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Abstract

Many central banks have become more transparent during the last decade, in par-
ticular about macroeconomic prospects. This paper shows that such economic trans-
parency could give central banks greater flexibility to respond to macroeconomic
shocks. In particular, it allows central banks to stabilize aggregate demand and sup-
ply shocks without affecting private sector inflation expectations. In contrast, opaque
central banks limit their stabilization efforts to avoid disturbing inflation expecta-
tions. As a result, they no longer fully offset anticipated demand shocks but engage
in interest rate smoothing. This leads to undesirable macroeconomic volatility that
is socially detrimental.
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1 Introduction

There has been a remarkable rise in the transparency of monetary policy during the last
two decades. A majority of central banks throughout the world nowadays regularly pub-
lish their macroeconomic forecasts. This paper shows that such transparency gives the
central bank greater flexibility to offset macroeconomic disturbances. In contrast, opac-
ity forces the central bank to mute the stabilization of macroeconomic shocks to prevent
upsetting private sector inflation expectations. Thus, an opaque central bank engages in
interest rate smoothing and no longer fully offsets aggregate demand shocks it anticipates.
As a result, greater transparency about macroeconomic forecasts leads to more effective
stabilization and is welfare improving.

Intuitively, the policy rate set by the central bank reflects both its inflationary inten-
tions and the stabilization of aggregate demand and supply shocks. Transparency about
the macroeconomic shocks to which the central bank responds allows the private sector
to infer the central bank’s inflationary intentions from its policy actions. But when there
is opacity, the private sector confuses the central bank’s stabilization efforts with changes
in policy intentions, thereby causing greater volatility in private sector inflation expec-
tations. This makes the central bank more reluctant to use the policy rate to stabilize
macroeconomic shocks, leading to interest rate smoothing under opacity.

This paper analyzes a two-period model of discretionary monetary policy in the tradi-
tion of Kydland and Prescott (1977) and Barro and Gordon (1983). The structure of the
economy is described by an expectations-augmented Phillips equation and an aggregate
demand equation, where the central bank sets the policy rate. The public is uncertain
about the central bank’s inflationary intentions and faces asymmetric information about
the aggregate demand and supply shocks observed by the central bank. Thus, the model
is similar to Geraats (2005), except that it features a central bank objective function that
is quadratic in both inflation and output, does not exhibit an inflation bias and allows
for intermediate degrees of transparency about macroeconomic shocks. Following Ger-
aats (2002), the latter is referred to as ‘economic transparency’ and describes the extent
to which the private sector faces no asymmetric information about the macroeconomic
information used by the central bank for monetary policymaking.

Although Geraats (2005) shows that economic transparency is beneficial because it
reduces the inflation bias, much of the rest of the literature has found it to be detrimen-
tal. For instance, Cukierman (2001) and Gersbach (2003) show that the release of ag-
gregate supply shocks negatively affects private sector inflation expectations in a simple
static model. Using a two-period model with a New Keynesian Phillips curve and uncer-
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tainty about the central bank’s output gap target, Jensen (2000, 2002) finds that greater
transparency hampers the stabilization of supply shocks. Walsh (2007a, 2007b, 2008),
who analyzes announcements to a fraction of agents in the New Keynesian model, also
finds that imperfect economic transparency is generally desirable. In contrast to these
studies, the present paper shows that transparency about aggregate supply shocks could
actually be beneficial and enhance the stabilization of macroeconomic shocks. Thus, it
helps to explain why economic transparency has been embraced by so many central banks
(Geraats 2009).

Regarding the remainder of the paper, the model is presented in section 2 and the so-
lution in section 3. Section 4 examines the effects of greater macroeconomic transparency
on the volatility the interest rate, inflation and output, and on expected social welfare. The
results are further discussed in section 5 and section 6 concludes.

2 Model

The central bank has the objective function

Wt = −1

2
α (πt − τ)2 − 1

2
(yt − ȳ)2 (1)

where πt is the rate of inflation; yt is the level of real output; τ is the central bank’s
inflation target, which is stochastic but time-invariant: τ ∼ N (τ̄ , σ2

τ ) with σ2
τ > 0; ȳ

equals the natural rate of output; α is the relative weight on inflation stabilization (α > 0);
and the subscript t denotes the time period, t ∈ {1, 2}. The central banker is in office for
two periods and maximizes the expected valued of

U = W1 + δW2 (2)

where δ is the intertemporal discount factor(0 < δ ≤ 1).
The structure of the economy is described as follows. The demand for output satisfies

yt = ȳ − (it − πe
t − r̄) + dt (3)

where it is the nominal interest rate; πe
t denotes inflation expectations formed by the

private sector; dt is an aggregate demand shock: dt ∼ N (0, σ2
d) with σ2

d > 0; and r̄ is the
long-run, ex ante real interest rate. The supply of output satisfies the aggregate supply (or
price adjustment) relation

πt = πe
t + (yt − ȳ)− st (4)
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where st is a (beneficial) aggregate supply shock: st ∼ N (0, σ2
s) with σ2

s > 0. It is
assumed that τ , dt and st are independent.

For simplicity, assume that the aggregate demand and supply shocks (dt, st) are known
to the central bank, either through direct observation or by means of perfect forecasting.
Imperfect central bank forecasts could be introduced but would not affect the conclusions.

A crucial assumption is that the private sector does not have the same information
as the central bank. There are two sources of asymmetric information. First, the pri-
vate sector only observes a signal of the demand and supply shocks. More precisely,
the economic shocks can be decomposed into an unbiased public signal (ξd

t , ξs
t ) and an

independent white noise shock (ηd
t , ηs

t ) only observed by the central bank:

dt = ξd
t + ηd

t (5)

st = ξs
t + ηs

t (6)

The public’s forecast errors depend on the extent of the information asymmetry: ηd
t ∼

N (0, (1− κd) σ2
d) and ηs

t ∼ N (0, (1− κs) σ2
s), where 0 ≤ κd ≤ 1, 0 ≤ κs ≤ 1, and

ηd
t and ηs

t are assumed to be independent of τ . The parameters κd and κs provide a
measure of the degree of economic transparency. In the special case of κd = κs = 0,
the public is completely ignorant about the economic disturbances (ξd

t = ξs
t = 0); for

κd = κs = 1, perfect transparency about the macroeconomic shocks prevails (ξd
t = dt,

ξs
t = st). The assumption that the central bank may have access to superior economic in-

formation is consistent with empirical evidence provided by Peek, Rosengren and Tootell
(1999) and Romer and Romer (2000). The model could be modified to allow for a pri-
vate sector information advantage, in which case indeterminacies may arise if the central
bank attempts to infer information from private sector inflation expectations (Bernanke
and Woodford 1997). But if the central bank would refrain from such attempts, the con-
clusions of the present model would be the same because any information asymmetry
regarding economic disturbances suffices.

