communication
on the 3M PRIBOR rate and the Czech 10Y bond yield volatilities. Now,
I would like to talk about the PRIBOR reference rate. The CNB publishes
the PRIBOR rates' on its website. PRIBOR is the abbreviation to Prague
InterBank Offered Rate. It represents the interest rate at which banks provide
loans to each other in the Prague interbank market (well-known examples of
similar types of interest rates are e.g. LIBOR or EURIBOR).

The PRIBOR is fixed on a daily basis, generally in the morning. The
CNB has its own rules for a fixing of reference interest rates?. The article 6 of
these rules states the process of calculation of reference interest rates. To make
long story short, the reference banks (there are 7 banks eligible to submit the
quotations for the calculation) submit the quotations and the calculation agent
(Czech Forex Club) calculates the mathematical arithmetic mean rounded to

the nearest hundredth for different maturities (from overnight to 1 year).

3.1. Methodology

3.1.1. Concept of stationarity

Definition 1 (Stationary Time Series). A time series {z;} is said to

be strictly stationary if the joint distribution of {ry,...,r, } is identical to

! Available on the CNB web page: http://www.cnb.cz/en/financial _markets/money market/,
accessed March 26, 2013.

2 For more information see the document “Rules for reference banks and the calculation
(fixing) of reference interest rates (PRIBID and PRIBOR)” from May 2006, available
online: http://www.cnb.cz/en/financial _markets/regulations/, accessed March 26, 2013.


http://www.cnb.cz/en/financial_markets/money_market/pribor/index.html
http://www.cnb.cz/en/financial_markets/regulations/download/PRIBOR_rules_06_en.pdf
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{rth, e Ttk+t} for all ¢, where k is an arbitrary positive integer and (¢1, ..., )
are positive integers. A time series {x;} is said to be weakly stationary if both

mean of x; and covariance between x; and x,_; are time-invariant:

E {xt} = M
var{z;} = vy < o0,
cov {$t, iUt—l} = "

g

In other words, the stationarity requires a distribution of time series to
be constant under a time shift; weak stationarity, which is assumed more often,
requires only a fluctuation with a constant variation around a constant level.
If a time series process is non-stationary, it is often difficult to analyze it by a

simple model.

We need to care about stationarity for different reasons. The most impor-
tant one is that non-stationary time series influences its behavior and proper-
ties; persistence of shocks will be infinite. Moreover, the standard assumptions

and thus testing are not valid for non-stationary series.

In most cases, a non-stationary time series has a trend. Regressing a
trending variable against another one, for example against time, leads to a
regression we call a spurious. It suggests a strong statistical relationship where,
in reality, no economic relationship may exist. What are the tests to reveal non-

stationarity?

The first type of tests is an informal procedure. It consists of a visual
identification of a mean and variance that are fixed in time. The second type is
based on the fact that the value of the autocorrelation function of a stationary
series falls as the number of lags becomes large. The Ljung-Box Q-statistics is
tested against the null hypothesis that the autocorrelation coefficients are zero.
Unit-root tests are the third type that try to estimate whether p in an AR(1)
process Y = pyi_1 + &¢ is strictly less than one or not. In the following text, all

the tests are described.

Definition 2 (Autocorrelation with lag k). The k-th order autocorrelation

coefficient is defined as
. cov{xy, i1} _ 0
var {z;} Yo
The autocorrelation function (ACF) at lag k describes the level of in-

terdependency (correlation) between series values that are k intervals apart.
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The autocorrelation is tested by the Portmanteau test with the null hypoth-
esis Hy : pr = 0 against alternative 'Hy, where pi, k = 1,..., K, represents

autocorrelation of random error of the model for a lag k. Test statistics is

with y? distribution with (K — p — q) degrees of freedom.
Another test is e. g. Ljung-Box test described by

b

k

n—=k’

h
LB=n-(n+2)-)
k=1

where n is the number of observations, h is the number of lags under test, k is
the current lag and p3 is the autocorrelation at the current lag. The null states
that the data are independently distributed.

Example (Random walk). The random walk is a time series y; for which

Yt = Yi—1 t+ €,

where E{e;} = 0, var{g;} = 02 and E{g;e,} = 0, for ¢ # s. Even though
E {y;} = 0, the random walk is not stationary, because var {y;} =t - 02, i.e.
variance is time-dependent. In order to make the random walk process station-

ary, we can first difference this process:
we = Ay =y — Y1 = €4,

where w; is a stationary process since ¢; is assumed to have a constant mean
and variance, i. e. to be independent of time. The process for ¢; is an important
building block of time series models and is referred to as a white noise process.
The presented random walk is without a drift. If we want a drift in the process,

the y; series would be

Yt = B+ Y1 + &,

where g; is a white noise and p is a drift. Figure 3.1 presents the random walks
without (a) and with (b) a drift. d

Definition 3 (Testing for unit roots in a first order AR model). Let y,
is AR (1) process, y; = 0 + 0y;_1 + €, where 6 = 1 corresponds to a unit root.
We will use the Dickey-Fuller test with the null hypothesis that 8 = 1, i.e. the
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Fig. 3.1: Examples of random walk processes
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(a) without a drift: y; = yi—1 + ¢ (b) with a drift: ys = g+ yi—1 + &, 1 =0.25
Source: Own simulations, Mathematica 9.0.1.0

null hypothesis is that the series y; is not a stationary series. We define the

Dickey-Fuller statistics as
0—1

SE(0)’
where SE (é) denotes the usual standard error. The 1% and 5% critical values
for the Dickey-Fuller test can be found e.g. in Verbeek (2008, p. 269). O

Testing for unit roots in higher order AR model is obtained by a extending
the Dickey-Fuller test procedure. We then perform so-called augmented Dickey-
Fuller tests (ADF tests).

Definition 4 (Lag operator). The lag operator, denoted by L, is defined by
prt = Tt—p,

with p being an integer. O

Definition 5 (Lag polynomial). The polynomial
® (L) = (1= pL - pol? — ... = p,L7)

is called the lag polynomial. O

3.1.2. ARIMA

For modeling data series, we use two common concepts of conditional mean —

the autoregressive model, AR, and the moving-average model, M A.
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AR model

The AR (p) process is described by

p
Yo =AY pi Ymi + €, (3.1)

i=1

where p is the lag parameter of the observed variable, y; is the random observed
variable at time ¢ depending on the previously realized values of y;_;, p; is the

parameter, u is the mean and ¢, the white noise.

We can write a general AR (p) as
O (L)ye = p+ e,

where @ (L) is a lag polynomial.

Proposition 1. The AR (p) process is stable (stationary) if the roots of the lag
polynomial lie outside the unit circle, i. e. if all roots of the equation (3.1) are

less than one in modulus. O

MA model

The M A (q) process is described by

q
Y=+ 0; i +ey, (3.2)

=1

where ¢ is the number of lags of the error term, y,; is the random observed
variable depending on the previously realized values of error term ¢;_;, 6; is the

parameter, j is the mean and ¢, is the white noise.

Equivalently, using the lag operator, M A (¢q) process can be written as
yo—p=(1+0L+0,L7+...,0,L") e, =0 (L)e.
Proposition 2. A MA (q) is stationary for every sequence {0,}7_, . O

M A (q) models are always weakly stationary, because they are a finite

linear combination of a white noise with E{y;} = p, .
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Theorem 1. The M A (c0) is stationary if the coefficients are absolute summable,
i e if
=0

ARMA model

ARM A model combines AR and M A models into a compact form, eq. (3.1)
and (3.2), respectively. The ARM A (p, q) process is given by

p q
Yt :H+Zpi'yt—i+29i'5t—i+5t- (3.3)

i=1 i=1
ARM A (p, q) model can be rewritten as
O (L)y: =p+0O(L)ey.
Proposition 3. The ARM A (p, q) model is stationary provided the roots of the

O (L) polynomial lie outside the unit circle. O

ARIMA model

We are about to add a parameter d representing the order of integration.

