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Editorial

On the occasion of the 65th birthday of Governor Klaus Liebscher and in recognition of his
commitment to Austria’s participation in European monetary union and to the cause of
European integration, the Oesterreichische Nationalbank (OeNB) established a “Klaus
Liebscher Award”. It will be offered annually as of 2005 for up to two excellent scientific
papers on European monetary union and European integration issues. The authors must be
less than 35 years old and be citizens from EU member or EU candidate countries. The
“Klaus Liebscher Award” is worth EUR 10,000 each. The winners of the second Award 2006
were Petra Geraats and Marek Jarocinski. Petra Geraats’ winning paper is presented in this

Working Paper, while Marek Jarocinski’s contribution is contained in Working Paper 124.

In this paper Petra Geraats argues that despite the recent trend towards greater transparency of
monetary policy, in many respects mystique still prevails in central bank speak. It is shown
that the resulting perception of ambiguity could be desirable. Under the plausible assumption
of imperfect common knowledge about the degree of central bank transparency, economic
outcomes are affected by both the actual and perceived degree of transparency. It is shown
that actual transparency is beneficial while it may be useful to create the perception of
opacity. The optimal communication strategy for the central bank is to provide clarity about
the inflation target and to communicate information about the output target and supply shocks
with perceived ambiguity. In this respect, the central bank benefits from sustaining

transparency misperceptions, which helps to explain the mystique of central bank speak.

May 15, 2006






The Mystique of Central Bank Speak

Petra M. Geraats

University of Cambridge
May 2006

Abstract

Despite the recent trend towards greater transparency of monetary policy, in many re-
spects mystique still prevails in central bank speak. This paper shows that the resulting
perception of ambiguity could be desirable. Under the plausible assumption of imperfect
common knowledge about the degree of central bank transparency, economic outcomes
are affected by both the actual and perceived degree of transparency. It is shown that ac-
tual transparency is beneficial while it may be useful to create the perception of opacity.
The optimal communication strategy for the central bank is to provide clarity about the
inflation target and to communicate information about the output target and supply shocks
with perceived ambiguity. In this respect, the central bank benefits from sustaining trans-
parency misperceptions, which helps to explain the mystique of central bank speak.
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“Since I've become a central banker, I've learned to mumble with great incoher-
ence. If | seem unduly clear to you, you must have misunderstood what | said”
Alan Greenspan (as quoted in the Wall Street Journal, September 22, 1987).

1 Introduction

Central banks have long been associated with secrecy. Even the recent trend towards greater
transparency of monetary policy has not dispelled the mystique with which central bankers
often speak. This paper provides an economic explanation for the role of obligue communi-
cation. Under the plausible assumption that there is imperfect common knowledge about the
degree of transparency, economic outcomes are determined by both actual and perceived trans-
parency. It is shown that it may be beneficial to combine actual transparency with perceived
opacity. The optimal communication strategy for the central bank is to provide clarity about
the inflation target, but to provide information with perceived ambiguity about the output gap
target and supply shocks. Thus, the central bank benefits from sustaining transparency mis-
perceptions, which helps to explain why transparency of monetary policy has not eliminated
the mystique of central bank speak.

Intuitively, transparency is beneficial as it reduces private sector uncertainty. However,
transparency can only be achieved through central bank communications that may upset mar-
ket expectations. Since markets respond strongest to signals that are perceived to be clear,
market volatility could be muted by creating a perception of ambiguity.

For both the central bank’s inflation and output target it is shown to be optimal to be trans-
parent because it reduces erratic responses of market expectations. In addition, it is beneficial
to be perceived to be transparent about the inflation target (e.g. by publishing an explicit
numeric target) because it aligns private sector inflation expectations with the central bank’s
target. However, it is desirable to create the perception of ambiguity about the output gap
target since it makes it easier to reach the target without upsetting inflation expectations. Sim-
ilarly, for supply shocks it is useful to combine maximum actual with minimum perceived
transparency.

In practice, many central banks have a quantitative inflation target, whereas opacity pre-
vails for output (gap) targets (e.g. Geraats 2006). Furthermore, central bankers tend to be
notorious for their ‘mumbling’, as is illustrated by the introductory quote. Alan Greenspan,
the former Chairman of the U.S. Federal Reserve Board, even used the term ‘constructive
ambiguity’ to describe his style of communication. This paper establishes that the perception
of ambiguity could indeed be a constructive way to achieve transparency because it reduces
volatility of market expectations.

This paper builds on two different strands of the transparency literature. There are sev-
eral papers that model monetary uncertainty faced by the public by making a parameter in
the central bank’s objective function stochastic, completely abstracting from any communica-
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tion of information (e.g. Sgrensen 1991, Eijffinger, Hoeberichts and Schaling 2000, Beetsma
and Jensen 2003). Such monetary uncertainty directly increases the variability of economic
outcomes, although it could also have indirect effects such as lower average irfldis.
‘monetary uncertainty’ literature provides an important argument in favor of transparency,
namely that it reduces private sector uncertainty and economic volatility.

A second strand of the transparency literature explicitly models information transmission
and incorporates the static effect that the information has on the formation of private sector
inflation expectations (e.g. Cukierman 2001, Hahn 2604). this ‘information approach’
transparency could be detrimental because it leads to greater fluctuations in private sector ex-
pectations and increases economic volatility. In a similar vein, Morris and Shin (2002) find
that transparency could generate greater variability when agents disregard private information
and rely on a sufficiently noisy public signal to coordinate their actions. A more comprehen-
sive review of the transparency literature is provided in the survey by Geraats (2002).

Other interesting insights on central bank mystique are provided by Goodfriend (1986) who
reviews the Federal Reserve’s defense of secrecy in response to a Freedom of Information Act
suit, including the argument that disclosure of information could be prone to misinterpretation
and cause inappropriate market reaction. In addition, Winkler (2002) discusses central bank
communication and proposes to view transparency in terms of openness, clarity, honesty and
common understanding.

The present paper synthesizes the ‘monetary uncertainty’ and ‘information’ approaches.
It allows for stochastic central bank preferences and it features public signals that convey
information about those preferences but could also generate undesirable market reactions.

The main innovation of this paper is that it relaxes the ubiquitous assumption of perfect
common knowledge about the degree of transparency. This assumption requires perceived
and actual stochastic distributions to be identical, which precludes an analysis of the role of
transparency (mis)perceptions. Furthermore, in practice it is very hard for the private sector to
know how transparent the central bank actually is because the public cannot observe how much
information the central bank withholds. Even if the private sector manages to perfectly predict
monetary policy decisions, this need not imply complete transparency since the forecasts may
have been accurate despite asymmetric information about variables relevant for (future) policy
decisions. So, it seems more realistic to allow for transparency misperceptions.

This paper deviates from the perfect common knowledge assumption by introducing asym-
metric information about the degree of transparency. This allows for a discrepancy between
actual transparency and private sector perceptions of it. The result is that both the practice and

1Sgrensen (1991) provides an interesting example. However, it should be noted that many of the other indirect
effects reported in this strand of the literature (including those in Eijffinger et al. (2000)) are spurious due to a

biased specification of stochastic relative preferences (Geraats 2004).
2A third strand of the literature focuses on the dynamic effect of transparency on reputation (e.g. Faust and

Svensson 2001, Jensen 2002, Geraats 2005). In this ‘reputation approach’, transparency about central bank
preferences reduces beneficial reputation effects, whereas transparency about economic shocks strengthens them.

2



perceptions of transparency matter for economic outcomes. It is shown that the drawbacks of
transparency emphasized by the ‘information’ approach stem not from the actual reduction of
information asymmetries but from private sector responses induced by transparency percep-
tions. So, it may be beneficial for perceived transparency to be less than actual transparency.
To be precise, although it is best to have perfect actual and perceived transparency about the
inflation target, for the output target and supply shocks it is desirable for the central bank to
combine actual transparency with perceived opacity.

The remainder of the paper is organized as follows. The model is presented in section
2. First, section 2.1 analyzes the case with perfect common knowledge about the degree of
transparency about the central bank’s inflation and output target. Subsequently, section 2.2
introduces imperfect common knowledge and investigates the role of transparency percep-
tions. It is shown in section 3 that the main conclusion of the paper, namely that transparency
misperceptions could be optimal, is robust to several extensions of the model, including dif-
ferent objective functions (section 3.1), transparency about supply shocks (section 3.2) and
a New Keynesian Phillips curve (section 3.3). Two additional transparency issues are dis-
cussed in section 4. In particular, a more comprehensive theoretical measure of transparency
is proposed (section 4.1), and various arguments related to monetary mystique are considered
(section 4.2). Finally, section 5 concludes that there is an economic rationale for central bank
communications that generate perceived opacity and sustain transparency misperceptions.