The second source of asymmetric information is that the private sector is uncertain
about the inflation target τ that the central bank pursues. This could be the case even
if there exists an explicit inflation target, as the latter is often formulated as a range and
need not be perfectly credible. In addition, the central bank’s preferences cannot be di-
rectly observed, so some (ex ante) uncertainty seems plausible. Although other forms of
preference uncertainty may be more appealing, for instance about the relative weight on
inflation stabilization, this would come at the loss of analytical tractability.

The timing of events as follows. Before the first period, the central bank’s inflation
target τ is drawn by nature but only observed by the central bank. In addition, private sec-
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tor inflation expectations πe
1 are formed using its prior on τ . In the first period, the public

signals ξd
1 and ξs

1 are revealed, and the central bank observes the economic disturbances
d1 and s1, and sets the nominal interest rate i1 accordingly. At the end of the first period,
the private sector updates its prior on τ using the nominal interest rate i1 and forms its
inflation expectations πe

2. At the beginning of the second period, the levels of inflation π1

and output y1 are observed. In addition, the public signals ξd
2 and ξs

2 are revealed, and the
central bank observes the economic disturbances d2 and s2, and sets the nominal interest
rate i2. After this last period, inflation π2 and output y2 are known.

The assumption that information on inflation π1 and output y1 is not available when
the private sector forms its inflation expectations πe

2 is due to lags in the effect of monetary
policy decisions. Since the macroeconomic outcome of a previous decision is not yet
known, the private sector uses the policy instrument and its information about economic
disturbances to determine inflation expectations, which are relevant for the next policy
decision. This captures the prevalent practice that the private sector pays close attention
to the central bank’s interest rate decisions to infer its intentions.

It is assumed that people have rational expectations. Formally, the information set
available to the public when it forms its inflation expectations πe

1 and πe
2 equals Ω ≡

{r̄, ȳ, α, δ, κd, κs, τ̄ , σ2
τ , σ

2
d, σ

2
s} and {i1, Ω1}, respectively, where Ω1 ≡

{
ξd

1, ξ
s
1, Ω

}
. The

next section provides the solution to the model.

3 Solution

The model is solved by backwards induction. In period two, the central bank maximizes
W2 with respect to i2 subject to (4) and (3), and given πe

2, d2 and s2. The first order
condition implies

i2 = r̄ + πe
2 −

α

1 + α
(τ − πe

2) + d2 − α

1 + α
s2 (7)

Using (3) and (4) this yields

y2 = ȳ +
α

1 + α
(τ − πe

2) +
α

1 + α
s2 (8)

π2 = πe
2 +

α

1 + α
(τ − πe

2)−
1

1 + α
s2 (9)

An inflation target above the expected rate of inflation has an expansionary effect and
reduces the interest rate and increases output and inflation. Demand shocks d are fully
offset by an increase in the interest rate, whereas the effect of a (deflationary) supply
shock s is partially neutralized by a decrease in the interest rate that raises output. A
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more conservative central bank (higher α) has a stronger interest rate response to supply
shocks, which therefore have a larger effect on output but a smaller impact on inflation.

Substituting (8) and (9) into (1) and taking expectations conditional on τ and πe
2 gives

E [W2|τ , πe
2] = −1

2

α

1 + α

[
(πe

2 − τ)2 + σ2
s

]
(10)

where moment operators with subscript t are conditional on the information set Ωt. The
expected payoff to the central bank in period two is maximized when the private sector
perfectly anticipates the central bank’s type: πe

2 = τ . Thus, it is in the central bank’s
interest to reveal its type through its policy action i1.

Facing imperfect information, the private sector uses the nominal interest rate i1 and
the public signals ξd

1 and ξs
1 to update its prior on τ and form its inflation expectations πe

2.
Suppose that the private sector uses the following updating equation:

πe
2 = u0 + uii1 + udξ

d
1 + usξ

s
1 (11)

Below it is shown that this is consistent with a rational expectations equilibrium. The
simple linear structure follows from the normality assumptions on τ , ηd

1 and ηs
1.

In the first period, the central bank maximizes the expected value of (2) with respect
to i1 subject to (4) and (3), given πe

1, d1 and s1, and using (1), (10) and (11). The first
order condition implies

i1 =
1

(1 + α)2 + δαu2
i

[
(1 + α)2 (r̄ + πe

1)− α (1 + α) (τ − πe
1) + δαui (τ − u0)

−δαui

(
udξ

d
1 + usξ

s
1

)
+ (1 + α)2 d1 − α (1 + α) s1

]
(12)

The updating coefficients u0, ui, ud and us can be found using the condition for
rational expectations: πe

2 = E1 [π2|i1]. Taking expectations and rearranging (9) gives
πe

2 = E1 [τ |i1]. Before tackling the general case, it is instructive to first consider the
special case of perfect economic transparency.

3.1 Perfect Economic Transparency

In the case of perfect economic transparency, which is indicated by superscript T , κd =

κs = 1, so that dt = ξd
t and st = ξs

t . In that case, (12) can be used to infer the cen-
tral bank’s inflation target τ from the interest rate i1: ET

1 [τ |i1] = τ . Hence, (πe
2)

T =

ET
1 [τ |i1] = τ . Solving (12) for τ , matching coefficients with (11) and rearranging yields1

1The derivation is available in appendix A.1.
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uT
0 = (πe

1)
T +

1 + α

α

[
r̄ + (πe

1)
T
]

(13)

uT
i = −1 + α

α
(14)

uT
d =

1 + α

α
(15)

uT
s = −1 (16)

Intuitively, a higher interest rate i1 reduces inflation expectations (uT
i < 0) as it is (cor-

rectly) attributed to a lower inflation target τ . In addition, a higher (perceived) demand
shock ξd

1 leads to higher inflation expectations πe
2 for a given interest rate i1 (uT

d > 0)
as the inflation target τ implied by i1 rises. Similarly, a higher (perceived) supply shock
ξs

1 lowers inflation expectations πe
2 given i1 (uT

s < 0) as the implied inflation target τ

declines.
Substituting these updating equations into (12), using ξd

t = dt and ξs
t = st, and

simplifying produces the nominal interest rate under perfect economic transparency:

iT1 = r̄ + (πe
1)

T − α

1 + α

[
τ − (πe

1)
T
]

+ d1 − α

1 + α
s1 (17)

Substituting (17) into (3) and (4), and imposing rational expectations (so that (πe
1)

T = τ̄ )
gives

yT
1 = ȳ +

α

1 + α
(τ − τ̄) +

α

1 + α
s1 (18)

πT
1 = τ̄ +

α

1 + α
(τ − τ̄)− 1

1 + α
s1 (19)

These expressions are similar to the ones for the second period. Demand shocks are again
completely offset by monetary policy.