Definition 6. A process is said to be integrated of order d, I (d), if it becomes

stationary after being differentiated d times. Il
ARIMA (p,d, q) model written using a lag operator is
® (L) A%, = O (L) e,

where A? means that a series 1 has been differentiated d—times. If Ay, is
described by a stationary ARM A (p, q) model, we say that y, is described by
an autoregressive integrated moving average model of order p, 1, ¢, or in short
an ARIMA (p,1,q) model. If we need to differentiate a series d—times, then
we speak about an ARIM A (p,d, q) model.
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3.1.3. ARCH family of models

As the financial data time series show heteroskedasticity, Akgiray (1989), a
model dealing with conditional heteroskedasticity must be used. Bollerslev
(1986) introduced the general autoregressive conditional heteroskedasticity,
GARCH, model which is a generalization of the autoregressive conditional
heteroskedasticity, ARC H, model originally presented by Engle (1982), the

2003 Nobel prize winner?.

ARCH model

The ARC H (q) model consists of a mean equation (y;) and a variance equation
(ht):

Y = 5t\/;t

q
ht = Qo+ Z (673 6?7“ (34)

=1

where ¢ is the length of the ARCH lags, € terms are independent, standard
normal variables with & ~ N (0, h;), ag > 0, o; > 0 and h stands for variance®.
If 37, «; < 1, the process is weakly stationary with constant unconditional

variance
2 Qo

0" = ————
q
L= o

From (3.4), one can see that the ARC'H determines the error variance
at time t according to the information known at time ¢ — 1, i.e. the value
is conditional on past information. The ARCH can deal with the inherent
uncertainty associated with different forecast periods. The ARC'H therefore

allows the variance to change over time and be predicted by past errors.

Engle proposed the Lagrange Multiplier test, the ARCH-LM test, to af-

firm the presence of the conditional heteroskedasticity. This test is proceeded

3 The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel 2003 was
shared by two econometricians. Robert F. Engle III received it "for methods of ana-
lyzing economic time series with time-varying volatility (ARCH)" . Clive W.J. Granger
was acknowledged "for methods of analyzing economic time series with common trends
(cointegration)'. Source: http://www.nobelprize.org/, Accessed March 8, 2013.

4 Generally, the variance is denoted by o2. Notation h is the standard notation for financial
series. Further in the text, these two notations are considered to have the same meaning.


http://www.nobelprize.org/nobel_prizes/economics/laureates/2003/
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as follows (Engle 1982, p. 1000):
1. Run the OLS regression® and save residuals.

2. Regress the squared residuals on a constant and p lags and test TR? as
a Xf,.
Under the null hypothesis, oy = oy =--- = a, =0, i.e. no ARCH effect. This

test is already incorporated in almost every econometric software.

Choosing the best fitting model, we have to rely on our professional judg-
ment and experience. There is no clear way what is the best model like. Gener-
ally speaking, we have information criteria or log-likelihood. We need to satisfy
a parsimony, low information criteria or high log-likelihood and the estimated

parameters should be significant.

GARCH model

The GARCH extends the ARC'H in a way that allows for both lags in con-
ditional variance and a more flexible lag structure. The GARCH (p, q) is de-

scribed as

g n~ N(O, ht)
q p
h,t = o+ Z (073 5?_,5 + Z ﬁz : ht—j7 (35)
i=1 Jj=1

where p > 0 and ¢ > 0 are lengths of the GARCH and the ARCH terms,
respectively, ag > 0,0 > 0,0 =1,...,gand 3; > 0,5 =1,...,p. For p =0 the
process reduces to the ARCH (q) process.

The GARCH (p, q¢) model is stationary with a finite variance if 37 a; +

"_1 B < 1. If this condition is not fulfilled, we should use an iterated
GARCH, IGARCH, where we apply the substitution f = (1 —«) in eq.
(3.5). The closer to 1 this summation is, the higher a persistence of shocks in

volatility is.

Diagnostic checking of the fitted GARC H model, the estimation should
follow, as in the ARCH,

5 Ordinary Least Squares regression
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> the best model minimizes Akaike Information Criterion, AIC, Schwarz

Information Criterion, SIC, or Bayesian Information Criterion, BIC,
> there should no longer be any significant volatility clustering,
> parsimony and significance of coefficients.

The GARCH model as well as its extensions is very flexible and we can in-
clude external regressors relevant to the volatility modeling into either mean or
variance or both equations. In practice, the GARCH (1, 1) specification often
performs very well (Verbeek 2008, p. 299).

GARCH extensions

The GARCH can deal with common financial data time series characteristics
such as thick tails and volatility clustering but it has its disadvantages, Jansky
& Rippel (2011). Therefore it is suggested to use different models that take into
consideration asymmetries in volatility of return. The exponential GARCH,

EGARCH, model by Nelson (1991) and the threshold GARCH, TGARCH,
model by Zakoian (1994) belong to the most popular models.

The TGARCH (1,1) is defined as

07 = w+ ity + 71 U L, <o)+ 1074, (3.6)

where I() denotes an indicator function which equals 1 for past innovations
with a negative effect. Asymmetric effect is covered by the TGARC H model
it vy > 0.

The EGARCH (p,q) is defined as

Ino? = &'z + i [ozi <|5t_i| — \/2/7> + %z—:t_l} + iﬁj In (af_j) ) (3.7)

i=1 j=1

In estimating the central bank communication effect, I will follow the

structure proposed by Horvath (2012):
1. Fitting ARIM A model for the time series. Then check, whether the

residuals resemble the white noise process. If they do, the model was

chosen correctly.

2. Testing for the GARCH effects presence in residuals from the ARIM A
model using the ARCH-LM test.
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3. Estimating the GARCH model and plot the generated variance series

against the residuals.

3.2. The data set

In the following section, I will describe the data set used in this thesis. I
use EViews® for the data analysis and further for their modeling. The data
were mainly downloaded from the CNB website as it is considered as the main
source of information for financial markets for the period from January 2007 to
December 2012. The data for the Czech 10-year bond yield were downloaded

7

from the Stooq.com’. I have collected a total of 1496 observations of daily

data.

The main interest is to investigate the effectiveness of central bank com-
munication and therefore the use of daily data are justified (Jansen & De Haan
2006). The absorption of provided information in the communication takes
time. Evans & Lyons (2005) provide evidence that currency markets are not
responding to news instantaneously but it may take several days until the news

are fully incorporated.

In the text below, I provide a basic description of the used data. PRIBOR
and Yield10Y are the dependent variables, the remaining variables are ex-

planatory. The description is given in tab. 3.1.
DEPENDENT VARIABLES:

PRIBOR; daily data on three-month PRIBOR, Prague InterBank Offered
Rate. It is the interest rate at which banks provide loans to each

other on the Czech interbank market.
Yieldl10Y; Czech 10 year bond yield
EXPLANATORY VARIABLES:

IR, dummy variable describing the release of the Inflation Report:

1 on all days the Inflation Report is released,
IRt -
0 otherwise.

