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Abstract

This paper develops a theoretical model of dynamic decision-making of a monetary
policy committee with heterogeneous members. It investigates the optimal transparency,
and the optimal way of transmitting information of committees, by analysing the effects
different communication strategies have on financial markets. It is shown that the
communication strategy of the central bank committee has a significant effect on the
predictability of monetary policy decisions when there is asymmetric information
between the committee and market agents. Transparency about the diversity of views of
the committee surrounding the economic outlook makes future monetary policy more
predictable. However, communicating the diversity of views regarding monetary policy
decisions may lead to less predictability of monetary policy in the short term. In addition,
it is shown that communication in the form of voting records has the greatest effect on
market participants' near term policy expectations. These results support findings of the
empirical literature and have strong implications for the optimal communication
strategies of committees including the question whether individual voting records should
be published.
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Non technical summary

The conduct of monetary policy has changed markedly since the 1990s. Over the past
decade, central banks in a number of countries shifted responsibility for interest rate
setting to a monetary policy committee. In addition, central banks have become more
independent and now pay close attention to explaining what they do and what underlies
their decisions. More transparency and increased use of communication can be seen as a
consequence of these developments. In light of the above, two new strands of literature
have emerged, one of which investigates the optimal design of monetary policy
committees, whilst the other examines the optimal communication strategies of central

banks and their effects on financial markets.

This paper contributes to both new strands of literature by examining the impact of
communication by committee members on financial markets. The model developed
contrasts in several ways with previous work on monetary policy transparency and
communication. First, we employ a model in which decisions are set by a monetary
policy committee with heterogeneous members rather than assuming that there exists a
representative central banker. It is assumed that policy makers themselves face
uncertainty in assessing the state of the economy and that there are two sources of
heterogeneity between committee members: Members receive different signals on the
state of the economy and they face uncertainty about the precision of these signals. They
are furthermore assumed to have different preferences regarding inflation. Second, we
introduce asymmetric information between the committee and market participants. This
asymmetry of information is due to imperfect knowledge of market participants of the
signals on the state received by committee members as well as the precision of these
signals and uncertainty about the implicit inflation targets of committee members. As a
result of the first source of this asymmetric information, the optimal assessment of the

state of the economy by financial markets is inferior to that of the committee

Besides providing a new framework in which to analyse the optimal communication

strategies of committee members, several interesting insights are obtained. It is shown



that communication matters for financial markets' expectations of the policy decision.
Actual and perceived transparency of committee members about their views on the state
of the economy is beneficial in that it leads to greater policy predictability. In addition,
communication of a divergence of views by committee members regarding the monetary
policy decision as for example the publication of voting records may in the short run lead

to less policy predictability, whereas in the long run predictability is enhanced.

We also find several empirical predictions of the model. It is shown that the predictability
of monetary policy decisions increases with the time a committee has been in office. This
is because over time some of the initial information asymmetry between the committee
and market agents is eliminated as market agents are able to learn about committee
members' preferences and the precision of signals that members receive on the state of
the economy. In addition, the impact on the yield curve of communicating diverse views
of committee members on monetary policy should be greatest for near-term policy

expectations.



Nicht technische Zusammenfassung

Seit den neunziger Jahren hat sich die Geldpolitik der Zentralbanken in verschiedener
Hinsicht veridndert. Heute liegt die geldpolitische Verantwortung in vielen Léndern bei
Entscheidungsgremien und nicht bei einzelnen Personen. Diese Entscheidungsgremien
genieBen mehr Unabhingigkeit und sind sehr daran interessiert, der Offentlichkeit ihre
Entscheidungen genau zu erkldren. Mehr Transparenz und eine bessere Kommunikation
konnen als Resultat dieser Entwicklungen gesehen werden. Es ist daher nicht
tiberraschend, dass sich zwei neue Stringe in der Literatur gebildet haben. Einer davon
beschiiftigt sich mit der optimalen Gestaltung der Gremien und setzt sich mit Fragen wie
der optimalen Grofe des Entscheidungsgremiums auseinander. Der andere Strang
untersucht auf welche Weise Zentralbanken ihre Einschitzung der aktuellen und
kiinftigen Wirtschaftslage sowie der Geldpolitik an die Offentlichkeit weitergeben sollten

und die Wirkung solcher Kommunikation auf die Finanzmérkte.

Das vorliegende Papier untersucht welchen Einfluss die Kommunikation verschiedener
Mitglieder des Zentralbankgremiums auf die Finanzmaérkte ausiibt und leistet daher einen
Beitrag zu beiden neuen Richtungen der Literatur. Das Model, das in diesem Papier
entwickelt wird unterscheidet sich in vielerlei Hinsicht von der bestehenden Literatur
zum Thema Transparenz und Kommunikation. Zum einen wird ein Modell entwickelt in
welchem Entscheidungen zur Geldpolitik von einem Gremium mit heterogenen
Mitgliedern gefillt werden anstatt von einem représentativen Mitglied einer Zentralbank.
Die Mitglieder des Zentralbankgremiums konnen die Wirtschaftssituation nicht genau
einschétzen und es besteht eine Heterogenitit zwischen den einzelnen Mitgliedern, da sie
unterschiedliche Schitzungen zur Wirtschaftslage erhalten und die Prizision dieser
Information nicht kennen. AuBerdem wird angenommen, dass die Mitglieder des
Entscheidungsgremiums verschiedene Priferenzen hinsichtlich der Inflation haben.
Zweitens besteht eine asymmetrische Information zwischen den Finanzmirkten und dem
Entscheidungsgremium der Zentralbank, da Markteilnehmer die Schitzungen der
Zentralbankmitglieder hinsichtlich der Wirtschaftslage sowie deren Prizision nicht genau

beobachten = konnen und die Inflationsziele einzelner  Mitglieder  des



Entscheidungsgremiums nicht kennen. Durch die asymmetrische Information hinsichtlich
der Informationen {iber die Wirtschaftssituation sind die Mitglieder des
Entscheidungsgremiums besser in der Lage, die Wirtschaftslage einzuschitzen als die

Finanzmarkte.

Das vorliegende Papier bietet nicht nur einen neuen Rahmen in welchem man die
optimale Kommunikationsstrategie der Mitglieder des Zentralbankgremiums untersuchen
kann, sondern fiihrt auch zu verschiedenen neuen Erkenntnissen. Die Kommunikation
von Mitgliedern hat einen mafgeblichen Einfluss auf die Erwartungen der Finanzmirkte
hinsichtlich der Geldpolitik der Zentralbank. Transparenz in Bezug auf die Information
zur Wirtschaftslage verbessert die Vorhersagbarkeit der Geldpolitik. Kommunikation
hinsichtlich unterschiedlicher Ansichten zur Geldpolitik von Mitgliedern des
Entscheidungsgremiums wie zum Beispiel die Verdffentlichung von Stimmabgaben kann

auf kurze Sicht zu weniger Vorhersagbarkeit fithren, sie aber auf laengere Sicht erh6hen.

Man kann auch einige empirische Vorhersagen aus dem Modell ableiten. Die Prizision
mit der die Finanzmirkte die Geldpolitik der Zentralbank vorhersagen konnen sollte mit
der Zeit, in der das Entscheidungsgremium sich nicht verdndert hat, ansteigen. Das liegt
daran, dass die Finanzmérkte mit der Zeit {iber die Priferenzen der Mitglieder und die
Prizision der Schitzung zur Wirtschaftslage lernen konnen und so ein Teil der
asymmetrischen Information eliminiert wird. AuBerdem sollte der Einfluss der
Kommunikation hinsichtlich verschiedener Ansichten zur optimalen Geldpolitik von
Mitgliedern den groften Einfluss auf die kurzfristigen geldpolitischen Erwartungen der

Marktteilnehmer haben.
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Communication, Decision-making and the Optimal Degree of
Transparency of Monetary Policy Committees!

1 Introduction

The conduct of monetary policy has changed markedly since the 1990s. Over the past decade,
a number of central banks shifted responsibility for interest rate setting to a Monetary Policy
Committee?. In addition, central banks have become more independent and now pay close
attention to explaining what they do and what underlies their decisions. More transparency
and increased use of communication can be seen as a consequence of these developments (de
Haan et al, 2007)3.

In light of the above developments, two new strands of literature have emerged, one of
which investigates the optimal design of monetary policy committees. Existing theoretical
papers on this subject investigate questions such as why it is beneficial to have a committee
rather than a single policymaker and what the optimal decision-making procedure and size
of such a committee should be (see for example, Gerlach-Kristen (2006), Sibert (2006)).
The general consensus has emerged that delegating monetary policy to a committee leads to
superior policy for a number of reasons, such as the ability to pool judgements of different

4. Furthermore, the literature

members and the possibility of learning from other members
so far has concluded that a committee of limited size is optimal due to the costs of acquiring
information about different members and coordination costs (Sibert, 2006). In practice,
committee size varies across countries (Berger et al, 2007). For instance, whilst the monetary
policy committee of the Bank of England comprises 9 members, the Federal Reserve Open
Market Committee consists of 12 members of which four members serve on a rotating basis.
In order to limit the size of the Governing Council to 21, the ECB will also introduce a
rotation scheme with 15 members serving on a rotating basis.