Finally, the expected payoff to the central bank under perfect economic transparency
can be found using (2) after substituting (18) and (19) into (1) and (πe

2)
T = τ into (10):

E
[
UT |τ]

= −1

2

α

1 + α
(τ − τ̄)2 − 1

2

α

1 + α
(1 + δ) σ2

s. (20)

This shows that the expected payoff to the central bank is decreasing in the difference
between the inflation target τ and the public’s prior of it τ̄ , and in the variance of supply
shocks σ2

s. The variance of demand shocks σ2
d is immaterial as they are fully offset under

economic transparency.
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3.2 General Case

Except for the special case of perfect economic transparency, the nominal interest rate
i1 and the public signals ξd

1 and ξs
1 generally do not suffice to infer the central bank’s

inflation target τ . To find the updating coefficients, use the fact that (12) implies that i1

and τ have a jointly normal distribution, so that

πe
2 = E1 [τ |i1] = E1 [τ ] +

Cov1 {i1, τ}
Var1 [i1]

(i1 − E1 [i1]) (21)

where a moment operator with subscript 1 indicates it is conditional on Ω1. Using (12),
(5) and (6), and matching coefficients between (21) and (11), and rearranging gives the
following expression for ui:2

− δα2σ2
τu

2
i

+ (1 + α)
[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]
ui

+ α (1 + α)2 σ2
τ = 0.

This equation has two real roots, u−i < 0 and u+
i > 0. However, the positive root u+

i

can be excluded based on an argument by McCallum (1983). The reason is that u+
i is not

valid for all admissible parameter values, because limκd,κs→1 u+
i 6= uT

i . The remaining
negative root can be written as

ui =
1 + α

2δα2σ2
τ

{
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s (22)

−
√√√√

[
α (α + δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]2

−4δα
[
(1 + α)2 (1− κd) σ2

d + α2 (1− κs) σ2
s

]
σ2

τ





From this it follows that ui ≥ − (1 + α) /α, with a strict inequality if κd 6= 1 and/or
κs 6= 1. Hence, |ui| ≤

∣∣uT
i

∣∣; the magnitude of the effect of the interest rate on inflation
expectations is smaller under opacity because it is a noisier signal of the inflation target.
Concerning intermediate degrees of transparency, dui/dκm ≤ 0 with a strict inequality if
σ2

m > 0, where m ∈ {d, s} denotes the macroeconomic shock. So, the magnitude of the
sensitivity ui of private sector inflation expectations πe

2 to the policy rate i1 is increasing
in the degree of economic transparency κm as the policy rate becomes a more accurate
signal of the inflation target.

2The derivations for this section are in Appendix A.2.
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Regarding the other updating coefficients, matching coefficients and rearranging gives

u0 = τ̄ + ui
α

1 + α
(τ̄ − πe

1)− ui (r̄ + πe
1) (23)

ud = −ui (24)

us =
α

1 + α
ui (25)

Intuitively, a higher interest rate i1 reduces inflation expectations (ui < 0) as it is partly
attributed to a lower inflation target τ . In addition, a higher perceived demand [supply]
shock ξd

1 [ξs
1] leads to higher [lower] inflation expectations πe

2 for a given interest rate i1

(ud > 0, us < 0) as the inflation target τ implied by i1 rises [falls]. Compared to perfect
economic transparency, these effects are qualitatively the same, but they are more muted
since the private sector faces greater uncertainty about these signals.

Substituting these updating coefficients into (12), using (5) and (6), and simplifying
gives the nominal interest rate:

i1 = r̄ + πe
1 −

α

1 + α
(τ − πe

1) + (1− µ)

(
α

1 + α
+

1

ui

)
(τ − τ̄) (26)

+
(
ξd

1 + µηd
1

)− α

1 + α
(ξs

1 + µηs
1)

where µ ≡ (1+α)2

(1+α)2+δαu2
i

(0 < µ < 1). Note that in the special case of perfect economic

transparency, ui = − (1 + α) /α, d1 = ξd
1, s1 = ξs

1 and ηd
1 = ηs

1 = 0, so that (26) reduces
to (17). Demand and supply shocks that are publicly anticipated (ξd

1 and ξs
1) have the

same effect as under transparency. However, the responsiveness of the interest rate to
economic disturbances that are not anticipated by the private sector (ηd

1 and ηs
1) is smaller

under opacity. The reason is that the central bank is concerned about affecting private
sector inflation expectations. As a consequence, (publicly unanticipated) demand shocks
are no longer completely offset.

Substitute (26) into (3) and (4), use (5) and (6), and impose rational expectations
(which yields πe

1 = τ̄ ) to get output and inflation:

y1 = ȳ +

[
α

1 + α
− (1− µ)

(
α

1 + α
+

1

ui

)]
(τ − τ̄)

+ (1− µ) ηd
1 +

α

1 + α
(ξs

1 + µηs
1) (27)

π1 = τ̄ +

[
α

1 + α
− (1− µ)

(
α

1 + α
+

1

ui

)]
(τ − τ̄)

+ (1− µ) ηd
1 −

1

1 + α
(ξs

1 + [1 + (1− µ) α] ηs
1) (28)
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Although demand shocks anticipated by the public (ξd
1) are perfectly offset, the central

bank mutes its response to publicly unanticipated demand shocks (ηd
1), which therefore

affect both output and inflation. A publicly anticipated (deflationary) supply shock (ξs
1)

leads to more expansionary monetary policy, which raises output and partly offsets the
effect of the shock on inflation. For publicly unanticipated supply shocks (ηs

1), the central
bank responds less so that the effect on output is smaller and the impact on inflation
is larger. Note that ui < 0 and 0 < µ < 1 imply that the coefficient of (τ − τ̄) is
positive. Intuitively, if the inflation target τ is higher than the public’s prior τ̄ , the central
bank implements more expansionary policy than anticipated, which increases both output
and inflation. In the special case of perfect economic transparency, ui = − (1 + α) /α,
d1 = ξd

1, s1 = ξs
1 and ηd

1 = ηs
1 = 0, so that (27) and (28) reduce to (18) and (19),

respectively.
Using (26), πe

1 = τ̄ and the fact that Var [ηm
t ] = (1− κm) σ2

m and Var [ξm
t ] = κmσ2

m,
where m ∈ {d, s} denotes the macroeconomic shock, the volatility of the interest rate i1

(for a given inflation target τ ) equals3

Var [i1|τ ] =
[
1− (

1− µ2
)
(1− κd)

]
σ2

d +
α2

(1 + α)2

[
1− (

1− µ2
)
(1− κs)

]
σ2

s (29)

In the case of perfect economic transparency (κd = κs = 1), this reduces to Var
[
iT1 |τ

]
=

σ2
d + α2

(1+α)2
σ2

s. Clearly, Var [i1|τ ] ≤ Var
[
iT1 |τ

]
, with a strict inequality in the case of

some economic opacity (κd 6= 1 or κs 6= 1). Intuitively, the lack of economic trans-
parency induces the central bank to limit its adjustment of the policy rate in response
to macroeconomic shocks to avoid affecting private sector inflation expectations. As a
result, economic opacity causes the central bank to engage in interest rate ‘smoothing’.