6 EViews 6, Enterprise Edition - Jun 3, 2008 build.
7 Available at http://www.stooq.com/q/?s=10czy.b.


http://www.stooq.com/q/?s=10czy.b
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minutes; dummy variable describing the munder certain circumstancesinutes:

. 1 on all days the minutes are released,
minutes; =

0 otherwise.

comments; dummy variable showing whether there was a comment on the day

or not. Comment is defined here as the oral or written expression
of the member of the Bank Board concerning the interest rates,
economic outlook, inflation or the exchange rate. These data come
from the CNB website (“Media service — Interviews, articles” and
“Media service — Speeches, conferences, seminars — Speeches”):

1 on all days comment is made,
comments; =

0 otherwise.

direction; dummy variable capturing the direction® of the comment:

timing;

+1, positive comment,
direction; = ¢ —1, negative comment,
0, otherwise.

describes the influence of the Bank Board comment that is stronger
as the comment appears nearer the date of Bank Board meeting. A
comment that occurs on the day of the Bank Board’s meeting has
value of 45, the comment from previous day has a value of 44, value
of 43 on two days before the meeting and so on’. In consequence,

comments closer to monetary policy meeting get greater weight.

In their paper, Rozkrut et al. (2007) used the comments of all members as

well as separately by the governor. They also assigned different value to the

statements (+1 for statements in favor of monetary policy or stronger economic

outlook, and —1 for statements signaling easing of monetary policy or weaker

economic outlook).

In this thesis, I do not just put unity value to the day of the relevant

comment, but I also value the direction of the comment, i.e. whether it is a

positive comment (+1), meaning enhancing the economic outlook, or whether

it is a negative comment, meaning worsening of the situation (-1). I do not

8 “Positive comment” represents the improved economic outlook or inclination of tightening
monetary policy and “negative comment” represents the weaker economic outlook and
inclination of easing monetary policy. I am aware that the coding of this variable is, to
a certain extent, subjective and I therefore exclude this variable from some regression
specifications to evaluate the stability of our results.

9 The value of 45 is decided on the fact that the Bank Board’s meetings are held eight times
a year. There are 360 days a year, so 360 < 8 = 45.
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Tab. 3.1: Descriptive statistics

PRIBORy Yieldl0Yy comments; minutesy; timingt IRt

Mean 2.13 4.04 0.11 0.04 3.98 0.02
Maximum 4.52 5.42 1.00 1.00 45.00 1.00
Minimum 0.50 1.84 0.00 0.00 0.00 0.00
Std. deviation 1.16 0.77 0.31 0.18 10.25 0.13
Skewness 0.62 -0.74 2.56 5.08 2.51 7.70
Kurtosis 1.90 3.29 7.53 26.81 7.94 60.35
Observations 1496 1496 1496 1496 1496 1496

Source: Own calculation

Tab. 3.2: Correlation matrix among communication variables

comments; minutes; timing; IRy

1.00 -0.01 0.67 0.15 comments;
1.00 -0.05 -0.02 minutes;
1.00 -0.01 timing
1.00 IRy

Source: Own computation

distinguish the comment according to who provided that comment (a regular

member or the governor).

Contrary to Kohn & Sack (2003) or Reeves & Sawicki (2007), I am not
modeling any surprise component of the communication. At the end of the
Conclusion, there is a list of possible changes to the model and suggestions for

further research.

Table 3.1 provides a descriptive statistics of key variables. Several is-
sues are noteworthy. Czech central bank communication occurs on about every
tenth day on average. Minutes occur more than monthly, as the frequency of
monetary policy meeting is more than monthly (there are in average 8 Bank
Board meetings a year). Inflation reports are published 4 times a year, approx-

imately in the same period each year (February, May, August and November).

Table 3.2 provides the correlation between variables. We can see that
there are no strong connections between variables. Correlations close to &1 rep-
resent strong relationships; correlations close to 0 mean small relationship. Al-
most all the correlation are close to zero. Only correlation between comment,
and timing; is almost 0.67. This means that there is some positive correla-
tion, indeed. But since the value is not close to +1, the relationship is not

strong. Therefore, we are not tied up by the multicollinearity problems when
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Fig. 3.2: Frequency of the CNB communication before the Bank Board meeting
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meeting. Legend to the graph: “-1” for a day before the meeting (Wednesday), “-2” for two
days before the meeting (Tuesday), “-3” for three days before the meeting (Monday), “-4”
and “-5” are four and five days before the meeting (Sunday and Saturday), respectively, etc.

Source: Own computation

estimating the model.

Figure 3.2 presents the frequency of central bank communication. As the
monetary policy meeting is typically held on Thursday, the results indicate that
the frequency of communication is much lower in the week of the monetary
policy meeting is held (see the frequencies on the days 1-3 in fig. 3.2). There
is a rare communication during the weekend; occasionally there were some
comments made during Sundays when a member of Bank Board was talking in
a television discussion show “Otdzky Vaclava Moravce”!?, but this happened
mainly in 2009 during the crisis (3 comments in total). Another finding is that
there were more comments about the economic outlook and reactions of rates
to the economic crisis. The communication is most intense a week (days 6 —
10), two weeks (days 13-17) and three weeks (days 20-24) before the policy

meeting.

This finding is analogous to the evidence of the Bank of England, Euro-
pean Central Bank and the U.S. Federal Reserve (see Ehrmann & Fratzscher
2007b), where communication is more common, as the meeting comes closer.
On the other hand, in contrast to these central banks, the CNB communication
is not frequent after the monetary policy meeting (days 30-45 in fig. 3.2). I
suppose that this reflects the fact that the CNB puts more effort into explain-

ing their interest rate decision and risk scenarios at the press conference just

10 The Czech discussion show broadcasted since January 2, 2005, every Sunday at 12 o’clock
on CT1 channel, available online: http://www.ceskatelevize.cz/ivysilani/
1126672097-otazky-vaclava-moravce/


http://www.ceskatelevize.cz/ivysilani/1126672097-otazky-vaclava-moravce/
http://www.ceskatelevize.cz/ivysilani/1126672097-otazky-vaclava-moravce/
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Fig. 3.3: Frequency of communication around meetings
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Notes: The first three figures are from Ehrmann & Fratzscher (2005), last one is my own
own computation. Horizontal axes in the first three pictures represent the aggregation of
data from four days (i.e. bar “-1” contains days 4, 3, 2 and 1 before a meeting, “1” contains
days of 1, 2, 3 and 4 after a meeting, and so on). Last figure states the day of the meeting

(“0”) and days before (descending order) and after (ascending order).
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Fig. 3.4: Distribution of comments (direction;)
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further explanation.

Source: Own processing

after the monetary policy meeting was held.

Another figure, fig. 3.3, represents the frequency of communication be-
fore and after the meeting of (from top) the Federal Reserve’s FOMC, the Bank
of England’s MPC, the European Central Bank’s Governing Council and the
CNB’s Bank Board. We can see that there is a common communication be-
havior of these four banks. They talk a lot approximately fifteen days before
the meeting with the decreasing tendency as the meeting comes closer. On the
other hand, there is a small frequency of talks in the following two weeks after

the meeting.

Figure 3.4 provides an overview of the distribution about the monetary
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Fig. 3.5: PRIBOR; plots
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Fig. 3.6: Yield10Y, plots
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policy inclination and the economic outlook (variable direction;) over the
whole period of 2007 — 2012. The communication intensifies in the period of
changes, specially in the period 2008 — 2009. On the other hand, the commu-

nication is low in periods of small or no changes, period 2010 — 2012.

