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Abstract

In their seminal paper, Morris and Shin (2002a) argued that increasing
the precision of public information is not always bene�cial to social wel-
fare. Svensson (2005) however has disputed this by saying that although
feasible, the conditions for which this was true, were not at all that likely.
In that respect, therefore, increasing �transparency�remains most of the
times bene�cial to social welfare. In this paper, we extend the Morris and
Shin attempt, by setting it up as an explicit interactive game between the
Central Bank, the objectives of which we model explicitly, and the private
sector. We show that in the absence of costs, both players bene�t from
transparency, in the manner described previously in the literature, and
point the di¤erences in their gains. Following that, we then introduce the
fact that increasing transparency comes at some costs, and show how both
players face incentives to free ride on each other as a result. The presence
of costs, thus alters the way in which greater transparency is attained.
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1 Introduction

The literature on global games (inter alia Morris and Shin, 2002b, Phelps, 1983,
Woodford, 2002) has given rise to the importance of heterogenous information
in decision making. Based on Keynes� (1936) beauty context example, the
argument goes, when agents need to form a view about the underlying state,
they engage in trying to second-guess others� actions. This occurs because
the utility they derive individually, depends not only on identifying the state
correctly, but also on closing the distance between their own prediction and
that of others. In the context of monetary policy, this methodology is used by
Amato and Shin (2003) and Amato et al (2003) to discuss how increasing Central
bank transparency (in the form of making a public signal more precise) can,
under certain circumstances, prove detrimental to social welfare. Indeed this is
demonstrated in the seminal paper by Morris and Shin (2002a) (MS hereafter)
in which they show that this arises because in their e¤ort to second-guess others,
private agents give disproportionate more emphasis on public information that
is common knowledge, than is justi�ed by its noise1 . Svensson (2005) then
argues that, true though this is, the parameterisation that is required for this
to hold is very speci�c and actually implausible. If one was to assume plausible
values he argues, then the bene�ts of increasing transparency are rescued and
indeed dominate the range of outcomes (Blinder andWyplosz, 2005, raise similar
concerns).
In this paper we would like to take this discussion further by introducing two
innovations: �rst, we allow explicitly for a central bank, (CB) as one, of many,
contributors to what constitutes the public signal. This is because, as commonly
agreed in the literature, the Central bank has an important role in coordinating
private sector expectations2 . Monetary policy is now a game of two players,
the central bank and the private sector, the latter being composed of an in�nite
number of private agents that are modelled in the MS fashion. This allows us to
examine how increasing the precision of a signal (either private or public) a¤ects
the interaction between these two optimising players. Second, we then allow for
the fact that increasing the precision of that signal does not come without costs.
This is an important addition to the literature both because it is actually more
plausible but also because it shows how the incentives of the two players may be
distorted as a result, by introducing an element of free riding in their optimal
actions.

The paper is organised as follows. Section two outlines the static game between
the central bank and the private sector (PS). The central bank is a contributor
to the public signal (but not necessarily the sole one) and the private sector
then uses what is common knowledge in combination with its own information

1Note that Hellwig (2004) and Angeletos and Pavan (2004) come to opposite results to
the MS predictions about the bene�ts of increasing the precision of public information. They
attribute these di¤erences to the way the heterogeneity (of agents)-volatility (of outcomes)
trade-o¤ is modelled in these papers and the externalities it generates.

2See Blinder et al (2001) for a general discussion on the Bank�s communication role and
Demertzis and Viegi (2005) for an example on how it does that.
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to decide on their action. Section three then shows how players�welfare changes
as the level of precision of the two signals increases. The underlying assumption
here is that more information comes at no cost. Section four then lifts this
assumption and introduces costs explicitly to show how the impact of greater
information generates free-riding incentives. Section �ve summarises our results
and concludes.

