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Abstract

In this paper, I explore the optimal extend to which the central bank should disseminate
information among private agents. Individual firms are assumed to have diverse private
information, and the central bank provides public information either implicitly, by setting its
policy instrument, or explicitly, by making announcements about its short-run targets. The
optimal degree of economic transparency is affected differently by cost and demand shocks.
More accurate central bank forecasts of demand shocks reduce optimal transparency, while
more accurate forecasts of cost shocks increase optimal transparency. Increased persistence
in demand (cost) disturbances increases (reduces) optimal transparency.
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1 Introduction

A major development in central banking in recent years has been the increase in monetary
policy transparency. Inflation targeting central banks in particular have gone the furthest in
adopting mechanisms to ensure greater transparency.l

Transparency has many dimensions. Geraats (2002) identifies five different forms of trans-
parency; political, procedural, economic, policy, and operational. Briefly, these correspond to

transparency about objectives, about the internal decision making process, about the central

*Department of Economics, University of California, Santa Cruz. Email: walshc@Qucsc.edu. Earlier versions
of this paper were presented at “‘New Developments in the Analysis of Monetary Policy and Institutions,” a
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'In recent years, even central banks that have not formally adopted inflation targeting have become more
transparent. Eijffinger and Geraats (2006) provide an index of transparency for a set of developed economies that
includes some inflation targeters (Australia, Canada, New Zealand, Sweden, and the UK) as well as non-targeters
(Japan, Switzerland, and the US). They find that between 1998 and 2002 transparency increased for virtually
all the central banks they studied. Even the Federal Reserve, which has so far resisted calls to establish a formal
inflation target, has moved to make its policy practices more transparent.



bank’s forecasts and models, about the central bank’s communications of its policy actions, and
about its instrument setting and control errors.

Most of the existing theoretical literature on central bank transparency has focused on
political and operational transparency, employing models in which only policy surprises have
real effects, the central bank’s preferences are stochastic and unknown, and the central bank’s
policy instrument, taken to be the money supply, is observed with error.? Private agents observe
the current money growth rate but are unable to disentangle the effects of control errors from
shifts in central bank preferences. Thus, there is opaqueness about political objectives and
operational implementation. Transparency was typically modelled as a reduction in the noise
in the signal on the policy instrument. Under a less transparent regime, disinflations are more
costly as it takes private agents longer to recognize that the central bank’s preferences have
shifted away from greater output expansion. However, a more transparent regime allows private
agents to assess better the shifting preferences of the central bank and this reduces the ability
of the central bank to create economic expansions when they are most desired. These two
competing forces determine the optimal degree of transparency, and Cukierman and Meltzer
(1986) show that the central bank may prefer to adopt a less efficient operating procedure than
is technically feasible (i.e., not reduce the control error variance to its minimum possible level).?

In contrast to these earlier models, standard policy models today imply that predictable
polices are most effective, the preferences of inflation-targeting central banks are known, and
the policy instrument is likely to be a nominal interest rate that is easily observable. Thus,
results from models that emphasized unpredictable policies and money supply control may not
carry over. And while modern central banks may be operationally transparent, they may still
be opaque with respect to internal forecasts about the economy; economic transparency may
be incomplete.

In this paper, I examine the optimal degree of economic transparency. The model developed

in the paper contrasts in several ways with previous work on monetary policy transparency.

See, for example, Cukierman and Meltzer (1986) and Faust and Svensson (2002).

3See also Faust and Svensson (2002) who show that, when the choice of transparency is made under com-
mitment, patient central banks with small inflation biases will prefer minimum transparency. They argue that
this result might account for the (then) relatively low degree of transparency that characterized the U.S. Federal
Reserve.



First, I employ a new Keynesian model of price setting rather than the type of Lucas supply
curve commonly employed in the earlier literature on transparency.? Second, I ignore the issue
of the central bank’s intentions and focus on inflation-targeting central banks who have already
developed a reputation for maintaining low and stable inflation. The public understands the
policy maker will maintain average inflation at zero as well as the manner in which the bank will
respond to shocks that lead to short-run fluctuations in inflation and the output gap. Private
agents still face uncertainty about monetary policy, however, because they have only imperfect
knowledge of the information on which the central bank bases its policy. A transparent central
bank reveals its information about the economy to the public.?

Third, I drop the standard assumption that private agents have common information, as-
suming instead that information is diverse, with individual firms receiving idiosyncratic signals
about current aggregate cost and demand shocks. Since firms care about their price relative
to other firms, individual firms must form expectations about what other firms are expecting.
Thus, higher order expectations (expectations of expectations of expectations...) play a role,
and this can affect the way public information about monetary policy affects inflation. When
private agents have individual sources of information, Morris and Shin (2002) have argued that
there can be a cost to providing more accurate public information.® Agents may overreact to
public information, making the economy more sensitive to any forecast errors in the public

information.”

4Jensen (2002) studies transparency using a two-period model in which inflation is forward looking in a
manner consistent with recent monetary policy models. His focus, like that of Faust and Svensson, is on political
transparency. Greater transparency implies policy has a larger impact on future expectations and therefore on
current inflation. This leads to greater caution on the part of the central bank in its policy actions. Transparency
improves welfare if the central bank is prone to an inflation bias, but it can limit stabilization policy if the central
bank’s output objective is already consistent with the economy’s natural rate of output.

"Walsh (1999, 2003) also investigates aspects of economic transparency. In Walsh (1999), the ability of the
central bank to announce a state-contingent inflation target improves stabilization policy, while, in Walsh (2003),
transparency about the central bank’s information improves monitoring by the public and makes it optimal for
the central bank to place greater weight on achieving its inflation objectives.

SWoodford (2003) has investigated the role of higher order expectations in inducing persistent adjustments
to monetary shocks in the Lucas-Phelps islands model. See also Hellwig (2002).