Figures 3.5 a) and 3.6 a) show time series plots of PRIBOR; and Yield10Yy,
respectively. It is obvious that the series are not stationary from both the
graphs. This finding is also confirmed by the Augmented Dickey-Fuller test
with p-values of 0.59 and 0.52, respectively. Therefore I calculated the log re-
turns'!. These are shown on fig. 3.5 b) and 3.6 b). All the famous “stylized
facts” are present on these returns plots, e.g. a volatility clustering or a lep-
tokurtic distribution. ADF tests confirm the stationarity with p-values lower

than 1 %. For complete tables of these tests see appendix B.

3.3. The model

In this section, I will firstly define the used models. 1 will try to provide an
answer to what effect the Czech National Bank’s communication has on the

volatility of the interest rate.

It follows from the definition of our variables capturing the central bank
communication that we focus on whether the central bank talk to the mar-
kets rather than on interpreting the content of its communication. Therefore,
the central bank communication variables are included only in the variance

equation and interest rate is assumed to follow random walk.

The central bank communication variables such as the dummy variable
for the publication of inflation report do not affect the mean equation but only
volatility equation. Clearly, adding these dummies into the mean equation
makes no sense. However, it makes sense to include the variable direction,
into the mean equation given the definition of the variable — communication
good outlook for the economy is likely to increase the interest rate. This is a

standard approach in the literature.

As it is also a standard approach in volatility modeling, I use the GARC H
model and its extensions. In the variance equations, I estimated different types
of the CNB communication one by one, specifications (1) — (3), then their pairs,

specifications (4) — (6). After that I estimated a whole model, specification (7).

1 Log returns of variable X; in time ¢ are defined as z; = log (X;) — log (X;_1).
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Specification (8) is little different, there is a change in the mean equation, I
have added the direction; variable, see its description above. The reasons
for these model specifications (equations (1) — (8)) are given in the previous

paragraph.

3.3.1. GARCH model

My baseline specification is the GARCH (1,1) process for the interest rate
return. This model is chosen due to the parsimony. I have also estimated the
G ARC H models with higher lags, but I have not proved their significance. The

model is therefore specified as follows:

Ary, = p+wv(direction) + &, (3.8)
of = y+a&  +PBo;+¢: Y CBy+plR,, (3.9)
i=1

where r; denotes the log of interest rate, Ar; is therefore the first difference
of logarithms. The variable direction; is added in the mean equation (3.8)
only in one case, specification (8) in table A.3. The error term, &, of the
mean equation (3.8) is assumed to have a conditional variance, o7, specified
by variance equation (3.9). The conditional variance equation (3.9) includes
the constant, v , the ARCH term, &_;, and the GARCH term, o2 , and
the variables capturing the effect of central bank communication, CB;. The
model is estimated via maximum likelihood using the BHHH algorithm for
optimization, and is estimated for all business days in the sample, i.e. also
for days when neither Inflation report is issued not the CNB communication is

made!?.

The IR, variable in equation (3.9) is also a mean of the CNB communica-
tion and should therefore be a part of a bundle of CB variable. Nevertheless, it
is separated to show (and draw your attention) that I use the Inflation report
in all the regressions but the variables contained in the CB variable change in
different specification and make different combinations (see e.g. tab. A.3).

This also holds for model extensions, equations (3.11) and (3.13).

12 However, no communication from central bank might also send some kind of a signal to
financial markets.
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3.3.2. EGARCH model

Many authors (for example see Connolly & Kohler 2004, Ehrmann & Fratzscher
2007a, Ehrmann & Sondermann 2012 or Rozkrut et al. 2007) use the exponen-
tial GARCH (EGARCH) model in their research studies on the reaction of
financial variables to monetary policy communication. The EGARCH (1,1)
model is a sufficient model to address the non-normality of the data and asym-

metries in returns.

My EGARCH (1,1) is modified model proposed by Nelson (1991). Sim-
ilarly to the GARCH (1,1), eq. (3.8) and (3.9), the mean and the variance

equations are modified. My model is therefore specified as follows:

Ary, = p+wv(direction) + &, (3.10)
log (03) = Kto St +7 -1 + Blog (af_l)
op op
+¢; Y CBiy + TIR, (3.11)

i=1

where r; denotes the log of interest rate, & |¥; ; ~ N (0,07), ¥, ; is the
information set at time ¢ — 1, and the variables capturing the effect of central
bank communication, CB;;. The IR; is a dummy variable representing the

release of the Inflation report.

3.3.3. TGARCH model

Another way how to introduce asymmetric effects is to set the threshold GARC H
(TGARCH) model. In the context of this thesis, the TGARC H model is spec-

ified as follows:

Ar, = p+wv(direction) + &, (3.12)
of = a+pé+ 52515271[(&7&0) + 07,

=1
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where Iy = 11if §{_; < 0 and 0 otherwise. In this model, good news, §_; > 0,
and bad news, &_1 < 0, have different effects on the conditional variance. The
good news has an impact of 31, while the bad news has an impact of 51 + [s.

If By > 0, the bad news increases volatility.

3.4. 3M PRIBOR

First of all, I will try to analyze the effect of the CNB communication on three-
month PRIBOR rate by seeking an answer to a question on what effect the
CNB’s communication has on the volatility of the returns of 3M PRIBOR. The
communication is believed to have a significant effect on the volatility because
the volatility should be higher during the days when the central bank is talking
(Blinder et al. 2008, p. 29). For the analysis of the Czech 10-year bond yield,

see the next section.

Communication is a signal that contains news. For the transmission of
the signal from central bank to its recipients, see fig. 2.1. There are two types
of the signals. Regular Bank Board meetings and regular publications (e.g.
Inflation report) have a little impact on the volatility of asset returns since its
publication date is known to public. On the other hand there are speeches or
comments which are flexible in both timing and content (Ehrmann & Fratzscher
2007b).

As it has already been mentioned, I am modeling the occurrence of the
communication, not the content nor the importance of a person saying it. The
communication is described by the variable minutes;, about a 1000 words
description of the Bank Board’s meetings. They are released eighth day after
the meeting. Comments; are another stream; they are less official way of
expressing opinions of the members of the Bank Board in the period between

monetary policy meetings.

One should control for all other possible sources of volatility in order to
ensure that the volatility is caused by communication itself and not only by
the content of the communication (Blinder et al. 2008). My control variable is
IR;, dummy variable capturing the release of the most important publication
— release of the Inflation Report — that contains not only the past behavior

presented on fan charts but also an economic outlook.

For the description of the PRIBOR reference rate, see the beginning of
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this chapter. Descriptive statistics for it as well as other variables are pre-
sented in tab. 3.1. The time series and the returns plots are depicted on fig.
3.5. The 3M PRIBOR reference rate will be tested in the following subsec-
tions using the GARCH (1,1), the EGARCH (1,1) and the TGARCH (1,1)

models, described above.

3.4.1. GARCH model

The results are in the tab. A.3. Note that coefficients for the CNB communica-
tion (@1, ¢» and ¢3) are multiplied by 105. T can conclude that Czech National
Bank communication tends to decrease interest rate volatility. This is in line
with the findings of Rozkrut et al. (2007) or Ehrmann & Sondermann (2012)
who studied the communication and its effect in different central banks (see

chapter 1).

Almost all the coefficients are significant on at least 10% confidence level,
except from f’s in specification (2) — (5). Publication of Inflation report, IR,
lowers the volatility in all the studied volatility equations. The effect of Bank
Board members’ comments; is not clear, as the sign of coefficient differs across
the specifications. Minutes; have also significantly calming effect on volatility

since all its coefficients are negative.

