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Abstract: This paper reviews the theoretical arguments and counter
arguments regarding central bank optimal communication policy
in an environment with imperfect common knowledge and strategic
complementarity. More specifically, the paper discusses the environ-
ment in which full transparency is no longer necessarily the superior
strategy. Uncertainty about the underlying economic state in the
presence of dispersed information is the basis for the emergence of
imperfect common knowledge. These issues are further discussed in
an augmented Lucas-island model. Full policy transparency in this
setting leads to overreliance to central bank public policy signals,
resulting in the expectations coordination away from fundamentals
- dubbed as over-reaction to central bank announcements. Optimal
communication policy in this context entails strategies to limit over-
reaction via partial transparency or partial publicity.
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Uncertainties regarding short to medium policy intentions of the Fed and the
tuture course of policy rates, known as “signalling shocks”, resulted in substan-
tial market volatility since the public could not fully and transparently read the
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Fed’s policy signals.! Overreaction of financial markets to Federal Reserve deci-
sion to gradually unwind its abnormally accommodative stance was followed by
significant market volatility in the US and had far reaching implications in the
emerging economy financial markets and the magnitude of capital flows in these
countries. In the era of inflation targeting, full transparency was supposed to
be one of the pillars of this framework. However, the presence of information
dispersion (lack of common knowledge) and the related discussions questioned
optimality of full transparency in the presence of signalling shocks.

There is an implicit assumption embedded in most economic (and policy) models
that policy makers and the public have a common information set. However, in
the more realistic decentralized economic activity, economic agents do not make
their decisions based on the same beliefs (information set). This information dis-
persion is considered to be one of the most important problems for policy making
(Hayek, 1945). In the basic incomplete information models proposed by Phelps
(1970) and formalized by Lucas (1972), firms and households have information
only about their own activities but are incompletely informed about the effect
of monetary shocks on the aggregate price level. In this environment, assum-
ing common information set among islanders and common knowledge about
monetary policy shocks, economic agents are unable to distinguish between the
temporary and permanent effects of an unanticipated exogenous monetary shock
on local relative prices - even if the shock is observed by all islanders. This is be-
cause they cannot attribute the above mentioned relative price changes to local or
aggregate monetary conditions. In consequence, unanticipated monetary shocks
have real effects and can play the role of impulse mechanism in monetary busi-
ness cycles. Sluggish adjustment of prices owing to incomplete information about
the aggregate variables is the underlying propagation mechanism in this model.

Although a canonical Lucas-Phelps model introduces incomplete information as
a source of business cycle, it assumes common information among islanders and
thus perfect common knowledge. Note that what drives (and is the source of)
business cycle fluctuations in this setting is an exogenous unanticipated mon-
etary shock. In the more complex theories of incomplete information, it is as-
sumed that the information set for economic agents are not the same. Under this
circumstance, optimal decision making with rational expectation requires that
agents formulate the so-called higher order expectations, i.e. beliefs about the
belief of others and belief about what the others believe about others, and so on.
This situation transpires owing to the dependence of optimal price determina-

! For more details on this and the ramifications of that on the global economy see Arora et al
(2014).
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tion of an individual on the price set by others. Ui (2003) shows that in this infor-
mation structure where, apart from public signals, private signals enter decision
process regarding equilibrium quantities due to dispersed information sets. In
this situation, monetary shocks could have real effects through both anticipated
(imperfect common knowledge effect) and unanticipated (as in the canonical
Lucas island) effects. In other words, we have a combination of an endogenous
business cycle (sunspot equilibrium?) along with exogenous monetary impulse
mechanism.

It is widely perceived that stabilization of monetary business cycles generated un-
der incomplete information and imperfect common knowledge can be achieved
through completely transparent policy to disclose information publicly available
to everyone. Helwig (2002) and Morris and Shin (2002) (henceforth MS (2002)
proposed a Lucas-Phelps model with both private and public signals in order to
evaluate the social value of public information. Their results show that public in-
formation can accelerate the price adjustment and reduce real effects of monetary
shocks through coordination among heterogeneously informed agents. However,
introducing complementarity in payoffs to the agents (islanders) may generate
overreaction to public announcements which may increase real output fluctua-
tion under certain conditions. In this setting, MS (2002) argue that a completely
transparent communication policy is not necessarily the optimal one.

In the model proposed by MS (2002), if economic agents are persuaded that cen-
tral bank’s announcements (as a sunspot) can coordinate expectations about in-
terest rates and prices, then central bank (CB) has a ready-made signalling instru-
ment, that is, information or announcements by CB are believed by the public,
hence influence outcomes. The effectiveness of central banking announcements
as sunspots entails that CB statements have the same general features as the sun-
spot signal just mentioned. That is, not only all agents can observe it, but it also
needs to be an observable common knowledge for all. Moreover, there should
be common knowledge of the exact meaning of the policy statement for all eco-
nomic agents. If so, CB policy communications must be transparent (MS 2002).