"The possibility that the private sector may overreact to central bank announcements does capture a concern
expressed by some policy makers. For example, in discussing the release of FOMC minutes, Janet Yellen expressed
the view that “Financial markets could misinterpret and overreact to the minutes.” (Yellen 2005). However,
Svensson (2006) has argued that the Morris-Shin result is not a general one. He shows that welfare is increased
by more accurate public information in the Morris-Shin model for all but unreasonable parameter values. A
similar result is found by Hellwig (2004).



Fifth, I model transparency, not in terms of a control error variance, but in terms of the
extent to which the central bank disseminates information about its views on the state of the
economy. At one extreme, the central bank may make no announcements. At the other extreme,
it may undertake to publish detailed inflation reports that are widely read and discussed by
the public. In between these extremes, the central bank may partially publicize information
through speeches, less widely read press releases, or other means that reach a limited audience.
The extent to which information on the central bank’s short-run targets is made available to
private agents provides a measure of transparency.

In modeling transparency in this way, I follow Cornand and Heinemann (2004) who demon-
strate that the partial release of information in the Morris-Shin model can be useful. Wide
release of information causes public information to coordinate expectations, and this can make
the economy sensitive to any noise in the public information; this is the cost of announcements.
The gain is that they provide information that leads the public to have more accurate expecta-
tions. When it is costly for the central bank to provide information, it may still pay to engage
in a limited release of information. If only a few agents receive the central bank’s information,
private sector expectations will, on average, be more accurate, but because only a few agents
receive the information, it has little effect on the typical agent’s expectations of what others
are expecting. The impact of the noise in the public information is limited.

Just as the earlier literature on transparency employed models at odds with current policy
frameworks (only surprises mattered, money supply was the instrument), the analysis of Morris
and Shin is conducted within a framework that fails to capture important aspects of actual
monetary policy. For example, the public information in Morris-Shin is a signal on an exoge-
nous disturbance, yet most of the monetary policy debate on transparency has focused on the
endogenous signals a central bank might release. When private agents observe a change in the
central bank’s instrument or receive announcements about the central bank’s inflation forecast,
they are obtaining public signals that depend on both the central bank’s policy objectives and
its assessment of economic conditions.

Amato and Shin (2003) have cast the Morris-Shin analysis in a more standard macro model.

In their model, the central bank has perfect information about the underlying shocks. This



ignores the uncertainty policy makers themselves face in assessing the state of the economy.
Nor do Amato and Shin allow the private sector to use observations on the policy instrument
to draw inferences about the central bank’s information. They also assume one-period price
setting and represent monetary policy by a price-level targeting rule. In Hellwig (2004), prices
are flexible and policy is given by an exogenous stochastic supply of money; private and public
information consists of signals on the nominal quantity of money. In contrast, I employ a
standard Calvo-type model of imperfect price flexibility, modifying it by assuming those firms
adjusting each period must do so before observing the actual aggregate price level. Thus, the
need to infer what other firms are doing is present, as in Amato and Shin and in Hellwig, but
the approach is more consistent with standard new Keynesian models.®

Walsh (2006) examines how the degree of economic transparency affects the monetary trans-
mission mechanism and shows that the impact of an interest rate change on inflation depends
importantly on the information revealed by the central bank and on the quality of that infor-
mation. In the model used in that paper, however, as in the related model of Baeriswyl and
Cornand (2005), firms adjusting prices do so before observing any actual shocks. This means
that inflation responds to expected cost shocks and not to the actual realizations of the shock.
Transparency, by revealing information, can make expectations more volatile and increase the
variability of inflation. Thus, a central bank concerned with stabilizing inflation may prefer
to limit transparency. Walsh (2006) also assumed firms received private information on the
cost shock but not on an aggregate demand shock.” In the present paper, I allow firm-specific
cost shocks (and not just expectations of these shocks) to directly affect price-setting behavior,
and I assume firms receive private signals on both the cost shock and the shock to aggregate
demand, and the underlying cost and demand shocks are allowed to display persistence. This
last aspect is important when current inflation depends on expectations of future inflation.

Geraats (2005) also analyzed the role played by the release of central bank forecasts. How-

ever, she assumes agents do not observe the bank’s policy instrument prior to forming ex-

$Hellwig provides a more micro-founded analysis that I pursue here, showing that this can be important for
assessing the welfare effects of better information. Some comments on how results might differ if a welfare-based
measure were used are discussed in the concluding section.

Baeriswyl and Cornand (2005) make a similar assumption.



pectations and she employs a traditional Lucas supply function. Her focus is on reputational
equilibria in a two-period model with a stochastic inflation target. Thus, the model and the
questions addressed are quite different than those pursued here.

Besides providing a new framework for analyzing transparency, several new insights into op-
timal transparency are obtained. First, improved central bank forecasting can have ambiguous
effects on the optimal degree of transparency. If the central bank obtains more accurate signals
on cost shocks, optimal transparency increases; if it obtains more accurate signals on demand
shocks, optimal transparency decreases. Optimal transparency is also affected differently by
changes in the stochastic processes governing the cost and demand shocks. Thus, much as in
the classic Poole analysis of instrument choice, the properties of exogenous shocks matter for
determining the optimal degree of transparency.

The remainder of the paper is organized as follows. Section 2 sets out the basic model.
Equilibrium with partial announcements is discussed in section 3. In section 4, numerical
results are reported that examine the optimal degree of transparency and how it is affected by

changes in various aspects of the model. Conclusions are summarized in section 5.