The communication closer to the Bank Board meeting has a more calming
effect on the volatility. This is in accordance to Ehrmann & Fratzscher (2007b),
who study the timing of Bank of England, European Central Bank and the
U.S. Federal Reserve Bank communication. Despite their different definition of
timing (they used various dummy variables and interacted them with the model
coefficients), they found that the timing is informative for a whole variety of

financial assets, including the interest rates or exchange rate.

If we have a look at specification (8), the model is changed by adding the
direction; variable into the mean equation (3.10), following Rozkrut et al.
(2007). You can see that this does not change the results dramatically. All
the coefficients have the same signs as in previous specifications. Minutesy,
timing; and IR, are decreasing the volatility, but the comment s; are increas-
ing it. The coefficient of direction, is significant with the value of 0.002614.

This represents the tiny increase in the value of PRIBOR interest rate returns.
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3.4.2. EGARCH model

The estimated EGARCH model is defined by the mean equation (3.10) and
the variance equation (3.11). It is estimated via maximum likelihood using the
BHHH algorithm.

The results are in table A.2. The results are different from the previous
ones, however the message remains the same — the communication of the CNB
decreases the volatility. All the coefficients are significant on 1% confidence
level. The release of the Inflation report, IR, calms down the volatility as well

as minutes;.

On the other hand, the comments; increase the volatility. The effect of
timing; is unclear. We can say that it decreases the volatility since it has

negative value, when accompanied by comments; and minutes;.

In specification (8), there is also a new variable in the mean equation
(3.10), the direction, variable is added. This coefficient is not significant
and the results do not change. All the variables have the same signs as before,

they are all significant in the variance equation.

3.4.3. TGARCH model

The TGARC H model estimates the asymmetric effect of the bad news and the
good news; the bad news has higher effect on volatility, see the description of
the TGARC H mean and variance equations (3.12) and (3.13), respectively.

The results are in the table A.3. The asymmetric effect is captured when-
ever the coefficient 3, is significantly bigger than 0. From this table, we see that
[ is smaller than 0 in all the cases and it is not significant in 5 specifications
out of 8. Therefore we can conclude that the TGARCH model does not im-
prove our estimates, and our data do not seem to have a significant asymmetry
effect.

3.5. Czech 10Y Bond Yield

Mohanty (2002) states that the Czech government bonds with the 10 year
maturity are the most important ones. Therefore, this section analyzes the

impact of the CNB communication on the log returns of the Czech 10-year
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bond yield. The table 3.1 provides the descriptive statistics. The time series
and the returns plots are shown on fig. 3.6. For the analysis of the 3M PRIBOR

reference rate see the previous section.

The CNB can influence government bonds in two ways. Firstly, even if
the secondary market for bonds is not liquid, the CNB can influence the short-
term rate by its communication (we have already proved it, see the tab. A.1,
A.2 and A.3 and its description in the section above). The long-rates are then
influenced via some transmission mechanism. Second, in case of liquid markets,
like the Czech market, the influence is obvious. Moreover, since 2011, there is
the MTS (Mercanto Telematico Secondario) platform in the Czech Republic
which aims to enhance the liquidity and the transparency on the secondary

market for the Czech government bonds.

[ will use the GARCH (1,1),the EGARCH (1,1) and the TGARCH (1,1)
models. Their description is given above. I have analyzed different combina-
tions of the described CNB communications. Specification (8) changes the
mean equations by adding of the variable direction;. The empirical results
are printed in tables A.4, A.5 and A.6, respectively. The explanations of the

results are provided in the subsections below.

3.5.1. GARCH model

The results are in table A.4. The coefficients representing the CNB commu-
nication are multiplied by 10°. The sign of minutes, is negative in almost
all cases (apart from the specification (4)). This means that the release of
minutes; lowers the volatility. Comments, on the other hands, are signifi-
cantly positive, meaning that the provision of any verbal or written comment

increases the volatility.

The CNB manages to lower the volatility, ceteris paribus, by the t imingy
of its comments, i.e. a comment closer to the monetary policy meeting has a
calming effect. than the decrease given by its timing. The release of the

Inflation report also decreases the volatility of returns.

When we have a look at the specification (8), i.e. with the change in
the mean equation, we can see that all the variables in the variance equation
are significant, but the variable direction; is not significant. This is not
the case in the analysis of the 3M PRIBOR, tab. A.1, where this variable is

significantly positive, but very low.



Analysis of the volatility 48

3.5.2. EGARCH model

Table A.5 provides the empirical results. All the coefficients are significant on
99 % confidence level. The results are not the same as the 3M PRIBOR, tab.

A.2. The most striking result is the positive coefficient of minutes;.

Minutes; and comments; are increasing the volatility. In case of minutesy,
this is in contradiction to the already estimated models, where we have seen
that minutes; are significantly decreasing the volatility. Closer comments to a
monetary policy meeting have a calming effect as well as the release of Inflation

Reports.

The specification (8) with the change in the mean equation does not
change our model. Our predicted values of the coefficients do not change; when
comparing with the specification (7), i.e. with the same variance equation but

with no change in the mean equation, all the coefficients are very similar.

3.5.3. TGARCH model

Once again, we are interested in the sign and the significance of the 5 coeffi-
cient. As it can be seen from the results, tab. A.6, (B is significant in all the
equations with the positive sign. This means that there is a response to the
bad news higher than to the good ones. The TGARC H model improves our

results.

The results are quite similar to the previous ones. Comments; have
a significantly positive impact on the volatility. IR, and timing; have a
calming effect on the volatility. This reflects the theoretical thinking about

central banks’ talks.

The coefficients for minutes; have different signs. When there is no
other variable included, specification (1), and when there is a change in the
mean equation, specification (8), the minutes; have a negative impact. In
all other specifications, the coefficient is positive. I tend to the opinion that
minutes should have a negative impact. This comes from the fact that there is

always another kind of news that accompany the release of minutes.
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Over the last two decades, communication has become an important feature
of monetary policy. In the previous text, I have summarized the ever-growing
literature that gives clear message: communication is an important and pow-
erful part of central bank’s toolkit. Why is it so? Central banks’ talks have
an ability to move financial markets, to enhance the predictability of monetary
policy decisions, and it possibly helps to reach macroeconomic objectives of

central banks.

As T also discussed, there are a lot of different strategies how, by what
means central banks can communicate with professional and broad public and
why it communicates. One can therefore ask what constitutes an optimal com-
munication strategy. The answer to this question is not easy and authors agree
that there is hardly any optimal one. I have discussed different communication

strategies.

This thesis mainly refers to the Czech National Bank. I have described
the CNB’s primary objective, the price stability, as well as other goals and
tasks. I focus on the communication channels the CNB uses to share the main

information. Lastly, I discuss its policy instruments.

The core of this thesis is the analysis of volatility of the interest rate
caused by the communication. I have created a unique database of dummy
variables capturing the release of Inflation reports, the Bank Board meetings,
minutes and comments provided by the Bank Board members. 1 have also
shown the communication pattern; the closer the next Bank Board meeting,
the higher the communication. To model the volatility of interest rates, 3M
PRIBOR rate, and the government bond yield of the Czech 10-year bond yield,
I used the GARCH (1,1), the EGARCH (1,1) and the TARCH (1, 1) models

with the dummy variables, described in the text.