There has been a lively debate on the effects of publishing voting records on the behaviour

T thank Alan Blinder; Hiroshi Fujiki; Petra Gerlach-Kristen; Petra Geraats; Sean Holly; Wolfgang Lemke;
Jerome Vandenbussche and participants at the Research Workshop on Monetary Policy Committees in Oslo,
September 6-7 2007, for helpful comments and discussion. Part of this paper was written whilst I was visiting
the Deutsche Bundesbank, which I thank for its hospitality. Any views expressed in this paper are my own
and do not necessarily reflect the views of the Deutsche Bundesbank.

2In fact, a recent survey by Pollard (2004) shows that 79 out of 88 central banks conduct monetary policy
by committee. A number of these monetary policy committees are inflation targeters. Inflation targets are
not always constant as is the case for the Bank of England. Instead some central banks (namely, Sweden,
Canada, New Zealand, Austrialia) have inflation target bands (usually between 1-3%).

3Eijffinger and Geraats provide an index of transparency for a set of developed countries that includes some
inflation targeters (UK, Sweden, Australia and Canada) as well as non-targeters (Japan, US and Switzerland).
They show that between 1998 and 2002 transparency has increased for virtually all of the central banks they
studied.

4 An overview of this literature is provided by Blinder (2007).



of committee members. This was discussed extensively by Buiter (1999) and Issing (1999) and
was subsequently analysed in theoretical papers by Sibert (2003) and Gersbach and Hahn
(2005). Sibert (2003) argues, that there may be positive incentive effects for committee
members to keep inflation low. However, Gersbach and Hahn (2005) conclude that at least
in the case of the ECB, the publication of voting records is likely to exacerbate the so-called
small country bias and induces members of the Governing Council to vote for the optimal
interest rate of the country they represent.

The second new strand of literature examines the optimal communication strategies of
central banks and their effects on financial markets. Communication of central banks can take
various forms, including information on the range of views expressed in committee meetings,
by publishing minutes and voting records, as well as speeches and interviews of committee
members. The existing theoretical literature on this subject differs in its conclusions. Some
economists stress the importance of communication in providing central banks with the means
to influence key asset prices in the economy (Blinder (1998), Bernanke (2004))°. Although
policymakers have only direct control of the short term interest rate, they want to shape
interest rate expectations along the yield curve and thereby anchor expectations, which is
seen as crucial in achieving the central bank’s objectives (Eggertson and Woodford, 2003).
Hence, communication may prove useful for central banks because it can be a direct tool to
influence markets expectations and it may be used to reduce noise in financial markets and
lead to greater predictability of policy decisions. However, Morris and Shin (2002) argue
that too much communication may not be desirable, as the private sector may overreact to
central bank announcements. Their finding does capture a concern expressed by some policy
makers. For example, in discussing the release of FOMC minutes, Yellen(2005) expressed the
view that ’Financial markets could misinterpret and overreact to the minutes’.

There is also an emerging empirical literature on communication by central banks. The re-
sults show that communication has an effect on policy predictability. Gerlach-Kristen (2004)
finds that voting records of committee members can convey information about the views of
individual members and their publication may hence lead to greater policy predictability. Pa-
pers by Kohn and Sack (2004) and by Reeves and Sawicki (2007) show that communication
and in particular the publication of minutes significantly affect near-term interest rate expec-
tations. Ehrmann and Fratzscher (2005) investigate communication by three major central
banks (the Bank of England, the Federal Reserve and the European Central Bank) and try
to evaluate the effectiveness of central bank communication on financial markets in terms

of their ability to anticipate monetary policy decisions. They conclude that a higher degree

Bernake (2004) notes: 'Control of the federal funds rate is therefore useful only to the extent that it can
be used as a lever to influence more important asset prices and yields-stock prices, government and corporate
bond yields, mortgage rates-which in turn allow the Fed to affect the overall course of the economy’.



of communication dispersion among committee members about monetary policy worsens the
ability of financial markets to anticipate future monetary policy decisions and hence raises
the degree of uncertainty. They also find that communication of risks and diversity of views
of the committee surrounding the economic outlook enhances the ability to anticipate future
monetary policy decisions. Furthermore they show that a higher frequency of communication
helps markets to predict future monetary policy.

In this paper, the impact of communication by committee members on financial markets
is modelled theoretically. The model developed contrasts in several ways with previous work
on monetary policy transparency and communication. First, we employ a model in which
decisions are set by a monetary policy committee with heterogeneous members rather than
assuming that there exists a representative central banker. It is assumed that policy makers
themselves face uncertainty in assessing the state of the economy® and that there are two
sources of heterogeneity between members: Members receive different signals on the state
of the economy and they face uncertainty about the precision of these signals. They are
furthermore assumed to have different preferences regarding inflation. Second, we introduce
asymmetric information between the committee and market participants. This asymmetry of
information is due to imperfect knowledge of market participants of the signals on the state
received by committee members as well as the precision of these signals and uncertainty
about the implicit inflation targets of committee members. As a result of the first source of
this asymmetric information, the optimal assessment of the state of the economy by financial
markets is inferior to that of the committee’.

Besides providing a new framework in which to analyse optimal communication strategies
of committee members, several interesting insights are obtained. It is shown that commu-
nication matters for financial markets’ expectations of the policy decision. Actual and per-
ceived transparency of committee members about their views on the state of the economy
is beneficial in that it leads to greater policy predictability. In addition, communication of
a divergence of views by committee members regarding the monetary policy decision as for
example the publication of voting records, may in the short run lead to less policy predictabil-
ity. We also find several empirical predictions of the model. It is shown that predictability
of monetary policy decisions increases with the time a committee has been in office. This

is because over time some of the initial information asymmetry between the committee and

6The fact that central banks do not know the current state of the economy with certainty, has for example
been stressed in papers by Orphanides (2003) and Aoki (2006).

"This feature of the model receives support from an empirical study by Romer and Romer (1996), which
compares forecast errrors of the Federal Reserve and of commercial forecasters and finds evidence of an
informational advantage of the Federal Reserve. Romer and Romer (1996) argue that this advantage might
not be due to better data availability but to central bank staff which is better at processing and interpreting
information.



market agents is eliminated as market agents are able to learn about committee members’
preferences and the precision of signals that members receive on the state of the economy.
In addition, the impact on the yield curve of communicating diverse views of committee
members on monetary policy should be greatest for near-term policy expectations.

The remainder of the paper is organised as follows. Section 2 sets out the basic model. The
solution of this basic model is discussed in Section 3. In Section 4, results are reported that
examine the degree of policy predictability with different degrees of transparency. We also
analyse implications of different degrees of transparency on the yield curve of the economy.

Conclusions are summarised in Section 5.

2 The Model

2.1 General Setup

We follow Svensson (1997) in adopting a simple backward looking model of the economy.
Key features of this model are that demand and supply shocks have persistent effects and
that monetary policy affects the output gap and inflation with a lag.

The model of the economy is structured as follows:

Ti41 = T + 00y + €41 (2.1)
Yee1 = Brye — Balie — ) + My (2.2)
where €.,1 and 7,,, are normally distributed variables with E(e1) = E(n,,) = 0,

Var(n,,,) = o and Var(e1) = o?. Furthermore 7, is the inflation rate, y, the output
gap and i; — m; denotes the real repo rate. Following Ellingson and Soederstroem (2001),
an equation for the term structure of interest rates is added to the above model. Bonds of
different maturities are seen as imperfect substitutes and so the interest rate on a discount
bond of maturity n at time ¢ is set as the average of expected future short term interest rates

during the time to maturity plus a term premiums®:

n—1

-n 1 . n

by = E E itpst + & (23>
s=0

where i, ; is the expected short term interest rate s periods ahead and & is the term

8Following Ellingsen and Soederstroem (2001), throughout this paper, it will be assumed that the term

premium is independent of all relevant variables, that is, that the expectations hypothesis of the term structure
holds.



premium at time ¢ for maturity n. Thus in determining long rates, market participant will

form rational expectations about the future path of the short central bank rate.

The policymaker is assumed to have the following loss function:

1

Ly(me, ye) = = [(me — 7°) + My (2.4)

2

where ) is the weight attached to output stabilization and 7* denotes the inflation target.

The intertemporal loss function is

o0

EtZ(STitL(ﬂ-T; ?/T) (25>

T=t

with ¢ denoting the discount rate.

In order to find the optimal reaction function, we need to minimise Equation (2.4) with
respect to Equations (2.1), (2.2) and (2.5). It is shown in the Appendix that the reaction

function follows

i

where

k=3

dark
2L vz — 1) + Ly (2:6)
2
1—c¢ 1—c+ /81
)+ ——
By

T+ A(Trt — 7T*) + (ﬁ + OZ1A> Ut
B

m + A(my — ) + By,

Ut

A1 — 6) M1 —06)\*  4x
A S 14+ ==~/ -
da? * \/( * da? * a?