2 Model
The central bank has the objective function
1 2 1 2
U=—a(m—00 -2 (1-a)(y—r) (1)

wherer denotes inflationy the output gapd the central bank’s inflation target,the central
bank’s output gap target, andthe relative weight on inflation stabilizatio0 (< « < 1).
The inflation targe® and output gap targetare allowed to be stochastic with~ N (6, 03)
andx ~ N (k,02), andd andx independent. The assumption of stochastic shocks to central
bank objectives is widespread in the transparency literature, starting with the seminal paper
by Cukierman and Meltzer (1986). In addition, the ‘monetary uncertainty’ approach relies
on such preference shockdlevertheless, the main result of the present paper also holds for
deterministic central bank targets (see section 3.1).

The economy is described by the expectations augmented Phillips curve

T=T4y+s )

3The ‘reputation’ approach also hinges on uncertainty about central bank preferences (e.g. Faust and Svens-
son (2001) assume shocks to the central bank’s output target).



where ¢ denotes the inflation expectations of the private sectorarsa supply shock,
which is assumed to be i.i.d. white noise with variange For analytical convenience, the
slope of the Phillips curve is normalized to one, but this does not affect any of the qualitative
conclusions below. Furthermore, for simplicity it is assumed that the central bank directly
controls the output gap.# It would be straightforward to extend the model with an aggregate
demand equation that relates the output gap to an interest rate controlled by the central bank,
but this would merely clutter the analytical expressions without affecting any of the qualitative
results. Furthermore, the key findings of the model also hold for a New Keynesian Phillips
curve with persistent supply shocks (see section 3)

There are two important information asymmetries between the central bank and the private
sector. First, the private sector does not observe the central bank’s inflatiorftargebutput
gap targek. Instead, it receives the public signals

g = O+¢ 3)
£ = K41 (4)

wheres andn are i.i.d. white noise; ~ N (0,02) andn ~ N (0,07). The noises andy stems
from the difficulty the private sector has interpreting the central bank’s fuzzy communication.
Wheno? = 037 = 0, the signalst, and ¢, communicated and « without any noise, so
the information asymmetry is eliminated and there is perfect transparency about the central
bank’s targets.

The accuracy of the signafg and¢,, is described by

2 2
o o
0 K
Tg = andr, = (5)
0j + o2 ool4o?

respectively, wher® < 74,7, < 1. This measure of thactual degree of transparency fol-

lows Faust and Svensson (2002), who consider an announcement about a monetary control
error. When the signals are completely accurate=¢ a% = 0), there is perfect transparency

(r¢ = 7.. = 1) about the central bank’s targets, which is defined as a situation of symmetric in-
formation between the central bank and the private sector. A shortcoming of the transparency
measure in (5) is that a constant targe} & 0, 02 = 0) implies minimum transparency

(r¢ = 0, 7, = 0) regardless of the informativeness of the sigrgl €,). This drawback
disappears when private sector perceptions are allowed to deviate from the actual stochastic
distributions>

“4Alternatively, one could assume a neo-monetarist transmission mechanism in which the central bank controls
inflation 7 and faces the Lucas supply equatipr= © — ¢ — s, but this leads to exactly the same analytical

results as for the Keynesian transmission mechanism in the model.
5The transparency measure in (5) also has the peculiar feature that it is increasing in ‘monetary uncertainty’

(02, 02). This correctly reflects the relative accuracy of the sigggl €,.), but it is an odd implication for a
transparency measure. A more general measure of transparency that does not suffer from this shortcoming is
presented in section 4.1.



The second information asymmetry is about the degrees of transpargaogl ... The
public is unsure how transparent the central bank really is. In particular, it does not know the
actual stochastic distributions éf x, ¢ andn. Instead, the public uses the perceived (or prior)
distributionsf ~ N (6,53), x ~ N (%,57),e ~ N (0,62) andy ~ N (0,52). As a result,
the perceiveddegrees of transparency are given by

~2 ~2

~ g ~
To = ~2—9~2 and7, = (6)
Oy +0; 0,10

where0 < 7y, 7. < 1. This (Bayesian) transparency measure does not depend on the actual
variancesr; ando?, so it also applies when the central bank’s targetsdx are deterministic.
Furthermore, it describes transparency from the public’s perspective, which makes it more
relevant to understanding the behavior of the private sector.

The timing of events is as follows. First, the inflation tar§eind output gap target are
realized but only observed by the central bank. Subsequently, the private sector receives the
public signals, and¢,,, which are used to rationally form private sector inflation expectations
m¢. Then, the supply shockis realized and observed by the central bank. Finally, the central
bank sets the output gapand the level of inflationr is realized.

The central bank maximizes the expected value of its objective (1) with respestibject
to the Phillips curve (2) and given private sector inflation expectatignsThis yields the
optimal output gap

y=all@—-—71"—s)+(1—-a)k (7)

The output gap is increasing in the central bank’s inflation ta#lged output gap target

as the central bank pursues expansionary policy to attempt to reach the targets. In addition,
higher private sector inflation expectatiorfscause the central bank to reduce the output gap

to achieve price stability, and the same holds for a higher supply shd&kbstituting (7) into

(2) produces the level of inflation

T=af+(1—a)(7+k+s) (8)

This gives rise to the standard result that inflation is increasing in the inflation tgrijes
output gap target, private sector inflation expectations, and the supply shock

To fully understand the role of the two information asymmetries in the formation of the
private sector’s inflation expectations, subsection 2.1 assumes that the private sector only has
asymmetric information about the central bank’s inflation tatgahd output gap target,
but perfect common knowledge about the actual degrees of central bank transparandy
T.. Then, in subsection 2.2 the assumption of asymmetric information about the degree of
transparency is added and the role of transparency (mis)perceptions is analyzed.



2.1 Perfect Common Knowledge

The private sector has rational expectations so it uses all available information, including the
public signalst, and¢,, to form its inflation expectations®. Taking expectations of (8) and
solving forz® gives

x* = Elnlés €] = E0IE)] + —— Elnle,] ©

using the fact thag,. is uninformative abouf and¢, aboutx. Private sector inflation expec-
tations depend on the private sector’s expectations of the central bank’s inflatiorftarget
output gap target, which it attempts to infer from the public signglsand¢,.. Using (3), (4)
and (5)°

2

E[0]S] = 94’03?0? (59‘9):(1—76)@4‘7959 (10)
2
ElRle] = Rt 52 (6 —R) = (1-7) R+ 7, a1)
K n

The private sector faces a signal extraction problem and its expectatiér{x)fequals a
weighted average of its prior beliéf(z) and the public signaf, (¢.). For a higher degree
of transparency, (7,), the public signat, (¢,.) is relatively more informative, so the private
sector attaches greater weight to it. In the case of perfect transpargnrey;, = 1 ando? =
‘73; = 0, so the inflation target and output gap target are perfectly infege@s,] = &, = ¢
andEk [k[¢,.] = £, = k. In the case of complete opacity,(= 7, = 0), the private sector
rationally ignores the signals so thaff|¢,] = 0 andE [k|¢,.] = &. Substituting (10) and (11)
into (9) and using (3) and (4) gives

=047 (0 —0) +Toe + [k + 7k (K — K) + 7] (12)

The private sector’s inflation expectations are determined by its prior expectéatombs: of

the central bank’s targets, the deviations of the central bank’s targets from the private sector’s
priors, and the noise andn in the public signals. The latter shows how misinterpretation

of monetary policy communications causes inappropriate market reaction. The variability of
private sector inflation expectations depends on the degrees of transparency. In particular,

1—a\2
Var [7¢] = 19075 + ( a) TRO>
o

using the fact that (5) implies? = %03 ando; = %02 This shows that inflation

e

expectationst® are most stable when the central bank is least transpargnt (7, = 0).

5This uses the fact that for two jointly normally distributed variablesand z, E[z|z] = Ez] +
el (- —E[2).




Intuitively, the complete lack of transparency makes the public signal so noisy that the public
no longer relies on it and only uses its prior expectations.
Substituting (12) into (7) and using (2) gives the levels of the outputygap inflations:

= al(l-79)(0—0) —Tec] + (1 —a)[(1 —74) (k —R) — 7] — s (13)

T = 0+ (a+(1—a)7p) (0 —0)+ (1 — )76

L et —a) ) (=R +(—a)r + (1—a)s  (14)

+
«

The output gap and inflation depend on the central bank’s tafigetd <, the private sector’s
priors # and &, the signal noise andn, and the supply shock Although the degrees of
transparencyr, and 7, influence the output gap and inflation, they have no effect on the
expected valueg [y] andE [x]. In the case of perfect transpareney & 7, = 1, S0e =7 =
0), the expressions simplify t9p = —as andm = 0 + (1 — «) (k + as) /a, which gives the
familiar rational expectations outcome that the targetad only affect inflation and do not
influence output.