Regarding the volatility of output and inflation (given the inflation target τ ), (27) and
(28) imply that

Var [y1|τ ] = (1− µ)2 (1− κd) σ2
d +

α2

(1 + α)2

[
1− (

1− µ2
)
(1− κs)

]
σ2

s (30)

Var [π1|τ ] = (1− µ)2 (1− κd) σ2
d (31)

+
1

(1 + α)2

[
κs + [1 + (1− µ) α]2 (1− κs)

]
σ2

s

In the case of perfect economic transparency (κd = κs = 1), this reduces to Var
[
yT

1 |τ
]

=
α2

(1+α)2
σ2

s and Var
[
πT

1 |τ
]

= 1
(1+α)2

σ2
s. This shows that economic transparency reduces

output volatility due to demand shocks, but increases it for supply shocks, so the net

3Note that 1− (
1− µ2

)
(1− κm) = κm + µ2 (1− κm).
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effect is ambiguous. The variance of inflation is unambiguously lower under economic
transparency for both demand and supply shocks, so that Var [π1|τ ] ≥ Var

[
πT

1 |τ
]
.4 The

intuition is that the enhanced flexibility under economic transparency allows the central
bank to respond more vigorously to demand shocks, which decreases the variance of both
output and inflation, and to supply shocks, which increases output volatility but reduces
inflation variability.

The degree of opacity also affects macroeconomic volatility in the second period due
to the noise it creates in private sector inflation expectations πe

2. Substituting (23), (24),
(25) and (26) into (11) produces

πe
2 = τ − µ

(
1 +

α

1 + α
ui

)
(τ − τ̄) + uiµηd

1 −
α

1 + α
uiµηs

1 (32)

Intuitively, economic shocks ηd and ηs that are unanticipated by the public affect their
inflation expectations because the corresponding interest rate response is partially at-
tributed to the central bank’s inflation target. In the case of perfect economic transparency,
ui = − (1 + α) /α and ηd

1 = ηs
1 = 0, yielding (πe

2)
T = τ , as in section 3.1. The volatility

of private sector inflation expectations (for a given inflation target τ ) are equal to

Var [πe
2|τ ] = u2

i µ
2 (1− κd) σ2

d +

(
α

1 + α

)2

u2
i µ

2 (1− κs) σ2
s (33)

Clearly, Var [πe
2|τ ] ≥ Var

[
(πe

2)
T |τ

]
= 0, with a strict inequality in the case of some

economic opacity (κd 6= 1 or κs 6= 1).
Regarding the variability of the interest rate, output and inflation in the second period,

(7), (8) and (9) yield

Var [i2|τ ] =

(
1 +

α

1 + α

)2

Var [πe
2|τ ] + σ2

d +

(
α

1 + α

)2

σ2
s

Var [y2|τ ] =

(
α

1 + α

)2 {
Var [πe

2|τ ] + σ2
s

}

Var [π2|τ ] =

(
1

1 + α

)2 {
Var [πe

2|τ ] + σ2
s

}

So, Var [i2|τ ] ≥ Var
[
iT2 |τ

]
, Var [y2|τ ] ≥ Var

[
yT

2 |τ
]

and Var [π2|τ ] ≥ Var
[
πT

2 |τ
]
, with

a strict inequality in the case of some economic opacity (κm 6= 1). As a result, the greater
stability of private sector inflation expectations under economic transparency contributes
to lower overall macroeconomic volatility in the second period.

4To see this, note that κs + [1 + (1− µ) α]2 (1− κs) = 1 + [2 + (1− µ)α] (1− µ)α (1− κs).
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4 Effects of Greater Macroeconomic Transparency

The previous section has derived how perfect transparency about macroeconomic shocks
affects the interest rate, inflation (expectations) and output. This section examines inter-
mediate degrees of transparency and shows the effect of greater macroeconomic trans-
parency on the volatility of the interest rate, inflation (expectations) and output (in section
4.1) and on expected social welfare (in section 4.2).

4.1 Macroeconomic Volatility

The analysis so far has shown that perfect economic transparency (i.e. κd = κs = 1)
leads to greater interest rate variability (Var [i1|τ ]), but reduces the volatility of inflation
and inflation expectations (Var [π1|τ ] and Var [πe

2|τ ]), while the effect on output volatility
(Var [y1|τ ]) is ambiguous. For intermediate degrees of transparency, (29), (30), (31) and
(33) show that the effect of a change in κm depends on dµ/dκm. Since dµ/dui > 0 and
dui/dκm < 0 it follows that dµ/dκm < 0.5 So, the effect of κm on macroeconomic
volatility is in principle ambiguous.

To facilitate the analysis, assume that κd = κs = κ, i.e. the degree of economic trans-
parency is the same for demand and supply shocks. Then it is straightforward to show that
limκ→1 d Var [i1|τ ] /dκ > 0, limκ→1 d Var [π1|τ ] /dκ < 0 and limκ→1 d Var [πe

2|τ ] /dκ <

0. So, greater macroeconomic transparency increases interest rate variability but de-
creases the volatility of inflation and inflation expectations for sufficiently high κ. For
lower κ the effects tend to be reversed. This is illustrated in Figures 1, 2 and 4 for the
parameter configuration α = δ = 1 and σ2

τ = σ2
d = σ2

s = 1.
Figure 1 shows that starting from complete opacity (κ = 0), higher macroeconomic

transparency κ initially reduces and subsequently increases interest rate variability. Intu-
itively, for low levels of economic transparency, the interest rate i1 is dominated by the
central bank’s response to publicly unanticipated shocks ηm

1 . As the degree of economic
transparency rises, the public rationally increases its reliance on the interest rate i1 to up-
date its inflation expectations πe

2, so the central bank reduces its response to unanticipated
shocks to prevent upsetting private sector expectations. Hence, the variability of the in-
terest rate i1 initially declines. But for a sufficiently high level of economic transparency,
publicly anticipated shocks ξm

1 start prevailing. Since the central bank need not mute its
response to these shocks, the variance of the interest rate increases as anticipated shocks
become more important at higher levels of economic transparency. As a result, there is a

5Recall that µ ≡ (1 + α)2 /
[
(1 + α)2 + δαu2

i

]
and ui < 0.
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Figure 1: The effect of economic transparency on interest rate variability
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The effect of economic transparency κ for parameter values α = δ = 1 and σ2
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U-shaped effect on interest rate volatility.
Figure 2 shows that more macroeconomic transparency κ initially raises and subse-

quently reduces inflation volatility in period one. As explained above, a rise in economic
transparency causes the central bank to reduce its interest rate response to publicly unan-
ticipated shocks, which therefore cause greater inflation volatility. But for higher levels
of economic transparency, publicly anticipated shocks start becoming more important.
These are adequately offset by the central bank, resulting in a reduction of the variability
of inflation.