Thus, the real repo rate i; — m; is increasing in the excess of current inflation over the

inflation target and in current output. The instrument of the central bank hence depends on

current inflation and output, not because current inflation is targeted, but because current

inflation and output determine future inflation. The solution to the above model describes

an inflation-targeting central bank: if the two year ahead forecast of inflation exceeds (falls

short) of the inflation target, the real repo rate should be increased (decreased) until the

inflation forecast equals the target.

Following Ellingson and Soederstroem (2001), it is possible to find a closed form expression

for the economy’s yield curve. This can be done using the reaction function and the inflation



and output relationships. As shown in the Appendix the yield curve can be expressed as

1| m+ A(m —7%) + By + [1 + A(1 = 5,B)]

+ &7 2.7
n X [ — 7 4+ caqye] + (n — 1) 2 (2.7)

Zt:

2.2 A Model of a Monetary Policy Committee and Financial Mar-

kets under Uncertainty

We assume the existence of a monetary policy committee with N members. This committee
is observed by the financial markets. We assume that there is no heterogeneity among
the market agents. However, there are two sources of heterogeneity among the committee
members. First, each committee member is assumed to only imperfectly observe the current
shock to output. The shock that occurred in the previous period is however assumed to be
perfectly known and hence there is no uncertainty with regards to the output gap in the
previous period. Each member, j, receives a signal of the current state, the variance of which

is unknown to each committee member and has to be estimated.

ygj) =Y+ €§j) (2.8)

with /) ~ N(0,02) for j =1,2, ..., N.

Hence, each committee member j receives a signal on the state of the economy, which
is unbiased and has a constant variance. This variance is however, unknown to committee
members and is estimated by member £k as 5§Ef’j) forj=1,...Nand k=1,...,N.

The second source of heterogeneity comes from the preferences of committee members
regarding the inflation target. It will be assumed that committee members have their own
implicit inflation targets’. This may differ among committee members. For each committee
member 7,

oY) = x* 4 29 (2.9)

9This assumption is based on the idea that a number of inflation targeting central banks (such as Australia,
Canada, Sweden for example) have inflation target bands. It should also be noted that there exist central
banks such as the Bank of Japan, where members of the monetary policy committee are not given any explicit
inflation targets. In addition, whilst the ECB is not explicitly an inflation targeting central bank, it also does
not have a well defined inflation goal but aims to keep inflation below but close to 2% in the medium run.
Furthermore, even if a central bank has a point target such as the Bank of England, committee members
might disagree as to the speed with which inflation should be brought down or up to the target given that
committee members are also interested in output stabilisation. It is hence reasonable to assume that there
are small differences between committee members regarding 7*, which is interpreted as the point target of
committee members. It should be noted that alternatively one could assume that committee members have
differrent preferences regarding the output gap stabilisation. This would be reflected in different values of A
in the loss functions. However, this would lead to very complicated mathematics but intuitively one would
expect to obtain the same results as with the assumption of different implicit inflation targets.



where

U )

i.e we assume that zt(j )is constant and the implicit inflation targets of committee members
are degenerate!”

Financial markets know the state equations (2.1) and (2.2) and they are aware of the
general process by which interest rates are set, that is they know the general form of the loss
function. However, there are two important information asymmetries between the central
bank committee and financial markets. First, financial markets do not observe the signal
that each committee member receives on the current output gap perfectly. Instead, financial

markets receive public information on the signals of committee members:

g = ) 4 B (2.10)

(J) (F.9)

= Utel e
F,
= p+ ¢

where ({7 ~ N(O,O’?Ej)) for j=1,...,N, and ag(F’j) =0+ g2 F9)

The noise €§F’j ) arises from the fact that committee members may not communicate their

2(F.j) (F.4) @)

signals perfectly to financial markets. When o = 0, the signals y,” ¥’ communicate y;

without any noise and so there is perfect actual transparency about the committee members’

signals on the output gap. We assume that the variance of (EF’j)
2(FJ) — ~2(FJ) 45

2(FJ)

is unknown to market
agents and is estimated as o, NQ(F] ). Thus perfect transparency as perceived
by financial markets implies that o = O.Transparency as used in this paper hence refers
to the absence of asymmetric mformation between the policymakers and financial markets
and hence follows the definition by Geraats (2002). Nevertheless it is also related to Winkler’s
(2000) definition, which uses the concepts of openess referring to the amount and precision
of information released and common understanding, i.e. the extent to which the public
understands the information supplied by the central bank.

The second information asymmetry regards the preferences of committee members about
the inflation target. It is assumed that financial markets do not know the implicit inflation
targets of committee members with certainty because they do not observe 2. It is assumed,
that financial markets know that z\) is constant. If the committee publishes its individual
voting records, those records provide the public with a signal on the inflation targets of

members. The accuracy of this signal will depend on the how precisely financial markets are

107t would also be possible to follow Svensson (1997) in assuming that the implicit inflation targets follow
AR(1) processes. This would not affect the basic results of this paper.



able to assess the optimal nowcast of the state of each committee member after deliberation.
Financial markets can use the signals on z\) contained in voting records together with the
fact that implicit inflation targets are constant to form an optimal assessment of the implicit
inflation target of committee members in period t.

The timing of events in any period ¢ is as follows: First, each committee member receives
a signal on the current state of the economy (denote this stage as tf;s). Subsequently
financial market receive the public information yfF’j ). Market agents then rationally form
a prediction of the interest rate decision of the committee, which will be a function of the
best assessment of the current state of the economy and the best assessment of the implicit
inflation target of the median member(tscong)'!. The committee then meets, deliberates,
votes on an interest rate by majority and publishes its interest rate decision (f:4q). Finally
and before the beginning of period ¢ + 1, the committee publishes its voting records and the

true output gap in period ¢ is learned by the committee and the market agents (¢ fomth)m.

3 Solving the Model

3.1 The Decision-Making Process of the MPC

It is assumed that when the committee meets and deliberates, committee members exchange
their signals on the state of the economy. Hence, each committee member is able to combine
his signal on the state of the economy with those of other members optimally to form an
assessment of the output gap in period t'*. In order to combine the signals of all committee
members optimally, committee members have to come up with an estimate of the precision
of their own signal and the precision of the signals that their colleagues receive. Committee
members are assumed to recursively update their estimates of the underlying variance of the

signals that they receive. That is in period t, the estimate that committee member j has of

"David Archer pointed out that the timing of the model is not realistic as information on the economic
outlook is usually given after the policy decision has been released and not before. A possible solution to this
would be to assume that information on the state of the economy in the next period is given in the minutes.
This would mean that one time period (t first) essentially disappears but the model would otherwise be
identical and there would be no effect on the results.

12We hence assume that the publication of voting records occurs at the same time as the true state of the
economy of period ¢ is learned. In the case of the Bank of England, for example, voting records and minutes
are published at 9.30 a.m. on the Wednesday 13 days after the monthly committee decision, so that they are
available to the public before the committee next meets. The minutes contain information about the views
of the committee on the economic outlook. We make the simplifying assumption that committee members
know the true state in period ¢ and this is communicated without error to financial markets through the
minutes.

13Signals are combined using the methods developed by Bates and Granger (1969) and Dickinson (1973)
on the optimal combination of forecasts.



his own variance equals

~2(7,7 t_1N2 j,j 1
Ut,(yj = —Utfjﬁ; (yt(j)l — Y1)’ (3.1)
t t—1
forj=1,2,...,N.
Similarly the estimate that member j forms about the precision of member k’s signal can

be written as:

Gk t—1 oGk 1 k
Uty] )= - t(]133+t 1(%( )1 yt71)2 (3.2)

forj=1,2,...Nand k=1,2,...,N and j # k.

Therefore, in period ¢, the estimates that committee member j forms about the precision
of his signal and those of his colleagues are a linear combination of estimates of the precision
of signals that j had in period ¢ — 1 and the squared difference between the signals received
in ¢t — 1 and the actual realisation of the state in period ¢ — 1. If in the initial period in
which the committee meets, committee members have different priors about the precision of
signals, then k’s evaluation of the variance of his own signal will not equal j’s evaluation of
k's signal in period t unless ¢ = co. This very intuitive result can be shown mathematically.
When the committee meets for the first time at ¢ = 1, members j and k have different priors
on k's variance of the signal, i.e. ?fi(g’k) + 5?’(5 k) After the policy decision is made, the true

state is revealed and committee member j updates his prior of £'s variance according to:

ey 1o 2
Try =301 + (v =)

Hence for period t:

~2(4,k t—1~ k 1 k 2
0t2,(y] ) = t2(]133+— (Z/t( )1 Yt 1)
t 1
_ Lo t—k 1 ((k) )2
-G O1y +kzo r t—k_1 Ye k1 — Yt—k—-1

where we have repeatedly substituted in for o] 26, )

expression that the first term 10?(;’ — 0 ast— oo. It can be inferred that

It can easily seen from the above

t—1
~2(kk) _ 120k k) t—k 1 (k) 2
Oty = Eal,y + E { r o —k—1 <yt k—1 yt—k—l)

k=0

where the first term 103(: 0 ast — oo. Hence, estimates of committee members

converge over time as the different initial priors are given less weight as time progresses.