2 The model

Assume there are a continuum of firms of measure one, each producing a differentiated product
using an identical technology. Firms face a Calvo-type fixed probability of adjusting their price
each period. I assume that firms do not observe the current aggregate cost or demand shocks
or the prices set by other firms until the period is over. Since any firm that is setting its price is
concerned with its price relative to those of other firms, it will need to form expectations about
the factors that determine its optimal relative price and about the behavior of other firms,
since it must forecast the average price of other firms. Each period, private firms receive noisy
signals on aggregate shocks. Each firm’s signal is private information to that firm, so individual
firms will have different information. The central bank also has private, noisy information on

aggregate shocks. The central bank may make an announcement about its output gap target.!’

10Tn the model, this is equivalent to announcing an inflation target. Given the structure of the model, it is
more convenient to view any announcement as an announcement about the output target.



It then sets its policy instrument. I assume that firms who adjust their price in period ¢ do so
after observing the central bank’s instrument. Because the central bank receives information
about the aggregate cost and demand shocks, firms cannot infer perfectly the central bank’s

information on each of the two shocks by only observing the instrument.

2.1 Price setting behavior

Suppose firm j is setting its price in period ¢. Let p;‘ft denote the log price it chooses. It will be
convenient to treat 7r;ft = p;ft — p¢—1 as the choice variable, where p;_; is last period’s aggregate
log price level. Let 7} be the average of 77, across the firms adjusting in period ¢, and let
be the aggregate inflation rate.

The probability a firm does not have the opportunity to adjust its price is w. Thus,
pt = (1 —w)p; +wpi—1, (1)

where p; = fol pjdj. Equation (1) implies that p; — p; = w(p; — pr—1) and

m=p e = (=) 5 o) = (12) 01 ). ©)

Let ¢ denote log real marginal cost and assume a steady-state inflation rate of zero. If firm
j can adjust its price, it sets its current price equal to the expected discounted value of current
and future nominal marginal cost ¢ + p. Future marginal cost is discounted by the probability
the firm has not received another opportunity to adjust, w, and by the discount factor, 5. 1
assume the price of firm j is also affected by a cost shock s;; that alters the firm’s desired price.

Hence,

o0
pj = (1—wp) Z(wﬂ)’ <Etj(pt+i + Elpryi + Eisjm) ; (3)
=0

3
where Eg denotes the expectations based on the information available to firm j. Equation (3)

can be re-written as

pjr = (1—wph) (Efpt + Ejp, + Sj,t) + wBE] Pl 1.



Note that it has been assumed the firm observes its own firm specific costs shock, s;;, prior to
setting its price but that it does not observe the current aggregate price level or current realized
nominal marginal cost.

Individual firms may set different prices because they base expectations on different infor-
mation sets. And, if information sets differ, each adjusting firm’s expectations about what it
would do if it is again able to adjust in ¢ + 1 may also differ. To simplify, I assume that any
idiosyncratic information is i.i.d. and that all aggregate information is revealed at the end of
each period. This will imply that Eg p}ft 1= Etj Piy1; each firm expects that, if it can adjust in
t+ 1, it will set the same price as other adjusting firms.

Using (2) and the definition of 7%,, one obtains, after some manipulation,

Jt

. - . wf .
Tjt = (1 - w)E/7} + (1 —wB)Ep; + (1 — wp)sjs + (1—w> Emiy1, (4)

where 7} = pf —p;_1.!' Assume real marginal cost is linearly related to an output gap measure

¢ @ = kT Then

. o w .
W;t =(1-wE7m + (1 —wB)rElx + (1 — wh)sje + (1_ﬂw> Elmiq. (5)

Hence, firm j adjusts its price based on it signal on the cost shock, its expectations of what

other adjusting firms are choosing (Et] 77 ), its expectations about the output gap, and on its

forecast of next-period aggregate inflation.!?

""Equation (4) has the form . .
5 = (1 —w)E{7; +wE o,

; 1—wp i ;
E{Ot = ( o > (E,{cpt —‘rSj,t) + ( B )EtJﬂ'tJrl.

where

1—-w
This is the basic form of the decision rule at the heart of the Morris-Shin analysis. The adjustment by firm
j depends on the firm’s expectations about 6; and on what firm j expects other firms to do. In the present
analysis, however, decisions depend on expectations of future inflation, not just on expectations concerning
current variables.

12Tn the standard Calvo model in which all firms have identical information sets and are able to observe the
current disturbances, 7}, = 77 for all j, so (5) becomes

. 1-— 1-—
Ty = < wwﬁ) KTy + ( wwﬁ) St + %Etﬂ't+l-




2.2 Aggregate demand

Monetary policy is represented by the central bank’s choice of an instrument z; and by any
announcements the central bank might make. I assume 2! is observed at the start of the period
so that any firm that sets its price in period ¢ can condition its choice on :L‘{ . The output gap

differs from 2! by a demand shock v;:

T = a:{ + V. (6)

2.3 Information

There are two primitive, aggregate disturbances in the model, s; representing cost factors
that, for a given output gap and expectations of future inflation, generate inefficient inflation
fluctuations, and v;, an aggregate demand disturbance. Each is assumed to follow independent
AR(1) processes given by

St = pgSt—1 + &

and

UVt = PpUt—1 + Py

Firms in setting prices and the central bank in setting its policy instrument must act before
learning the actual realizations of the aggregate shocks. Firm j’s idiosyncratic cost shock s;;

is related to the aggregate shock according to

Sj¢ = St + Py

Then using (2), this becomes
(1 -w)(d —wp)

© (kxt + st) + BE:mis1,

m=(1—w)m; =
which differs from the standard form only in the coefficient on the cost shock. This is due to the fact that I
include the shock in the equation for the firm’s optimal price (3) rather than adding it on after the equation for
inflation has been derived.



In addition, the firm receives a noisy signal v;; about the aggregate demand shock, where
U]7t = Ut + wj,t'

For convenience, both ¢;, and 1;, will be referred to as noise terms, but ¢, is actually the
idiosyncratic component of the firm’s cost shock. The noise terms ¢; and v; are identically
and independently distributed across firms. These signals are private in the sense that they are
unobserved by other agents.