The effect of higher macroeconomic transparency κ on output volatility in period one
exhibits a more peculiar pattern. For the baseline case of α = δ = 1 and σ2

τ = σ2
d =

σ2
s = 1 shown in Figure 3, the variance of y1 is initially decreasing, then increasing and

finally decreasing again. However, this result is very sensitive to the parameter values. In
particular, for higher values of α or σ2

s, or lower values of σ2
d the response becomes U-

shaped, whereas for higher values of σ2
τ , the response becomes hump-shaped. Clearly, the

effect of macroeconomic transparency on first period output volatility critically depends
on the precise parameter configuration.

12



Figure 2: The effect of economic transparency on inflation volatility
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In the second period, greater macroeconomic transparency κ initially raises and sub-
sequently reduces the volatility of private sector inflation expectations, as shown in Figure
4. The same holds for the volatility of the interest rate, output and inflation in period two.
Intuitively, only macroeconomic shocks ηm

1 that are not anticipated by the public affect its
expectations. When the degree of economic transparency goes up, the public rationally
relies more on the interest rate i1 to update its inflation expectations πe

2 since it becomes
a better signal of the central bank’s intentions τ . This also raises the response of expecta-
tions to the noise caused by unanticipated shocks, which initially increases the volatility
of inflation expectations. However, as the degree of economic transparency further rises,
the unanticipated shocks start diminishing in importance and the variance of private sector
inflation expectations declines.

The U-shaped effect of macroeconomic transparency κ on Var [i1|τ ] in Figure 1 and
the hump-shaped effect for Var [π1|τ ] and Var [πe

2|τ ] in Figures 2 and 4 are fairly typi-
cal for reasonable parameter values, but they are by no means universal. Intuitively, the
U-shaped and hump-shaped patterns arise from the differential effects of publicly unan-
ticipated macroeconomic disturbances ηm

1 , which dominate when economic transparency

13



Figure 3: The effect of economic transparency on output volatility
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is low, and publicly anticipated shocks ξm
1 , which prevail when economic transparency

is high. But the latter may already dominate straightaway, depending on the parameter
values.

To assess the robustness of the results, a grid search was conducted for α ∈ {0.1, 0.25 : 0.25 : 10},
δ ∈ [0.5 : 0.1 : 1], σ2

τ ∈ {0.1, 0.25 : 0.25 : 10}, σ2
d ∈ {0.1, 0.25 : 0.25 : 10} and σ2

s ∈
{0.1, 0.25 : 0.25 : 10}, covering 16,954,566 parameter configurations.6 For this parame-
ter space, the result of a U-shaped effect on the variability of the interest rate i1 and/or
the hump-shaped effect on the volatility of inflation π1 and inflation expectations πe

2 does
not hold for 14.99% of parameter values. Although the exceptions occur throughout the
parameter space, there is a systematic deviation from the usual pattern when σ2

τ is large
relative to σ2

d and/or σ2
s. In particular, when macroeconomic volatility σ2

m is sufficiently
small compared to preference uncertainty σ2

τ , Var [i1|τ ] is monotonically increasing in κ,
and Var [π1|τ ] and Var [πe

2|τ ] are monotonically decreasing. More formally, for σ2
m → 0,

6Values of α, σ2
τ , σ2

d or σ2
s closer to zero are not used as they regularly give rise to numerical problems

when computing (22).
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Figure 4: The effect of economic transparency on the volatility of inflation expectations
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dui/dκ → 0 so dµ/dκ → 0.7 Hence, (29), (31) and (33) yield limσ2
m→0 d Var [i1|τ ] /dκ >

0, limσ2
m→0 d Var [π1|τ ] /dκ < 0 and limσ2

m→0 d Var [πe
2|τ ] /dκ < 0. In other words,

relatively low macroeconomic volatility yields the same result as high macroeconomic
transparency (κ → 1), which is an intuitive finding.

4.2 Welfare Analysis

The analysis so far has shown that the effect of economic transparency on the volatility
of inflation and output tends to be nonmonotonic. Even the effect of perfect economic
transparency (κ = 1) appears ambiguous as the variance is lower for π1, π2 and y2, but
may be higher for y1. Thus, it is essential to conduct a welfare analysis. Assume that
the social welfare function is the same as the central bank’s objective function: (1) and
(2). This is a useful benchmark because it means that monetary policy is not affected by
a principal-agent problem, but only by transparency issues.

7This follows from (43).
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Substituting (32) into (10) yields:

E [W2] = −1

2

α

1 + α

{
µ2

(
1 +

α

1 + α
ui

)2

σ2
τ (34)

+u2
i µ

2 (1− κd) σ2
d +

[
α2

(1 + α)2u2
i µ

2 (1− κs) + 1

]
σ2

s

}

Under perfect economic transparency, ui = − (1 + α) /α and κd = κs = 1, so E
[
W T

2

]
=

−1
2

α
1+α

σ2
s > E [W2]. Not surprisingly, opacity is socially detrimental in period two as

it makes private sector inflation expectations πe
2 more noisy and thereby increases the

volatility of macroeconomic outcomes in the second period.
Substituting (27) and (28) into (1) produces after some rearranging:8

E [W1] = −1

2

α

1 + α

{
1 + α (1− µ)2

(
1 + α

αui

+ 1

)2
}

σ2
τ (35)

−1

2
(1 + α) (1− µ)2 (1− κd) σ2

d −
1

2

α

1 + α

{
1 + α (1− µ)2 (1− κs)

}
σ2

s

Under perfect economic transparency, ui = − (1 + α) /α and κd = κs = 1, so E
[
W T

1

]
=

−1
2

α
1+α

σ2
τ − 1

2
α

1+α
σ2

s > E [W1]. Intuitively, economic transparency reduces the variance
of inflation and output due to demand shocks. Although there is greater output volatility
due to supply shocks, this actually allows the central bank to achieve a more desirable
trade-off between inflation and output volatility. Hence, perfect economic transparency is
socially beneficial in period one.

Substituting (35) and (34) into (2) yields

E [U ] = −1

2
Aτσ

2
τ −

1

2
Adσ

2
d −

1

2
Asσ

2
s (36)

where

Aτ =
α

1 + α

{
1 + δµ

(
1 +

α

1 + α
ui

)2
}

(37)

Ad = (1 + α) (1− µ) (1− κd) (38)

As =
α

1 + α
{1 + δ + α (1− µ) (1− κs)} (39)

Note that Aτ > 0, Ad > 0 and As > 0, so greater uncertainty about the inflation target
τ and a higher volatility of demand and supply disturbances all increase social welfare
losses. In the special case of perfect economic transparency, ui = − (1 + α) /α and

8The derivations for this section are in Appendix A.3.
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Figure 5: The effect of economic transparency on expected social welfare
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κd = κs = 1, so AT
τ = α

1+α
, AT

d = 0 and AT
s = α

1+α
(1 + δ). Clearly, AT

τ ≤ Aτ , AT
d ≤ Ad

and AT
s ≤ As, with a strict inequality if κm 6= 1. So, perfect economic transparency

is socially optimal, as could already have been inferred immediately from the welfare
effects for period one and two.