2 The rational expectation forecast errors in linear rational expectation models are due to two
sources, namely, the fundamental shocks and a vector of sunspot shocks. If the forecast error
is expressed as a function of the exogenous fundamental shocks, there will be a unique stable
(saddle path) solution for the linear rational expectation model because it eliminates explosive
components of endogenous variables such as price. In other words, the solution is unique if the
mapping from fundamental exogenous shocks to forecast errors is one-to-one. On the other
hand, if the fundamental shocks fail to completely explain the rational expectation forecast
errors, the forecast error will be a function of sunspots as well. In this case, linear rational ex-
pectation model is indeterminate (Sink) and we encounter multiple equilibrium.
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In this environment of perfect common knowledge, CB announcements have a
dual role: information dissemination and coordination. On one hand, announce-
ments are an instrument for communicating (public) information regarding CB’s
current views on the economy as well as current and future policy actions, say,
regarding interest rates. In this capacity CBs should be transparent in their an-
nouncements. On the other hand, CB communications are also a focal point for
economic actors and functions as a coordination instrument regarding funda-
mental variables, e.g. interest rates, exchange rates, etc.

In an environment of imperfect common knowledge, the above referred twin role
can entail unintended consequences.’ On one hand, effective signalling can pro-
mote coordination powers of CB to guide public belief towards fundamentals. On
the other hand, its effectiveness in this capacity has the potential to create market
disturbances if expectations are coordinated actions away from fundamentals
(Amato and Morris 2006). If the public puts a large weight on public signals in
forming their expectations on fundamentals, then there is a possibility of over-
reaction to public (CB) signals (announcements) and magnified harm caused by
public signal noise. Hence, the value of public information should be assessed
by its dual role of sending fundamental information and as a central reference
for improved coordination. Svensson (2006) argues that the necessary condition
for the emergence of overreaction, hence the case against full transparency, is
far from reality. For transparency to be harmful to welfare in MS (2002), central
bank information has to be less accurate than private information.* Morris, Shin
and Tong (2006) respond to this criticism by incorporating correlated signals
in their analysis and by showing that the result holds even if the public signal is
more accurate than the private signals.

While the debate between MS and Svensson focuses on two extreme cases of
information disclosure, full transparency vs. full opacity, Cornand and Heine-
mann (henceforth CH (2008)) and Baeriswyl (2011) show that “limiting informa-
tion publicity” improves welfare by reducing the degree of common knowledge
and thus limits the overreaction of agents to public policy signals. The theoreti-
cal literature envisages two disclosure strategies for reducing the overreaction of
market participants to public information: partial publicity and partial transpar-
ency. The first one consists of disclosing the transparent information to a fraction

Plausibly, when CB has perfect foresight and there is no information cost, no harm is associated
with CB’s role as a social planner.
* Tt is safe to assume that the information available to public institutions is generally more ac-

curate than information available privately. At the very least, all CBs have invested heavily in
databases and human capital.
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of market participants only (CH 2008). The degree of publicity is determined by
the fraction of market participants who are allowed to receive the public signal.
Choosing a communication channel which does not reach all market partici-
pants reduces overreaction to CB disclosures as uninformed participants cannot
react to it, whereas informed participants react less strongly as they know that
some of their peers are uninformed. The second strategy consists of disclosing
ambiguous public information to all market participants (Heinemann and Illing
2002). The degree of transparency is determined by idiosyncratic inaccuracy of
the public signal disclosed to all market participants. Communicating with am-
biguity reduces overreaction since it entails uncertainty about how other market
participants interpret the disclosure, which mitigates its signalling role.

This paper attempts to examine the debate surrounding the issue of optimal
communication in central banks. The issue involves complete transparency un-
der rational expectation, along with perfect common knowledge. Transparent
communication policy is a general feature of the standard inflation targeting
framework. However, its universal applicability has come under question for the
non-universality of the underlying perfect common knowledge assumption. By
replacing the information structure with imperfect common knowledge under
rational expectation, the critics obtain a different policy implication. In this pa-
per we further develop the Lucas-Phelps island economy model in a situation of
imperfect common knowledge. The latter is derived from more realistic assump-
tions regarding uncertainty about the underlying state of the economy and the
existence of strategic complementarity among agent actions. This setting results
in solutions that point to sub-optimality of complete transparent communication
policy. The interesting and non-trivial result from the model suggests that partial
transparent communication policy is superior under certain circumstances.