In a similar manner, the central bank receives private signals on the two aggregate distur-

bances:

st7t = St + d)Cb,t
Veh,t = Ut + ¢cb,t‘

The noise terms ¢, and 1, are assumed to be independently distributed and to be independent

of ¢; and 1; for all j and ¢. All stochastic variables are assumed to be normally distributed.

2.4 Monetary policy

The central bank’s objective is to minimize a standard quadratic loss function that depends on

inflation variability and output gap variability. Specifically, loss is given by

L= (125) (24 aa), (7

where 02 and o2 are the variances of inflation and the output gap.

I consider linear policy rules of the form
:nt[ =171 + 52E§bst + 53E§bvt, (8)

where the §; coefficients are chosen to minimize (7) subject to the equilibrium process for
inflation and the information structure faced by the central bank and firms. Rules of this form

are consistent with optimal policy under both commitment and discretion in the standard new

10



Keynesian model. Under optimal discretion, policy is a function of the state, and d; = 0 as s;
and v; are the only state variables. Under optimal commitment, inertia is introduced by policy
actions, making z;_1 an additional state variable in the equilibrium solution of the model.

Since z; = 2 + vy, the central bank’s time ¢ implicit target for the output gap is
x? = :Btl + Efbvt =0114_1 + 52Efb8t + (1 + 53)E§b’0t. (9)

Equation (9) and the aggregate version of (5) also imply an implicit time ¢ target for inflation.
These targets for the output gap and the inflation rate can be interpreted as short-run targets.
Under a credible inflation targeting regime, the long-run inflation target is zero.

From the distributional assumptions about the central bank’s information, Etd’st = pgSt—1+
0% (S¢bt — pySi—1), where 0 = O'g/ <a§ + U?ﬁ,cb>= 02 is the variance of £, and aécb is the variance
of G, Similarly, Ev; = pyvs_1 4+ 0P (v — pvs_1), where 6 = O’i/ (O'(Zp + O'i cb)'

Firms that set prices must form expectations about what other firms are expecting as in
Amato and Shin (2003), but they must also form expectations about the central bank’s output
gap target, which implicitly involves forming expectations about the central bank’s expectation
of shocks (and implicitly therefore, about what other firms are expecting that the central bank
is expecting). Because firm j has private information on the aggregate shocks, its expectations
of s; and v; may differ from what it thinks the central bank’s expectation are. For example,
Eg (Ed’st) =+ Eg s¢. Because the private sector may have different information than the central
bank has, private expections of shocks can differ from the central bank’s expectations of those
shocks. To predict the output gap requires firms to guess what the central bank thinks the

aggregate cost shock is, for example, not simply to guess what the cost shock is.

3 Equilibrium with partial announcements

Discussions of transparency generally focus on actions by the central bank that are designed
explicitly to provide information. For example, the publication of the central bank’s forecasts
for inflation or output or its announcement of short-run targets for inflation are among the

forms of public information designed to increase policy transparency. Private agents will use

11



the central bank’s announcements to infer something about the central bank’s assessment of the
state of the economy. This means that errors in the central bank’s assessment of the economy
will similarly infect private sector forecasts and expectations. This may introduce undesirable
volatility into private sector expectations.

Even in the absence of announcements, the public can infer something about the central
bank’s information by observing the short-term interest rate used as the policy instrument,
and changes in the policy interest rate are typically widely publicized. However, observing
the central bank’s instrument imperfectly reveals the central bank’s forecasts of demand and
cost shocks (see 8). A change in z! could reflect the central bank’s belief that a cost shock
has occurred, or it could indicate that a demand shock has occurred. These have different
implications for the expected output gap, and if they could be disentangled, they would affect
firms’ price setting decisions differently. Private agents will be uncertain whether an interest
movement arises because the central bank is attempting to neutralize inflation and output in
response to a demand shock or is actively adjusting the output gap to stabilize inflation in
the face of a cost shock. For example, if ! is decreased to neutralize the effects of a positive
demand shock, the fall in 2! will be interpreted partially as the central bank’s reaction to a
positive cost shock. Firms will revise their expectations about the cost shock and about the
output gap, and, as a result, actual inflation ends up being affected by the demand shock. If
the central bank announces its output target z’, the private sector has two public signals (z’
and 2T) from which it will generally be able to disentangle the central bank’s forecasts of the
aggregate cost shock Ef’s; from the central bank’s forecast of the aggregate demand shock
Eboy,.

Intuitively, one would expect that announcing the central bank’s output gap target would
improve economic outcomes.'? Since private firms are now able to distinguish between interest
rate movements that are designed to offset demand disturbances from those reflecting the central
bank’s estimate of the cost shock, the central bank could neutralize demand shocks without
introducing any volatility into the inflation rate. At the same time, releasing information

on z} in no way hampers the central bank’s ability to achieve its output gap target. Thus,

13 As noted previously, this is equivalent to announcing an inflation target.

12



greater transparency should improve welfare. However, providing more public information may
make private sector expectations more sensitive to the announced target than they were to
the instrument. Consequently, any errors the central bank makes in forecasting the cost shock
will generate greater volatility in the inflation rate. If this channel dominates the reduction in
volatility that occurs because demand shocks no longer affect inflation, loss can actually rise
when targets are announced. Whether transparency reduces or increases loss will depend on
the quantitative characteristics of the economy.