Concerning intermediate degrees of economic transparency, it is straightforward to
show that dAτ/dκm ≤ 0 using the fact that dµ/dκm < 0 and dui/dκm < 0. However,
Ad and As are generally nonmonotonic in κd and κs, respectively. Assuming again that
κd = κs = κ, Figure 5 shows that the net effect of κ on E [U ] is unambiguously positive
for the baseline parameter configuration with α = δ = 1 and σ2

τ = σ2
d = σ2

s = 1. Moving
from complete economic opacity (κ = 0) to full transparency (κ = 1) reduces expected
social welfare losses stemming from macroeconomic volatility by over 20%.

The result that greater economic transparency is welfare improving holds more gen-
erally. In particular, it can be shown that E [U ] is monotonically increasing in κ:

d E [U ]

dκ
=

1

2

1− µ

1 + α

[
(1 + α)2 σ2

d + α2σ2
s

]
> 0 (40)

As a result, the net effect of greater economic transparency on expected social welfare
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is always positive. Intuitively, it gives the central bank more flexibility to offset demand
shocks without worrying about perturbing private sector inflation expectations. For the
same reason, the central bank is able to achieve a more desirable trade-off between infla-
tion and output volatility due to supply shocks.

5 Discussion

The model shows how macroeconomic transparency gives the central bank greater flex-
ibility to stabilize aggregate demand and supply shocks. In fact, central banks that are
opaque about macroeconomic shocks optimally decide to engage in interest rate smooth-
ing to prevent undesired effects on private sector inflation expectations. As a result,
opaque central banks effectively become less conservative in their reaction to supply
shocks and no longer fully offset aggregate demand shocks they anticipate.

Nevertheless, more macroeconomic transparency could lead to greater volatility of in-
flation (expectations) and output, in particular when the degree of macroeconomic trans-
parency is low and preference transparency is high. This finding is similar to Morris and
Shin (2002), who show that greater transparency about economic fundamentals increases
economic volatility when public signals are noisy compared to private signals (i.e. eco-
nomic transparency is low). But their result relies on a coordination motive of private
agents that induces them to put greater weight on the public signal, whereas this paper
considers a signal extraction problem that is not distorted by other motives.

Although greater macroeconomic transparency could increase volatility, it is always
welfare improving in the model. Of course, this result may be sensitive to the assumptions
of the model. For instance, since high levels of economic transparency make the interest
rate more volatile, they may no longer be desirable if the central bank directly cares
about interest rate volatility, for instance because of financial stability considerations.
In addition, if the central bank’s objective does not coincide with social welfare due to
the presence of a principal-agent problem, opacity may be beneficial because it leads
to a level of inflation that is closer to the public’s prior and slows down the updating of
inflation expectations. So, economic opacity could be advantageous, similar to the finding
by Geraats (2007), who considers a model in which political pressures make monetary
mystique desirable.
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6 Conclusion

Central banks have increasingly become transparent about macroeconomic prospects, of-
ten far beyond any formal disclosure requirements. This paper shows that such macroe-
conomic transparency may be beneficial to the central bank. The reason is that it allows
the central bank to stabilize macroeconomic shocks without disturbing private sector in-
flation expectations. This makes it easier for the central bank to reach its macroeconomic
objectives of inflation and output gap stabilization. But when there is opacity about the
shocks to which the central bank responds, the policy rate becomes a noisier signal of the
central bank’s inflationary intentions, which induces greater volatility of private sector
inflation expectations. To mitigate this problem, the central bank mutes the stabilization
of macroeconomic shocks, leading to interest rate smoothing under opacity. In particular,
an opaque central bank no longer fully offsets aggregate demand shocks it anticipates to
avoid upsetting inflation expectations. As a result, opacity leads to undesirable macroeco-
nomic volatility. The paper shows that expected social welfare is monotonically increas-
ing in the degree of macroeconomic transparency. This helps to explain why so many
central banks have become more transparent about macroeconomic shocks.
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A Appendix

This appendix derives (13), (14), (15) and (16) in section A.1, and (23), (22), (24) and
(25) in section A.2.

A.1 Perfect Economic Transparency

In the special case of perfect economic transparency κd = κs = 1, so that dt = ξd
t and

st = ξs
t . Use this to solve (12) for τ :

τ =
1

α (1 + α)− δαui

{− [(
(1 + α)2 + δαu2

i

)]
i1 + (1 + α)2 r̄ +

[
(1 + α)2 + α (1 + α)

]
πe

1

−δαuiu0 +
[−δαuiud + (1 + α)2] ξd

1 − [δαuius + α (1 + α)] ξs
1

}

Then, use (πe
2)

T = ET
1 [τ |i1] = τ and match coefficients with (11):

u0 =
1

α (1 + α)− δαui

{
(1 + α)2 r̄ +

[
(1 + α)2 + α (1 + α)

]
πe

1 − δαuiu0

}

ui = − (1 + α)2 + δαu2
i

α (1 + α)− δαui

ud =
1

α (1 + α)− δαui

[−δαuiud + (1 + α)2]

us = − 1

α (1 + α)− δαui

[δαuius + α (1 + α)]

Solving these equations yields (13), (14), (15) and (16):

uT
0 =

1

α (1 + α)

{
(1 + α)2 r̄ +

[
(1 + α)2 + α (1 + α)

]
(πe

1)
T
}

= (πe
1)

T +
1 + α

α

(
r̄ + (πe

1)
T
)

uT
i = −1 + α

α

uT
d =

1 + α

α
us = −1

A.2 General Case

To derive the updating coefficients for the general case, first substitute (5) and (6) into
(12):

i1 =
1

(1 + α)2 + δαu2
i

{
(1 + α)2 (r̄ + πe

1)− α (1 + α) (τ − πe
1) + δαui (τ − u0)

+
[−δαuiud + (1 + α)2] ξd

1 − [δαuius + α (1 + α)] ξs
1

+ (1 + α)2 ηd
t − α (1 + α) ηs

t

}
(41)
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As a result,

Cov 1 {i1, τ} = − 1

(1 + α)2 + δαu2
i

[α (1 + α)− δαui] σ
2
τ

Var 1 [i1] =
1[

(1 + α)2 + δαu2
i

]2

{
[α (1 + α)− δαui]