2 Monetary Policy as an Information Game

The game between the two players is summarised as follows (Demertzis and
Viegi, 2005). The central bank has a standard loss function in which it chooses
the rate of in�ation x to minimise the distance of in�ation from the target and
the output gap, y

LCB j� =
1

2
E
h�
x� xT

�2
+ y2

i
(1)

subject to a standard Lucas supply function, y = x�xe+ � where � is a supply
shock with zero mean and constant variance, �2� . Note that any central bank
will have an objective xT irrespective of whether it has communicated it to
the public clearly, or even at all. We assume for simpli�cation that the CB�s
instrument is x. Optimisation of (1) implies that

xj� =
xT

2
+
xe

2
� �

2
(2)

where x is now the ex post in�ation outcome conditional on the shock � and xe

is private sector expectations about the relevant rate of in�ation. Representa-
tion (2) is of a structural form in the sense that expectations are not replaced.
Svensson (2003) argues in favour of such a representation in order to indicate
that factors like judgement that contribute to the way expectations are formed
but cannot always be modelled, are an important contributor to monetary pol-
icy. Note that (2) is speci�c to the underlying Lucas supply function assumed
but demonstrates that the outcome will be a function of both the policy the
Central Bank pursues as well as what the private sector anticipates. We can
re-group the terms in (2) and re-write it in a general form:

xj� = (1� r)
�
xT � �

�
+ rxe (3)

where r represents the strength with which expectations a¤ect the �nal out-
come3 . In a typical commitment game, where the central bank communicates
its target xT and commits to it, expectations formed by all individuals col-
lectively are equal to the CB�s objectives, xe = xT and the ex post outcome
is

3Re-grouping the error term � with the CB objective is a simpli�cation that the model
allows us to do so that that we can have one term representing expectations and one the rest.
However, the coe¢ cient on the error term is model speci�c and not necessarily always (1� r).
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x�j� = xT � (1� r) � (4)

E (x�) = xT (5)

In this paper however, we depart from the commitment set-up and allow agents
to form expectations based on all the information that is available to them
(therefore, inclusive of what the CB has announced). Every individual i will
thus be forming an expectation of in�ation xei , such that the collective outcome
(for a continuum of agents) is xe =

R 1
0
xjdj, which is the expectation that is

relevant to the in�ation outcome. The timing of the game assumed has the
central bank deciding what its objectives are �rst, shocks occur next, then
private agents form expectations based on information available about these
shocks and policy objectives and �nally the CB reacts to the supply shock �.

2.1 The Formation of Expectations

We thus start by arguing that while the CB may be clear itself about what its
objectives are, it is not always possible to assume that private individuals form
expectations that are consistent with these objectives. It becomes important
then to examine, the information that is available to the private sector and how
they use it to form expectations. Typically, every individual forms expectations
based on two information sets, namely what is publicly available and therefore
common to everyone, and what is available to them privately. Furthermore,
every individual is aware of the fact that the ex post outcome of in�ation x will
be determined by (2), in other words will be a¤ected equally (given the model
assumed) by the policy the central bank pursues to attain its objectives, as well
as the average of expectations formed by the public.
However, as the individual is interested in predicting the ex post level of in�ation
correctly, she needs to interpret both components of (2) based on the information
she has. Her objectives are captured by a standard expected dis-utility4 ,

ui
�
xe; xT

�
� 1

2
Ei(x

e
i � x)2 (6)

Note that subscript i in the expectations operator, indicates that the individual
will be seeking to minimise her expected dis-utility, given her own perceptions.
xei is individual i�s expectation of what in�ation will be and x is again the ex post
in�ation outcome. We use xe to refer to the expectations pro�le over all agents.
The objective of each individual i is thus to form expectations xei , as accurately
as possible, which she will then use, for example, in wage negotiations. The
individual decides her action xei based on the �rst-order condition of (6). This
is:

4We assume that the individual consumer sets a price variable (individual wage) and supply
elastically to the amount of labour demanded. This is just a narrative trick: the argument
would work equally well in a set up as in Lucas� island model in which individuals set the
price of a good in an imperfect knowledge set-up.
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argmin
xi
ui
�
xe; xT