Rather than comparing the case of no announcement with the case in which all firms have
information on the output gap target, I consider the partial release of information along the
lines of Cornand and Heinemann (2004). Suppose the central bank announces z{ in a manner
such that only a fraction P of all firms receive the information.!* Firms will be in one of
three classes each period; those that do not receive an opportunity to adjust their price, those
that do adjust but do not receive the central bank’s announcement, and those that adjust and
receive the announcement. Consider first those adjusting firms that receive information about
x]. There are a fraction P of such firms. For these informed firms, their expectations of
the current shocks will depend on their private information, on the central bank’s instrument
setting, and on the announced target output gap. For the 1 — P fraction of adjusting firms who
do mnot observe x] , expectations can be based only on private signals and the central bank’s
instrument. Firms that adjust prices in period ¢ must form expectations about what other firms

are expecting, and this will now depend on the fraction of firms that receive information about

the central bank’s output gap target.

3.1 Expectations

The information problems faced by informed and uninformed firms differ. Consider first those

firms that receive information about m? These firms observes s;;, vj, xtI , and the central

bank’s output gap target ;. Let j index such a firm. The new information for informed firm

4 One might interpret this partial release of information in terms of the notion of rational inattention empha-
sized by Mankiw and Reis (2002). Perhaps all firms observe the announcement but only a fraction P actually
incorporate the new information into their decisions.

13



sjt — Er-185¢ §+ 0j4 §c+ 9
¢ vjr = Bi1vje | Y _y ot
Jt — - - ’
z] — Byl 520 (&, + Bepr) + 5305 (p; + Vb t) §t + Pept
L xrtT - Et—lx? i i 520?(615 + ¢cb,t) + (1 + 53)0gb(90t + wcb,t) | L Pt + wcb,t |
where ) }
1 0 0 0
0 1 0 0
M =

0 0 5209 6309

0 0 0209 (1+03)0%

Define Z] = [ St v Tt } and Q) = [ & 01 bevs Vs || We can write the processes

for the exogenous shocks and the output gap as

Zy = CZi_1 + DSy, (10)
where
Ps 0 0
C = 0 P 0
52:05 (1 + 53)pv 61
and
1 0 0 0
D= 0 1 0 0

520 (1+630) 6202 650

Now let Vi be the 4 x 4 covariance matrix between ¢ jt and the unobserved variables €);, and

let V¢ be the 4 X 4 covariance matrix of (j;. Then firm j's expectation of € is equal to

EtJQt = HCjb

14



where H = VoV
Those firms that do not receive the announcement (the uninformed firms), denoted by h,
must base their expectations about current aggregate shocks on their private signals and the

central bank’s instrument. We can write the information of these firms as

Zht = WCht,

where
1 0 0O

W=10100
0010

Hence, for these firms,

E}Qy = GW ¢y,

where G = Vo W' (WVee W)™

In Morris and Shin, Amato and Shin, and Hellwig, the weights placed on private and public
information in the individual firm’s forecast are independent of any aspect of the central bank’s
policy decisions. This is not true in the present case, because the public signals are the central
bank’s instrument and, for a subset of firms, the central bank’s output target. Thus, both H
and G will depend on the policy parameters d;.

Finally, because the ideosyncratic firm information averages to zero across firms, define the

aggregate information (over all firms) as

&
Pt
§t + Pev
K2Rz

I
S

<t = LQt7
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where

1 000

0100
L=M

1 010

0101

3.2 Inflation and the output gap

As detailed in the appendix, the equilibrium strategy of informed firms, those receiving the

central bank’s announcement, is given by

*
e = i1 Zi—1 + i 2G4

The equilibrium strategy for an uninformed firm is

*
The = au,th,l + au,gVV{h’t.

Note that while a;2 in (13) is 1 X 4, ay,2 in (15) is 1 x 3. Since Z;_; is common information to

both types of firms, a;1 = a,,1 = a1. The appendix shows that

a1 = <1 _w“fj) lkes + 1] C (Is — BC) (11)

Given ay, the appendix shows how the equilibrium values of a;2 and a, 2W can be found.

Once a1, a;2, and a, 2 have been obtained, equilibrium inflation is given by

o= (1-w) {P/w}‘ftdj—k(l—P)/ﬂztdh}

= (1 - w) [G,th_l + (PG/Z‘72 + (1 - P)au’QW) LQt] ,

while the equilibrium output gap is

xy =e3(CZi—1 + DSy),

16



where e3 = [0 0 1].

4 Results

To explore the impact of transparency on the behavior of inflation and the output gap, the
model is numerically solved. I set w = 0.5, k = 1.8, and 8 = 0.99. A value of 0.5 for w is
consistent with evidence on the frequency of price adjustment in the U.S. (Bils and Klenow
2004). In micro-founded models,  is the sum of the coefficient of relative risk aversion and the
inverse of the wage elasticity of labor supply. Values of one for relative risk aversion and 0.8 for
the inverse of the wage elasticity of labor supply are not uncommon in the literature, yielding
x = 1.8. The value chosen for the discount factor 5 is standard when dealing with quarterly

data. I set the variances of the cost and demand shocks equal to each other and normalize so

2:

that a% =0,

1. For the benchmark case, I assume the private sector noise variances 03) j and
a?p j both equal 0.4. While Amato and Shin assume the central bank has perfect information
on the shocks, I assume the noise variances in the central bank’s signals ai . and ai o also

equal 0.4. For the baseline case, I set p, = p, = 0.

4.1 Policy incentive effects

In a standard new Keynesian model of optimal monetary policy with a loss function given by
(7), the central bank would neutralize demand shocks to prevent them from affecting either the
output gap or inflation. The central bank would partially stabilize inflation from the effects
of cost shocks. Thus, both inflation and the output gap would fluctuate in the face of cost
shocks, while neither would move in response to demand shocks. If the central bank faces a
signal extraction problem, certainty equivalence still holds and the central bank would offset
expected demand shocks completely (i.e., d3 = —1) and stabilize in response to expected cost
shocks (i.e., 2 < 0).