2 σ2
τ

+ (1 + α)4 (1− κd) σ2
d + α2 (1 + α)2 (1− κs) σ2

s

}

recalling that Var
[
ηd

t

]
= (1− κd) σ2

d and Var [ηs
t ] = (1− κs) σ2

s. So, matching coeffi-
cients between (21) and (11) yields

ui = −
[
(1 + α)2 + δαu2

i

]
[α (1 + α)− δαui] σ

2
τ

[α (1 + α)− δαui]
2 σ2

τ + (1 + α)4 (1− κd) σ2
d + α2 (1 + α)2 (1− κs) σ2

s

Rearranging gives

[α (1 + α)− δαui]
2 uiσ

2
τ +

{
(1 + α)4 (1− κd) σ2

d + α2 (1 + α)2 (1− κs) σ2
s

}
ui =

− [
(1 + α)2 + δαu2

i

]
α (1 + α) σ2

τ +
[
(1 + α)2 + δαu2

i

]
δαuiσ

2
τ

Note that δ2α2u3
i σ

2
τ drops out from both sides, leaving the quadratic equation

−δα2σ2
τu

2
i

+ (1 + α)
[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]
ui

+α (1 + α)2 σ2
τ = 0

(42)

This equation has two real roots, u+
i > 0 and u−i < 0:

ui =
1 + α

2δα2σ2
τ

{
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

±
√√√√

[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]2

+4δα2σ2
τασ2

τ





The argument of the square root can be rearranged as follows:
[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]2
+ 4δα2σ2

τασ2
τ =

[
α (α + δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]2

− 4δα
[
(1 + α)2 (1− κd) σ2

d + α2 (1− κs) σ2
s

]
σ2

τ

Substitute this into u−i to obtain (22):

ui =
1 + α

2δα2σ2
τ

{
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

−
√√√√

[
α (α + δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]2

−4δα
[
(1 + α)2 (1− κd) σ2

d + α2 (1− κs) σ2
s

]
σ2

τ




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Note that

ui ≥ 1 + α

2δα2σ2
τ

{
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

− [
α (α + δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]}

= −1 + α

α

where the lower bound is reached if σ2
d → 0 and σ2

s → 0 or if κd = κs = 1. Hence,
−1+α

α
= uT

i ≤ ui < 0.
Using (42) it follows from the implicit function theorem that

dui

dκd

=
(1 + α)3 σ2

dui

−2δα2σ2
τui + (1 + α)

[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]

dui

dκs

=
(1 + α) α2σ2

sui

−2δα2σ2
τui + (1 + α)

[
α (α− δ) σ2

τ + (1 + α)2 (1− κd) σ2
d + α2 (1− κs) σ2

s

]

Substituting for the term in square brackets using (42) and simplifying yields

dui

dκd

=
(1 + α)3 σ2

du
2
i

−2δα2σ2
τu

2
i + δα2σ2

τu
2
i − α (1 + α)2 σ2

τ

= − (1 + α)3 σ2
du

2
i

δα2σ2
τu

2
i + α (1 + α)2 σ2

τ

dui

dκs

=
(1 + α) α2σ2

su
2
i

−2δα2σ2
τu

2
i + δα2σ2

τu
2
i − α (1 + α)2 σ2

τ

= − (1 + α) α2σ2
su

2
i

δα2σ2
τu

2
i + α (1 + α)2 σ2

τ

Hence, dui

dκd
< 0 and dui

dκs
< 0. When the degree of economic transparency is the same for

demand and supply shocks, i.e. κd = κs = κ, then

dui

dκ
= − (1 + α)2 σ2

d + α2σ2
s[

δαu2
i + (1 + α)2] ασ2

τ

(1 + α) u2
i = −(1 + α)2 σ2

d + α2σ2
s

(1 + α) ασ2
τ

µu2
i < 0 (43)

using the fact that µ ≡ (1+α)2

(1+α)2+δαu2
i

> 0 implies δαu2
i

(1+α)2
= 1−µ

µ
.

To derive the other updating coefficients, write (21) as πe
2 = τ̄ + uii1 − ui E1 [i1]

and use (41) to substitute for E1 [i1]. Then, matching coefficients between (21) and (11)
yields:

u0 = τ̄ − ui

(1 + α)2 + δαu2
i

{
(1 + α)2 (r̄ + πe

1)− α (1 + α) (τ̄ − πe
1) + δαui (τ̄ − u0)

}

ud = − ui

(1 + α)2 + δαu2
i

[−δαuiud + (1 + α)2]

us =
ui

(1 + α)2 + δαu2
i

[δαuius + α (1 + α)]
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Rearranging each equation gives (23), (24) and (25):

u0 = τ̄ + ui
α

1 + α
(τ̄ − πe

1)− ui (r̄ + πe
1) = − α

1 + α
uiπ

e
1 +

(
1 +

α

1 + α
ui

)
τ̄ − ui (r̄ + πe

1)

ud = −ui

us =
α

1 + α
ui

Substituting these updating coefficients into (12) and using (5) and (6) yields (26):

i1 =
1

(1 + α)2 + δαu2
i

{
(1 + α)2 (r̄ + πe

1)− α (1 + α) (τ − πe
1)

+ δαui

(
τ − τ̄ − ui

α

1 + α
(τ̄ − πe

1) + ui (r̄ + πe
1)

)

+δαu2
i ξ

d
1 − δαu2

i

α

1 + α
ξs

1 + (1 + α)2 d1 − α (1 + α) s1

}

=
(1 + α)2

(1 + α)2 + δαu2
i

{[
1 +

δαu2
i

(1 + α)2

]
(r̄ + πe

1)−
α

1 + α
(τ − πe

1)

+
δαui

(1 + α)2

[(
1 + ui

α

1 + α

)
(τ − τ̄)− ui

α

1 + α
(τ − πe

1)

]}

+ (1− µ)

(
ξd

1 −
α

1 + α
ξs

1

)
+ µd1 − µ

α

1 + α
s1

= r̄ + πe
1 −

α

1 + α
(τ − πe

1) + (1− µ)

(
1

ui

+
α

1 + α

)
(τ − τ̄)

+
(
ξd

1 + µηd
1

)− α

1 + α
(ξs

1 + µηs
1)

where µ ≡ (1+α)2

(1+α)2+δαu2
i

(0 < µ < 1).
Substituting (26) into (3) and (4), and using (24) and (25) produces

y1 = ȳ +
α

1 + α
(τ − πe

1)− (1− µ)

(
1

ui

+
α

1 + α

)
(τ − τ̄)

+ (1− µ) ηd
1 +

α

1 + α
ξs

1 + µ
α

1 + α
ηs

1

π1 = πe
1 +

α

1 + α
(τ − πe

1)− (1− µ)

(
1

ui

+
α

1 + α

)
(τ − τ̄)

+ (1− µ) ηd
1 −

1

1 + α
ξs

1 −
(

1− µ
α

1 + α

)
ηs

1

Use the latter equation and impose rational expectations (i.e. πe
1 = E [π1]) to get πe

1 = τ̄ .
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As a result, (27) and 28) follow:

y1 = ȳ +

[
α

1 + α
− (1− µ)

