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Abstract

Many central banks have become more transparent during the last decade, in particular about
macroeconomic prospects. This paper shows that such economic transparency could give
central banks greater flexibility to respond to macroeconomic shocks. In particular, it allows
central banks to stabilize aggregate demand and supply shocks without affecting private
sector inflation expectations. In contrast, opaque central banks limit their stabilization efforts
to avoid disturbing inflation expectations. As a result, they mute their interest rate response
and no longer fully offset anticipated demand shocks. This leads to 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 limit the stabilization of macroeconomic shocks to prevent
upsetting private sector inflation expectations. Thus, an opaque central bank mutes its
interest rate response 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 expecta-
tions. This makes opaque central banks more reluctant to use the policy rate to stabilize
macroeconomic shocks.

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-



tainty about the central bank’s output gap target, Jensen (2000, 2002) finds that greater
transparency hampers the stabilization of supply shocks. Walsh (2007a, 20075, 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 of the interest rate, inflation and output, and on expected social welfare.
The discussion section 5 explains how robust the results are to extensions of the model,

and section 6 concludes.

2 Model

The central bank has the objective function

1 1
Wy =—sa(m—7)" =5 (5 —9)° (1)
2 2
where 7, is the rate of inflation; ¥, is the level of real output; 7 is the central bank’s

2
T

inflation target, which is stochastic but time-invariant: 7 ~ N (7,02) with 62 > 0; g
equals the natural rate of output; « is the relative weight on inflation stabilization (o > 0);
and the subscript ¢ denotes the time period, ¢ € {1,2}. The central banker is in office for

two periods and maximizes the expected value of
U=Wi+ W, 2)

where 0 is the intertemporal discount factor (0 < ¢ < 1).
The structure of the economy is described as follows. The aggregate demand relation
satisfies
Y=y —y(ie—m —T)+dy (3)
where 7, is the nominal interest rate; 7wy denotes inflation expectations formed by the
private sector; d; is an aggregate demand shock: d; ~ N (0,03) with 02 > 0; 7 is the
natural real interest rate; and -y is the interest-sensitivity of output (y > 0). The aggregate

supply relation is described by an expectations-augmented Phillips curve:
=1+ B (Y — ) — st 4)
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where s; is a (beneficial) aggregate supply shock: s; ~ N (0,02) with 02 > 0; and 3
captures the sensitivity of inflation to the output gap (8 > 0). It is assumed that 7, d;
and s; are independent. The structure of the economy is kept simple to keep the algebra
tractable and obtain analytical results, in contrast to much of the related literature, which
depends on numerical findings.

The central bank is assumed to know the aggregate demand and supply shocks (d;, s;),
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 (ftd, ¢;) and an

independent white noise shock (¢, ?) only observed by the central bank:

di = &+ (5)
St = §f+nf (6)

The public’s forecast errors depend on the extent of the information asymmetry: 7 ~
N (0, (1 — kq) 0%) and 5 ~ N (0, (1 — k) 0?), where 0 < g < 1,0 < k, < 1, and ¢
and 7] are assumed to be independent of 7. The parameters x4 and x, capture the extent
to which the private sector observes the macroeconomic information used for monetary
policy decisions, so they provide a measure of the degree of economic transparency. In
the special case of k4 = ks = 0, the public is completely ignorant about the economic dis-
turbances (ﬁf = ¢} = 0); for kg = ks = 1, perfect transparency about the macroeconomic
shocks prevails (67 = d, & = s,).

For analytical simplicity, the central bank is assumed to have superior economic in-
formation, which is consistent with empirical evidence provided by Peek, Rosengren and
Tootell (1999) and Romer and Romer (2000). When the private sector has an information
advantage instead, indeterminacies may arise as the central bank attempts to infer infor-
mation from private sector inflation expectations (Bernanke and Woodford 1997). But if
the central bank would refrain from such attempts, the conclusions of the present model
would be the same provided the macroeconomic information used by the central bank for
its policy decisions is not fully observed by the private sector (for instance, because of
central bankers’ private judgments).