The variability of the output gap and inflation are given by

Var [y] = a? (1 —79p) 03 +(1- a)2 (1—74) ai + a?o?

2

Var [r] = (a2 + (1 — 042) 7'9) o5+ (1?706) (a2 + (1 — a2) TH) o2+ (1— o)? o’
where (5) is used to substitute fof anda,%. This shows that the output gap is most stable
when the central bank is perfectly transparent € 7., = 1). The reason is that greater
transparency makes private sector inflation expectations more sensitive to the central bank’s
targets. For a change in the inflation target, the stronger response of private sector inflation
expectations means that a smaller adjustment of the output gap is required to reach the inflation
target. For a change in the output gap target, the output gap is adjusted by less because the
larger shift in inflation expectations hampers inflation stabilizalioHowever, inflation is
most stable when the central bank is least transpargnt (., = 0). This is due to the greater
stability of private sector inflation expectations.

To determine the optimal degrees of transparency, substitute (8) and (7) into (1), use (12)

and rearrange to get

U = —%a(l—a)(ﬁe—9+n+s)2 (15)

11—« — _ _ 2

= —5 = [a(tg—1) (0 —0) +atge + F+ (a+ (1 — ) 7) (k — &) + (1 — &) 71y + 5]
"This case in which private sector expectations do not incorporate any communications resembles the ‘mon-
etary uncertainty’ literature mentioned in section 1. It features deterministic private sector inflation expectations

7¢ and the degree of monetary uncertainty is describeggndo?.
8For the neo-monetarist transmission mechanism with a Lucas supply equation, the intuition is that greater

transparency reduces inflation surprises, which makes the output gap more stable.




When there is imperfect transparency about the inflation target (1), the deviation between
the actual target and the private sector’s prior expectatidaffects the level of/. The prior
expectations also matters, unless there is perfect transparency about the output gap target
(7. = 1). So, the outcome is distorted when there is incomplete transparency.

Taking unconditional expectations of (15) and substitutingaﬁ)andaf] using (5) gives
the ex ante expected central bank payoff

E[U]:_%l;a [042(1—79)03—1-/%2—1-(042—1-(1—@2)7H)ai+a20§]

As a result, it would be optimal to have maximum transparency about the inflation target
(t¢ = 1) and minimal transparency about the output gap target= 0). Although trans-
parency about the inflation target increases the variance of inflation, this drawback is domi-
nated by the benefits that transparency makes the output gap more stable and brings inflation
closer to the inflation target. In addition, opacity about the output gap target makes the output
gap more volatile, but this disadvantage is more than offset by the greater stability of inflation
and the smaller deviation between the output gap and its target. The optimality of opacity
about the output gap target is similar in spirit to the result in the seminal paper by Cukierman
and Meltzer (1986), where ambiguity about the output preference parameter allows the cen-
tral bank to successfully stimulate output when it is most desirable. Cukierman and Meltzer
(1986) assume that ambiguity is created through monetary control errors, whereas the present
paper assumes perfect control over the monetary policy instrument but opacity caused by im-
perfect communications.

To summarize the key results:

Proposition 1 When there is asymmetric information about the central bank’s inflation target
6 and output gap target, and perfect common knowledge about the degree of central bank
transparencyr, andr,,

(i) greater transparencyy and/or 7,.) increases the variability of private sector inflation
expectations© and inflations, but reduces the volatility of the output gap

(i) it is optimal to have maximum transparency about the inflation target 1) and minimal
transparency about the output target.(= 0).

In the next subsection, the assumption of perfect common knowledge about the degree of
transparency is relaxed, allowing for a difference between actual and perceived transparency.

2.2 Transparency Misperceptions

The assumption of perfect common knowledge about transparency has the critical drawback
that private sector perceptions are restricted to be determined by the actual volatjlities
o2, o2 andog. This is problematic because it is hard for the private sector to establish how

transparent the central bank actually is. For instance, what is the af@)ociated with a
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central banker’s speech? It could easily vary, which means that the public is unlikely to know
the level of transparency. So, it is realistic to allow for imperfect common knowledge about
the degree of transparency. This has the virtue that it decouples private sector perceptions of
uncertainty from actual stochastic volatiltty.

In contrast to the previous subsection, assume now that the private sector does not know
the actual stochastic distribution of the central bank’s inflation tatgetd output gap target
x, and the noise ands). Instead, it uses the perceived (or prior) distributiéns N (6,57),
k~ N (k,62), e ~ N (0,62) andn ~ N (0,67). This gives rise to the perceived degree of
transparency, and7, in (6).

Note that transparency perceptions do not affect the optimization by the central bank, so
(7) and (8) continue to hold. In addition, the private sector still receives the public signals (3)
and (4), which it uses rationally to form its inflation expectatiafis= E [r|¢], whereE [/]
denotes the private sector expectation based on the perceived distributigns, afand.
But the signal-extraction process is affected by private sector perceptions. To be precise, (10)
and (11) are replaced by

E[016] = (1—70)0+ 7o&, (16)
ElslE] = (1—70) R+, (17)

So, with imperfect common knowledge about the degree of transparency, it is the perceived
transparency, and7, that matters for the updating of private sector expectations. As a result,
private sector inflation expectations now equal

IR+ T (k= R) + o] (18)

T =0+79 (0 —0) + Toc +

The variability of private sector inflation expectations depends on the perceived degrees of
transparency, and7,. But now there are two measures of variabil@ﬁ [.] is based on the
perceived stochastic distribution &f <, ¢ andn, and measures private sector uncertainty (ex
ante); andvar |.] is based on the actual stochastic distributiod,of, ¢ andn, and measures
average volatility (ex post).

The perceived variance of private sector inflation expectations equals

N 1—a)\?
Var [1¢] = 74575 + ( a) Foo?
«
using the fact that (6) implies? = =57 andg;, = '=7=57. This shows that private sector
uncertainty about inflation expectations is smallest when the central bank is perceived to be
least transparent§ = 7, = 0). The reason is that the perceived lack of transparency makes

°In a perceptive contribution, Hahn (2004) aims to analyze transparency about the central bank’s relative
preference weightv independently of the stochastic distribution @f However, the private sector's ex ante
distribution and the actual distribution afare assumed to be the same, so there is no effective separation.



the public signalg, and¢,. unreliable, so the private sector only uses its prior expectations
andx.
The actual variance of private sector inflation expectations equals

~92 2 ~2
1—
Var [7¢] = Eag + ( a) T 52

To «Q Te

using the fact that (5) implies? = %ag ando; = %ai. This shows that the volatility
of private sector inflation expectations is increasing in perceived transpargiacyd 7,. and
decreasing in actual transparengyandr,.. Intuitively, lower perceived transparency causes
the private sector to rely less on the noisy public signgJsi0d¢,.), and greater actual trans-
parency reduces the variance of the no'tsZea(nda??), both making inflation expectations
less volatile.

Substituting (18) into (7) and using (2) gives the levels of the outputygamd inflations
for transparency perceptiofis

= a[(1-79) (0—0) —Fec] + (1 —a)[(1 = 74) (k — k) — 7] — s (19)

T = O0+(a+(1—a)Fy) (0 —0)+ (1 —a)Fee

11—«
_|_

F+a+(1—-—a)T)(k—R)+(1—a)Tn+ (1 —a)s (20)

These expressions are identical to their counterparts under common knowledge, (13) and (14),
except that the actual degrees of transparep@ndr,, are replaced by the perceived degrees

of transparency, and7,. The same holds foVar [y] and Var [7] wheno? anda? are also
replaced by ands2, so the perceived variances only depend on private sector perceptions.
The actual variance is equal to

Var[y] = 042(1—2%9+E)03+(1—a)2(1—2%K+E)Ui+oz20§
7_9 T:"i
2 T4
Var[r] = [Oé2+204(1—04)%9+(1—oz) —9}03
To
(1-a) ) 72
g [ (@) Rt (- ) X ol (1 - a) o

where (5) is used to substitute fof andafl. The variability of the output gap and inflation
depends on both the perceived and actual degrees of transparency. In the special case in which
T¢ = T9 and7,, = 7., the common knowledge results in section 2.1 are obtained. With imper-
fect common knowledge, the volatility of the output gap is decreasing in actual transparency
T¢ andr,., and is minimized fofy = 7y = 1 and7, = 7,. = 1.1° The variability of inflation is

also decreasing in actual transparengyandr,, but increasing in perceived transparefigy

and7 . Intuitively, greater transparency corresponds to fewer inflation surprises and therefore

OFormally, these results follow from differentiatingwr [y] with respect targ, 7., 79 and7 .
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more output gap stability, whereas lower perceived and higher actual transparency reduces the
volatility of private sector expectations and thereby the variance of inflation.