In the present model, a lack of transparency has what Geraats (2002) labels an incentive
effect on policy. Suppose the central bank attempts to fully insulate the output gap from

demand shocks. As it moves its instrument in response to forecasts of demand shocks, private
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agents will attribute some of the change in 2! as due to cost shocks. This will result in firms
altering their assessment of the aggregate cost shock and inflation will be affected. Inflation is
not fully insulated from demand shocks when d3 = —1, and, as a consequence, the central bank
will no longer find it optimal to set 03 = —1.

Because firms partially attribute movements in =/ to the central bank’s forecast of a cost

I on inflation. First, firms will use

shock, there are actually three effects of a change in z
the information they extract from z! to reassess their expectations about the aggregate cost
shock and therefore about what they expect other price-adjusting firms to do. Second, any
reassessment of the aggregate costs shock will affect expectations of future inflation. Third,
firms will alter their expectations about the aggregate output gap. This directly affects price-
adjusting firms’ decisions about their own price and it alters such firms’ expectations about the
prices other firms are setting.

Under a regime of complete transparency, the central bank announces its target to all firms.
Private agents can now infer the central bank’s forecast of demand and cost shocks. By setting
03 = —1, the central bank neutralizes the expected effect of demand shocks on both inflation
and the output gap; the resulting movements in its instrument are no longer confused with
responses to the cost shock. This should make inflation more stable since expected demand
shocks are completely neutralize. Thus, transparency can make both inflation and the output
gap more stable.

However, by announcing its output target to all firms, inflation can become very sensitive
to the central bank’s target. The increased volatility of expectations in the face of additional
information is a standard cost of transparency (Geraats 2002). Any noise in the central bank’s
cost shock signal will now have a greater impact on inflation. If expectations and inflation react
strongly to the central bank’s announced output gap target, and therefore to any noise in the
central bank’s estimate of the cost shock, inflation could become more volatile. In addition,
because the central bank reacts more strongly to its signal on demand shocks, any noise in that
signal will have a bigger impact on the output gap.

Walsh (2006) discussed the effects of transparency (as measured by P) on the optimal

responses of policy to cost and demand shocks. In the present model, for example, d3 = —0.95
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when P = 0; the central bank does not fully offset expected demand shocks because the
movements in 2/ needed to do so leads to excessive fluctuations in inflation. When P = 1, the
optimal value of 3 is —1 and expected demand shocks are fully offset. Thus, incentive effects
are present but small.

Let 6*(P) denote the policy coefficients optimized for a given P. For example, §*(1) would
denote the policy rule optimized for complete transparency, and 6*(0) is the policy rule op-
timized for the case of no announcements. The importance of accounting for changes in the
optimal policy rule as the degree of transparency varies is illustrated in Table 1. A switch
from a regime with no announcements to one of full transparency increases loss as measured
by (7) if the policy rule remains fixed at 6*(0). Given the structure of the model, transparency
has no effect on the variance of the output gap as long as the policy rule remains unchanged.
With policy fixed at §*(0), however, transparency results in greater inflation rate volatility, and
this accounts for the rise in loss. Inflation volatility rises because the additional information
contained in xtT makes firms’ expectations about x; and 7} more volatile. The optimal policy
rule, 6*(1), involves a smaller (in absolute value) response to the central bank’s signal on cost
shocks: | 05(1) |= 0.5205 < 0.5964 =| 05(0) | and this tempers the volatility of private sector
expectations. Inflation volatility still rises with P = 1 and 6 = §*(1), but this is compensated
by the fall in output gap volatility as the central bank reacts less to cost shocks and fully sta-
bilizes the output gap from expected demand shocks. As a consequence, loss declines with full
transparency as long as the central bank correctly optimizes its policy rule to reflect the new
level of transparency. Note, however, that even though loss is reduced under transparency (as
long as policy also adjusts), inflation is more volatile than it was without any announcements.

When disturbances are serially correlated, information that alters agents’ expectations about
current aggregate shocks will also affect their forecasts of future values of the disturbances and
future inflation. This generates additional effects on inflation since current inflation depends
on expected future inflation.!> Table 2 illustrates how persistence in the aggregate cost shock

affects outcomes under the extreme cases of no announcements and complete announcements.

5 From (11), the vector a1 depends on the matrix C giving the effects of Z;—1 on Z;, and a;,2 and a2 depend
on a1 (and so therefore on C). See the appendix for details.
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In contrast to the baseline case with p, = 0, loss is lower when the output gap target is not
announced.

In contrast, adding persistence to the demand shock makes transparency superior to opaque-
ness. In fact, when both aggregate shocks are persistent as in Table 3, based on p, = p, = 0.8,
loss is reduced when the central bank announces its output gap target even if the policy rule is
held fixed at 0*(0). Transparency allows the central bank to completely insulate the output gap
and inflation from demand shocks. Doing so is particularly important when demand shocks are
serially correlated; otherwise, a demand shock affects the output gap and inflation directly as
well as by altering expected future inflation.

The results reported in Tables 1-3 illustrate the importance of allowing the policy rule to
vary optimally when the degree of transparency changes. They show too how the value of
transparency can be affected by the persistence in the aggregate shocks. Finally, Tables 2
and 3 reveal that demand and cost shocks can have asymmetric effects on the desirability of
transparency. Persistence in the cost shock lowers the value of transparency; persistence in

demand shocks raises it.

4.2 The optimal degree of transparency

In this section, the optimal degree of partial transparency is investigated. Reported outcomes
for different degrees of transparency are always evaluated using the policy rule coefficients that
are optimal for the particular value of P.

The solid line in Figure 1 shows the percentage change in loss relative to the case of no
announcement (i.e., the case of P = 0) as a function of P for the baseline parameter values.
While loss is lower with complete transparency (P = 1) than it is in the absence of any
announcements, the optimum occurs when P = 0.725. That is, it is optimal to be fairly
transparent but not completely transparent.