It can be shown that the optimal combination of signals for each committee member 7,



which is the solution to a signal extraction problem, is a linear combination of all signals

with the weights determined by the perceived precision of signals'*. Therefore,

(1)

Yy
e
w =B " (3.3)
N
i
where ~
~ [t
Bj = .,~y’_]1‘]
zQy’jz
and 2i)
y,? 0 0
~ 0 262
Qj = vt
0 0o ... N

y,t

Therefore as long as Ef/ff’j) + 5§ff’j) forall j=1,...., N, k=1,...,N but j # k, combined
signals of the state of the economy will differ between committee members. In order to form
an optimal assessment of the output gap for period ¢, committee members are assumed to

use the standard Kalman filtering formulae. The state equation is given by

Y = Brye—1 — Boli—1 — 1) + 14 (3.4)

and the observation equation can be written as:

i1
yo

R e
W=5|" (3.5)

J

PN
y N

with E(J]) = y and E(J — y)? = E;QEJ — H/. The true variance is unknown to
committee members and hence the perceived variance, ﬁg = E;ﬁjéj, is used.

Using the true state in period ¢ — 1, the optimal prediction for the output gap in period
t is given by

Yur—1 = By — Boliv-1 — mi1) (3.6)

14The full derivation of optimal weights is provided in the Appendix.
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and the variance of this optimal prediction equals
Pi1=0 727
Therefore the perceived mean squared error of the prediction vector is given by
F9 =P, +H! (3.7)

Using the standard Kalman filtering formulae'®, the optimal estimate of the state of the

economy in period ¢ and the variance of this estimate are given by:

yt(|]t) = Y-+ Ptutfl(ﬁt(j))il [z?? - yt\tfl]
Yet—1 + [}t(j) [?7? - ym—l] (3-8)

where f(t(j) denotes the Kalman gain of committee member j. Optimal nowcasts of
the state hence differ between committee members because of asymmetric information be-
tween committee members regarding the precision of signals. The fact that there is disagree-
ment between committee members is confirmed when looking at actual voting data of MPCs
(Gerlach-Kristen, 2002).
The perceived variance (i.e. the variance that uses the estimated variances of committee
member j) equals:
Jgt] = Py—1 — Pt\t—l(ﬁt(j))ilpt\t—l (3.9)

The true variance of the optimal assessment of the output gap, which is unknown to

committee member j is given by:
Pj - p P ﬁ(j) -1 2 H(j) P _9((p 2 ﬁ(j) -1 3.10
) = Pr1 + | Pu—a(F) [H" + Py (Prt-1) ¢ (3.10)
116

Hence the interest rate that will be voted for by each committee member will equa.

iD=+ A — 7 — 29) + By (3.11)

15See Hamilton (1994) for a general discussion of the Kalman filter.

16Tt should be noted that we make use of the principle of certainty equivalence here: if there is uncertainty
about the state of the economy and the economy is assumed to follow a linear model with a quadratic loss
function, the optimal policy is the same as if the state of the economy were fully observable, except that the
policymaker should respond to an efficient estimate of the state of the economy rather than to its current
value (Svensson and Woodford, 2003). In addition, we make use of the separation principle: This states that
the estimation of the current state of the economy (the signal extraction problem) and the determination of
the optimal response coeflicients (the optimisation problem) can be treated as separate problems (Svensson
and Woodford, 2003).
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Given that the committee decides on an interest rate by majority voting, the interest
rate set by the committee will correspond to the interest rate recommendation of the median
voter. Therefore the interest rate set by the committee will be:

z;? = median(i,ﬁ?) (3.12)

3.2 Financial Markets

In order to form a prediction of the committee decision, financial markets can combine the
public information they receive on the output gap signals of committee members and use this
combined estimate as the observation equation. This is again a signal extraction problem
and in order to combine the perceived signals optimally, financial markets need to form an
estimate of the precision of the public information that they receive from each committee
member. For each committee member j, this variance will be the sum of the estimated
variance of the signal of that committee member and the estimate of the variance of the
noise of the public information:

G = G2 1 AR (313)

The estimate of market agents of the precision of the public information for each commit-
tee member in period ¢ , is a linear combination of the previous estimate and the observed
difference between the public information and the true state. Thus for committee member
7j, the estimate of the precision of the public information received from this member equals:

~2(F1')_ t_1~2(F7) 1 (Fz) 2
T ; Geu1 + P 1(%71] = Y1) (3.14)

Financial markets can use their estimates of the precision of public information to come
up with an optimal linear combination of the public information received on committee
members’ signals':

Fi
y
(F2)

=B | (3.15)

F.N
y

where

Qpti

Bp = | —=
it

1"Details of the signal extraction problem can be found in the Appendix.
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and

AR 0
~ 0 XY 0
Qp = o
0 0 - Y

Financial markets can use this optimal combination of their assessment of committee
members’ signals together with the state equation for output in order to form an optimal
assessment of the output gap in period ¢, which can be used to form an interest rate prediction.
This is a standard Kalman filtering problem, similar to Section 3.1.

Using the standard Kalman filtering formulae, the optimal estimate of the state of the

economy in period ¢ is given by:
Fo_ H(F)\—1 [~F
Yo = Y1 + Pt (B )7 [T = yoea ] (3.16)

where [?tF = Pt‘t,l(ﬁt(F))’l denotes the Kalman gain for financial markets and
Y = Py + HF (3.17)

The perceived variance (i.e. the variance that uses the estimated variances of financial

markets) equals:
B = Py = Puca(F7) Py (3.18)

The true variance of the optimal assessment of the output gap, which is unknown to

financial markets is given by:

F =1\ [ F 2 (FE)\
PF = Puoy+ (P (BE)7) [HE + Pca] =2 ( (Puen)? (B (3.19)

where HF = BBy

In order to predict the interest rate set by the committee, financial markets need to know
the implicit inflation targets of individual members, which are not observed directly. The
publication of individual voting records of committee members provides financial markets
with signals on these. We will consider the model with and without the publication of voting

records.

The interest rate prediction of financial markets when voting records are pub-

lished When voting records are published, these provide financial markets with a public

13



signal on the implicit inflation targets of committee members. Financial markets know that

the interest rate voted for by committee member j follows:
iz@m—l =m+ Almy -7 — Z(j)) + Byz@htq (3.20)

Thus, if they were able to observe yg)mq perfectly, they would be able to perfectly
infer 209 from the individual voting records. Unless committee members communicate their
optimal assessment of the economy after deliberation has taken place, financial markets only
observe yfj_ )1@—1 imperfectly. If there is no communication of committee members about their
optimal assessment of the state after deliberation, financial markets estimate of yfi )1|t71 for
all j =1,2,..., N is equal to yt(gm—r Therefore if voting records are published, the signal

that financial markets receive of zU) in period t — 1 is given by

(F) _ 1+ A
t—1 A

M1 — T + Zyg—%.t—l - Zzgj—)lxt—l (3.21)

where B(ETD) = =00 and BESD — 207 = (B) (BT, — 2, 1)), Tt should be
noted that the true variance of gﬁf{ ) is unknown to financial markets as this is a function
of the variances of signals received by committee members and the variance of the public
information on those signals received by financial markets.

Financial markets hence face a signal extraction problem. The timing is as follows: In the
initial period, t = 0, before the committee meets for the first time in period ¢ = 1, financial
markets form a prior on what they think the implicit target of each committee member is (this
prior could be based on the reputation of the committee member or some communication of

the committee member j through the media for example). Denote this prior as z(()F’j ), where

Z((JFJ) _ Z(()j) 4 y(Fd) (3.22)
and
UFD) N(Q’gg’(m)) (3.23)

In the first period financial markets use this prior in order to predict the monetary policy
decision of the committee. Once, the committee publishes its voting records, financial markets
can update their initial prior in order to come up with an optimal assessment of (). This is

done using the basic Kalman filtering formulae with

2D =22, (3.24)

as the state equation

14



and
&) =20 + i (3.25)

where 1/J(F] ) = (yt(Fi‘t 1 yt(] )m 1) as the measurement equation. Thus in period ¢ — 1 after

voting records have been published, the best assessment of zU) equals:

; ; Var(z") ) ; ;
F, F, t—Lit—2 F, F,
£ =) = o 650 - 450 (3.26)
Var(zt hi—2) VC”"( 1)
where the weights is written in perceived terms because the true variances are unknown
to financial markets.