To derive the optimal degrees of actual and perceived transparency, substitute (18) into
(15) and rearrange to get:

11 —«
2 «

U= [a(7g—1) (0 —0) + aFpe + R+ (@ + (1 — ) 7) (k — &) + (1 — a) 7oy + 5]’
(21)

This is identical to the expression under common knowledge, exceptdlatdr, are re-

placed by7, and7,, respectively. It shows that in the presence of transparency mispercep-

tions, it is the lack of perceived transparency that causes the prior expectaiEms to

exert their influence on the outcome, regardless of the stochastic distribution of the central

bank targets.

Taking expectations using the distributions perceived by the private sector yields

E[U] :—%1;a [0 (1 —F¢) 55+ R+ (& + (1 — a®) 7) 2 + a5

This reflects the ex ante expectation based on private sector perceptions. It is the same as the
expression fok; [U] under common knowledge after replacingy 7 ando? by 52.
Taking unconditional expectations based on the actual distributions and substitutifig for
ando? using (5) yields
11—«

~92 ~2
E[U] =3 {aQ (1—2%9+@> o2+ 72+ (on—l—QOz(l—Oz)%,{—l—(l —a)25> ai+a%§]
Y 7'9 7./{

This reflects the central bank’s ex ante expectation and it corresponds to the average ex post
experience. It shows that[U] is increasing in the actual degrees of transparep@ndr,,,
so that perfect transparency is optima} (= 7, = 1). In addition,E [U] is maximized for
79 = 79 and7,, = 0.} So, it is best to have complete perceived and actual transparency about
the inflation target%, = 79 = 1), but maximum actual transparency, (= 1) and minimal
perceived transparency . = 0) about the output gap target. Intuitively, it is desirable to
have actual transparency about the central bank’s targets because it avoids erratic reactions of
private sector expectations. Furthermore, it is beneficial to have perceived transparency about
the inflation target so that private sector inflation expectations are more responsive and become
more closely aligned with the inflation target. However, perceived transparency about the
output gap target is detrimental because the response of private sector inflation expectations
hampers the stabilization of inflation.

This shows that the optimal communication strategy is different for the central bank’s
inflation and output gap target. It is best to be transparent and unambiguously clear about

YFormally, 0E [U] /079 = —a (1 — a) =207 andd* E [U] /075 < 0 implies that7y = 74 is optimal,

[e3% T

andoE (U] /o7, = S (a +(1-a) T—z) o2 < 0 implies the corner solutiof,, = 0.
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the inflation target. But for the output gap target it is desirable to provide information with
perceived ambiguity.
To summarize the results:

Proposition 2 When there is asymmetric information about the central bank’s inflation target
6 and output gap target, and about the degree of central bank transparencgndr,,

(i) greater actual transparency- and/orr,.) reduces the variability of private sector inflation
expectations®, inflation 7 and the output gap.

(i) greater perceived transparency and/or 7,.) increases the volatility of private sector
inflation expectations® and inflationr, whereas the output gap is most stable in the absence
of transparency misperceptiongy(= 7o and7, = 7..).

(iii) it is optimal to have maximum actual and perceived transparency about the inflation target
(te = 79 = 1), and maximum actual transparency but minimal perceived transparency about
the output gap target(, = 1, 7. = 0).

A comparison with Proposition 1 reveals that the main drawback of transparency under
common knowledge, namely the greater variability of inflation, is not due to the actual degree
of transparency but the private sector’'s perceptions of it. The fact that the public is better
informed is beneficial, but the correspondingly stronger response of private sector expectations
leads to undesirable inflation volatility.

3 Extensions

It is important to assess the robustness of the results above, so several extensions are analyzed
in this section. In particular, it is shown that transparency misperceptions could also be opti-
mal for different objective functions, including ‘conservative’ central banks, and deterministic
central bank targets (section 3.1), for transparency about supply shocks (section 3.2) and for a
New Keynesian Phillips curve (section 3.3).

3.1 Objective Functions

Propositions 1(i) and 2(ii) show that transparency (perceptions) could have different effects
on inflation and output gap variability, which may give the impression that the desirability of
transparency depends on the weight attached to inflation versus output gap stabilization. To
explore this issue, suppose that the central bank’s objective remains (1) but that social welfare
is given by

W=—38(r—0) =3 (1- )y’ 22

where0 < 3 < 1. So, monetary policy has been delegated to a central bank with a different
relative preference weight. For instanae; 5 would amount to a ‘conservative’ central bank
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that is more concerned about inflation stabilization than society (Rogoff 1985). Interestingly,
the degrees of transparency given in Propositions 1(ii) and 2(iii) that are optimal for the central
bank are also socially optimal, regardless of the wejghtMore precisely, botlg [U] and
E [W] are maximized for, = 1 andr, = 0 under common knowledge, and fé§ = 7y =
7. = 1 and7,, = 0 with transparency misperceptiottsThe reason that is immaterial is that
social welfare is not determined Biar [y] andVar [7] but byE [(7 — 6)°] andE [(y — &)?].
The latter are always proportional when the central bank behaves optimally according to (7)
and (8), so transparency affects them in the same way.

Suppose now that monetary policy is still delegated to a central bank that maximizes (1)
but that the social welfare function equals

W=—28(r—8)~ 5 (1-8)(y— 5 (23

So, again the central bank attaches a different weight to inflation stabilization. In addition,
although the targets of the central bartkand x) and society § and %) are the same on
average, they typically differ due to idiosyncratic shoaks4(6 andx # &). This variation on

the basic model is analyzed in appendix A.1. With perfect common knowledge, the degree of
transparency that is socially optimal now dependgomo be precisery = 7, = 1 is socially
optimal fora? > 3, andry = 7. = 0 for o®> < 3. In other words, if the central bank is
sufficiently conservative, the social optimum is transparency. Intuitively, if society cares a lot
about output gap stabilization, the benefit of greater output gap stability under transparency
outweighs the drawback of more inflation variability. This result is similar to Hahn (2004) who
considers transparency about the central bank’s relative preference weight

With imperfect common knowledge, perfect actual transparency about the central bank’s
targets {y = 7. = 1) is socially optimal regardless of the value®fThe reason is that trans-
parency avoids erratic movements of market expectations. Regarding perceived transparency,
if the central bank is not conservative (< (3), society benefits from complete perceived
opacity ¢y = 7. = 0). Furthermore, for any othet the degree of perceived transparency in
the social optimum is strictly positive but remains less than the degree of actual transparency
(0 < 79 < Tgand0 < 7, < 7,). Intuitively, the perception of opacity reduces the response of
market expectations to noise in the signal and therefore limits volatility.

Another issue is whether the conclusions depend on the assumption that the central bank’s
inflation and output gap targets follow a normal distribution. In particular, the expressions for
E [U] in section 2 give the impression that the degrees of actual and perceived transparency
and7 are immaterial when the targetsandx are deterministic{? = o2 = 0). The case of
constant central bank targets is more closely examined in appendix A.2. This reveals that it is
optimal to have complete perceived opacity about both targets-(7.. = 0), but maximum

2To see this, substitute (7) and (8) into (22) and rearrange to dg&t =
-3 ([)’(1 —a)’+(1-0) a2) (m¢ — 0+ K+ s)°. This is directly proportional to (15) so that [IV] is

maximized for the same degrees of transparendy[&§.
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actual transparency in the sense of minimally noisy signgls<( o2 = 0). Intuitively, noisy

signals lead to inflation and output gap variability, but this effect is muted when the signals
are perceived to be opaque so that the private sector pays less attention to them. So again, it
is desirable to have maximum actual transparency but to sustain transparency misperceptions
such that perceived opacity exceeds actual opacity.

3.2 Transparency about Supply Shocks

Another interesting extension is to consider transparency about the supply shbckar-
ticular, suppose that the private sector receives a public signal of the supply shock before it
forms its inflation expectations®. This is analyzed in appendix A.3. In the case of perfect
common knowledge, greater transparengybout the supply shockincreases the volatility

of both the output gap and inflation. Intuitively, greater transparency about the supply shock
makes private sector inflation expectatiatfsmore sensitive to the supply shoekso the
central bank increases the output gap response to partially offset the increased volatility of
inflation. Not surprisingly, minimum transparency about supply shoeks=0) is optimal.

This result is consistent with Cukierman (2001), who compares limited=( 0) and full

(s = 1) transparency about the supply shadk a model with a neo-monetarist transmission
mechanism.

With imperfect common knowledge about the degree of transparendiie variance of
the output gapy and inflation7 are both minimized for minimum perceived transparency
(7s = 0) and maximum actual transparency, (= 1). The intuition behind this result is
familiar. Minimum perceived transparency mutes the response of private sector expectations
¢ to the supply shock, which contributes to greater stability of the output gap and inflation.