My findings are as follows. I have found that the CNB communication
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tends to decrease the volatility of interest rate, i.e. this supports the view that
the central bank aims to decrease the noise in the financial markets. The timing
of the communication also matters. It is clear from the analysis that the CNB
does a great job, since its communication timing is decreasing the volatility.
There is not a clear pattern concerning comments. This can be explained by

the fact that listeners may not be sure about the content of the comment.

This analysis can be further extended. As mentioned in the text, one can
play a little with the data set. There is a possibility to incorporate the division
of who provided that comment; if it is a regular member or the governor. It is
believed that the governor has higher voice and can therefore influence market
expectations. Another option is to code the comments according to whether
they are related to monetary policy, economic outlook etc. Last but not least,
one can also provide variables capturing the position of the comment. I mean
for example the page in the newspapers on which the comment appeared, or
assign different values if the comment is in the morning radio news or in the

evening ones.
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Appendix A

Regression results

See the following pages for the GARCH analysis results.
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Appendix B

Software output

Augmented Dickey-Fuller Unit Root Test for PRIBOR

Null Hypothesis: PRIBOR has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic based on SIC, MAXLAG=23

t-Statistic ~ Prob.

Augmented Dickey-Fuller test statistic -2.014102  0.5926
Test critical values: 1% level -3.964211

5% level -3.412827

10% level -3.128397

KPSS Test for PRIBOR

Null Hypothesis: PRIBOR is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 31 (Newey-West using Bartlett kernel)

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.432564
Asymptotic critical values: 1% level 0.216000
5% level 0.146000
10% level 0.119000

Augmented Dickey-Fuller Unit Root Test for 1d_PRIBOR

Null Hypothesis: 1d_PRIBOR has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 4 (Automatic based on SIC, MAXLAG=23

t-Statistic ~ Prob.

Augmented Dickey-Fuller test statistic -18.25234  0.0000
Test critical values: 1% level -3.964207
5% level -3.412825

10% level -3.128395




Software output

KPSS Test for 1d_PRIBOR

Null Hypothesis: 1d_PRIBOR is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 20 (Newey-West using Bartlett kernel)

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.249582
Asymptotic critical values: 1% level 0.216000
5% level 0.146000
10% level 0.119000

Augmented Dickey-Fuller Unit Root Test for Yield10Y

Null Hypothesis: YIELD10Y has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic based on SIC, MAXLAG=23

t-Statistic ~ Prob.

Augmented Dickey-Fuller test statistic -2.150133  0.5167
Test critical values: 1% level -3.964192

5% level -3.412819

10% level -3.128392

KPSS Test for Yield1l0Y

Null Hypothesis: YIELD10Y is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 31 (Newey-West using Bartlett kernel)

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.576080
Asymptotic critical values: 1% level 0.216000
5% level 0.146000
10% level 0.119000

Augmented Dickey-Fuller Unit Root Test for 1d_Yield1l0Y

Null Hypothesis: 1d__ YIELD10Y has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic based on SIC, MAXLAG=23

t-Statistic ~ Prob.

Augmented Dickey-Fuller test statistic -40.23110  0.0000
Test critical values: 1% level -3.964198
5% level -3.412821

10% level -3.128393




Software output

KPSS Test for 1d_Yieldl0Y

Null Hypothesis: 1d_ YIELD10Y is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 14 (Newey-West using Bartlett kernel)

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.043792
Asymptotic critical values: 1% level 0.216000
5% level 0.146000

10% level 0.119000




Appendix C

Proofs of propositions

Proposition 1. The AR (p) process is stable (stationary) if the roots of the
lag polynomial lie outside the unit circle, i. e. if all roots of the equation (3.1)

are less than one in modulus.

Proof. Instead of the proper proof!, let me present two examples.

1) Consider the AR (1) model:
Y, =pYi_1 + ¢
It can be written as (1 — pL)Y; = ;. By solving the equation:
1 —py=0,

one gets y = %. And finally, if ’%’ > 1, then |p| < 1.
2) Consider the AR (2) model:

Y;L = 0.8}/;71 + 009}/;72 + E¢.
a) Its AR (1) representation is:

UYs B 0.8 0.09 Y1
Yt—1 1 0 Yt—2

+

&t
NE

1 The proof can be found e. g. here: http://macrofinance.nipfp.org.in/PDF/Lect2ARMA .pdf,
slides 17-21. Accessed April 14, 2013.


http://macrofinance.nipfp.org.in/PDF/Lect2ARMA.pdf

Proofs of propositions L

Its eigenvalues are taken from:

0.8 =X 0.09
1 —-A

=2 —0.8\—0.09 =0.

These eigenvalues are smaller than one:

NLEE: V(=082 —4-1-(0.09) [ —0.1
b 2-1 1 09

b) Another solution uses lag polynomial representation:
(1-08L—0.09L%)Y; =&
Its characteristic polynomial is hence:
(1-0.82-0.092%) =0,

whose solution lie outside the unit circle, —10 and 1.1, respectively. These

roots are the inverse to the previous ones. O
Proposition 2. A MA(q) is stationary for every sequence {0,}?_, .

Proof. The M A (q) is given by eq. (3.2). We will use the definition of a (weak)

stationary, Definition 1:

E{yy = m
var {y,} = <1+Xq:9i) o?,

o (0;+ S0 0,040) it =1
cov {ytaytfj} = .
0 ifj>1

O

Proposition 3. The ARMA (p,q) model is stationary provided the roots of
the ® (L) polynomial lie outside the unit circle.

Proof. Only the AR part is involved. See the proof of Proposition 1. m



Part II.

Published Article



JEL Classification: E52, E58
Keywords: central bank communication; interest rates

Central Bank Communication and Interest Rates:
The Case of the Czech National Bank™

Roman HORVATH—Institute of Economic Studies, Charles University, Prague
(roman.horvath@gmail.com), corresponding author

Pavel KARAS—AKCENTA LOGISTIC, a.s., Czech Republic

Abstract

We examine how written and oral central bank communications affect the level and
volatility of interest rates. We use detailed daily data on the Czech central bank’s
communication in 2007-2012. We find that financial markets respond to central bank
communication. Short-term interest rates rise if the bank communicates that economic
conditions are good. The results suggest that written communication, but not oral
communication, decreases the volatility of both short-term and long-term interest rates.
The timing of communication has a key role, as comments made closer to the monetary
policy meeting have a bigger calming effect on the markets. All in all, our results point
to the importance of well-designed communication for reducing noise in the financial
markets.

1. Introduction

The transparency about monetary policy communication has increased sub-
stantially during the last two decades (Geraats, 2009; Posen, 2003). Many central
banks now provide very detailed statements about how they reached their decisions
on policy interest rates and frequently communicate their views on the state of
economy. What are the implications of this increased transparency, and do financial
markets react to central bank communication? Clearly, central bank transparency
and open communication do not have to be a goal per se, but central banks find them
valuable if they help central bankers to achieve their goal of maintaining economic
stability.

We gather an extensive dataset on how one of the most transparent central
banks,! the Czech National Bank (CNB), communicates the economic outlook and its
implications for monetary policy to the public. More specifically, we collect data on
both written and oral communications. For written communication, we collect data
on therelease of inflation reports and monetary policy minutes, as they represent
the main communication channels used by the central bank. For oral communication,
we classify the statements made in the media by Czech central bank board members
according to the likely direction of the interest rate change.

Since the Czech central bank explicitly targets inflation, we focus on how (and
whether) its communication influences interest rates. Within this monetary policy
regime, the central bank sets the (trajectory of the) interest rate in order to achieve

*We thank two anonymous referees and Ale§ Marsal for helpful comments. We acknowledge support
from the Grant Agency of the Czech Republic P402/12/G097.