�
= Ei (x)

and from (3),

xei = Ei (x)

xei = Ei
�
(1� r)

�
xT � �

�
+ rxe

�
xei = (1� r)Ei

�
xT � �

�
+ rEi (x

e) (7)

The optimal action for individual i is thus a function of three things: the objec-
tives of the central bank and hence the policy it will pursue, the shock that will
occur, and �nally the average expectation formed by all individuals. Moreover,
in forming expectations xei , individual i needs to evaluate these three things,
captured here by the expectations operator, subscript i5 . It follows that if
xei = x

e
j 8j, then xei = xe and individuals�expectations are matched. However,

although desirable, coordination between agents at any level of in�ation is not
su¢ cient; the optimal outcome occurs when agents coordinate at the objective
pursued by the central bank. Coordination at any other expectation rate still
leaves agents away from the level of in�ation that the CB aims to achieve. Fol-
lowing MS (2002a), we argue that information used by the agents is available in
the form of a public signal common to all, and a private signal which is speci�c
to each agent in the economy. These take the following form:

Public signal: p =
�
xT � �

�
+ � (8)

Private signal: zi =
�
xT � �

�
+ "i (9)

Both � and "i are normally distributed with zero mean and variance �2� and
�2" respectively. Furthermore, the two error terms are independent of x and of
each other, such that E ("i"j) = 0 for i 6= j. Contrary to MS then, the clarity
of public information is not under the full control of the CB but is a¤ected
by a combination of the CB�s information strategy, general market information
available and noise. Based on these two types of signals, MS show that action
for agent i, applying (8) and (9) on (7) then gives,

xei =
�p+ � (1� r) zi
�+ � (1� r)

= xT � � + �� + � (1� r) "i
�+ � (1� r) (10)

5Equation (7) is not dissimilar to equation (2) of MS (2002a) in which the individual forms
a view about the state � and the average action, �a. The strength with which she pursues that
is given by the �beauty term� parameter r provided by the model. An important di¤erence
to the MS (2002a) approach however, is that in�ation outcome x is now endogenous, in the
sense of being a¤ected by the average action, whereas in the MS approach � is a state variable
independent of �a.
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where � = 1
�2�
and � = 1

�2"
represent the precision for the two information sets,

respectively. We call this the MS action. It follows that expectations across all
agents are then equal, to

xe =

Z 1

0

xjdj = x
T � � + ��

�+ � (1� r) (11)

Equation (11) shows that the average expectation across all agents will be dis-
torted by the (lack of) precision of the two signals as well as the value for the
�beauty term�r. The timing of the game then implies that the CB provides a
public signal based on which the PS then forms expectations. In turn, this im-
plies that expectations are predetermined at the time the central bank is asked
to react to the shock. In other words, faced with a shock �, the central bank
needs to implement the policy rule it had announced in its signal, subject to
(11),

LCB j� = E
h�
x� xT

�2
+ (x� xe + �)2

i
(12)

st: xe = xT � � + ��

�+ � (1� r)

Note that average expectations across all possible public signals are

E (xe) =

Z +1

�1

�
xT � � + ��

�+ � (1� r)

�
d� = xT (13)

As E (x�) = E (xe) = xT then (4) is indeed the optimal reaction consistent
with Rational Expectations. We calculate next the losses incurred ex post by
the two players. CB losses are found by substituting (4) and (11) into (1), (see
Appendix A, for a detailed derivation):

LCB j� = E
h�
x� � xT

�2
+ (x� � xe + �)2

i
= [(1� r) (1 + r) �]2 + �

[�+ � (1� r)]2
(14)

Similarly, from Morris and Shin (2002a) we know that losses for the private
sector collectively6 , are:

LPS j� =
Z 1

0

(xei � E (x�))
2
di

= �� + �+ � (1� r)2

[�+ � (1� r)]2
(15)

6And therefore, of society as a whole.
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It is straightforward to show that the slope of losses for both the central bank
as well as society is not unequivocally signed in terms of public signal changes
but depends on the parameterisation of r. We examine next how the incentives
of the central bank and the private sector may be a¤ected, if transparency (i.e.
the precision of the two signals) was subject to choice. In what follows we will
be using for simpli�cation the expressions for unconditional losses (i.e. � = 0).