In addition, maximum actual transparency reduces the noise of the public signal, which makes
inflation expectations more stable and thereby generates less volatility in the output gap and
inflation. Not surprisingly, it is (socially) optimal to have minimum perceived and maximum
actual transparency about supply shocks=€ 0 andr, = 1).

So, the most effective communication strategy for supply shocks is to provide all the rele-
vant information but to downplay its relevance. Perhaps, this could explain why some central
banks (e.g. the European Central Bank) stress that the quarterly macroeconomic forecasts they
publish are staff forecasts that come without any endorsement by the monetary policymakers.

3.3 New Keynesian Phillips Curve

Finally, it is important to discuss to what extent the results extend to a New Keynesian Phillips
curve. The baseline model assumes the expectations-augmented Phillips curve

T=E[rE+y+s
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where inflation expectations incorporate information from the public sigredout shocks
affecting (current) inflation. With the New Keynesian Phillips curve

T = B¢ [Ti1]&] + ue + s (24)

inflation expectations incorporate information frgmabout shocks affecting future inflation.

If the shocks are i.i.d., the signg is uninformative about future shocks and the degree of
transparency is immaterial. But for the more plausible case in which the shocks are persistent,
¢, Is informative about both the current and the future shocks affecting inflation, so the effect
on inflation expectations is similar for the expectations-augmented and the New Keynesian
Phillips curve.

This is formally shown in appendix A.4 for transparency about supply shocks when the
central bank targets are determinisficin particular, the optimal degree of actual and per-
ceived transparency about supply shoekss derived analytically for an infinite-horizon
model with the New Keynesian Phillips curve (24). For i.i.d. supply shocks, transparency
about the supply shock does not affect economic outcomes because information about cur-
rent supply shocks has no effect on forward-looking inflation expectations. But for persistent
supply shocks, the effect of (actual and perceived) transparency about supply shocks is quali-
tatively the same as for the model with the expectations-augmented Phillips curve. In the case
of perfect common knowledge about the degree of transparency, greater transparency about
the supply shock; increases the variability of inflation, and the output gap;,, so minimum
transparency is optimal. In the presence of transparency misperceptions, greater actual and
smaller perceived transparency about the supply shpc&duce the variability of inflation
m; and the output gap;, so it is optimal to have maximum actual transparency but minimal
perceived transparency. These results for the New Keynesian Phillips curve (24) are exactly
the same as for the model with the expectations-augmented Phillips curve (2) in section 3.2.
So, as long as shocks (are perceived to) have some persistence, the findings of the present
paper remain relevant for a New Keynesian Phillips curve.

All these extensions of the baseline model show that the key findings of section 2 are
robust: When the assumption of perfect common knowledge is relaxed, actual transparency is
beneficial and it is desirable to have a perceived degree of transparency that is no greater than
the actual degree of transparenéy<( 7).*4

Ballowing for asymmetric information about the central bank targets would greatly complicate the analysis
with a New Keynesian Phillips curve. Even for the simple two-period model by Jensen (2002), no closed-form

solution exists and the optimal degree of transparency has to be computed numerically.
4Another extension would be to incorporate the reputation approach. Since reputation effects are based on the

updating of private sector inflation expectations, they would depend only on perceived transparency. So, actual
transparency would remain desirable and transparency perceptions would again play a key role.
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4 Discussion

This section discusses two remaining issues. First, it addresses the limitatias afmeasure
of transparency and presents a more comprehensive alternative (section 4.1). In addition,
various explanations for central bank mystique are discussed (section 4.2).

4.1 Transparency Measures

Since the transparency measure in (5) suffers from some drawbacks, it is useful to reconsider
it. Although = describes the relative accuracy of the sigpat is less suitable as a measure
of central bank transparency because it is increasing in ‘monetary uncertaifity'?). In
the literature, transparency typically refers to the absence of information asymmetries (e.g.
Geraats 2002). So, transparency is decreasing in the extent to which the private sector faces
asymmetric information. However, an increase in opacity due to greater variability of the
central bank’s targets has the awkward implication that it leads to a higher valueTdfis
shows that (5) is not a good indicator of the degree of transparency.

Instead, it is useful to construct a more fundamental measure that is directly based on the
definition of transparency. Focusing on the inflation tafyehe private sector has the prior
6 and symmetric information amounts o= . The difference betweef andd gives an
indication of the degree of asymmetric information. So, ex ante opacity can be described by
E [(0 — 9)2} = o3, which is the ‘monetary uncertainty’ measure used in one strand of the
literature.

However, the private sector is able to use the public sign& update its priof), which
leads to the posteridr [0|£,] in (10). Taking into account the information conveyed by the
signal, the appropriate measure of opacity becomes

E[0-E [9‘59])2] =(1—79)0p

after substituting (10), (3), and using (5) to substitutedér This shows that opacity about
6 is increasing in the amount of initial monetary uncertainfyand decreasing in the relative
accuracyry of the signak,.

Taking the inverse of opacity and substituting (5) leads to the transparency measure

1 1 1

ATt A

This measure of (actual) transparency depends positively on the relative accuracy of the signal
79 and negatively on monetary uncertainty. It has the intuitive property that transparency
aboutd could be enhanced in two, independent ways: (i) reduce the initial uncertagty (

or (i) reduce the noisiness of the signaf). So,~, has the desirable property that greater
monetary uncertainty decreases transparency, which is in contrast to
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Neverthelessy, still has the drawbacks that it depends on the actual stochastic distribu-
tions and implies infinite transparencytifis deterministic §2 = 0). These problems can be
overcome by the following analogous measure of perceived transparency:

- 1 11

T A A
If the private sector believes the target is deterministjc=£ 0) and therefore knowrd(= 6),
or if the private sector thinks that the public sigggis completely accurate and has no noise
(02 = 0), then the private sector has the perception of symmetric information about the infla-
tion targetd and perceived transparengy is infinite. On the other hand, complete perceived
opacity ¢, = 0) requires both an infinitely diffuse priosf — oo) and the perception of an
infinitely noisy signal 62 — o).

The transparency measures 7,, 7., andy, can be defined in a similar way. Although
~ and® are better measures of the degree of asymmetric information, the economic effects of
transparency are more easily understood in terms of the relative accuracy of the sighal (
and the extent of monetary uncertainty (o2, 63, 52). The reason is that the relative signal
accuracy need not have the same effect as initial monetary uncertainty. In particular, suppose
there is common knowledge about all the variance parameteasd thereby about. Then,
greater opacity through higher monetary uncertairftyc? ando? is always detrimental be-
cause itincreases the variance of output and inflatfan[y] andVar [x], and reduces, [U].*®
In contrast, greater opacity through a lower relative signal accuracy 7, is beneficial and
actually increases [U].

Nevertheless, one of the main findings of the paper, namely that actual transparency is
beneficial in the presence of private sector misperceptions, not only holds for the mebstre
also for the more general measuteTo be precise, a decrease in initial monetary uncertainty
(05, 0%, 02) and in signal noisex, o7, o7) are both beneficial because of a reductiolan [y]
andVar [r], and an increase iR [U].1® As a result, the conclusion about the desirability of
actual transparency remains robust even when a more comprehensive transparency measure is
used.

4.2 Central Bank Mystique

Despite all the emphasis on transparency of monetary policy nowadays, central bankers still
often speak with a remarkable lack of clarity. Although it is difficult to characterize ‘central
bank speak’, according to an insider:

15This holds not only ceteris paribus (i.e. for a constantr,. andr,), but also for the total effects of2, o2
ando? on Var [y, Var [r] andE [U].

16T his refers to the total effect, which is straightforward (though tedious) to compute by differentiatifg,
Var [r] andE [U] after substituting for-.
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“[Fed speak] is a language in which it is possible to speak, without ever saying
anything.” (Mike Moskow, President of the Federal Reserve Bank of Chicago,
December 7, 2002)

This paper shows that a central bank may try to give this impression and create the per-
ception of opacity. This could be achieved by avoiding the publication of precise, quantitative
information and instead resorting to qualitative statements. For example, a numeric inflation
target is likely to contribute to a high degree of perceived (and actual) transparency, whereas
speeches that provide ambiguous perspectives could lower transparency perceptions.

It is worthwhile to note that the conclusions of this paper regarding the desirability of
perceived opacity are independent of the public’s prior expectation of the central bank’s output
gap targetx. In particular, the results also hold fer= 0, in which case there is no average
inflation bias, so the central bank has no systematic incentive to misrepresent its information.
In that case, commitment to a truthful communication technology is perfectly credible. To the
extent that this is not possible, there may be central bank ‘cheap talk’ such that communication
of central bank private information is only credible when it is imprecise (Stein 1989).

In addition, there may be institutional reasons for central banks to be vague. For example,
a central bank without an explicit legal primary objective of price stability, such as the US
Federal Reserve, could be more reluctant to adopt a numeric inflation target because it may
give the impression that it is neglecting its other objectives.