Also shown in Figure 1 is loss as a function of P when the disturbances are serially correlated.
The case of a serially correlated demand shock (p, = 0.8) is shown by the dashed line with

circles in the figure. The optimal degree of transparency increases (the optimal P increases

Y6That is, outcomes for each P are always evaluated using the policy §*(P).
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from 0.725 to 0.825) when demand shocks are persistent. In contrast, as shown by the dotted
line with diamonds, introducing serial correlation in the cost shock (p, = 0.8) decreases the
optimal degree of transparency (the optimal P decreases from 0.725 to 0.5).

The reason for these differing effects on optimal transparency can be see from Figure 2,
which plots the variances of inflation and the output gap as a function of P for the baseline
parameters (no markers), p, = 0.8 (indicated by diamonds), and p, = 0.8 (indicated by circles).
Consider first the case of a serially correlated cost shock. By increasing transparency, the central
bank provides firms with information that can be useful in forecasting the current aggregate
cost shock. When p, # 0, this information is also useful for forecasting future s;;; and therefore
future inflation. As expectations fluctuate in response to the greater information provided with
announcements, current inflation becomes more volatile. As indicated by the figure, inflation
becomes significantly more variable as P — 1 when p, = 0.8. This places a limit on how
transparent the central bank wants to be.

Now consider the situation when the demand shock is serially correlated. Transparency
allows the central bank to more fully neutralize the impacts of demand shocks. When these
shocks are serially correlated, it becomes more important to offset them since the impact on
current inflation depends on the present discounted value of any current and future demand
shock that is not offset by policy. As shown in figure 2, the variance of the output gap is reduced
considerable relative to the P = 0 case as P — 1 when p, = 0.8 while the variance of inflation

is similar when P =0 and P = 1.

4.3 The effects of central bank noise

Morris and Shin (2002) suggested that more accurate central bank information could reduce
welfare by making private expectations too sensitive to the noise in the information. In the
present model (and consistent with Svensson 2006), reductions in the variances of the noise
in the central bank’s signals about the aggregate shocks always reduce loss. However, more
accurate central bank signals can have ambiguous effects on the optimal degree of transparency.

Table 4 shows how the optimal degree of transparency varies with the noise in the central

bank’s signals, holding constant the variance of the true aggregate shock. The upper half of the
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table shows that increased noise in the central bank’s signal on the cost shock decreases optimal
transparency. As 03), . increases, the central bank ability to engage in active stabilization is
reduced. A less transparency regime limits the volatility of inflation expectations by reducing
the public information provided by the central bank. This effect is stronger when the central
bank has a more accurate signal on demand disturbances in that the optimal P is lower for
any given (792257 o > 0. A lower 012% «» implies the central bank is less concerned with limiting
the impact on expectations of its demand forecast errors since these errors are smaller. Being
less transparency reduces the effects on inflation of noise in the central bank’s signal on cost
disturbances.

The effects of altering the informational content of the central bank’s signal on the demand
disturbances are quite different. The bottom half of Table 4 shows that optimal transparency
increases when the central bank’s signal on demand shocks contains more noise (i.e, when
afh « increases). Recall that in the absence of transparency, central bank errors in forecasting
demand spill over to affect inflation. As these errors become larger, it is optimal to become more
transparency to limit their impact on inflation. This effect is stronger when the noise in the
central bank’s cost signal is reduced from the baseline case of o?b’ o = 0.4 to a value of 0.2. With
better information on costs shocks, the central bank engages in more active stabilization. The
gains to reducing private sector confusion about the central bank’s information rise, leading to
an increase in the optimal degree of transparency for any given value of 0'12117 . until transparency
is complete. Thus, consistent with the results on serial correlation, the impact of noise on

optimal transparency differs depending on the source.

5 Summary

In this paper, I have investigated the role of economic transparency when private information is
diverse and the central bank provides public information either implicitly, by setting its policy
instrument, or explicitly, by making announcements about its short-run targets. In contrast to
earlier work that interpreted transparency as a reduction in the central bank’s control error, I

model transparency as the extent to which announcements are disseminated among the public.
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Being transparent is not an all or nothing proposition. Partial announcements provide one
means of investigating how widely central banks should disseminate information about their
targets. Under full transparency, the central bank’s announced target reaches all firms.

By announcing its short-run output gap target (equivalently, its short-run inflation target),
the central bank reveals information about its internal forecast of demand and cost shocks.
This provides more accurate public information to price setting firms, but it also makes private
sector decisions more sensitive to the central bank’s forecast errors. As a result, inflation may
become more volatile when the central bank announces its short-run target.

The degree of optimal transparency is affected differently by demand and cost disturbances.
When the central bank’s forecasts of cost disturbances improve, or such disturbances become
less persistent, optimal transparency increases. In contrast, when the central bank’s forecasts
of demand disturbances improve, or such disturbances become less persistent, optimal trans-
parency decreases.