The true variance of the best assessment of z() equals

() Var(zF9) 2
Var(z_] + | =
Var(zF)_ ) = (2i-ii2) Var(=")_y)+Var(g"})

t—Lit—1 V()
ar(z,_ 4 _2)

T e @)

<Va7"( (F.3) 1)+ Var(zt(Fﬂ 2)) — 2Var(zt(F£ 9

Hence, the best assessment for z(9) in period ¢ before voting records in that period are
published is given by
F Fj
2 = 70 (3.27)

The prediction of the interest rate that committee member j will vote for equals

ngj) =T+ A(ﬂ-t -7 = Z;?—J%) + Byigf)

The prediction of financial markets for the interest rate set by the committee will be:

il = median (i) (3.28)

The interest rate prediction of financial markets when voting records are not
published When voting records are not published, financial markets only receive a signal
on the inflation target of the median voter once the policy decision is published. However,
because in the next period ¢ + 1, the assessments of output of committee members will have
changed and the median voter is thus likely to be a different committee member than in
period t, the usefulness of the policy decision for receiving information on the individual
preferences of committee members on the inflation target is limited. Financial markets will
realise this and do not combine their priors on committee members’ preferences in this case

()

with any signals. The best assessment of z,”’ equals

s =z (3.29)
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and
Var(z ) = Var(z"™)

Thus, the predicted interest rate decision of committee member j equals:
(Fj X Fj F
Z;t 2 = Ty + A(ﬂ-t - T = Z(() J)) + Bygt)
The prediction of financial markets for the interest rate set by the committee will be:

zgfc) = medmn(z;t’j)) (3.30)

Financial markets’ response to the publication of the interest rate decision of
the committee When the interest rate of the committee is announced, financial markets
can use the policy decision to adjust their optimal assessment of the state in period ¢ before
individual voting records are published and the true state becomes known. Financial markets
know that the assessment of the output gap of the economy of the committee is more precise
than their own and they can use the policy decision, keeping the preference parameter fixed

at their prior, to infer something about y;, . Financial markets know that

z;t) T+ A(m — 7 — zt(c)) + Byt(? (3.31)

() is unknown. However, financial markets can use their assessment of z(¢)

where the true z;
in period ¢ (which will differ depending on Whether or not voting records are published) in
order to infer something about ym The signal on ym that financial markets receive is given

by

(c)
o 1 .
yid =1 — = [m+ Alm— 7 = 2] (3:32)

where E(y\5?) = 49 and E@y5? — 492 = BT — )2 If voting records are not
published and financial markets use their prior as the best estimate of the median member’s
implicit inflation target, the variance of y,&f ) will be known. If voting records are published,
this variance will be unknown as it will then be a function of Eq.(3.26). The best assessment

of yt,t once the committee decision has been published is

() (Fio) (") | Var(ys) (Fo) ()
By 1 Yt ) =Yg 3 (F.o) |:yt|t — Yue } (3.33)
Var(yt\t ) + VC”"(?Jtnf )

F o Fic F
= y;t) + Ff |:yt(\t ) - y;t ):|
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Hence, the new assessment of market agents of the median member’s assessment of the state
in period t, once the interest rate decision has been published, will be a linear combination of
the initial optimal assessment of the state of financial markets and the signal on the optimal

assessment of the median member that is received through the publication of interest rates.

4 Results

To fully understand the implications of the two information asymmetries between the mon-
etary policy committee and financial markets, it will be assumed in section 4.1 that there is
only asymmetric information about the signals received by committee members on the state
of the economy. Preferences on the inflation target will be identical for all committee mem-
bers and perfectly known to financial markets. We also distinguish between the model with
no intertemporal dimension to decision making (i.e. the committee meets only once) and
the model with an intertemporal dimension to decision-making where there will be repeated
interaction between committee members. In Section 4.2 imperfect information about implicit
inflation targets of committee members is added and the implications of this asymmetry for
the desirability of publishing voting records is analysed.

To simulate the model over time, the values used for the parameters of the Svensson
(1997) backward looking model are extracted from an empirical paper by Rudebusch and
Svensson (1998) in which the model is estimated for US data. Thus, oy = 0.7, 8, = 1.16,
and 5, = 0.1. Furthermore using the empirical results of a paper by Favero and Rovelli
(2003), which also estimates the Svensson (197) model for US data, we set A = 0.5, a% =738
and 6 = 0.975. It should be noted that the results are not qualitatively sensitive to these

parameter assumptions.

2

YsJ
~2(F7j) ~2(F7j)

For all simulations, we randomly draw the true variances, o2 ; and 02 5 ; for each commit-

tee member j = 1,..,N as well as perceived variances, o, ", o.; *’and 5sz’j) for each
committee member j = 1,.., N using 10000 draws. For example, o2, = (u")? where

u9) ~ N(0,1). We then compute the covariance matrices, Q, Qx, ; and Qp. In order
to generate error terms for committee members’ signals in each period ¢, we use a Cholesky
decomposition of the true covariance matrix, €2, to give a lower triangular matrix L, which
is multiplied by a vector of uncorrelated simulated shocks (10000 draws). This produces a
shock vector LU with covariance properties of the system being modelled. The j** element
of this shock vector corresponds to 59 ). For financial market, we generate error term for the
public information received from each committee member, with the same method as above

with the exception that we now use 2r as the covariance matrix.
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4.1 Perfect common knowledge of inflation targets
4.1.1 No intertemporal dimension to decision-making

This subsection makes the simplifying assumption of just one round to decision-making. It
is assumed that the committee meets only once and that the policy recommendation of each
committee member is only based on the optimal combination of signals and not on past
values of the output gap. It has been shown in the Appendix that the true mean squared

error of the combined signals for committee member j equals

~ ! ~
Qi Qi
”]Q 7! (4.1)

E G - )@ - )| = BB = | ~
(yt yt)(yt yt) J J Z/QJ_ll ZIQj_ll

It can be shown that the policy error in this simplified version of the model equals
E(if, — E(i5,))* = B*E (7 — ) (7} — )] (4.2)

where 3¢ corresponds to the optimally combined signal of the median policymaker. As
figure 1 demonstrates when there is uncertainty about the true variances of signals and
committee members have to use estimates or perceived variances, then a committee of size N
will set an interest rate on average further away from the true interest rate than a committee
which is not facing such uncertainty. This is because committee members may give too much
or too little weight to certain committee members relative to what is optimal.

Another characteristic of the model is that if a committee member is perceived to receive
a highly accurate signal of the state, this member’s signal will be given a high weight. This
observation can provide some explanation for the fact, why in some central bank committees,
the chairman dominates the meeting if he is perceived as very able to the extent that the
variance of the his signal of the economy is very low.

In addition, it can be seen from figure 1 that there is relatively little benefit of having
a committee that is larger than 7 members. This corresponds to the results of the previous
literature, which typically argues for a committee of relatively limited size (Erhart et al, 2007
and Sibert, 2006).

As for financial markets, it can easily be verified that the true mean squared error of the

combined perceived signals of committee members equals:

El@ —w@ —w)] =

QFZ ] Q QFZ (43)

= F—=
Qg i

Predictability of monetary policy decisions can be measured in terms of the expected
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squared deviation of if, from ¢, :

B(ify — i) = BE{G —w) - G -] [0 —w) -G -w)]} @9
_ { G~ )@ —u)] + E 1@ — ) @ — ) }
-k [(??tF - Z/t)@? - Z/t),} - E [@Z - Z/t)@f - yt>l]
[ .,26’; ] 0 P ‘,%ii. [ ‘,gii } 0 ‘,gi.
:BQ ZFZ/Zfl zc%/lcz

Qpi Qi Qi Qi
~—1. Q.~_1._ ~—1. ~—1.
QR i'Qe i i'Qe QR

It can be seen that the above expression for the policy prediction error of financial markets
is a direct function of the true variances that financial markets have in observing the public
information on committee members’ signals, i.e the values of aﬁ(” ) for j=12,..,N. So,
in terms of policy predictability high actual transparency about the economic outlook (i.e.
small ag(F’j )) is optimal. Transparency about the central bank’s forecasts or models is also
referred to as economic transparency (Geraats, 2002). Simulating the model for N = 9
confirms that the policy prediction error of financial markets increases linearly with the true
communication noise of committee members. This is shown in figure 2. In order to minimise
the above expression, we also need high perceived transparency and hence low '&f’(f’j ). As
demonstrated in figure 3 where we again simulate the model for N = 9 members, the highest
possible predictability given the asymmetry of information about the variances of committee
members’ signals is achieved when perceived transparency about signals is equal to actual
transparency, which is set to zero. Thus in order to maximise predictability in the static
2F3) — GAF)

case, it is optimal for to set o¢ = 0 . The following proposition summarises the

key results.

Proposition 1 When there is only one round to deciston-making and there is asymmetric

information about the variances of signals received by committee members,

(i) a committee size N which is not facing uncertainty about the precision of signals out-

performs a committee with members that face this kind of uncertainty,

(ii) actual transparency about signals received by committee members on the output gap
improves the predictability of policy decisions. In addition, the smaller the difference

between actual and perceived transparency, the more predictable monetary policy will
be.