The next section formalizes the discussion on CB communication policy in
an environment of imperfect common knowledge arising from strategic com-
plementarities amongst economic agents and uncertainty regarding economic
fundamentals (MS 2002). This is done in the context of a Lucas-island model
that shows how higher order beliefs can result in overreaction to public signals.
In conjunction with this discussion, we present differing views on the degree
of transparency by the Central Bank (CB). MS (2002) argue that when private
information signals have low accuracy and the public signals are associated with
imprecision, CB transparency can have harmful consequences due to overreac-
tion to noise contaminated public signals.® Section three discusses the welfare

> An example is data announcements by CBs that are frequently, sometimes, substantially re-
vised but at the time of their announcements influence markets.
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implications of public overreactions. Section four provides counter arguments
to Morris and Shin by Svensson (2006) and also generalizes Morris and Shin via
Baeriswyl (2011) as a response to Svenssons’ criticism. Section five provides dis-
cussions regarding strategies to limit overreaction to policy signals. Section six
provides policy implications based on the issues discussed in the paper.

2. Overreaction under Imperfect Common Knowledge

Starting with this section, we discuss the evolution of the debate on optimal
communication policy under an environment of imperfect common knowledge.
Analytic discussion and evaluation of the issues will be done in the context of a
Lucas-Phelps island economy. Here, we have further developed and extended a
simple beauty contest set up used by MS(2002), which is a static representation
for a variety of settings with incomplete (dispersed) information and strategic
complementarity. By casting this model in an island economy model environ-
ment (Phelps (1970) Lucas (1972, 1973)) some macroeconomic foundation and
structure can be infused to it. Following these papers, assume an economy that
consists of a large number of small islands (or distinct geographical regions) with
a single (homogeneous) commodity whose supply function in the i island is de-
scribed by (1).

yi =b[pi — E:((P1QW))] 1)

Where yi and p, represent the (natural logarithm) supply and price of the com-
modity in island (i), p represents the economy-wide average price throughout all
islands, and b>0 is a parameter. The expectation operator E;((p|€;) ) denotes the
expectation of the economy-wide price level given the information available to
agents in island (i) depicted by Q; . This equation can give rise to an environment
wherein strategic complementarity between agents in different islands occurs.
Note that residents in island (i) do not exactly know p hence they have to form
an expectation based on their information set. Output of the good in each island
depends on the price of that good in other islands.

The demand for the good in island (i), (yid) linearly and inversely is related to the
price of the good on island (i). It also depends on the best estimate of an unknown
nominal anchor or underlying fundamental (or scale) variable, m, the money
supply which is assumed to be controlled by the central bank.

v = c[Ei((m|Q)) — pi] 2
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Where c is a parameter reflecting the sensitivity of demand to own price. By
summing across all firms in island (i) yields the aggregate demand in i. Note that
uncertainty regarding other island prices do not affect demand for residents in
island (i). However, uncertainty regarding the fundamentals (here m) enters into
the demand functions. Equating (1) and (2) yields the market clearing price in
island i.

pi = (1 — DE;((m|Qy) + rE((pl) 3)

Where r= bLH . The market clearing price in each island (i) is the combination

of expectations of fundamental variable and aggregate price level where the rela-
tive weight on the expectations determines by the slopes of aggregate demand
and supply. This pricing rule is micro-founded and can be derived from a DSGE
model (Angeletos and Lao, 2009). Unlike original formulation of Lucas island
economy, it is assumed that the information set in island i (Q2) is different from
the information set in other islands like j (Q2) and we allow islanders to have pri-
vate information about monetary shocks. In this context, although fundamental
variable (m), as in the original version of the island economy model, is a variable
that the central bank has full control over and is known across agents in the is-
lands, hence, it is a “common knowledge”, there is also an idiosyncratic effect that
originates from heterogeneity of information set between islands (€2, #Q2) due to
private information that is not common knowledge®.

Parameter r between zero and unity governs the strategic interaction between
islands. Agents in each island assign a positive weight on the expected funda-
mental variable (m) and a weight equal to r on the expected action of others, to
arrive at the price in island i. If r is large (close to 1) price decisions in island (i) is
dominated by anticipation of what others do, rather than what the fundamentals
are. Equation (3) has the interpretation in the spirit of the beauty contest example
mentioned in the Keynes' General theory (1936).

Based on equation (3), the price of goods for agents in island (i) is influenced by
two sources of uncertainty: uncertainty about the expectation of the economy-
wide price in island i given the information set available to the agents in island,
and uncertainty about fundamental variable. In the simplest case, m is common
knowledge, hence the equilibrium implies p,=m for all i. That is, under perfect
information, individual rational actions individually are consistent with socially

¢ Takashi Ui (2003) generalizes Lucas-island economy in this way to demonstrate that the real
effects in this setting can also be affected by the public information due to imperfect common
knowledge about fundamental variable (money supply).
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optimal actions. However, if we relax the perfect common knowledge assump-
tion, what would be the effect of the degree of information precision regarding
the fundamental variable on the profile of prices throughout islands? Does more
precision on the fundamental variable imply that prices are more closely aligned
to the money supply? This is where we can appreciate the signalling role of the
central bank. To start, let us consider a case where the fundamental variable (m)
is not common knowledge.”