The second source of asymmetric information is that the private sector faces some
initial uncertainty about the inflation target 7 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 directly observed. So, the absence of complete certainty about preferences

2

appears plausible and a tiny amount of ex ante uncertainty o=

> ( already suffices to
obtain the results in this paper. Although other forms of preference uncertainty could be
considered, for instance about the relative weight on inflation stabilization, this would
come at the loss of analytical tractability.

The timing of events is as follows. Before the first period, the central bank’s inflation
target 7 is drawn by nature but only observed by the central bank. In addition, private
sector inflation expectations 7§ are formed using its prior on 7. In the first period, the
public signals & f and £] are revealed, and the central bank observes the economic distur-
bances d; and s, and sets the nominal interest rate 7; accordingly. At the end of the first
period, the private sector updates its prior on 7 using the nominal interest rate 7; and pub-
lic signals (ff, 7). So, its first-period posterior of 7 depends on the degree of economic
transparency (x4, ks) and is incorporated into private sector inflation expectations 7§. At
the beginning of the second period, the levels of inflation 7; and output y; are observed.
In addition, the public signals ¢} and & are revealed, and the central bank observes the
economic disturbances ds and s,, and sets the nominal interest rate ¢5. After this last
period, inflation 75 and output y, are observed.

The assumption that information on inflation 7; and output ¥, is not available when
the private sector forms its inflation expectations 7§ reflects 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 7§ and 7§ equals ) =
{F.9, ., 8,7, 0, Ka, s, T, 02, 02,02} and {i1, 4 }, respectively, where Q; = {¢7, &5, Q1.

The next section provides the solution to the model.!

!Geraats (2000, section 3.3 and appendix A.2) analyzed the model for the special cases of kg = ks = 0
and k4 = ks = 1. The present paper extends the results to intermediate degrees of macroeconomic
transparency with 0 < kg < 1and 0 < ks < 1.



3 Solution

The model is solved by backwards induction. In period two, the central bank maximizes
Wy with respect to 75 subject to (4) and (3), and given 75, dy and sy. The first order
condition implies

. af 1 af
=747 — ———(T—75)+ —dy — ————35 7
2 2 (1+a52)7< 2) v 2 (14_04&2)7 2 ( )
Using (3) and (4) this yields

_ af af
= yg+— (-7 + —— 8
Y2 Y 1+a52 (1 —75) 1+0é5252 (8)

af? 1
= 1o+ —— (T —7n5) - — 9
T Ty 1+Ozﬁ2 (7 —m3) 1—|—oz5282 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
more conservative central bank (higher o) 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 7 and 7§ gives

1 a

E [Ws|r,75] = Tl

[(WS — 7)2 + 03] (10)
The expected payoff to the central bank in period two is maximized when the private
sector perfectly anticipates the central bank’s type: 75 = 7. Thus, it is in the central
bank’s interest to reveal its type through its policy action ;.

Facing imperfect information, the private sector uses the nominal interest rate 7; and
the public signals £¢ and &5 to update its prior on 7 and form its inflation expectations 5.
Suppose that the private sector uses the following updating equation:

TS = g + ugiy + ugfd + u kS (11)

Below it is shown that this is consistent with a rational expectations equilibrium.> The

simple linear structure follows from the normality assumptions on 7, 7¢ and 73.

2 Although multiple rational expectations equilibria may exist, this specification precludes sunspots and
satisfies McCallum’s (1983) minimum-state-variable criterion.



In the first period, the central bank maximizes the expected value of (2) with respect
to 7; subject to (4) and (3), given 7§, d; and sy, and using (1), (10) and (11). The first
order condition implies

i1 = [(1 + 0462)2 V(74 75) — aBy (14 aB?) (1 — 75) + dow; (T — uo)

(1+ a52)2 72 + Sau?
—So; (ugl] +us&) + (1 + a62)2 vdi — aBy (1+ af?) 51}
(12)

The updating coefficients ug, u;, uq and ug can be found using the condition for ra-
tional expectations: w5 = E; [ma|i;], where an expectations operator with subscript 1
is conditional on the information set {2;. Taking expectations and rearranging (9) gives
75 = Eq[7|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 7', kg =
ks = 1, so that d; = §f and s; = &;. In that case, (12) can be used to infer the cen-
tral bank’s inflation target 7 from the interest rate i1: ET [r]i;] = 7. Hence, (75)" =

ET []i1] = 7. Solving (12) for 7, matching coefficients with (11) and rearranging yields?