4.1.2 An intertemporal model of decision-making

When committee members meet repeatedly over time, they can observe the error that each

committee member makes in estimating the state of the economy because after the committee

19



has met, the true output gap in that period is revealed to members. It is hence possible for
each member to observe yt(j ) ¥ and this error can be used to update the previous estimate
of the variance of that committee member. Over time, because each committee member
updates his prior with the same errors, estimates converge as the asymmetry in assessing
precision matrices disappears.

Figure 4 shows the expected squared deviation of the interest rate that is set by committee
member j and that is set by committee member k, where j = 1,.., N and k = 2,...N and
N = 9. It can be seen that the expected difference between interest rates set by different
members decreases over time and there is hence less disagreement over time.

It is also possible to analyse how the ability of financial markets to predict policy decisions
changes over time. Financial markets are able to update the estimate they have for the
variance of the public signal that they receive from each committee member. Financial

markets observe yt(F’j ) — y; after the policy decision has been made in period ¢. This means

that they can calculate their estimate of Ezfﬁ? using (3.14). As demonstrated for committee
members, over time the initial prior will be given less and less weight and hence the estimated
szﬁ), (Fg) _ Oz,j—f—ag(}?’j).

As in the static case, predictability of monetary policy decisions can be measured in terms

. . ~ . . 2
variance of financial markets, o will converge to the true variance, o

of the expected squared deviation of i}, from if, :

B(if—i5)? = BE{{GF —w) - G -] [GF —w) - G -w)]'}  (45)
|ty 4[] )

9 [ (73) } (ag + E;Qéj)

= B?

(a%+f-ff) (G%Jrf-ff)

Monetary policy decisions become more predictable over time. This is demonstrated
in figure 5, which shows that over time, predictability of policy decisions as measured by
E(if, —i¢,)? increases. However, monetary policy will never be fully predictable as long as
o279 £ 0. Tt can be seen that if HI = Hf = H¢ = HF | Eq.(4.5) is equal to zero. However,
over time, HF will only converge to HE, if 02" = 0. If this is the case, O'E(F’j ) = o> ; and so
committee members and financial markets will eventually attach the same weights to signals
which are perfectly communicated, and hence interest rates will become perfectly predictable
as t — o0o.

The key results are summarised in proposition 2:

Proposition 2 When there is asymmetric information about the variance of signals that
committee members receive on the output gap and committee members meet repeatedly over

time
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(i) Nowcasts of committee members converge over time. Hence, the longer a committee
with the same committee members has been in office, the less disagreement one should

observe between committee members when it comes to making the policy decision.

(ii) interest rates will become more predictable as financial markets learn the true variance
of the public information they receive over time. Hence, the longer a committee has been
i office, the less surprise there should be to financial markets when the new interest

rate 1s announced.

(iii) interest rates will never be fully predictable by financial markets as long as there is no

full transparency about the initial nowcasts of committee members.

Hence, as in the static model, there is again a benefit in terms of greater policy pre-
dictability of being fully transparent about the economic outlook (in this case the output
gap). The fact that communication about the diverse views of economic outlook by com-
mittee members increases policy predictability has been confirmed in the empirical literature
(Ehrmann and Fratzscher, 2005)).

4.2 Asymmetric Information about the Implicit Inflation Targets

of Individual Members

When committee members have different implicit inflation targets, interest rate recommen-
dations during the voting procedure differ because of these different implicit targets and
because of different assessment of the precision of signals on the state of the economy. Over
time the asymmetry in the assessment of the precision of signals is eliminated. However, even
when this asymmetry is completely eliminated interest rates that are voted for by members
will still differ. This difference will be a direct function of the difference in implicit inflation
targets and this can easily be inferred from (3.11). Over time as the asymmetry in estimated
precision of committee members’ signals is eliminated, the interest rates will now differ be-
cause of different implicit inflation targets. This is illustrated in figure 6. It can be seen
that over time the expected squared deviation of interest rates set by members j and k will
converge to the squared difference in implicit inflation targets.

There are two different information asymmetries between financial markets and the com-
mittee: First, they receive noisy public information on the signals of committee members on
the output gap and they are unsure about the precision of this public information. Secondly,
financial markets have to form an expectation of the implicit inflation target of each member.
As long as financial markets are unsure about the optimal assessment of the output gap of

committee members after deliberation, voting records will be a noisy signal on committee
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members’ preferences. From (3.26) it can be seen that for each committee member j, the
weight given to the noisy signal of j’s implicit inflation target depends on the expected per-
ceived squared deviation between the best assessment of output of financial markets and the
best assessment of committee member j. Because of the uncertainty about the true variances
of the public information, initially, there may be too much weight given to the information in
voting records, relative to what is optimal. Over time as we have shown in Section 4.1.2 the
true variances will be learned and hence the weight given to the information on j’s implicit
inflation target will become more accurate. The fact that there may be losses in predictabil-
ity in the short term when voting records are published compared to the case when voting
records are not published is illustrated in figure (7). Figure (7) shows that in the initial peri-
ods predictability is higher when voting records are not published. Eventually, predictability
becomes higher when voting records are published. The reason for this is that over time
E(yf, — yhz _p (yl, — yt(é))2 decreases when financial markets learn the true variances of
the signals they receive. Hence, the weight attached to the information contained in voting
records becomes more accurate. The more accurate the estimated variance of the signal is to
the true variance, the more beneficial it becomes to publish voting records.

From Eq.(3.26) it can be seen that the variance of the updated estimates of implicit
inflation targets is a function of Var(¢\"™ ) which in turn is a function of F [@tF " ))r
and hence the actual communication error of the committee. Thus, the more transparent
the committee is about the signals it receives on the output gap (i.e. the smaller aiff’j )), the
smaller will be the possible short term loss of publishing voting records.

From the above discussion it directly follows, that if committee members are fully trans-
parent about their optimal assessments of the state after deliberation, it will be optimal
to publish voting records and financial markets will learn the true implicit inflation targets
of committee members once voting records are published after the first period of decision

making. These key results are summarised in proposition 3:

Proposition 3 When there is asymmetric information between committee members and fi-

nancial markets about the implicit inflation targets of individual members,

(i) interest rate predictability could initially decline when voting records are published as
markets may attach too much weight to the information on policy preferences contained
in voting records. However, eventually it becomes beneficial to publish voting records in

that policy is more predictable than if voting records were not published.

(ii) the more transparent committee members are about the signals received on the state of

the economy, the smaller the possible short term loss of publishing voting records.
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(iii) if there is full transparency about optimal nowcasts (after signal extraction) it will be
optimal to publish voting records and the asymmetry of information about policy pref-

erences disappears once voting records have been published.

Thus, when there are to sources of information asymmetry between the committee and
financial markets, it is still optimal to be fully transparent about the economic outlook.
Even if there is full transparency about the economic outlook, there is still a short term
loss in predictability of publishing voting records resulting from the uncertainty about the
precision of public information in the short term. Morris and Shin (2002) result that financial
markets may put too much weight on public information (here information contained in voting
records) hence holds in the short term. According to the model presented in this paper, in
the long term, financial markets learn about the optimal weights that should be given to
the information contained in voting records and hence predictability of monetary policy is
enhanced. Ehrmann and Fratzscher (2005) analyse communication strategies pursued by
the BoE, the ECB and the Fed between January 1999 and May 2004 and show that there
seem to be losses in predictability of policy decisions when the committee communicates its
diverging views about the monetary policy decision. Our theoretical model only confirms
this result in the short run. However, the model in this paper is simulated for a committee,
in which members do not change over time. If there are outgoing members of the committee
and new members join the committee, financial markets have to start learning again about
these new members. This means that the uncertainty about the precision of signals of
committee members may never be sufficiently reduced to make the publication of voting

records beneficial in terms of greater policy predictability.

4.3 The Yield Curve of the Economy

In the initial stage before the interest rate decision of the committee has been published, the

term structure can be written as:

n _ 1
Y second = (Fye) (Fye)

n [771‘, — T =z g+ alyft} +(n = 1) (7" — 27 + &

1 { T+ Almy — 7 — zt(ff{) + Byl + [1+ A(1 = 3,B)] X, } (46)

Ellingson and Soederstroem show that interest rates of all maturities are positively related
to supply shocks in period ¢, which are observed perfectly by both the committee and the
market agents, with the magnitude diminishing with maturity. The best assessment of the
output gap by financial markets, yf}, is a function of output, inflation and the interest rate
in period t — 1 as well as the optimal combination of public information on the output gap

signals received by committee members in period t. It can be directly inferred from Eq.(3.16)
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that the current assessment of the output gap is positively related to y!', which is a direct
function of y,.
Therefore ]
8125% ond 1 F F
St = {BOEE) +[1+ A(1 = 8,B)] Xaa(K) | (4.7)
t
In order to determine the sign of the above derivative, we need to evaluate the sign of
1+ A(1 — B,B)] X,,. If this is positive, the derivative will be positive. It can be shown that

1+ A(1 = ByB)] Xy = Xy + (1 — By — Boan A)AX,,

But
aidk

0 A= Q0%
<Pad =T St

which implies that
0 < By AX, =1~ (1 - BaA)" 1 <1

for all n. Thus

Since ; < 1, this implies that

is positive. It can also be shown that (wg;;""‘i falls with maturity n. Using Eq.(6.17),
t
8i?+swt — (1 _ BQOZIA) ai?#»sfl\t
Myt s Mygs—11t

Since f501 A < 1, the response of future short term interest rates to a current demand shock
is non-increasing over time. These results extend to all three stages in period ¢ as can be
easily verified.