3 Information and Welfare

3.1 The role of strategic motive r

We �rst examine how the losses for the two players are a¤ected through the
existence of term r, the private sector�s strategic motive to be as close to the
average expectations as possible.

Proposition 1 As private agents� strategic motive increases, (dr > 0), both
social as well as CB welfare deteriorate.

Proof 1 :We can demonstrate this by looking at the way losses vary with r.

LCB =
�

[�+ � (1� r)]2

@LCB
@r

=
2��

[�+ � (1� r)]3
> 0 (16)

Similarly for the private sector,

LPS =
�+ � (1� r)2

[�+ � (1� r)]2

@LPS
@r

=
2��r

[�+ � (1� r)]3
> 0 (17)

The intuition behind this result is that the externality of the �beauty contest�
term moves the action away from the otherwise optimum. A positive value of
r induces private sector agents to reduce the weight attached to their private
information by (1� r)�. So, as r increases7 , the weight that the private sector
puts on the public signal is greater than what is justi�ed by the relative precision
of the two signals. Similarly, for the central bank, the increase in the private
sector�s strategic motive increases the distance between its in�ation objective
and the expectations that the private sector forms. Two further comparisons
are worth mentioning. First, irrespective of parameterisation, there will always
exist a range of values for � for which the central bank incurs higher losses

7Quoting Krugman (2001), Morris and Shin (2002) argue that the value of r may have
increased over the recent years.
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by increasing the precision of the public signal further (i.e. @LCB
@� > 0 for

� 2 (0; ~�)). For the private sector this is only true for a very speci�c choice of
parameter values, outwith which, increasing � is always bene�cial to its welfare.
Second, comparing the two deteriorations in losses, the CB in fact stands the
most to lose because while it incurs the costs of this increased externality, it does
not face any of the bene�ts associated with this extra term (incorporated in the
individual�s utility function). It is straight forward to see that by comparing
(17) to (16). We turn next to how increasing the public and private signal
precision a¤ects the losses of the two players. Implicit in our approach is the
idea that the exact level of precision is subject to choice for the two players
accordingly.

3.2 Public Signal

We �rst demonstrate how increases in the precision of the public signal (identi-
�ed with increases in transparency) a¤ect the two players�losses in the game.

@LCB
@�

=
��+ � (1� r)
[�+ � (1� r)]3

(18)

@LPS
@�

= ��+ � (r � 1) (2r � 1)
[�+ � (1� r)]3

(19)

As argued by MS, increasing the level of precision of the public signal will
not always be bene�cial to the private sector (or indeed the central bank as
we show here), as expressions (18) and (19) are not unequivocally signed. We
summarise next the conditions required for the derivatives to sign one way.
Starting with the central bank, for transparency to be detrimental to its losses,
(i.e.,@LCB@� > 0), the necessary condition is that

� (1� r) > �

(1� r) > �

�
(20)

The CB will always have a hump shaped function such that the optimal level is
at � = 0; but once this is violated (for example, because the central bank is only
one of many contributors to public information and not the exclusive one), then
it is always optimal to try to increase � as much as possible such that losses
return to zero. As, we will show in the next section, this result does not hold
if increasing the public signal is not without cost. Turning next to the private
sector, the necessary condition for social losses to be increasing in transparency,
i.e. ,dLPSd� > 0, (as discussed by MS and Svensson, 2005) is that

f (r) >
�

�
(21)

where f(r) � (1� r) (2r � 1)
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For (21) to be true, a necessary condition is that parameter

r 2
�
1

2
; 1

�
(22)