1l+aB* 1,
W= )+ S [ )] (13
2
o= el (14)
af
1+ ap”
uf = agﬁ (15)
ul = —1 (16)

Intuitively, a higher interest rate i, reduces inflation expectations (u! < 0) as it is (cor-
rectly) attributed to a lower inflation target 7. In addition, a higher (perceived) demand
shock ff leads to higher inflation expectations 75 for a given interest rate i; (u} > 0) as
it raises the interest rate anticipated by the private sector so that ¢; now implies a higher
inflation target 7. Similarly, a higher (perceived) supply shock £} lowers inflation expec-

tations 7§ given i; (ul < 0) as the implied inflation target 7 declines.

3The derivation is available in appendix A.1.



Substituting these updating equations into (12), using ff = d; and & = s, and
simplifying produces the nominal interest rate under perfect economic transparency:

af T 1 af
)7[7—(7r1) ]—i-gdl—(

T — e\T
17 =1+ (7 ey e T -5
1 ( 1) (1"‘@52 1"‘04/82)7

s1 (17)

Substituting (17) into (3) and (4), and imposing rational expectations (implying (wﬁ)T =

ET [r] = 7) gives

T - af = af

Yy, = y+—1+a52 (T T>+—1+aﬁgsl (18)
_ 52 B 1

- T+—liaﬁ2 (r—r)——HaBQsl (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 (WS)T = 7 into (10):

1 o
21+ af?

E[UT)r] = 2 —2 (r—7)?

2
T o (1+4)0? (20)

This shows that the expected payoff to the central bank is decreasing in the difference
between the inflation target 7 and the public’s prior of it 7, and in the variance of supply
shocks 2. The variance of demand shocks o2 is immaterial as they are fully offset under

economic transparency.

3.2 General Case

Except for the special case of perfect economic transparency, the nominal interest rate
11 and the public signals §‘f and &7 generally do not suffice to infer the central bank’s
inflation target 7. To find the updating coefficients, use the fact that (12) implies that i,
and 7 have a jointly normal distribution, so that

COV1 {il, 7'}

Ty = B [7]i1] = By [7] + Var, [in]

(i1 — Exq [i1]) (2D

where moment operators with subscript 1 are conditional on €2;. Using (12), (5) and

(6), and matching coefficients between (21) and (11), and rearranging gives the following



expression for u;:*

— a?Bydolul
+ (1+08?) [a (= ) 0% + (1+ )2 (1 = ka) 03 + (aB)* (1 = ) 2]
+ apy? (1 + 0462)2 o2 =0

This equation has two real roots, u; < 0 and u;” > 0. However, the positive root u;
can be excluded based on an argument by McCallum (1983). The reason is that ;" is not
valid for all admissible parameter values, because lim,, . 1 u # uZT The remaining

negative root can be written as

1+ ap?

W= gy {0 (08 = 8) 720+ (108 (1= ) oF + 0" (1= ) o2

o (@B +0) 1202 + (14 6)” 42 (1= wa) 7% + (a)* (1 = ) 02] o)
—40y26 [(1 + aﬁz)Q’yQ (1= ka) 03+ (B)* (1 — k) U?} o2

From this it follows that u; > — (1 + «3%) v/af3, with a strict inequality if x4 # 1 and/or
ks # 1. Hence, |u;| < |u?

expectations is smaller under opacity because it is a noisier signal of the inflation target.

; the magnitude of the effect of the interest rate on inflation

Concerning intermediate degrees of transparency, du;/dk,, < 0 with a strict inequality if
o2 > 0, where m € {d, s} denotes the macroeconomic shock. So, the magnitude of the
sensitivity u; of private sector inflation expectations 7§ to the policy rate ¢; is increasing
in the degree of economic transparency k., as the policy rate becomes a more accurate
signal of the inflation target.