When the committee publishes its interest rate decision, this will have a direct implication
on the short end of the yield curve as financial markets are able to revise their interest rate
prediction for period t. In terms of the expectation of future short term interest rates, the
interest rate set by the committee contains some information on the optimal assessment of
the state of the economy by the median committee member, which financial markets can use

to update yf,. The expression for the yield curve hence becomes:
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n 1 i T [1 + A1 - ﬁZBﬂ Xy |:7Tt - = ngffi +a B <ytc|t ’ yéfﬁ))} n
Y third = o) L (48)
" +(n —1)(7" — 2,53)

and so the variance of the sum of expected short term interest rates equals

" " IN? [ (Fe o (Fe
E<Zt,third - Zt,second)2 = (E) {E(%t - ng ))2 + (Ca1)2E<E(yt|t | yt(uf )) - thm)Q} (4.9)
where C' = [1 4+ A(1 — 3,B)] X,

Therefore the variability in future short term interest rates will depend on
c Fic 2 ~r\? F,c c F c
(Ca1)2E [E(ym ! yt(|t )) - thw} = (Co‘l)2 <Ff> [E(Z/t(\t )~ ?Jt(|t))2 + E<yt(\t) - yt(m))z]

But E(y5? — y{)? = E(2!"*) — 2¢)2. Hence, the smaller the actual variance of the estimate
of markets agents’ of the implicit inflation targets and the smaller the expected squared devi-
ation between market agents’ best assessment of the state and that of the median committee
member, the less variability there will in future short term interest rate when the interest

rate decision is published. In section 4.1.2, we have shown that over time E (yff) - yﬁ??

decreases. Hence if F (zgf_c% — 2°)? remains unchanged (i.e no voting records published) or
decreases (this eventually happens when voting records are published but not immediately),
then there will be less variability in the sum expected short term interest rates over time.
In addition, as we have shown in Section 4.1.2, if the committee is fully transparent about
its signals and perceived to be so by financial markets, then E(y") — 4\9)? will eventually
converge to zero as t — oo. Hence transparency about the economic outlook leads to less
variability in expected future short term interest rates.

The impact on the yield curve when the committee publishes its voting records and the
true state of the economy is learned can also be assessed. Financial markets will adjust their
expectations of future short term interest rates given the true state and they will use the
voting records to update their assessment of member j’s implicit inflation target. The yield

curve can now be expressed as:

] i, +[1+ A1 - B,B)] X,
R ) . + &0 4.10
t.fourth = { [m — =20+ oayt} +(n—1)(m = 2t g 10
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and hence

. . 1\?
E(Zt,fourth - "Lt,thz‘rd>2 = (_) (4.11)

Fic Fc 2
—(CHn—1) (27 = =) - ]
n

Con(B (s | vir) = w)

In order to evaluate the effect of publishing voting records on the yield curve, we need to

investigate how E (i} ;oun — it nirq)” depends on E (25 — 25N2 Tt can easily be seen that

E(if ages — 1t stage2)” 18 DOsitively related to £ (259 — 2(F9)2 This in turn can be written as

o (Fie) 2

E (F,C) (cm) 2 _ Var('ztlt*l)

(zoel1 =200 )" = | = N D)
Var(z,7) + Var(§, )

2
(5) @6l -k + Var<z§.f’?>]
Thus, the greater the true variance of the signal on z(°) in period t, (%)2 (E(yt(.f) - y,g.?)g)y
the greater will be the variability in future short term interest rates. This implies, that the
longer a committee has been in office and the more precisely financial markets are able to
estimate the precision of committee members signals (i.e the lower E(yg) - yﬁ))2), the less
variability there will be in future expected short term interest rates.

It can also be shown that the effects of the publication of voting records on the variability

in future short term interest rates decreases with maturity n. This is because

i?—i—swt = (1 - 520[1"4)2.?—}-5—1\75
and thus

. . 2 2 . . 2
E@?Jrswt,fourth - Z:LJrswt,third) = (1 - 62a1A) E(Z;:»sflmfourth - Z?+sfl|t,third)

Thus the greatest impact of the publication of voting records is observed for near-term
interest rate expectations.

The key results are summarised in proposition 4:

Proposition 4 (i) in all three stages of period t, interest rates of all maturities will be
a positive function of demand and supply shocks, with the magnitude diminishing with

maturity.

(ii) The variability of future short term interest rates when the policy decision is published
depends on the expected squared deviation between the optimal assessment of the out-
put gap of market agents and the optimal assessment of market agents’ of the median

member’s assessment of the output gap. QOver time, if the variance of market agents’
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assessment of the implicit inflation target of the median member stays constant or de-

creases, there will be less variability in the sum of expected future interest rates.

(i1i) the more precise the assessment of output before the true output gap is learned and the
more precise the initial estimate of the implicit inflation target of the median member,
the less variability there will be in future expected short term interest rates when voting
records are published. This also implies, that the longer a committee has been in office
and the more precisely financial markets are able to estimate the precision of committee
members signals, the less variability there will be in future expected short term interest

rates when voting records are published.

(iv) the effect of communication in the form of publication of voting records should be more

pronounced for the near-term interest rate expectations.

The above results imply that greater transparency about the economic outlook, leads to
less volatility in financial markets. In addition, the impact of communication in the form of
publishing voting records should be most visible in near term interest rate expectations. This
is indeed confirmed empirically by Reeves and Sawicki (2007) for the Bank of England. The
authors conclude that there is a significant response of financial markets to the publication of

voting records and that this is particularly true of short term sterling futures implied rates.

5 Conclusion

Recently, there has been a growing number of theoretical and empirical papers investigat-
ing the optimal degree of transparency and communication of central banks. Against this
background this paper has provided an attempt to address these questions within a model
of a monetary policy committee with heterogeneous committee members that is observed by
financial markets. It is assumed that there exists asymmetric information between the com-
mittee and market agents, which means that the communication strategy of the committee
has an important impact on interest rate expectations of financial markets.

The main results of this paper show that it is optimal for the committee to be transparent
about information regarding the current state of the economy. This helps financial markets
to predict the policy decision and to eliminate the uncertainty regarding the precision of the
information of committee members. In addition, whilst there may be short term losses from
publishing voting records and thereby revealing possible disagreement within the committee
regarding the policy decision, in the long run, policy predictability is increased as financial
markets are able to infer member’s preferences from voting records once their estimate of

precision of public information has become sufficiently precise. By improving predictability
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of policy decisions, actual transparency about the committee members’ information regarding
the economic outlook furthermore leads to less volatility in expected interest rates along the
yield curve.

There are also some implications for the optimal design of monetary policy committees. It
is found that there is little benefit in terms of superior decision-making of having a committee
with more than seven members. Given that coordination costs are likely to be increasing
with committee size, this points to optimally having a committee of relatively limited size.
In addition, because committee members are able to learn about each other over time and
thereby integrate diverse information sets better, it is optimal for members to serve for a
relatively long time without staggered terms. In light of these findings, the rotation scheme
as used by the Federal Reserve Open Market Committee and proposed for the ECB does
not seem optimal. However, it should be noted that the analysis in this paper does not
consider the costs of having committee members serving longer terms. In addition, the paper
abstracts from any political considerations which arise when determining how to design the
central bank committee. Hence care needs to be taken when drawing policy conclusions.

We also find several empirical predictions of the model. It is shown that predictability of
monetary policy decisions generally increases with the time a committee has been in office.
This is because over time some of the initial information asymmetry between the committee
and market agents is eliminated as market agents are able to learn about committee members’
preferences and the precision of signals that members receive on the state of the economy.
In addition, the impact on the yield curve of communicating the diverse views of committee
members on monetary policy should be greatest for near-term policy expectations.

Some useful directions for further research should be noted. First, it would be interesting
to empirically test some of the predictions of this paper. In addition, it would be possible
to make the model more applicable to committees with a chairman that dominates the
meetings as is the case for the Federal Reserve by assuming that the chairman first collects
all the different signals of committee members and is then influenced by those before voting
takes place. The model could also be made more realistic by assuming that financial markets’
expectations have a direct effect on the loss function of the committee. This could be achieved
by using a New Keynesian model of the economy. The drawback of this approach is that
with forward looking variables and asymmetric information, the separation principle would
no longer hold (Svensson and Woodford (2003)) and the mathematics would become more
complicated with the results being less intuitive. It would be interesting to explore some of

these open research issues in future work.