To determine the optimal extent to which information should be made public, I employed a
standard quadratic loss function. As Hellwig (2004) demonstrates, this can be misleading and
will tend to undervalue the gains from transparency. The reason is based on the underlying
distortion that makes inflation costly in new Keynesian models. These costs are due to the
increase in price dispersion across firms that inflation generates. When firms have private
information, this introduces a new source of price dispersion and exacerbates the welfare costs
of inflation. By providing information that is common to all firms, the central bank can reduce
the extent of price dispersion. This represents a welfare gain. In terms of the model of partial
announcements, employing an explicit welfare criterion is likely to increase the optimal degree

of transparency.
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Appendix

The pricing decision of an informed firm satisfies

. - . w ,
i = (1= w) BT} + (1 —wh)sBlas + (1 — wf)sj + (1—ﬁw> Elmiq, (12)

where expectations are with respect to the information set {Zt,l ¢ j,t}' Assume the equilibrium
strategy for an informed firm is

T

;,t = ai712t_1 + ai72Cj7t. (13)
The pricing decision of an uninformed firm satisfies

* — % Wﬁ
’/Th,t = (1 — CU)Ethﬂ't —+ (1 — Wﬁ)HEffEt + (1 — WIB)Sh’t =+ <]_—u)> Eth7rt+17 (14)

where expectations are with respect to the information set {Zt,l W¢ h,t}. Assume the equilib-
rium strategy for an uninformed firm is

ﬂ-;kl,t = au,IZt—l + aquChJ. (15)

Note that while a; 2 in (13) is 1 X 4, a,2 in (15) is 1 x 3.
The strategies (13) and (15) will be used by all adjusting firms in forming expectations
about 7}, since

F o= P / 7 dj + (1— P) / i dh
= qut,l—kag(t.

where
o] = Pam + (1 — P)au71

Qg = PCLZ"Q + (1 — P)au,QW.

Hence, for firms that observe x}

Ej7; = a1Zi-1 + 2Bl (; = a1Zy_1 + asLH(,

while for firms that do not observe z]

BTy = a1Zi—1 + Bl = a1Z;-1 + aaLGW (.

Actual inflation will be
m=1-wr; =1 —-w)(1Zi—1+ aaly) . (16)
Equation (16) implies that next period inflation satisfies

Tep1 = (1= )y = (1 - w) (a1 Zs + a2(py)
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and so for informed firms,

Elry, = (1—w)aBElZ
= (1-w)ay (CZ1+ DH(;,),

where (10) and Eg ) = H(;, have been used. Similarly, for uninformed firms,

Efnen = (1-w)aBZ
= (1-w)ay (CZ_1 + DGW(,,,) .

Firms must also forecast the output gap. Since z; = e3Z;, where e3 = [0 0 1], E{ Ty =
es (CZt_l + DH{M) and Etha:t =e3 (C’Zt_l + DGWCM).

Substituting the expressions for Eg Ty, Eg x4, and Ef m¢41 into the price equation for informed
firms (equation 12),

e = (1—w)(a1Z-1 +2LH(;,) + (1 —wpB)res (CZi—1 + DH( )
+(1 — W/B) (echt_l + éle7t) + UJBO{:[ (CZt_l + DHC]J) s

where e; = [1 0 0]. and & = [1 0 0 0].17
Equating coefficients with those in (13),

a;1 = (1 —w)ag + (1 —wp) [kez + €1] C + wPanC, (17)
and

) [I4 — (1 — w)PLH] — (1 — P)(l — w)aquLH = (1 — w,@’) [H63DH + él]
+wpa1DH. (18)

Turning to the uninformed firms, substituting the expressions for Ethfrt, Etha:t, and E{LmH
into the price equation for informed firms (equation 14) yields

ﬂ'z’t = (1-w) [041Zt—1 + agLGWCh,t] + (1 — wh)kes (CZt_l + DGWCM)
+(1 — w,B) (elCZt_l + elWCh,t) + wBon (CZt_l + DGWCh,t) .

Equating coefficients with (15),

ayg = (1 —w)ayg + (1 —wp) [kez + e1] C + wPa;C, (19)

and

a,2W [y —(1-w)(l—-P)LGW]— (1 —w)Pa;paLGW = (1 —-wpf)[kesDG +e1]W
+wpBa1 DGW. (20)

Notice that the right-hand sides of (17) and (19) are the same. Therefore,

a1 = ai1 = Gyl = 0. (21)

17 =
Soe1CZi_1 + elgj’t = St + ¢j,t = Sjt-
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Taking the P-weighted average of (17) and (19) and solving for ay,

a) = <1 _w“f@ > [kes +e1] C (I3 — BO) L. (22)

Given a1, (18) and (20) can be solved for a; 2 and a2 (recall that a;2 is 1 x 4 while a,, 2 is
1 x 3). Define
a= [am aqu]

as an 1 x 8 vector of the unknown coefficients whose last element is equal to zero. Then

-1
a = (1 — WB) [ HegDH—i—él [HQBDG+ 61] w ] |: ﬁll ﬁQl :|
12 22
-1
A Axn
+ DH DGW
wﬁal [ ] |: A12 A22 :|
where
Ayy = [I4— (1 - w)PLH];
Ag1 = —(1—-P)(1 —w)LH;
A = —(1—w)PLGW;
and

A22 = [I4 - (1 - w)(l - P)LGW] .
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Table 1: Effects of policy rule
Loss o2 o2
P=0 6"0) 778 0.70 0.54
P=1 ¢6*(0) 816 0.76 0.54
P=1 ¢*(1) 7.60 0.74 0.48

Table 2: Effects of policy rule: p, = 0.8

Loss

2

2

ox 0%
P=0 06*(0) 11.04 0.66 1.10
P=1 6%0) 1153 0.74 1.10
P=1 6*(1) 11.13 0.72 1.06

Table 3: Effects of policy rule: p, = p, = 0.8

Loss o2 o2

P=0 0"0) 11.28 0.74 1.07

P=1 6%0) 11.22 0.73 1.07

P=1 6*(1) 11.13 0.73 1.05

Table 4: Optimal transparency as function of noise variances

O-;,cb
0 2 4 6 8 1
05,4=02 1.0 093 040 020 010 0.03
05,4=04 1.0 10 073 048 033 0.23
O ,ch
0 2 4 6 8 1
054=02 058 093 1.0 10 1.0 1.0
J%Cb:().él 0.15 0.40 0.73 10 1.0 1.0
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Figure 1: Effects of transparency on loss (percent change relative to P = 0)
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Figure 2: Effects of transparency on variances (percent change relative to P = 0)
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