(
1

ui

+
α

1 + α

)]
(τ − τ̄)

+ (1− µ) ηd
1 +

α

1 + α
(ξs

1 + µηs
1)

π1 = τ̄ +

[
α

1 + α
− (1− µ)

(
1

ui

+
α

1 + α

)]
(τ − τ̄)

+ (1− µ) ηd
1 −

1

1 + α
(ξs

1 + (1 + (1− µ) α) ηs
1)

To find second period inflation expectations, substitute (23), (24) and (25) into (11) to
get

πe
2 = τ̄ + ui

α

1 + α
(τ̄ − πe

1) + ui [i1 − (r̄ + πe
1)]− uiξ

d
1 +

α

1 + α
uiξ

s
1

Substituting (26) then yields (32):

πe
2 = τ − µ

(
1 +

α

1 + α
ui

)
(τ − τ̄) + uiµηd

1 −
α

1 + α
uiµηs

1

This reduces to (πe
2)

T = τ in the case of perfect economic transparency as ui = − (1 + α) /α

and ηd
1 = ηs

1 = 0.

A.3 Welfare Analysis

Substituting (32) into (10) yields (34):

E [W2] = −1

2

α

1 + α

{
µ2

(
1 +

α

1 + α
ui

)2

σ2
τ + u2

i µ
2 (1− κd) σ2

d +

[
α2

(1 + α)2u2
i µ

2 (1− κs) + 1

]
σ2

s

}
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Substituting (27) and (28) into (1) produces (35) after some rearranging:

E [W1] = −1

2
α

{[
1

1 + α
+ (1− µ)

(
1

ui

+
α

1 + α

)]2

σ2
τ

+ (1− µ)2 (1− κd) σ2
d +

1

(1 + α)2

[
κs + (1 + (1− µ) α)2 (1− κs)

]
σ2

s

}

−1

2

{[
α

1 + α
− (1− µ)

(
1

ui

+
α

1 + α

)]2

σ2
τ

+ (1− µ)2 (1− κd) σ2
d +

α2

(1 + α)2

[
κs + µ2 (1− κs)

]
σ2

s

}

= −1

2

{
α

1 + α
+ (α + 1) (1− µ)2

(
1

ui

+
α

1 + α

)2
}

σ2
τ

−1

2
(1 + α) (1− µ)2 (1− κd) σ2

d

−1

2

α

(1 + α)2

{
(1 + α) κs +

[
(1 + α− αµ)2 + αµ2

]
(1− κs)

}
σ2

s

= −1

2

α

1 + α

{
1 + α (1− µ)2

(
1 + α

αui

+ 1

)2
}

σ2
τ

−1

2
(1 + α) (1− µ)2 (1− κd) σ2

d −
1

2

α

1 + α

{
1 + α (1− µ)2 (1− κs)

}
σ2

s

Substituting (35) and (34) into (2) yields

E [U ] = −1

2
Aτσ

2
τ −

1

2
Adσ

2
d −

1

2
Asσ

2
s

where

Aτ =
α

1 + α

{
1 +

[
(1− µ)2 (1 + α)2

αu2
i

+ δµ2

](
1 +

α

1 + α
ui

)2
}

Ad = (1 + α) (1− µ)2 (1− κd) +
α

1 + α
δu2

i µ
2 (1− κd)

As =
α

1 + α

{
1 + α (1− µ)2 (1− κs) + δ

[
α2

(1 + α)2u2
i µ

2 (1− κs) + 1

]}

Using the fact that µ ≡ (1+α)2

(1+α)2+δαu2
i

implies δαu2
i

(1+α)2
= (1− µ) /µ, rearranging gives (37),

(38) and (39):

Aτ =
α

1 + α

[
1 + δµ

(
1 +

α

1 + α
ui

)2
]

Ad = (1 + α) (1− µ) (1− κd)

As =
α

1 + α
[1 + δ + α (1− µ) (1− κs)]

25



It is straightforward to show that

dAτ

dui

=
α

1 + α

[
δ

(
1 +

α

1 + α
ui

)2
dµ

dui

+ 2
α

1 + α
δµ

(
1 +

α

1 + α
ui

)]
≥ 0

using dµ
dui

= −µ2 2δαui

(1+α)2
> 0 and ui ≥ −1+α

α
, with a strict inequality if κ 6= 1. Since

dui/dκm < 0 it follows that dAτ/dκm ≤ 0, with a strict inequality if κm 6= 1. However,
Ad and As are generally nonmonotonic in κd and κs, respectively. So, it is important to
investigate the net effect of κ on E [U ]. Using (36), (37), (38) and (39) and substituting
(43) gives

d E [U ]

dκ
= −1

2

{
α

1 + α

[
δ

(
1 +

α

1 + α
ui

)2
dµ

dui

+ 2
α

1 + α
δµ

(
1 +

α

1 + α
ui

)]
dui

dκ
σ2

τ

− 1

1 + α

[
(1− κ)

dµ

dκ
+ (1− µ)

] [
(1 + α)2 σ2

d + α2σ2
s

]}

=
1

2

1

1 + α

{[
−δ

(
1 +

α

1 + α
ui

)2

µ2 2δαui

(1 + α)2 + 2
α

1 + α
δµ

(
1 +

α

1 + α
ui

)]
µu2

i

1 + α

+

[
(1− κ) µ2 2δαui

(1 + α)2

(1 + α)2 σ2
d + α2σ2

s

(1 + α) ασ2
τ

µu2
i + (1− µ)

]}
[
(1 + α)2 σ2

d + α2σ2
s

]

=
1

2

1− µ

1 + α

{
−δ

(
1 +

α

1 + α
ui

)2

µ2 2ui

1 + α
+ 2µ

(
1 +

α

1 + α
ui

)

+

[
2µ2 δαu2

i − (1 + α)2 − (1 + α) (α− δ) ui

(1 + α)2 + 1

]}
[
(1 + α)2 σ2

d + α2σ2
s

]

where the last equality uses the fact that δαu2
i

(1+α)2
= 1−µ

µ
and substitutes for (1− κ)

[
(1 + α)2 σ2

d + α2σ2
s

]
ui

using (42). The term in curly brackets can be further simplified to

[
−δ

(
1 +

α

1 + α
ui

)
µ2 2ui

1 + α
+ 2µ− 2µ2

](
1 +

α

1 + α
ui

)
+2µ (1− µ)+2µ2 δui

1 + α
+1

= −δµ2 2ui

1 + α

(
1 +

α

1 + α
ui

)
+ 2µ (1− µ) + 2µ2 δui

1 + α
+ 1 = 1

Therefore, the effect of greater economic transparency on expected social welfare is un-
ambiguously positive:

d E [U ]

dκ
=

1

2

1− µ

1 + α

[
(1 + α)2 σ2

d + α2σ2
s

]
> 0
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