If r 2
�
0; 12

�
or r = 1 then (1� r) (2r � 1) � 0 and (21) is violated. This

implies that for transparency to be detrimental to welfare, agents must put a
su¢ ciently high (although not exclusive) weight on the �beauty contest�term.
However, beyond that Svensson (2005) also mentions that f(r) has a maximum
equal to 1

8 when r =
3
4 . This implies that even if (22) holds, condition (21)

maybe violated if

�

�
� 1

8
(23)

In other words if the public signal precision is greater than one eighth of the
private signal precision, social welfare bene�ts from increases in transparency.
Moreover, if r is on the other side of 34 but satisfying condition (22), then the
likelihood of transparency being bene�cial is even greater.
Naturally, the same holds for the private sector, even if for some parameterisa-
tions, it has to put up with increasing losses before it starts to bene�t from an
increasing � again.

Figure 1: Losses against Public Signal Precision
(r=0.7)

0.00
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Relative Public Precision: alpha/(beta=1)

Lcb(b=1) Lps(b=1)

Figure 1 demonstrates this point for r = 0:7, for which both the CB as well as
the PS have to put up with a deterioration in their welfare for increases within
a given range of public signal precision. Note that for � = 0, the central bank is
at its optimal point whereas the PS is at a positive level of losses. As mentioned
earlier, this maybe the optimal level for the central bank but it is a very unlikely
outcome (Svensson, 2005).

Furthermore, it is also true that increases in transparency, do not a¤ect the two
players in the same way. It follows that:

Proposition 2 For any increase in the precision of the public signal, the private
sector bene�ts more (or loses less) than the central bank.

9



Proof 2: It is straight forward to prove this by comparing (18) to (19) by taking
the di¤erence between the two

@LCB
@�

� @LPS
@�

=
��+ � (1� r)
[�+ � (1� r)]3

� ��+ � (1� r) (2r � 1)
[�+ � (1� r)]3

=
2� (1� r)2

[�+ � (1� r)]3
> 0

Figure 2 also demonstrates this for a given parameterisation of r(= 0:6).

Figure 2: Marginal Losses against Public Signal Precision (r=0.6)
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Coupled with the fact that, for plausible parameterisations, increases in trans-
parency are always bene�cial to the private sector, this proposition implies that
private agents are justi�ed to lobby for increases in � from the central bank or
even for any other source that contributes to public information.

3.3 Private Signal

The e¤ects of increases in the precision of private information are di¤erent in
that both parties bene�t from the increase in its precision demonstrated by

@LCB
@�

=
2� (r � 1)

[�+ � (1� r)]3
� 0 (24)

@LPS
@�

=
(r � 1)

h
� (1� r)2 + � (1 + r)

i
[�+ � (1� r)]3

� 0 (25)

This can also be seen in �gure 3 for a given parameterisation of r(= 0:7) but
holds also in general.
However, the di¤erence between the two is not unequivocally signed and thus
there are instances for which one of the two players bene�ts the most.
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Figure 3: Losses against Private Signal Precision
(r=0.7)
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@LCB
@�

� @LPS
@�

=
2� (r � 1)

[�+ � (1� r)]3
�
(r � 1)

h
� (1� r)2 + � (1 + r)

i
[�+ � (1� r)]3

= � [�+ � (r � 1)] (r � 1)
2

[�+ � (1� r)]3
(26)

The important point of this section however, is that for plausible (and even
conservative) parameter values both in terms of r as well as ratios of public to
private signal precision, increasing the levels of precision of either of the players�s
signal is bene�cial to both. We examine next how (and whether) this may be
distorted if one, or possibly both had to incur costs in order to increase the
precision of their own signal.

4 Introducing Costs

The analysis so far assumes that there are no costs associated with increasing
the precision of the signal (either public or private). We consider this rather
implausible and introduce next costs and examine how they a¤ect the players�
decisions. We assume that costs are positive and unbounded and adopt a general
Box-Cox transformation.