There could also be other reasons for obliqgue communications by central bankers. For
instance, evasiveness could be used to limit accountability or hide incompetence. In addition,
secretive central bankers receive more media attention as their every word is scrutinized. Last
but not least, vague communications could reflect the tremendous uncertainty faced by central
bankers, which is often difficult to explicate.

The paper shows that under certain circumstances maximum perceived opacity is optimal.
In principle, there are two ways to achieve this. The central bank could give the impression
that the public signg is infinitely noisy so that = 0. Alternatively, the central bank could
remain silent and not communicate at all so that {@} and7® = E [r]. In the latter case,
the actual and perceived degree of transparency always coincide: = 0. In practice, few
central bankers prefer to remain silent, but rather engage in oblique speak. This still gives them
the benefits of perceived opacity, while allowing them to communicate relevant information
to the private sector and achieve greater actual transpaténcy.

In practice, there are likely to be some feasibility constraints on the extent of transparency
(e.g. Cukierman 2006). In particular, it may not be possible to achieve complete opacity or
perfect transparency. Suppose that there are binding constraints on the degree of (actual and
perceived) transparency such that;y < 7 < 7yax and 7y v < 7 < Tyax. Then,

’Another reason for not remaining completely silent is that most central banks face accountability require-
ments, such as testimony before parliament or the publication of inflation reports.
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an optimum of maximum actual transpareney=£ 1) and minimum perceived transparency
(7 = 0) would not be achievable. In that case, the constrained optimum is maximum possible
perceived opacity; = 7,5, and maximum attainable actual transparemncy, 74 x.

A key finding of the paper is that it tends to be desirable to have less perceived than
actual transparencyr (< 7). The only exception is the inflation targét for which 7, =
Ty 1S preferred by the central bank but not necessarily by society. An important practical
consideration is the extent to which it is possible to sustain systematic deviations between
actual and perceived transparency. If all the parameters of the model were stable it would be
possible for the private sector to learn the degree of transpareoegr time'® For instance,
inflation reports with consistently detailed information are likely to facilitate learning about
the central bank’s transparencyHowever, when the accuracy of communications is variable
SO thatag, a% ando? are unstableg,, 7. andr, can never be learned.

As a result, it may be impossible to learn the degree of transparency, which is especially
relevant for verbal communications such as speeches and testimonies. Their informativeness
could easily vary from one occasion to another. So, there is no constant degree of transparency
to be learned and the private sector is left in limbo about how much weight to attach to a
particular central bank communication.

Adding to potential ambiguity is the fact that speeches by central bankers are used for two
purposes: not only to convey news (e.g. about the economic outlook), but also to educate the
public (e.g. about the monetary policy strategy or the monetary transmission process). The
choice of educational topics and the way in which they are explained could be deliferate.
So, financial market analysts are likely to scrutinize speeches to look for clues about (changes
in) central bankers’ perceptions. Since there is typically ambiguity whether prima facie edu-
cational content also contains some new policy relevant views, it is hard to assess the precise
informativeness of a central banker’s speech.

In contrast to the fixed format of inflation reports and written policy statements, verbal
communications tend to provide greater flexibility to convey information with a degree of
transparency that is unknown to the private sector. Thus, speeches provide an important
communication tool that is well-suited to the dissemination of information with sustained
transparency misperceptions.

An interesting finding of the present paper is that it could be beneficial to inhibit private
sector learning about the degree of transparencyWheneverr = 7 is not optimal, it is
actually desirable to have imperfect transparency about the actual degree of transparency.

18To see this, note thatandv follow (ex post) from (2) and (25), so that, o2 andr, could be learned over
time. In additionyy, £, and¢,. could be used to estimatér [¢,], Cov {y, &y}, Var [¢,.] andCov {y,&,.}, from

which o3, 02, 07 ando} can be deduced. So, andr, would also be learnable.
For instance, the speech on “Monetary Policy and Wage Growth” by governor Svein Gjedrem of the Nor-

wegian central bank in June 2002, which emphasized a positive empirical relation between interest rates and the
growth in labor costs, was followed by an increase in the policy rate of 50 basis points in July 2002 to counter
high wage growth.
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Central banks could exploit flexible communication tools such as speeches to hamper learning
aboutr and maintain advantageous transparency misperceptions.

Empirical evidence for the importance of speeches is provided by Reinhart and Sack
(2006) for the Federal Reserve. Although speeches by members of the Federal Open Mar-
ket Committee (FOMC) tend to have a very small average impact on market interest rates,
their collective effect is sizeable and only second to that of FOMC policy statements. This
indicates that speeches are a major component of central bank communication.

Although it could be desirable to communicate with a sustained discrepancy between ac-
tual and perceived transparency, central bankers may not be equally skilled at it. Perhaps,
this is where part of the ‘art’ of central banking comes in. A ‘maestro’ like Alan Greenspan
managed to effectively guide financial markets by means of statements that appeared to be
open to multiple interpretations. He was (in)famous for his Delphic uttergficgse fact that
his statements are perceived to be rife with ambiguity is constructive and prevents financial
markets from reacting too strongly. In contrast, central bankers that speak with clarity appear
to be more prone to criticism. For instance, the (Dutch) directness of the first President of the
European Central Bank, Wim Duisenberg, was often considered a ligbilingtead, central
bankers tend to nurture speaking in guarded language that fosters transparency mispercep-
tions, as is illustrated by Greenspan’s quote at the beginning of this paper.

5 Conclusion

Central banks are transparent in many respects nowadays, but there is still considerable am-
biguity in their communication. This paper shows that arcane statements by central bankers
may serve an important purpose. They create the perception of opacity and make the market
more cautious in its response to central bank communications, which reduces the volatility of
private sector expectations.

The paper models this mechanism by relaxing the strong assumption of perfect common
knowledge about the degree of central bank transparency. In practice, there is considerable
disagreement among researchers and market participants how transparent central banks are.
In addition, it would be difficult to verify the degree of transparency. So, it appears realistic
to allow the actual and perceived degrees of transparency to differ from each other. This has
the virtue that asymmetric information can be modeled regardless of the actual variability of
parameters, thereby decoupling ex ante uncertainty and ex post volatility.

Moreover, the analysis of transparency perceptions of the private sector gives a better un-

20For example, Greenspan’s befuddling speech to the Economic Club of New York on June 20, 1995, was
summarized by the headline “Greenspan Hints Fed May Cut Interest Rates” in the Washington Post, but “Doubts

\Voiced By Greenspan On a Rate Cut” in the New York Times.
2170 give an illustration, in response to a question about further interest rate cuts at a press conference after a

cut of 50 basis points (on 8 April 1999), Duisenberg bluntly answered that “you be sure: this is it".
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derstanding of some of the disadvantages of transparency suggested in the literature. Although
transparency is likely to reduce private sector uncertainty, information disclosed by the cen-
tral bank could alter private sector expectations and give rise to greater economic volatility.
However, this drawback appears to be entirely due to transparency perceptions. In particular,
the paper shows that actual transparency is beneficial because it reduces the noisiness of com-
munication, but perceived transparency could be more problematic as it makes markets more
sensitive to (potentially noisy) information. This provides an economic rationale for transpar-
ent central bank communications that sustain transparency misperceptions. So, transparency
about the degree of transparency may not be desirable. In particular, central banks may find it
beneficial to disclose information under a veil of perceived ambiguity.

The paper shows that the central bank’s optimal communication strategy is to be crystal
clear about the inflation target, but to be informative about the output gap target and supply
shocks through statements that are perceived to be opaque. In that respect, central bankers
should speak, but with mystique.
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A Appendix

This appendix analyzes four extensions to the basic model that are discussed in section 3.

A.1 Alternative Social Welfare Function

This section computes the optimal degrees of transparency when the social welfare function
equals (23). Substituting (7), (8) and (18) into (23) gives

W= —%ﬂ{a9+(1—a)(7re+/i+s)—9}2—%(1—5){@(0—7r6—$)+(1—a)/f—/{}Q
- —%ﬁ{(a—f—(l—a)%@)w—@)+(1—oz)7~'95

+

aa[/{—I—(O[%—(l—a)%n)(/{—/ﬁ)%—(l—oz)7~',{17+as]}

—%(1—5){@(1—%9) (0—9)—oﬁ'gg—i-(l—a)(l—%R)(K—R)—(1—04)%,&7—/%—@3}2

Taking expectations and substituting ftiranda% using (5) gives

1 ~2
E[W] = —55{(0424-204(1—a)%g—i-(l—a)Q:_—Z)03

1—a) 72

—1—( 204) {EF + <a2 +2a(1—a)7+ (1 —a)’ E) ol + 04204 }
«Q K

1 9 A 2 - 2\ 2, o 2 2

—5(1—6) a1 =27+ —|og+(1—a)" |1 =27, 4+ = ) 05 + * + a“0;
To K

Differentiating with respect to the degrees of actual transparency yields:

OE W 1 7
by = (00l (= p)a?) T >0

_2 e
83Tq::%(ﬂ“af>+a—ﬁﬂ<r—w%%ﬁ>n

This implies that it is socially optimal to have perfect actual transparency about the central
bank’s targets#{y = 7. = 1).