Does greater information precision on money supply mean that the prices are
tied closer to the fundamentals?® We now examine the case where money supply
is not common knowledge.

As it is shown in equation (3), price in island (i) depends on the realization of a
fundamental state of the economy (money supply) which is unobserved. Funda-
mental variable has a prior distribution which is common knowledge. At the start
of the play, nature picks a value for the money supply which the players cannot
observe. There are two sorts of money supply signals: public and private.

Public signal is commonly observed by the residents in all islands. This signal
can be taken to represent information gleaned from newspaper articles or other
sources that report on central bank procedures. The public signal is given by:

1
y=m+¢ ; e~N <0—) 4)
ky
Where ¢ is distributed normally, independent of m, with mean zero and standard
1
deviation o The fundamental variable (m) is the true value of money supply and

y

y is a noise-contaminated public signal for m—for instance, the monetary policy
instrument. In addition to the public signal (y), residents of the island (i) observe
the realization of a private signal:

1
Xj=m + Vi ; Vi~N (0, —> (5)
ky

Noise (v)) associated with the private signal (x) are distributed normally with
1
mean zero and standard deviation o and is independent of m and €, hence

X
E(vv)=0 for i#j. The private signal can be taken to represent any information

7 The arguments follow Amato, Morris and Shin (2002a), Morris and Shin (2002b).

8 Phelps (1983) posed this question in the context of an economy in which the central bank is
determined to combat the inflation expectation of the private sector agents, and noted that the
answer depends on the interaction of beliefs between agents.
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that each island has observed but is not common knowledge, such as news re-
ceived through private discussions. This is the sense in which these signals are
private.’

The information set available to residents of the island (i) is limited to observation
on the pair (y, x). Residents of each island form posteriors about the money sup-
ply and the signals received by other islands on the above information set. The k
represents the precision of the private signal and k_denotes the precision of the
public information. The expected value of m based on both private and public
information available in island (i) can be calculated by Bayes updating rule as:

K, K,
k0 Tk 1k
X y X y

Ei(mlxit Y) = y ©6)

ky ky . . . I .
Kt and Kt Ky are precision weights of private and public signal, respective-

ly. The variance of this expectation can be calculated by combining the variances
of the two stochastic error terms of public and private signals:

1
Var(m|x;,y) = . ()
x T Ky

Substituting equation (6) in equation (3) and solving the difference equation with
the method of undetermined coefficients, the price in island (i) will be:
(1 —1)ky ky

| = X; + ®)
P Ak +k, T (A —Dkg+ Ky~

Note that when r=0, the best response is given by p.=E.(m|x,, y), hence an agent’s
action is based on his own expectation. In this case, the weight of each signal,
public and private, corresponds to their relative precision. But when there is stra-
tegic complementarity (r#0), agents put less weight on their own (private) signal
relative to the case where there is no strategic interaction (r=0), and put more
weight on the public signal'. In this case, the aggregate price in the economy is
given by:

° The assumption that each member of the public receives a noisy private signal regarding the
fundamental variables is used in the literature on global games which attempts to model situ-
ations of imperfect common knowledge. See Morris and Shin (2001). See also Jalali-Naini and
Naderian (2014).

1 Consider the case in which precision of both signals are the same. The weight of private signal
Lo 1= . L 1 . . . .
is 2_—: and weight of public signal: = With the presence of strategic complementarity, public
signal weight is more than private signal. But, in the absence of strategic interaction the weight

of public and private signals are both equal (%) .
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ky

p=m+-—""——¢
(1 -0k +ky

©)

As can be seen, that coefficient on € is increasing in r. Therefore, the presence of
strategic complementarity amplifies the impact of the noise associated with pub-
lic signal (€) on the aggregate price (outcome).

MS (2002) extend this argument to an asset pricing model where the price of an
asset today is the average of islanders’ expectation of tomorrow’s price. From (3),
we can get the best response of the residents in island (i) as in (10):

i = (1= DB (m) + E; f b)) (10)

Substituting for p, in (10) and iterating the equation forward, equation (11) can
be obtained.

pi = (1 = r)E;(m) + (1 — r)rEi(E(m)) +(1- r)rZEi(Ez(m)) + .-

=(1-r) Z r¥E; (Ek(m)) (11)
k=0
E(m) Stands for the average expectation operator as given by (12).