1 See Dincer and Eichengreen (2009) for an assessment of monetary policy transparency for 100 central
banks around the world.
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the inflation target over some time horizon. The financial markets respond to central
bank communications if those communications represent news to the markets. Clearly,
communication can also exert an effect on other financial variables, such as exchange
rates or asset prices, but this has been empirically examined for the Czech case in some
other studies (see Egert and Kocenda, 2013, and Fiser and Horvath, 2011).

Importantly, previous research has highlighted the role of the timing of cen-
tral bank communication (Ehrmann and Fratzscher, 2007). As a consequence, we
examine: (i) whether the Czech central bank’s communication affects the interest rate
(volatility), (ii) whether its communication becomes more potent as the monetary
policy meeting approaches, and (iii) whether, in contrast to most of the previous
literature, its communication affects not only short-term, but also long-term interest
rates.

Our results suggest that financial markets respond to central bank com-
munication. We find that central bank communication affects both the level and
the volatility of short-term interest rates. It also affects interest rates at longer
maturities to a certain degree. According to our results, although the communication
does not affect the level of long-term interest rates, it still has an effect on their
volatility. We also find that written communication has a calming effect on financial
markets and that the timing of communication is important, so that comments closer
to the monetary policy meeting have a stronger effect in terms of curbing interest rate
volatility.

The paper is organized as follows. Section 2 provides a brief survey of pre-
vious research on Czech central bank communication. Section 3 discusses the data
and empirical model that we use. The results are available in Section 4. Concluding
remarks are provided in Section 5.

2. Related Literature on Czech Central Bank Communication

This section provides an overview of previous studies focusing on CNB
communication. For an authoritative survey of central bank communication, see
Blinder et al. (2009).

Rozkrut et al. (2007) evaluate the communication strategies of the Czech
National Bank, the National Bank of Hungary, and the National Bank of Poland.
They find that communication differs considerably across these banks, and that
except for the CNB, policy makers’ words do not often match their deeds. Their re-
sults show that central banks’” communication influences the market expectations of
future monetary policy decisions. The consistency of the policy makers’ statements
(the extent to which their words match their future deeds), communication strategy,
and committee structure are found to influence the impact of central banks’ commu-
nication on the predictability of monetary policy decisions.

Bohm et al. (2012) analyze the coverage of CNB monetary policy in the media
during the period of 2002—-2007. They study articles in the four most relevant Czech
daily newspapers. Their results indicate that surprising policy news is not per-
ceived negatively in the media. Clearly, the media coverage is more extensive when
the policy change is not expected. Interestingly, regardless of the direction of the move,
the changes in interest rates are appreciated by the media. The media coverage is
more negative when inflation rises, but also when inflation falls below zero.
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Filacek and Saxa (2012) examine whether the CNB has a coordination effect
on private sector forecasts. Their results suggest that there is a coordination effect for
interest rate and inflation forecasts, but less so for exchange rate and GDP forecasts.

Bulit et al. (2007) take a different perspective on assessing central bank com-
munication. They examine whether the communication is internally consistent, i.e.,
whether inflation targets, inflation forecasts, and the verbal assessments of infla-
tion factors contained in quarterly inflation reports provide an identical message to
the public. They examine several central banks around the world, including the Czech
central bank, and find that these central banks provided a largely consistent message
during the years 2000-2005.

FiSer and Horvath (2010) analyze the effects of CNB communication, macro-
economic news, and the interest rate differential on exchange rate volatility using
the GARCH model. They find that communication has a calming effect on the vola-
tility of the exchange rate. Moreover, they discover that the timing of communication
matters, as the financial markets respond more to communication before policy
meetings than after them.

Horvéath et al. (2012) examine whether the voting records of several central
bank boards, including the CNB, are informative about future monetary policy.
The results suggest that the voting records in all the central banks examined contain
information that is new to the financial markets and provide a useful measure of
the likely change of interest rates at the next monetary policy meeting.

Egert and Kodenda (2013) investigate the effects of macroeconomic news
and central bank communication on the exchange rate in three Central European
countries, including the Czech Republic. As regards central bank communication,
they find that oral statements had an effect on the exchange rate only during the crisis
period.

All in all, the analysis of Czech central bank communication is a burgeoning
stream of literature, but to our knowledge the effect of communication on interest
rate volatility has not been examined.

3. Data and Empirical Model
3.1 CNB Communication

The CNB adopted inflation targeting in 1998 and has gradually become one
of the most transparent central banks in the world (Dincer and Eichengreen, 2009).
The CNB Bank Board meets eight times a year.2 These meetings are scheduled for
the beginning of February, May, August, and November and the end of March, June,
September, and December. The monetary policy meeting serves as an opportunity to
change the policy rate. The decision is made public at around 1 p.m., followed
by a press conference in the afternoon. The CNB releases the voting ratio during
the press conference and communicates its interest rate decision, the forecasts, and
the risks accompanying the forecast.

The minutes of the monetary policy meeting are made available approxi-
mately eight days after the meeting. Since 2008, the minutes have contained the indi-

2 The Board met on a monthly basis until 2008 and held several extraordinary meetings after the intro-
duction of inflation targeting.
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Figure 1 Frequency of the CNB Speeches and Interviews
before the Bank Board Meeting, 2007-2012
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Notes: The chart represents the number of comments before the day of the Bank Board meeting.
Legend to the graph: “-1” for one day before the meeting, “-2” for two days before the meeting, “-3” for
three days before the meeting, “-4” and “-5” four and five days before the meeting, respectively, etc.

vidual voting records. The minutes are discussed in greater detail in Horvath et al.
(2012). Detailed transcripts of the board meetings as well as the so-called Situation
Report on Economic and Monetary Developments and the Monetary Policy Recom-
mendation are published with a six-year lag (available in Czech only). The CNB
publishes inflation reports on a quarterly basis (in February, May, August, and
November). The inflation report contains a summary of Czech economic develop-
ments and, importantly, provides detailed information on the forecast for the macro-
economic environment and associated risks.

In line with what is observed for major central banks (Ehrmann and
Fratzscher, 2009), the communication intensity declines prior to the monetary policy
meeting and the Czech central bank ceases to communicate with the public at all
several days before the monetary policy meeting (see Figure 1).

3.2 Data

We collect daily data on CNB communication and interest rates (the Czech
10-year bond yield® and the 3M PRIBOR) from the CNB website. Our sample runs
from January 2007 to December 2012, which makes 1,495 observations. The fre-
guency of the data is daily.

PRIBORt and Yield10Yt are the bases for calculating our dependent vari-
ables. The remaining variables are explanatory. The definitions of all the variables
are available below. The descriptive statistics are available in Table 1.

DEPENDENT VARIABLES:

PRIBORt daily data on three-month PRIBOR (Prague InterBank Offered
Rate). It is the interest rate at which banks provide loans to each
other on the Czech interbank market;

Yield10QY, Czech 10-year government bond yield.