Concerning perceived transparency, the first order condifighgV'| /d7y = 0 ando E (W] /d7,, =
0 yield

. alo—p)
"7 Bl-a)tal@-p) "’
i a(a—B)

Tr
Bl —a)+ala—p)
respectively. Forv > (3, these are the socially optimal degrees of perceived transparency,
sinced® E[W]/07; < 0 andd? E [W] /072 < 0. But for o < 3, the social optimum is the
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corner solutiorry = 7, = 0. So, if the central bank is not conservative, society benefits from
complete perceived opacity. Regardless of the valué, ah the social optimum the degree
of perceived transparency is strictly less than the degree of actual transpargrcy-f and
T < Tk

In the case of common knowledge about the degree of transpareney, andr,. = 7,.),

BV = ——ﬁ{( =) b+ o [k (24 (1 ) 7)o +a%2]}
—%(1—6){CYQ(l—T@)U?)—FRQ—F(l—Oé)Q(l—TH yoo +a’ol}
Differentiating yields
B B0 -a-pad =3 (- a?) o}
To
o8y _ 1 [5“‘“)2 (1—042)—(1—@(1—04)2]02:_1 o uo
0T 2 o? " 2 a2 ®

Note tha® E [W] /01y = OE [W] /0T, = 0for 3 = o2, andsgn (O E [W] /07p) = sgn (OE [W] /7,) =
sgn (a? — ). Hencery = 7. = 1is socially optimal forw? > 3, andr, = 7. = 0 is socially

optimal fora? < 3. So, if society attaches a sufficiently low weight to inflation stabilization

or the central bank is sufficiently conservative, the social optimum is to have transparency
about the central bank’s targets.

To summarize the results for the social welfare function (23):

- With perfect common knowledge about the degrees of transpargraydr,., it is so-
cially optimal to have maximum transparency about the central bank targets . = 1)
for o? > 3, and minimum transparency{= 7, = 0) for o < (.

- With transparency misperceptions, it is socially optimal to have maximum actual trans-
parency about the central bank’s targets£€ 7. = 1) regardless ofr and 3, some perceived
opacity 0 < 79,7, < 1) for « > 3, and maximum perceived opacity,(= 7. = 0) for
a < f.

A.2 Constant Central Bank Targets

This section examines optimal transparency (mis)perceptions when the central bank’s inflation
targetf and output gap targetare constant. More precisely, the actual distributiong ahd

k are degenerate, but the private sector still faces asymmetric information about these targets
and has the perceived (or prior) distributiohs~ N (6,53), k ~ N (,57). The optimal

output gap and inflation still satisfy (7) and (8). In addition, private sector expectations are
again given by (16), (17) and (18).The difference with the model in section 2.2 is that the

22Note that if the perceived distributions were not normal, (16) and (17) would still be the best linear predictors.
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actual values of andx are now deterministic, sh= 6, k = & ando2 = o2 = 0. As a result,
the actual variance of inflation expectations equals

. 1—a\®_
Var [1¢] = 7202 + < - ) Ti0'127
This shows that the volatility of inflation expectations is increasing in perceived transparency
79 andT,, and in the noise varianceg andag, so that it is essentially decreasing in actual
transparency aboétandk.
The level of the output gap and inflation are still given by (19) and (20), but their actual

variances now equal

Var[y] = o*20° + (1 —a)® Trol 4+ a’o)
2
2 ~ (1—a) 2 ~ 2
Var[r] = (1—a)*F502 + - (l—a) ' 7los+(1—a)o?

So, the variability of the output gap and inflation are both increasing in perceived transparency
79 and7,, and in the noise variance$ andafi. As a result, the output gap and inflation are
more stable when there is greater perceived opacity about the inflation and output gap targets,
and greater transparency in the communicat@rsndé, .

Regarding welfare effects, (21) still holds and taking unconditional expectations based on
actual distributions yields

11—
E[U] = 5 a [042%30? + R+ (1 - a)z%iai + 0420?]

Clearly, the best outcome is obtained for maximum perceived opagity=(7, = 0) and
maximum actual transparency?( = 037 = 0). So, again it is optimal to have transparency
misperceptions.

The same conclusion holds for the social welfare functions in (22) and (23). Concerning
the latter, expected social welfare now equals

1 ) i 1, (1-a).
E[W]= -5 [(6 (1—a)"+(1-0) oz2)} {7’30? + @&2 + TTiai + 0?2
So again, minimum perceived transparenty£ 7, = 0) and maximum actual transparency
(02 = 07 = 0) is optimal.
As a result, the conclusion that it is desirable to have transparency misperceptions does
not depend on the assumption that the central bank tafigeid < are stochastic, but it even

holds when these targets are actually deterministic.

A.3 Transparency about Supply Shocks

This section analyzes the effect of transparency about the supply shebkres ~ N (0, 02).
In the model of section 2, transparency about the supply skegkmmaterial because is
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only realized after the private sector has formed its inflation expectatforddéow suppose that
the private sector receives a public sigéabf the supply shock before it forms its inflation
expectations®:

§s=s+v (25)

wherev ~ N (0,02), independent of andr. Then, the actual degree of transparency about
supply shocks is given by

0.2

Ts = 2 (26)

2 2
o;+ 03

Similarly, the perceived degree of transparency about supply shocks is given by

6_2

Ts = m (27)

wheres? andé? are the private sector perceptions of the (prior) varianceasfdw, respec-
tively.

Note that the optimal degrees of transparency about the inflation taeget output gap
targetx in section 2 are independent of the variability of the supply shockhe reason is
that o2, 02 ando? enter separably if [U], andd, x and s are independent. Similarly, the
optimal degree of transparency about the supply shock is independent of the variability of
the inflation and output gap target. For simplicity, assume that the inflation target and output
gap target are deterministic and known to the private sector s@that) andx = & with
02 =53 = 02 = &2 = 0, so there is perfect (actual and perceived) transparency about the
central bank’s preferences. Instead, there is now asymmetric information about the supply
shocks. The central bank still maximizes (1) subject to (2) givénwhich yields (7) and (8).

The results for imperfect common knowledge about the degree of transparency of supply
shocks are derived first. Perfect common knowledge amounts to the special case in which
there are no transparency misperceptians=€ 7). Taking expectations of (8) and solving

for 7¢ gives
1—«a

m° =E[rl¢,] =0+ —— (R +E[sl¢])
Using (25) and (27),
~2

~ o -

E [8‘55] - &g + 6353 - 7-558
Substituting intar® and using (25) gives

7Te:9+1;a(/€—l—%ss+%sv) (28)
Substituting this into (7) and (8) yields
y = —(a+(1—-—a)7s)s— (1 —a)Tsv

11—
T = 0+ “

F+(a+(1—a)Ts)s+ (1 —a)Tsv]
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The variance of the output gap and inflation depend on the degree of transparency:

~2
Var [y] = [oz2 +2a(l—a)7s+(1—a)’ E] o’
Ts
1—a) 72
Var [r] = % {a2+2a(1—o¢)%s+(1—o¢)22} o2
« Ts

using the fact that (26) implies? = 1;—705 This shows that the variance of the output gap
and inflation are decreasing in actual transparen@&nd increasing in perceived transparency
T

Not surprisingly, perceived transparency about supply shocks is harmful, whereas actual
transparency is beneficial. Formally, substitute (28) into (15) to get

11—
U—-3 YR+ (a+(1—a)7)s+(1—a)7F0)

Taking unconditional expectations and substitutiig= %aﬁ gives the ex ante expected

central bank payoff

E[U] = l1-a {R2+ (a2+2a(1—a)%s+(1—a)2ﬁ> ai]

2 « T
As a result, for supply shocks, maximum actual transparency= 1) and minimum per-
ceived transparencyr( = 0) is optimal for the central bank. Formally, this follows from
OE[U] /0Ts > 0andd E[U] /07, < 0.
The results under common knowledge follow from imposing the restrictionrthat 7.
The variance of the output gap and inflation are equal to