E(m) = f E,[.1d) (12)

Equation (11) yields the optimal price in each island which is a geometric sum
of higher order beliefs about money supply. Note that the greater the strategic
complementarity, the greater the weight placed on higher-order beliefs about m.
In order to determine the expression for p, in (11) we must solve for E; Ek(m)).
Recall from (6) that that the expected price of money supply for residents in the
island (i) is:
ky ky

ety 0yt

Integration (6.1) across islands, the average expectation for money supply can be
obtained as:

(6.1)

Ei(m|x;,y) =

Kk, k

E(m) = ij[(m|x]-,y)]dj = m +

Y 13
K+ Ky Ky Ky =

Now, the expectation of residents in the island (i) of the average expectation of
money supply E(m) in other islands is:
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2 2 2
Ei((E(m)|x,y)) = (et ky) zkx ) y+ ko 5 Xj (14)
(ky +ky) (ky +ky)

From (14), we can surmise that, the average expectation operator does not satisfy
the law of iterated expectation when there is asymmetric information, i.e. infor-
mation across agents are not homogeneous because of differences in their infor-
mation set due to different private signals. That is to say, the average expectation
of the islander i for the average expectation of money supply is not the same as
the average expectation of money supply. This is because of the stipulation that
expectation of residents in the island (i) regarding the expectation of the islander
(j)’s expectation about money supply partially depends on his private signal--and
crucially does not solely depends on a common signal, private or public.

kyky
Ei(Ej(m)|xi,y) = Ei(mlx;,y) + ———= (v — x1) (15)
(ky +ky)
So longs as public signals for islander i deviates from her private signal - that is,
(y - x,) is non-zero, the law of iterated expectation does not apply. For instance, if
the islander (i) observes a low public signal about money supply (say a low y; 100)
and a high private signal regarding the same variable m (say x, 200), she forms

an average expectation of m based on their relative precision weights (m,

k., + K ), however, islander (i) expect islander (j) to have a lower expectation for

m compared to his own expectation, because the second term on the right-hand-
side is negative (200-100). The converse also stands."

Higher order expectation (average of average expectation of average expectation
of m) as in (14) puts more weight on the (noisy) public information, that is, the
value of y becomes more weighty and the second term on the RHS becomes less
significant weights (hence the precision weight of the actual m) for formation of
EX(m). For instance when k tends to infinity, the weight of m tends towards zero,
and the coefficient of y tends towards unity - that is, the kth order belief of m,
EX(m), equals public signal. By induction we have:

EX(m) = (1 — ( Ky )k) y + <L>km (16)
k, + k ky +ky

" If an islander (i) observes a high public signal (200) and a low private signal (100) on money
supply with the same relative precision weights, she forms identical expectation on m; however,
the islander (i) expects the islander (j) to have a higher expectation of m than for him.
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Note that, since y=m+¢ higher order beliefs are more sensitive to the noise in the
public signal than lower orders. Substituting (16) in equation (11) we obtain:
(1 —r)ky ky

P oDk + kT (- Dk + Ky

which is exactly the equation (8) we found before. This explicit solution allows
us to address the important question of how the precision of public disclosures
of central banks regarding the variable of interest (m) can affect welfare. Is the
welfare always improving with the increase in the precision of public signal about
money supply? We answer this question through an explicit policy loss function
as in MS (2002).

3. Welfare Implications of Overreactions:

Given our previous discussions regarding the possibility of overreaction to public
signals, we continue to assess welfare implications of overreactions based on the
beauty contest model discussed in the first section, under perfect information,
like Lucas islands m=p_. The question is in what ways precision of public infor-
mation matters for alignments between prices and money supply (fundamental
variable)'>. We can specify a loss function following MS (2002) by defining a unit
integral of the difference between p;s across islands and the money supply as in
(17):

1
L= j (p; — m)2di 17)
0

To minimize social loss, the central bank attempts to minimize the distance be-
tween the decision of agents (i) regarding price in each island (p) and m. When
uncertainty is absent regarding m, prices are identical across all islands and equal
to m and there is no loss. However, in the presence of uncertainty regarding the
fundamental, L measures the social loss and can be reduced by the ability of is-
landers to better approximate m. Note that the loss in welfare does not only ema-
nate from coordination by itself but rather from information spillovers created by
second guessing decisions of other agents throughout the islands. Such external
effect on prices is socially inefficient because, as assumed by MS (2000), it is zero-
sum hence gain by winners are compensated by the loss of the losers. The rate of

"2 In a simple equilibrium setting only relative prices have implications for resource allocation.
However, in an incomplete information setting where monetary policy actions work through
market expectations, price levels transmit information regarding future financial conditions,
therefore, their tightness with the fundamentals matters. Morris and Shin (2002).
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externality on price decision can be measured by the strategic complementarities
parameter r (as it appears in equation 3)".