Regarding the other updating coefficients, matching coefficients and rearranging gives

w = ﬂui%ﬂm—uxw@ 23)

"= @
g

v — af (25)

Intuitively, a higher interest rate 7; reduces inflation expectations (u; < 0) as it is partly
attributed to a lower inflation target 7. In addition, a higher perceived demand [supply]
shock f‘f [£7] leads to higher [lower] inflation expectations 7§ for a given interest rate i,

4The derivations for this section are in Appendix A.2.



(ug > 0, ug < 0) as the inflation target 7 implied by ¢, 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:

h = 77+7T§_<a—6(7'_77i)+(1—ﬂ) (%-Fl) (1—7)

1+aﬁ2)7 1+0z62)7 U;
L4 d af
+— + — (& + unj (26)
~ ( 1 Wh) (1 +aﬂ2)7 (51 /“71)
here i = —(F08) g 1). Note that in the special case of perf i
where y = (1+a52)272+5au2 (0 < p < 1). Note that in the special case of perfect economic

transparency, u; = — (1 + o) y/ap, di = &}, s1 = & and nf = nj = 0, so that (26)
reduces to (17). Demand and supply shocks that are publicly anticipated (¢ ‘f and £7) 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 (n¢ and 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 ¢ = 7T) to get output and inflation:

no= J+ %iﬁg—(l—u)(u%ﬂL%)v] (r—7)
=+ s (€6 o) @7

o= T+ 116()?&2—(1—”) (uiz+_(1+iﬂg2)7)m] (r—7)
+B(1— p)nf — TIW (& + [+ (1= p)af?] n}) (28)

Although demand shocks anticipated by the public (fcf) are perfectly offset, the central
bank reduces its response to publicly unanticipated demand shocks (7¢), which there-
fore affect both output and inflation. A publicly anticipated (deflationary) supply shock
(£7) leads to more expansionary monetary policy, which raises output and partly offsets
the effect of the shock on inflation. The central bank responds less to publicly unantici-

pated supply shocks (1), so the effect on output is smaller and the impact on inflation is



larger. Note that u; < 0 and 0 < g < 1 imply that the coefficient of (7 — 7) is positive.
Intuitively, if the inflation target 7 is higher than the public’s prior 7, the central bank
implements more expansionary policy than anticipated, which increases both output and
inflation. In the special case of perfect economic transparency, u; = — (1 + aﬁz) v/apB,
di = ff, sy = &} and nf = nj = 0, so that (27) and (28) reduce to (18) and (19),
respectively.

Using (26), 7¢ = 7 and the fact that Var [)"] = (1 — k,,,) 02, and Var [£}"] = k,,02,,
where m € {d, s} denotes the macroeconomic shock, the volatility of the interest rate i,
(for a given inflation target 7) equals’

1

= (1= (1= 2) (1 — k)] o2+ () 1-(1

Var [21|T] = (1+a—62>272

- ,UQ) (1- “8)} s

(29)

In the case of perfect economic transparency (k4 = ks = 1), this reduces to Var [ZITH =
2

L)Qag. Clearly, Var [i;|7] < Var [leH , with a strict inequality in the

(1+a,32) ~2

case of some economic opacity (kg # 1 or ks # 1). Intuitively, the lack of economic

1 2
=0
y27d +

transparency 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 leads to a muted interest rate response.

Regarding the volatility of output and inflation (given the inflation target 7), (27) and
(28) imply that

ar [y,|7] = —u)* (1 — ky) o M — (1= %) (1 = kKy)| 02
Var[yi|7] = (1—p)" (1 - ka) d+(1+a52)2 [1— (1= 4*) (1= k)] 02 (30)
Var[m|r] = B*(1—p)? (1 —ke) o3 (31)
1 212 2
+m [/ﬁs—k[l—i-(l—,u)aﬁ} (1—%8)]0'5

In the case of perfect economic transparency (k; = ks = 1), this reduces to Var [yﬂﬂ =

(aB)® _ 1
mgg and Var [’ﬂ'{|7—} = (1—‘,—0452)2

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

o2. This shows that economic transparency re-

net effect is ambiguous. The variance of inflation is unambiguously lower under economic
transparency for both demand and supply shocks, so that Var [r|7] > Var [7]|7]. 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

SNote that 1 — (1 — p?) (1 — Km) = &m + p2 (1 = K.
SNote that i, + [1+ (1 — ) af?]* (1 — k) = 1+ [2+ (1 — ) ap?] (1 — p) a2 (1 — ks) > 1.