28



6 Appendix

6.1 Solution of the Basic Model under Certainty

We have to solve the following problem!®:

NS Ll ©.1)
=0
such that
Lu(rs, ) = % [y — )% + Age?] (6.2)
Tyl = T + 0y + €441 (6.3)
Yer1 = Brye — Balis — m) +Mppq (6.4)

We can rewrite the above problem as

V(7i41)¢) = min {1 [(71',5_|_1|t - 7r*)2 + )\(yt+1,t)2] + 5EtV(7rt+2t+1)} (6.5)

Yt+11t 2

subject to

Teraer1 = Tepre + Q¥erre + (€01 + @anyiq) (6.6)
The indirect loss function will be quadratic

1
V(ms1e) = ko + §k(7rt+1,t — )2 (6.7a)

where the coefficients kg and k& have to be determined.

The first order condition can be written as

A(yt-i-l\t) + 5EtV7r(7Tt+2.t+1)041 = )\(yt-i-ht) + 5041k(77t+2\t - 7T*) =0 (6-8)
Thus \
Tiyor — T = —m(ywht) (6-9)

18The solution method shown here is adopted from Svensson (1997).
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The optimal repo rate can be written as

, 1
(e —m) = _B_tht + %yt (6.10)
2 2
donk
= )(\151 (i — ) + %yt
2 2
dank ,
= ;;2 [7Tt — 7" 4o (1+ 51)% — o By(iy — Wt)] + g_:yt
B dark o1 dadk
- T satmn ) 5 (e )

From Eq.(6.3)
1

Yerre = — (Terae — Tryie) (6.11)
(631
Substituting into Eq.(6.9)
* )\ *
Tiyot =T + m(ﬁtﬂm —7") (6.12)
where
A
c=—5—
A+ 0adk

will lie between 0 and 1.
We now only need to identify k.Using Equations (6.5), (6.7a) and (6.12) and the envelope

theorem,

Aok
vﬂ('ﬂt—i-llt) = k(ﬂ—t-&-lwt — ") =M1 — 7+ Ok (W0 — 7T*) = (1 + m) (M1t — 7T*)

Thus
Nk

A+ da2k

Solving the quadratic equation for k it can be shown that:

P 1—A(1_5)+\/<1+A(1_5>>2+4—2 >1

2 da? da? a?

k=1+

6.2 Derivation of a Closed Form Expression of the Yield Curve

This derivation follows Ellingson and Soederstroem. The only difference is that we assume

the existence of a positive inflation target, which slightly alters the result.
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The n-period interest rate is set as an average of future short rates plus a term premium:

n—1
. 1 .
i = EZ;ZtJrsnf +¢&/ (6.13)
Leading the interest rate rule s periods and taking expectations gives

it+5|t = (1 + A)ﬂ-t-i—&t — A’]T* + Byt+5|t (614)

Similarly leading the output gap and inflation s periods, taking expectations and using

the formula for the nth term of a geometric series, we find that

Yipst = —BoATygy + Py AT (6.15)
and
Tipst = (1 — a1B A my + aqyy] + 7 [1 —(1- a162A)8_1] (6.16)
Thus
lipsit = [1 + A<1 - 523)] (1 - 0415214)371 [(m - 77*) + O‘lyt} + 7" (6-17>
and
n—1
> irpar = [14 AL = B3B)] X [(m — 7°) + aaye] + (n — D)7* (6.18)
s=0
where

Xn — ]‘ - (1 - alﬁQA)nil
0416214

Using the interest rate rule together with Eq.(6.18), the market interest rate of maturity

n is given by:

it = {mek Alm = 1) + By 4 [1+ A= ,B)] X [(me — 7%) + oy + (n — D'} + €
(6.19)

6.3 Solution of the Signal Extraction Problem of Committee Mem-

bers

We assume that each committee member, j, receives an unbiased signal about the output

gap in the current period, t.

v =y +e (6.20)
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with e ~ N(0,5297) for j =1,2,..., N.
The variance of the error term is assumed to be unknown and it is assumed that financial
markets have a prior on it.

Furthermore it is assumed that
E (sij), eﬁ’“)) —0 (6.21)

where j # k.

Committee members can optimally combine their signals of the state during the deliber-
ation process. The solution of this signal extraction problem will be a linear combination of
all estimates:

@ﬁj) = bilyﬁl) + bi,2y1§2) + bi,3y§3) + ...+ bi,Nyt(N) (6.22)

where the weights must add up to one.

This can be written in matrix form as

v
A N
i =B " (6.23)
N
i
since y,fj) :yt+€£j)
Yt 5,§1)
j ~ Yt 55/2)
W= B+ (6.24)
Yt 5t(N)
o
(2)
€
= Y+ B t
-

since the weights add up to one.
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Hence the true variance of @fj ) is

£ £
' B 5§2) B 5152)
EGY —y)? = E| |B B : (6.25)
8gN) Et(N)
02,1 0 0
0 o2 0
where () = v
0 o --- 022,,1\/

However, since the true variance is unknown, committee members need to use the matrix

of perceived variances:

5551{’1) 0o ... 0
. O ~2(j72) 0
Qj - vt
0 0 -GN

In order to minimise Eq.(6.25) we need to differentiate E;QJEJ with respect to Ej re-

membering that the j* element in Ej is a function of the other elements, i.e.
bj' - ]. - bj,l - bj72—, ceey bj,N
We hence have to minimise g;ﬁjéj subject to the constraint that 4’ §j =1

where
1

1

1
Nzl

We write the Lagrangian of this problem as
L= BB, -\ |/B; -1 (6.26)
We get two first order conditions:

2Q,B; — \i =0 (6.27)
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and
[@"Ej - 1] ~0 (6.28)

Solving the first one with respect to éj, we obtain

B, = %ﬁji (6.29)
Substituting Eq.(6.29) into Eq. (6.28) :
i’gﬁjli —1= (6.30)
Hence ) .
STy (6.31)
and therefore _
B; = zgj_zlz (6.32)

Thus the true underlying variance of the combined signals equals:

!/

~ - O.i 0.
BB, = | =L A (6.33)
dQ | QT
whereas the variance that committee members perceive is equal to
BB = — (6.34)
SR o '

6.4 Solution of the Signal Extraction Problem of Financial Mar-
kets
We assume that financial markets rationally combine the public information that they receive

about the committee members’s signals on the output gap . The public information that

financial market receive for each committee member equals

gD =y 4 D) (6.35)
= ot e el (6:36)
— yt + C}EFJ) (6.37)
where
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The variance of the error term is assumed to be unknown and it is assumed that financial
markets have a prior on it.

Furthermore it is assumed that

(dF’” gF’”) 0 (6.39)

Financial markets can optimally combine their estimates of the state for each committee
member. The solution of this signal extraction problem will be a linear combination of all

estimates:

ZAJfF’j) = bFlyt(F’l) + bF2th2) + brs y(m) +...+ bFNyt(F’N) (6.40)

where again the weights must add up to one.
The solution is identical to the one provided for the committee. The only difference is

that now the true covariance matrix equals

2F1
02 + g2tV 0 0
0 +0—2(F2) 0
Qp = _ e _ ' (6.41)
0 0 N_l_UQ(FN)

whereas the perceived covariance matrix containing the estimated variances of financial

markets can be written as:

~2(F 1) 15 ~2(F 1) 0 e 0
0 ~2(F 2) +5 ~2(F 2 . 0
Qp = . . ‘ (6.42)

~2(F N L5 ~2(F N)

Thus the optimally combined estimate of the signals on the output gap equals

F1
u'
R PR
5 = Bp | " (6.43)

F,N
y

where N
~ Qpi
Bp = ——
=1
Q0
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6.5 Figures

Policy Errors with Committee Size N
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Figure 1

Note: E(i°—F(i))? denotes the variance of the committee decision. F(i¢) = i* corresponds

to the interest rate that would be set if there was no uncertainty about the output gap.

The Benefits of Actual Transparency
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Figure 2

Note: E(if — i¢)? denotes the expected squared deviation of the prediction of financial

markets of the policy decision and the actual decision by the committee.
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Predictability of Monetary Policy
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Figure 3

Note: E(if — i¢)? denotes the expected squared deviation of the prediction of financial

markets of the policy decision and the actual decision by the committee.

Expected Squared Differences in Interest Rate Setting over Time
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Figure 4

Note: E(i/ — i*)? is the expected squared difference between the interest rate set by

member j and the interest rate set by member k. In the above figure, j =1 and k = 2,..., V.
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Figure 5

Note: E(if, —i¢,)* denotes the expected squared deviation of the prediction of financial

markets of the policy decision and the actual decision by the committee in period ¢.

Expected Squared Differences in Interest Rates Over Time
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Note: E(i/ — i*)? is the expected squared difference between the interest

Figure 6

rate set by

member j and the interest rate set by member k in period t. In the above figure, j = 1 and

k=2,..N.
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Prediction Error of Financial Markets
0.2

0.15

—— with

E(iF-i°)2

woting records
—&— no woting records

0.1

0.05

Figure 7

Note: E(if — i¢)? denotes the expected squared deviation of the prediction of financial
markets of the policy decision and the actual decision by the committee in period ¢.
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