For computing the loss function, let us assume that islander (i) know for certain
behaviour of other islanders and they all observe announcement on m by the
central bank as common knowledge', however, they are uncertain regarding the
fundamental (m) signalled by the central. Note that since in this case there is no
private signal, we focus on public information and errors associated with it. Thus,
in this case posteriors via the Bayes updating rule can be derived as:

(mly) ~N <y, ki> (18)

y

By, symmetry, the unique equilibrium is given by:

pi=p=E(mly) =y (19)

Expected loss conditional on m is thus given by:

1
B(mly) = [ (b= m)?i = By~ m)? = - (20)
0 y

Therefore, based on (20), social loss is decreasing in the precision of public signal
(k,). We now compare this result with the more general case in which residents
in each island have private information (x) in addition to public information
(y). From previous discussions we know that with private and public signal, the
unique equilibrium is given by equation (8). We can rewrite the equilibrium price
in (8) as:

(1 —nr)ky v+ ky .
(1 -nky +ky (1 -1k +ky

pi =m+ (1)

If r=0 in equation (21), the two types of noises, private and public, would be given
weights in price determination proportionate to their respective precision as in
(22):

B Note that, the zero sum nature of coordination element is questioned by Woodford (2005),
Angeletos and Pavan (2004) and Hellwig (2004). They believe that coordination itself has some
social value, and by adding the value of coordination to social welfare function in Morris and
Shin (2002) more public information precision will always be welfare improving.

! That is, they all have observed announcement on m, they all know that others have also ob-
served the announcement, and they all have the same understanding regarding the announce-
ment.
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Ky ky
Kot by Rtk

Since r=0, equation (22) represents a case where there is no spillover effect com-
ing from coordination role of the central bank announcement (public signal).
In the presence of strategic complementarity (22) is not valid because the public
signal gets a larger weight (i.e. overreaction to public signal) its noise also finds a
relatively larger weight as in (21). What is the effect of the above overreaction to
public signal on the loss function? The expected social loss, given m, is obtained
squaring the difference between m and p, in (21) is shown by (23)

(1—1)%k, +k,

=Dk, 15,7 3

E(L|m) =

From (23) we can find the effect of increased precision of private signal on ex-
pected social loss. This can be done by taking the derivative of the expected loss
with respect to k .

(1 4+ nky + (1 —1)%ky
(ky + (1 — Dky)’

PE(LIm)

0 24
ok, < (24)

(r—1)(

From (24) it is clear that social loss is decreasing with respect to private signal
precision. However, if we take the derivative of social loss with respect to public
signal precision, we get a different conclusion regarding the impact of public sig-
nal precision.

OE(LIm) —ky + (1 —nr)(2r — Dk,

(25)
Oky (ky + (1 — Dky)’
For determining the sign of (25) we observe the following
O0E(L|m) ky 1
——<0 J — < 26
ok, s k, S (1-n(r-1) 26)

If r>0.5, there exists a range of values for parameter k_and k whereby more pre-
cision of public information results in large social loss. MS (2000) found that k_
must be sufficiently low, that is, private signal is not very precise, so that higher
precision of public information is to be welfare improving.
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Figure 1: Social loss contours across islands

ke 1
k, (1-r@r-1)

E(L|m) is decreasing

>

v

Figure 1 shows that each curve is the locus of the pairs of k _and k that corre-

sponds to the same level of social loss across islands (1). The curves or the contours
(1— 1)k + ky

0.5. The interpretation is that when the parameter of strategic complementary is
high, r>0.5, i.e. “coordination motive” is high hence individuals put more weight
on the public signal or information (rather than private signal or fundamentals)
to decide on their own action. If public information is not accurate, the above
behaviour results in overreaction to public announcements. This behaviour is
welfare reducing since there is a wedge between the actual equilibrium and the
fundamental equilibrium. Increasing the precision of public information helps
agents coordinate their true actions, but they coordinate at the expense of choos-
ing actions that are further away from the true money supply (m). The impact of
the error in the public signal is amplified, leading to excess volatility. Since the
planner wants agents to be as close to the fundamental as possible, he finds this
overreaction to public noise or excess volatility socially costly.

show pairs of (k, ky) that satisty = constant, for r greater than

In case where r<0.5, i.e. “coordination motive” is not high, the same quality of
public information (as in the above case) is welfare improving. This is due to the
first order effect that more accurate information implies that prices will be closer
to money supply (fundamentals). On the other hand, when agents have a strong
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desire to coordinate (r>0.5), agents place more weight on public signal relative to
private signal when choosing their equilibrium prices.

4, Drawbacks of MS model

Svensson (2005) makes two observations regarding the base-line MS model
(2002). Firstly, the result that welfare is locally decreasing in the precision of
public information holds only with restriction on information parameters that
are empirically very restrictive. Secondly, when precision of the public signal is
not less than that for the private information, availability of the public informa-
tion results in higher welfare than in a case when the public signal is absent.
In other words, the expression f(r)=(1-r)(2r-1) in (26) reaches a maximum of

3 1 3
f(r) < f(Z) =3 when r= T If “coordination motive” is high (r>0.5), condition

(26) is violated if

X
ky
higher than that for public signal to allow for overreaction by individuals. How-
ever, in line with their delegated mandates, central banks have invested large
resources for gathering, processing, and scrutinizing economic data, including
receiving and purchasing of data from private entities thus have better access to
economy-wide public and private information than any single private individual
or company (Romer and Romer 2000).