10



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

1
T, =T — [ (1 + —(1 +C;552) 7%) (T —7)+ ;inﬁ - %inﬁ (32)

Intuitively, economic shocks 1% and n* 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,
u; = — (14+af?) v/af and n{ = 1] = 0, yielding (r§)"
volatility of private sector inflation expectations (for a given inflation target 7) are equal

= T, as in section 3.1. The

? (05’
«

Clearly, Var [7§|7] > Var |:(7T§)T ]T] = 0, with a strict inequality in the case of some

uip? (1 — k) o (33)

1
Var [rlr] = —gu2 (1 - :
Y

economic opacity (kg # 1 or ks # 1).
Regarding the variability of the interest rate, output and inflation in the second period,
(7), (8) and (9) yield

2 2
, B c 1 B
Var [22|T] = 1+ (]_-]-0;—62)7 Var [7T2|7'] + ¥0'3 + (1 +O;B2) 'Y] i
2
Var [y|7] = (%) {Var [m5|7] + 03}
2
Var [ma|7] = (1 +10452> {Var [r§|7] + 02}

So, Var [is|r] > Var [i]|7], Var [ys|7] > Var [yJ|7] and Var [m,|7] > Var [7]]7], with
a strict inequality in the case of some economic opacity (., # 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.

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-

11



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. kg = ks = 1)
leads to greater interest rate variability (Var [i;|7]), but reduces the volatility of inflation
and inflation expectations (Var [7|7] and Var [7§|7]), while the effect on output volatility
(Var [y1|7]) is ambiguous. For intermediate degrees of transparency, (29), (30), (31) and
(33) show that the effect of a change in &, depends on du/dk,,. Since du/du; > 0 and
du;/dk,, < 0 it follows that du/dk,, < 0.7 So, the effect of x,, on macroeconomic
volatility is in principle ambiguous.

To facilitate the analysis, assume that k; = ks = K, 1.e. the degree of economic trans-
parency is the same for demand and supply shocks. Then it is straightforward to show that
lim,_,; d Var [i;|7] /dk > 0, lim,_,; d Var [m1|7] /dx < 0 and lim,_,; d Var [7§|7] /dk <
0. So, greater macroeconomic transparency increases interest rate variability but de-
creases the volatility of inflation and inflation expectations for sufficiently high . For
lower ~ the effects tend to be reversed. This is illustrated in Figures 1, 2 and 4 for the
parameter configurationa = 8 =y =40 =1land 02 = 02 =02 = 1.

Figure 1 shows that starting from complete opacity (x = 0), higher macroeconomic
transparency r initially reduces and subsequently increases interest rate variability. Intu-
itively, for low levels of economic transparency, the interest rate ¢; is dominated by the
central bank’s response to publicly unanticipated shocks 7n7*. As the degree of economic
transparency rises, the public rationally increases its reliance on the interest rate ¢; to up-
date its inflation expectations 7§, so the central bank reduces its response to unanticipated
shocks to prevent upsetting private sector expectations. Hence, the variability of the in-
terest rate ¢; initially declines. But for a sufficiently high level of economic transparency,
publicly anticipated shocks &7" 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
U-shaped effect on interest rate volatility.

Figure 2 shows that more macroeconomic transparency k 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-

"Recall that pu = (1 + aﬁz)Q 72/ [(1 + a,82)2 72+ 50[11?} and u; < 0.

12



Figure 1: The effect of economic transparency on interest rate variability
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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 ~ on output volatility in period
one exhibits a more peculiar pattern. For the baseline case of « = f = v =4 = 1
and 02 = % = 02 = 1 shown in Figure 3, the variance of y; 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 a or o2, or lower values of o2
the response becomes U-shaped, whereas for higher values of o2, the response becomes
hump-shaped. Clearly, the effect of macroeconomic transparency on first period output
volatility critically depends on the precise parameter configuration.