CCB = cCB�
�� (27)

CPS = cPS�
��

where cCB > 0, and cPS > 0, � is negative and for � = �1 the marginal cost
is constant (linear), and � = �2 (quadratic) is the functional form applied by
Svensson (2005) and assumes increasing marginal costs. The rationale behind
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Svensson�s choice is that information is increasingly costly to acquire (�...pro-
ducing better forecasts requires more and better -quali�ed sta¤�). Each of the
two agents now faces the sum of welfare losses and the costs of increasing the
level of precision of the signal.

T = L+ C

In what follows we assume that costs are linear, (� = �1); for analytical
tractability, but we can generalise our results for all values of � < 1.

4.1 Linear costs (� = �1)
We assume �rst, that it is only the CB that incurs costs in increasing the preci-
sion of the public signal. The private sector receives information some of which
is common to everyone and some speci�c, but does not incur any costs. Further-
more, we argue that the CB is one, of many contributors to public information
and therefore, it is reasonable to assume that � > 0. Faced therefore, with a
certain positive level of precision, we examine next how the costs of increasing
this information a¤ects the CB�s incentives to increase transparency.

Losses and Total (Linear Costs) against Public Signal
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Figure 4: Losses and Total (Linear Costs) against Public
Signal (r=0.5)
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A B

Figure 4 shows that the existence of costs, clearly prevents the CB from increas-
ing the level of precision of public information inde�nitely. Furthermore, it is
also clear, that if the level of precision of public information is to the left of
point A, then the CB will not try to increase it, as by doing so, it increases its
losses. However, if public information is to the right of point A then the CB
does have an incentive to increase the level of precision up to point B. Beyond
that however, the costs of going further outweigh the bene�ts of doing so. It is
worth noting that as the degree of non-linearity increases (� #) then both the

12



total costs as well as marginal costs increase (i.e. C 0� < 0; and C
00
� > 0). This im-

plies that the cut-o¤ point B beyond which the central bank would not wish to
increase the level of precision any longer is displaced leftwards (reduced). Ben-
e�cial though this is to society�s welfare, the CB is faced with a local minimum
which distorts its incentives to increase its contribution to public information.
Naturally, if public information was to increase through some other source, then
the CB would bene�t in the same manner as described in the previous section.

We assume next that both the central bank as well as the private sector incur
(linear) costs when wishing to improve the quality of their signal. Both players
are then faced with having to minimise the following:

TCB = LCB + CCB

TPS = LPS + CPS

An optimising central bank is now faced with the following �rst-order condition:

@TCB
@�

=
��+ � (1� r)
[�+ � (1� r)]3

+ cCB = 0 (28)

Ensuring that optimisation leads to minimisation of the function, requires that
the second-order condition is met, i.e.

@2TCB
@�2

=
2(�� 2� (1� r))
[�+ � (1� r)]4

> 0 (29)

For (29) to be true, the su¢ cient condition is that � > 2�(1�r) holds. However,
in equilibrium, as both conditions need to be satis�ed, the following restriction
needs also to apply.

cCB >
� (1� r)

[�+ � (1� r)]3

The �rst-order condition is a third-order polynomial and solving it explicitly for
an optimal level of precision of central bank information � does not provide much
insight. However, we can apply the implicit function theorem to characterise
the strategic substitutability between the two signals in equilibrium.

Proposition 3 In equilibrium, the optimal value of public signal precision, as
a¤ected by the central bank, is decreasing in the precision of the private signal.

Proof 3: Let F := @TCB
@� ; then the implicit function theorem implies that

@��

@�
= �F�

F�
=
(1� r)(2�� �(1� r))

2�(1� r)� � (30)

The restriction on the second-order condition (� > 2�(1 � r)), implies that it
is straight forward to show that @��

@� < 0. In other words, if the private sector
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reduces the level of precision of its own signal, then in order to maximise its
utility, the CB is forced to increase its contribution to the public signal, in
equilibrium.

Turning to the private sector, the FOC is now

@TPS
@�

=
� (1� r)

h
� (1� r)2 + � (1 + r)

i
[�+ � (1� r)]3

+ cPS = 0 (31)

It is straight forward to demonstrate that the second-order condition is always
met for the private sector.