< 8 In other words, private signal precision must be 8 times

In reaction to Svensson (2005), Baeriswyl (2011) questioned the specification of
the social welfare function in MS (2002).”* In particular, the zero-sum nature of
the “coordination element” is a specific case of a more general social welfare func-
tion in which the negative effect of public signal transparency due to economic
distortion (stabilization) is completely compensated by dispersion (coordination)
at the social level. Baeriswyl (2011) introduces a non-zero sum social welfare and

1
assumes that both the dispersion of prices' across islands f (p; — p)*di and the
0

distortion of the average prices from money supply (m — p)? will reduce the so-
cial level of welfare. Therefore, the social loss function is:

5 On this Also see Woodford (2005) and Hellwig (2004).

6 When there are different prices for the same good in the economy called price dispersion,
agents buy more of the relatively cheaper goods and less of the relatively more expensive goods.
Because of diminishing marginal utility, the increase in utility derived from consuming more
of some goods is less than the loss in utility due to consuming less of the more expensive goods.
Hence, price dispersion reduces utility. This dynamic mark-up distortion originates from
sticky prices and staggered price setting in canonical form of new Keynesian economics (Walsh
(2010).
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1
L(p,m) = f (p; — P)?di + A(m — p)> @7)
0

where p is the profile of prices among all islands and the parameter A depicts
the weight of economic distortion emanating from money supply (fundamental
variable). The social loss shown in equation (27) may explain different specifica-
tions including the loss incurred by the representative household--derived from
a micro-founded monopolistically competitive economy. The welfare in MS is a
special case that corresponds to the loss in (27) where A=1 (Baeriswyl 2011). Con-
sidering equation (22), the expected social loss can be calculated as:

(1 —1)%k, + Ak,
((1 — ks + ky)?

E(L|m) = (28)

If the derivative of expected loss with respect to public signal precision k is tak-
en, the following relationship is obtained:

0E(L|m) B —Aky + (1 —r)(A — 2(1 —r))ky

(29)
Oky (ky + (1 — Dky)’
Hence,
9E(L|m) _ K, 1
ok, 0 T <xa-pna-za-om;y

The expression A(1-r)(A-2(1-r)) in the denominator of equation (30) and reaches

its maximum where the value of strategic complementarity parameter (r) equals
3

A ky A
r=1-- which corresponds to k_X <35 This result shows that if the social value
y

of coordination is smaller than in MS (A >1), Svensson’s (2006) argument per-
taining to unrealistic conditions for detrimental effect of transparency is invalid.
In this case, lower transparency may be optimal even when the accuracy of public
signal is higher than the private one. For example, suppose the case where A=2,

1
the maximum value of k—x considering equation (30) equals unity for = > This

y .
result shows that the overreaction effect of full-transparency may emerge even
where the accuracy of both private and public signals are the same.

5. Strategies to Limit Overreaction

Considering the above results, it can be inferred that the issue of communica-
tion strategy of the central bank goes beyond the question of whether disclosing
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information is desirable or not: it also deals with the question of how to disclose
the information in such a way that the market does not excessively overreact to it.
Controlling the degree of market participant ‘s overreaction to its disclosure is an
important and challenging task for a central bank. This can be performed by two
proposed communication strategies: partial publicity and partial transparency.
These two strategies will be explained in the next section.

5.1. Partial Publicity (PP)

In the framework proposed by CH (2008), each islander (i) obtains a private signal
x, and only a subgroup of islanders (informed islanders) receive semi-public sig-
nal y. Uninformed islanders receive private signal but the informed ones receive
both private signal and have access to public signal. The signals diverge from
the fundamental m by normally distributed error terms. The difference between
PP framework and MS (2002) is the proportion (P) of islanders that have access
to semi-public (common) signal y. Q is the degree of publicity. Optimal average
price is derived separately for uninformed islanders (1-Q) and informed islanders
(Q). Since these islanders have no idiosyncratic information (common knowl-
edge) regarding m, the optimal price for uninformed islanders is only based on
their private signal:

Pii_g =X (31)

The informed islanders not only have private signal but also have access to semi-
public signal, and the optimal price for this group, following (MS 2002), is a lin-
ear combination of the two signals.

-k k,
Tkt A-rQ) itk (1-r0)”

Pio (32)
Notice that in equation (32) public signal weight for informed agents is smaller
than MS (2002) since Q is lower than one. In this framework, the informed group
knows that there are islanders that have no access to public signal, therefore they

reduce the weight of public signal in (
price.