Varly] = [+ (1—a?) 7,02
Var [r] = (1;—204) [@®+ (1 —a?) 7, o2

This shows that greater transparency about the supply shinckeases the volatility of both
the output gap and inflation. This implies that transparency about supply shocks is detrimental.
Formally,
ll-—a , 2 2 2
BElU]=—-5— 7%+ (® + (1 —a%) 7,) o7]
Clearly, minimum transparency about supply shocks- 0 is optimal for the central bank. It
is also socially optimal for the social welfare functions (22) and (23).
To summarize the results concerning transparency about supply shocks
- With perfect common knowledge about the degree of transparencgreater trans-
parencyr, increases the variability of inflatiom and the output gap, and minimum trans-
parency ¢, = 0) is optimal for the central bank and society.
- With transparency misperceptions, greater actual transpareranyd smaller perceived
transparency, reduce the variability of inflatiom and the output gap, and it is optimal
for the central bank and society to have maximum actual transpareney {) but minimal

perceived transparency(= 0).
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A.4 Transparency about Supply Shocks with New Keynesian Phillips
Curve

This section analyzes the effect of transparency about the supply shfmckan infinite-
horizon model in which the central bank maximizes the expected value of

U=(1-6)) 6",
t=1

where/ is the subjective intertemporal discount facto( o < 1) and the objective function

U, is still given by (1). The central bank targétandx are assumed to be deterministic and
known to the private sector, just like in appendix A.3. But the expectations-augmented Phillips
curve (2) is now replaced by the New Keynesian Phillips curve (24):

Ty = B [T |€] + ye + 54
The supply shock; is allowed to be persistent:
st = pSi—1 + ¢, (29)

where[p| < 1 andg, is i.i.d. white noise with(, ~ N (0,02). So,Var[s,] = 03 = =0%.
The private sector observes a public sigfjaf the innovation(, to the supply shock;:

§ =G+ vy (30)

wherev, is i.i.d. white noise withw, ~ N (0,07). So,Var|[¢,] = o7 + o2. The degree of
transparency about the supply shock innovation equals

2
O¢

(31)

T o
¢ ag—i-ag

Similarly, the perceived degree of transparency about the supply shock innovation is given by

=3 (32)

where(fg anda? are the private sector perceptions of the (prior) variancearidv, respec-
tively.

The timing of events is as follows. At the beginning of each period, the private sector
observes the public signgl of the innovation(, to the supply shock;, and it forms its
inflation expectationg, [r;,1|&,]. Then, the supply shock innovatiap, and therebys, is
realized. Finally, the central bank sets the outputigamd the level of inflatiom; is realized.

In every period, the central bank faces the same infinite-horizon problem, but with a dif-
ferent state variablg, [r,,|¢,]. Since the current policy decisian has no effect on future
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outcomes, the central bank simply sefg0 maximizeU, every period subject to (24) and
givenE, [r.41/€,].% This yields the optimal levels of the output gap and inflation

yp = a(0—Elmlé) —s) +(1—a)r (33)
ab + (1= a) (B [mea|&] + # + 1) (34)

Tt

which are similar to (7) and (8) in the baseline model.
Recursive substitution of (34) yields

k k
aZ(l—a)’6+(1—a)k+l ¢ [k |é] + (1 — ) Z (1—a)'k
i=0 i=0

k
1-0& Z 1—04 Et St+z|€t] (1—04)815
=1

Taking the limitlim,,_. ., 7, inflation reduces to

1 - 1—
7Tt:9+ a/@‘i‘ ( a)p
a l1—(1—a)p

1= (1—a)p(1—7)
1—-(1—a)p

(1 —a)’p .
—A—a)p
~ (35)

using (29).E: [s:1:l¢,) = p™si1 + p'Ee [¢,]€,], (30) andE, [¢,|¢,] = Ergi—%%ft =T¢ (G + ).
So, private sector inflation expectations equal

S—1+(1 — ) ¢+

- 1— _
Et [m41]6,] = 0 + o e + 1 El(l ié)oi)) P [psi—1 + T¢ (G + vi)] (36)

Substitute this into (33), use (29), and simplify to get

op _1-(-a)p-7), _ a(l-a)p
1—(1—a)p ! 1—(1—-a)p Ll-(1-a)p

The variance of inflation and the output gap are equal to

Yp = — 7~'<Ut (37)

_ (1_04)2 1 _ — - —a)? 2 o= 7’_? 2
a? [ 1 ~ 72 i )
Var [y,] = 1-(—a)p) _1_p2—2(1—04)0(1—Tc)+(1—oz) p (1—274+ z) o?

using the fact that (29) and (31) imp¥ar [s;] = ﬁag ando? = %ag. In the special case
in which the supply shock; is i.i.d. (p = 0), the variance of inflation and the output gap do
not depend on the (actual and perceived) degree of transparenand7.). But, when the

23This no longer holds when there is asymmetric information about the central bank thagetors. In that
case, there is generally no closed-form solution for the outpuygapd inflationr,, and the optimal degree of
transparency has to be computed numerically, as in the two-period model by Jensen (2002).
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supply shock is persisteng ¢ 0), differentiating with respect to, and7. gives

oVar[m] _  (1- a)t p? 7'_202 ~0
o (1= (1 =a)p)re
O Var [y 2(1—a)’p 7l
gyarimd _ 1-(1— 1—a)ps 0
(97’4 (1—(1—Oé>p)2 ( O[)p+( Oé)p,rc O-<>

Similarly, 0 Var [y;] /07 < 0andd Var [y;] /07 > 0. So,Var [m,] andVar [y;] are minimized
for maximum actual transpareney, = 1, and minimum perceived transparenty,= 0.

Not surprisingly, for persistent supply shocks, actual transparency about supply shocks is
beneficial whereas perceived transparency is harmful. Formally, substituting (34) and (33)
into (1), yields

Up = —%04 (1 —a) (B [metlé,) — 0+ 5 +5,)° (38)

similar to (15). Substituting (36) and taking unconditional expectations

_ _la — il{z /)2 o2 (1—(1—a)p(1—%<))202
B = el )Lﬂ HTE Ty A (T 1
(1—04)2p27~'g )2

(1-(1—a)p) *

- loa—a %Her#—2(1—a)p(1—%¢)+(1—o;)2p2 (1—2%4+j_§>
’ o (1—(1-a)p)

2
O¢

l—TC

again usinge [s7_,| = Var[s,] = i—70¢ ando? = Tag. This shows that for i.i.d. supply
shocks fp = 0), the degree of actual and perceived transparep@nd7 . is immaterial. For
persistent supply shockg & 0), the optimal degrees of actual and perceived transparency
follow from differentiating with respect te, and7., respectively:

OE[U] _ 1 a(l-a)’p* 7,

ore 2(1_(1_a)p)2730<>0

OE U] a(l—a)p To| o
IRl 1—(1— 1—a)pt 0

As aresult, itis optimal to have maximum actual transparengy< 1) and minimal perceived
transparencyi(; = 0).

The special case of perfect common knowledge about the degree of transparency follows
from imposing the restriction that = 7.. This yields

= (1_a)2 1 — — — — — T 0-2
Varlr) = s [ ()= (=) ) (1= 7| o
a? 1 )

Varly] = u_ﬂ_amf{bﬂﬁ—u—wp@—u—amxl—nﬂ%
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In the special case in which the supply shogks i.i.d. (o = 0), the variance of inflation
and the output gap are again independent of the degree of transpareBay, for persistent
supply shocksA{ # 0), the variance of inflation and the output gap are both increasing in
actual transparency, 3éur [m;] andVar [y;| are minimized forr, = 0.

It is straightforward to see that transparency about supply shocks is detrimental under
perfect common knowledgé ( = 7). Formally,

ﬁ—(1—a)p(2—(1—a)p)(1—74)02
(1—(1—a)p) ‘

Again, the degree of transparengyis immaterial when the supply shock is i.i.h. € 0). For
persistent supply shockg & 0), OE [U;] /0T < 0 so minimum transparency about supply
shocks ¢, = 0) is optimal in the absence of transparency misperceptions.

To summarize the results concerning transparency about supply shoekth a New
Keynesian Phillips curve:

- In the special case in which the supply shoskare i.i.d. ( = 0), the degree of actual
transparency . and perceived transparentgy have no effect on the variance of inflatiap
and the output gap,, and no effect on expected utility [U;].

- For persistent supply shocks £ 0) and perfect common knowledge about the degree of
transparency., greater transpareney increases the variability of inflation, and the output
gapy:, and minimum transparency{ = 0) is optimal.

- For persistent supply shocks & 0) and transparency misperceptions, greater actual
transparency-. and smaller perceived transparerigyreduce the variability of inflationr,
and the output gap,, and it is optimal to have maximum actual transparengy=¢ 1) but
minimal perceived transparency,(= 0).

Clearly, when there is some persistence in the supply shodke qualitative results for
the New Keynesian Phillips curve (24) are exactly the same as for the expectations-augmented
Phillips curve (2) in the baseline model.

1 1
ElUi] =-5a(l-a) @"12 +
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