@2TPS
@�2

=
2(1� r)2(�+ � (1� r) + 2�r)

[�+ � (1� r)]4
> 0 (32)

Proposition 4 In equilibrium, the optimal value of private signal precision, as
dictated by the representative private agent, is decreasing in the precision of the
public signal.

Proof 4. Let G := @TPS
@� ; then the implicit function theorem implies that

@��

@�
= �G�

G�
= � � + �(1 + r) + �r(2r � 3)

(1� r)(�+ �(1� r)2 + 2�r) (33)

The restriction for the central bank�s second-order condition (� > 2�(1 � r)),
helps show that @��

@� < 0. Similarly, to the central bank, if the precision of
public information increases, it is optimal for the private sector to reduce the
precision of its own information.

In summary, the result above shows that, provided the �rst-order conditions
for the central bank and the private sector and the second-order condition for
the central bank are satis�ed, public and private information are strategic sub-
stitutes. Morris and Shin also discuss the issue of strategic substitutability.
However, as pointed out by Svensson, in the setup chosen by Morris and Shin,
it is very unlikely that providing public information is detrimental to social wel-
fare in the absence of costs. In our setup with costs, on the other hand, strategic
substitutability is a very likely outcome.

5 Conclusions

We have presented a model where the CB, as a provider of public information,
and private sector agents, as providers of private information interact strategi-
cally. First, we replicate the result found by MS that, in the presence of the
so-called "beauty-contest externality" that arises when private sector agents try
to second-guess expectations by other private sector agents, more precise public
information may be detrimental to welfare. As a next step, we attach costs
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to the provision of more precise public and private information. When these
costs are taken into account, we �nd an optimal level for the precision of private
information and a local optimum for the precision of public information. The
global optimum is reached for zero precision of public information, con�rming
the result by MS. However, as pointed out by Svensson, since the CB is not
the only provider of public information, it is implausible that the global opti-
mum can be reached, and very well possible that the local optimum is the best
strategy for the CB. We derive the exact conditions under which this is the case.
Our second contribution is the strategic substitutability between the precision
of public and private information that arises once we take the costs of providing
information into account. We show that, in equilibrium, a marginal increase
in the precision of the private signal induces the central bank to reduce the
precision of the public signal. The reverse also holds: A marginal increase
in the precision of the public signal induces the private sector to reduce the
precision of its information.
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APPENDICES

A Derivations

Deriving equation (14)

LCBj� = E
h�
x� � xT

�2
+ (x� � xe + �)2

i
= E

"
[� (1� r) �]2 +

�
xT � (1� r) � �

�
xT � � + ��

�+ � (1� r)

�
+ �

�2#

= E

"
[(1� r) �]2 +

�
� (1� r) � �

�
�� + ��

�+ � (1� r)

�
+ �

�2#

= E

"
[(1� r) �]2 +

�
(1 + r) � � ��

�+ � (1� r)

�2#

= E

"
[(1� r) �]2 + [(1 + r) �]2 � 2 (1 + r) � ��

�+ � (1� r) +
�

��

�+ � (1� r)

�2#

= E

"
(1� r)2 �2 + (1 + r)2 �2 � 2 (1 + r) � ��

�+ � (1� r) +
�

��

�+ � (1� r)

�2#

= E

"
(1� r)2 (1 + r)2 �2 � 2 (1 + r) � ��

�+ � (1� r) +
�

��

�+ � (1� r)

�2#

= (1� r)2 (1 + r)2 �2 + 0 + E
�

��

�+ � (1� r)

�2
= (1� r)2 (1 + r)2 �2 +

�2E
�
�2
�

[�+ � (1� r)]2
= (1� r)2 (1 + r)2 �2 +

�2�2�

[�+ � (1� r)]2

= (1� r)2 (1 + r)2 �2 +
�2 1�

[�+ � (1� r)]2
= [(1� r) (1 + r) �]2 + �

[�+ � (1� r)]2
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