3 Instead of government bonds, we also tried to use 10-year interest rate swaps (IRS). Unlike IRS,
government bond yields are directly influenced by the sovereign credit risk. However, our GARCH-type
estimates showed that the results with IRS exhibit non-stationary volatility.
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Table 1 Descriptive Statistics

PRIBOR Yieldl0Y Comments Minutes Timing IR
Mean 2.13 4.04 0.11 0.04 3.98 0.02
Maximum 4.52 5.42 1.00 1.00 45.00 1.00
Minimum 0.50 1.84 0.00 0.00 0.00 0.00
Std. deviation 1.16 0.77 0.31 0.18 10.25 0.13
Skewness 0.62 -0.74 2.56 5.08 2.51 7.70
Kurtosis 1.90 3.29 7.53 26.81 7.94 60.35
Observations 1496 1496 1496 1496 1496 1496

EXPLANATORY VARIABLES:

IRt

minutes;

comments;

direction,

timing,

dummy variable describing the release of the inflation report:
_ |1 onall days the inflation report is released,
710 otherwise.

dummy variable describing the minutes:
1 on all days the minutes are released,

minutes, =
t {O otherwise.

dummy variable showing whether or not there was a comment on that
day. A comment is defined as an oral or written statement made by
a member of the Bank Board concerning interest rates, the economic
outlook, inflation, or the exchange rate. These data come from the CNB
website (“Media service—Interviews, articles” and “Media service—
speeches, conferences, seminars—Speeches”):

1 on all days a comment is made,

comments, =
t {0 otherwise.

dummy variable capturing the direction* of the comment:
+1 positive comment,
direction, =1—1 negative comment,
0 otherwise.

describes how the influence of a Bank Board comment gets stronger as
the date of the monetary policy meeting approaches. A comment that
occurs on the day of the meeting has a value of 45, a comment from
the previous day has a value of 44, a comment made two days before
the meeting has a value of 43, and so on.° In consequence, comments
closer to the monetary policy meeting get a greater weight.

4 “Positive comment” represents the improved economic outlook or an inclination toward tightening
monetary policy, and “negative comment” represents the weaker economic outlook or an inclination
toward easing monetary policy. We are aware that the coding of this variable is, to a certain extent,
subjective and we therefore exclude this variable from some regression specifications to evaluate
the stability of our results.

5 The value of 45 is set because the Bank Board’s meetings are held eight times a year. There are 360 days
in a year, so 360 +~ 8 = 45.
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3.3 Econometric Model

We use the threshold generalized autoregressive conditional heteroskedas-
ticity (TGARCH) model (Zakoian, 1994) to evaluate the effect of central bank com-
munication on interest rate volatility. The general model is specified as follows:

Ar, = p+v(direction, )+ & (1)

n
O't2 =y+ aftz_l + ﬁlatz—l + ﬁ2§t2—1|(§t71<0) + Z5iCBit (2)
i1

where r, denotes the log of the interest rate. The error term, &, in the mean equa-
tion (1) is & =o,e,, Where o, is the volatility of Ar, and & is aniid variable. In
equation (2), () =1if &_; <0 and 0 otherwise. In this model, good news, &_, >0,
and bad news, & _; <0, have different effects on the conditional variance. The con-

ditional variance equation (2) additionally includes a constant y, the ARCH term cftz_l :

the GARCH term o?,, and variables capturing the effect of central bank commu-

nication, CB;. The model is estimated via maximum likelihood using the BHHH
algorithm for optimization, and is estimated for all business days in the sample.

Our goal is to examine whether the coefficients ¢; capturing central bank com-
munication are significant. It is important to note that a priori the coefficients ¢; can
be negative, positive, or insignificant. Positive (negative) coefficients imply that the cen-
tral bank increases (reduces) the interest rate volatility. Note that in the case of tick-
by-tick data the coefficients are unlikely to be negative, as news will change the price
of financial assets and therefore increase its volatility by definition. In the case of
daily data, this does not have to be so and the estimated coefficient can be negative
(see also FiSer and Horvath, 2010). Insignificant coefficients ¢; indicate that central
bank communication does not represent news for the financial markets.

As an alternative to the TGARCH model, we also employ the exponential
generalized autoregressive conditional heteroskedasticity (EGARCH) model (Nelson,
1991). The motivation is to include a different GARCH-type model which allows for
asymmetries in financial market dynamics to examine the stability of our results.
The EGARCH model is specified as follows:

Ar, = u+v(direction, )+ & (3)

gt—l é:t—l

n
ﬁ +y \/z +ﬂ|og(at2_1)+ ig;ﬁﬁiCBit

(4)

|Og(0't2):1(+a

4. Results

This section contains the results of the econometric estimation evaluating
whether central bank communication affects short-term and long-term interest rates.
Using the TGARCH model as the baseline, we examine whether central bank com-
munication influences the level and volatility of interest rates.
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Our regression results are provided in Table 2 and Table 3. Table 2 contains
the regression results with the short-term interest rate as the dependent variable. We
provide eight different specifications in order to assess the robustness of the results.
The results suggest that the direction of comments has an effect on the level of short-
term interest rates. Comments expressing that economic conditions are good are likely
to be associated with an increase in interest rates.

We also find that central bank communication matters for the volatility of
short-term interest rates. Both the monetary policy minutes and the inflation report
exert a negative effect, i.e., they have a calming effect on the financial markets. This
is in line with some previous studies on the effects of central bank communication,
such as Jansen and de Haan (2005) and FiSer and Horvath (2010). Interestingly, we
do not find this calming effect for oral communication.

Finally, the timing of central bank communication is important, according to
our results. The financial markets react more strongly to statements made closer to
the day of the monetary policy meeting. In addition, we find that the asymmetric
term in the TGARCH model is negative and often significant. This result suggests
that bad news has a disproportionately greater effect on volatility than good news,
which is a widely observed phenomenon in the financial markets.

Our results with the long-term interest rate as the dependent variable are pro-
vided in Table 3. They suggest that central bank communication to a certain extent
affects interest rates even at longer maturities. The level of short-term interest rates is
not affected, but the volatility is. This is an interesting result, because central banks
typically communicate about the near-term economic outlook (note that the typical
monetary policy horizon of central banks is 1-2 years), but rarely about the more
distant future. Otherwise, the results largely confirm our findings in Table 2.

We subject our regression results to further robustness checks. First, we use
a different asymmetric GARCH model and estimate the EGARCH model instead of
TGARCH models. In addition, we restrict 5, from Eq. (2) to be zero and we therefore
estimate simple GARCH models, too. The estimation of the GARCH models is a further
check of the stability of our results. The results largely confirm our baseline findings
showing that financial markets respond to central bank communication. The results
are available upon request.

5. Concluding Remarks

We analyze the importance of central bank communication for the level and
volatility of short-term and long-term interest rates in the Czech Republic using
the GARCH, TGARCH, and EGARCH modelling frameworks. Using daily data in
2007-2012, we find that financial markets respond to central bank communication.

More specifically, we find that more positive statements about economic con-
ditions are followed by an increase in short-term interest rates. Central bank commu-
nication matters for interest rate volatility, too. Written communication, as captured
by the monetary policy minutes and inflation reports, exerts a calming effect on
the financial markets. However, we fail to find this calming effect for oral communi-
cation.

Importantly, our findings show that the timing of central bank communication
plays an important role. Comments made closer to the monetary policy meeting have
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a stronger effect on interest rate volatility. Our results also indicate that central bank
communication matters to a certain extent for interest rates at longer maturities, too.
To summarize, we find that Czech central bank communication affects financial
market expectations, in line with what we observe for many developed central banks
(see de Haan, 2008).

Our analysis could be extended in several ways. The communication of indi-
vidual board members could be studied in order to evaluate whether communica-
tion by some members, such as the governor, has a stronger effect on interest rates.
The monetary policy meetings are held eight times a year, but a new macroeconomic
forecast is released at only four of them. The variable capturing the timing of central
bank communication could differentiate between these two types of meetings. In
addition, multivariate GARCH models could be employed to study the effects of
central bank communication jointly on more financial assets.
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