X . X )
ey + oy (1 —7Q) derivation of the optimal

Overall average price (for informed and uninformed islander), the optimal price,
is derived as:

(1 - Q)kx + (1 - TQ)ky ¥+ Qkx
e+l (1—1Q) ke + ky(1—1Q)°

P = (33)
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As one would expect, the weight of public signal in the aggregate price is lower
than when Q=1, that is MS (2002). For this reason, overreaction to public signals
will be limited compared to complete publicity--availability of public signal to

all, Q=1.

5.2. Partial Transparency

In this case we assume that CB practices partial transparency and its public sig-
nal sent to all islanders with an idiosyncratic noise, thereby reducing the degree
of common knowledge. This approach essentially makes CB disclosures more
ambiguous. Ambiguity of the public signal is defined as in (34):

1 1
yi=m+e+¢; ; E~N[0,— | ;¢;~N|0,— (34)
key ke
This public signal (y) is now semi-public with subscript (i), since it contains a
specific private error term (¢) in addition to the common error term (¢) that ex-
ists in the previous frameworks.

Using the Bayesian updating rule, we can compute islanders” expectation about
money supply and average public signal () conditional on information sets in
each island:

Ei(mlxy y) = — 2Ky Ky (35)
Y kg + k' ket ky + Ky

k k. +k
E:(7lxs, y0) ¢ XY (36)

Tt kgt kg kgt

Weighted average of islanders’ private and public signals determines the best esti-
mate of money supply in this structure. The weights in relationships (35) and (36)
reflect relative accuracy of each signal. Linear combination of private and public
signals is the optimal price in each island (i), as shown by (37).

- (1 = kg + kky .
Y okykg + kgky (1 —1) + koky

+

kekg
kg + kgky (1 —1) + ke,

(37)

Then, overall price will be given by:
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(1= kg + ks, ot
kg + ko, (1— 1) + kk,

Ei(P) =

Kk
Kk + kgky, (1 —1) + kyk,

y (38)

Like in the case of PP, the weight assigned to the public signal in equation (38)
is smaller than that in MS (2002) model. Moreover, public signal weight in (38)
is a decreasing function of precision (private error) of semi-public signal (k ¢).
This shows that disclosing the public signal with an idiosyncratic noise to each
agent reduces the degree of common knowledge and hence the overreaction to
the public signal.

6. Conclusion

A pillar of inflation targeting framework has been full transparency. Recent ex-
perience shows that financial markets in both advanced economies and emerging
market economies overreact to CB policy signals when those signals are contami-
nated. Literature on the information dispersion and imperfect common knowl-
edge developed over the past fifteen years argues that widespread public infor-
mation by CB is not always a superior strategy since it may entail detrimental
effect on social welfare through market overreaction to inevitable inaccuracies
contained in contaminated CB policy signals.

Policy conclusions that can be inferred from the discussions in this paper are:
(a)-when central bank announcements are common knowledge and information
is abundant, the optimal communication policy is complete transparency; (b)-
however, in the more realistic situation where there is imperfect common knowl-
edge in combination with strategic complementarity between players' actions,
the optimal communication policy is incomplete transparency or a degree of
opacity. When private information has low signals and public signals are con-
taminated with inaccuracies, central bank transparency can have harmful conse-
quences due to overreaction to public signals. In other words, inevitable error of
central bank in terms of data collection, economic variables prediction and other
sources of measurement errors pass on through announcements to public and
provide a wedge between fundamental based equilibrium and the expectation-
based sunspot equilibrium. In such a setting, tackling the overreaction problem
entails reducing the degree of common knowledge about public information.



Over-reaction to Policy Signals, and Central Bank Optimal Communication Policy

Policy conclusion (b) was obtained, following MS (2002), by incorporating im-
perfect common knowledge and strategic complementary into Lucas-Phelps is-
land economy to highlight the dual role of information dissemination and coor-
dination played by CB announcements. In this setting, public announcements
by the central bank as a common knowledge not only convey information on
the underlying fundamentals, but also may play a signalling role for coordina-
tion amongst economic agents trying to approximate common knowledge. If
the central bank has the signalling instrument to influence outcomes, potential
misallocations may result when economic agents put stronger than optimal reli-
ance on imperfect public signals. In this situation, expectations will coordinate
actions away from fundamentals leading to economic inefficiency exacerbation.
This conclusion undermines the case for full transparency and underscores the
negative effect of CB communication policy on market efficiency.

c-The widely acknowledged result concerning the focal role of CB announce-
ments and the possibility that contaminated signals can result in distortive over-
reactions, the binary approach (full transparency vs. full opacity) to communica-
tion strategy changed the relevant policy question from (a) and (b) to the issue
of the optimal degree of disclosure of public signals in order to reduce excessive
overreactions. Disclosing transparent public information to a specified group
of market participants (partial publicity) and disclosing ambiguous public in-
formation to all market participants (partial transparency) are two disclosure
strategies discussed in this paper.
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