In the second period, greater macroeconomic transparency & 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 77" that are not anticipated by the public affect its
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Figure 2: The effect of economic transparency on inflation volatility
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expectations. When the degree of economic transparency goes up, the public rationally
relies more on the interest rate ¢; to update its inflation expectations 7§ since it becomes
a better signal of the central bank’s intentions 7. 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 « on Var [i1|7] in Figure 1 and
the hump-shaped effect for Var [7|7] and Var [7§|7] 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 1", which dominate when economic transparency
is low, and publicly anticipated shocks &£7*, 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 o € {0.1,0.25 : 0.25 : 10},
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Figure 3: The effect of economic transparency on output volatility
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6 €[05:01:1], 02 € {0.1,0.25:0.25: 10}, 03 € {0.1,0.25:0.25: 10} and o2 €
{0.1,0.25 : 0.25 : 10}, covering 16,954,566 parameter configurations.® For this parame-
ter space, the result of a U-shaped effect on the variability of the interest rate 7; and/or
the hump-shaped effect on the volatility of inflation 7, and inflation expectations 7§ 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 o2 is large
relative to 02 and/or o2, In particular, when macroeconomic volatility o2, is sufficiently
small compared to preference uncertainty o2, Var [i1|7] is monotonically increasing in &,
and Var |7 |7] and Var [7§|7] are monotonically decreasing. More formally, for 0%, — 0,
du;/dk — 0so dp/drk — 0.2 Hence, (29), (31) and (33) yield lim,2 _,o d Var [i1|7] /dk >
0, limg2 _,od Var [m|7] /dx < 0 and lim,2 _,od Var [7§|7] /dx < 0. In other words,
relatively low macroeconomic volatility yields the same result as high macroeconomic
transparency (x — 1), which is an intuitive finding.

8Values of o, 02, 0% or 02 closer to zero are not used as they regularly give rise to numerical problems

when computing (22).
9This follows from (43).
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Figure 4: The effect of economic transparency on the volatility of inflation expectations
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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 (k = 1) appears ambiguous as the variance is lower for 7y, 75 and y», but
may be higher for y;. 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.
Substituting (32) into (10) yields:

2
_ L a ) T R
B{Wa) = 21+ap " (H (1+a62)7u2> o .
1 (aB)?
gt (= m oyt | i (= k) + ai}

Under perfect economic transparency, u; = — (1 + 0452) v/ap and kg = ks = 1, so
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T 1 2 Py . . . . .
E[W]] = —3 Te?0s > B [Ws]. Not surprisingly, opacity is socially detrimental in
period two as it makes private sector inflation expectations 7§ more noisy and thereby
increases the volatility of macroeconomic outcomes in the second period.

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

2
1 « (1 + 0462) v
Wi = —= 1 21-p)? | ——LL 41 2 35
a1 — P (ko i B (1— )’ (1 )} o?
2 d 2 1 + 0652 s s
Under perfect economic transparency, u; = — (1 + 0452) v/af and kg = ks = 1, so
E [WlT } = —% i +Z 52 03—% T 2 o2 > 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

1 1 1

E [U] = —§A7—0'72_ - éAdO-(Qj - §ASO'§ (36)
where
5 2

« «Q

Ag = (T+af?) (1 —p) (1 - ra) (38)
- * 2(1 _ _

A, = o {1+6+aB°(1—p)(1—ky)} (39)

Note that A, > 0, A; > 0 and A, > 0, so greater uncertainty about the inflation target
7 and a higher volatility of demand and supply disturbances all increase social welfare

losses. In the special case of perfect economic transparency, u; = — (1 + ozBQ) v/af and
Ka = ks = 1, 50 AT = T AT = 0and AT = e (1+0). Clearly, AT < A,

A" < A,y and AT < A,, with a strict inequality if x,, # 1. So, perfect economic
transparency is socially optimal, as could already have been inferred immediately from
the welfare effects for periods one and two.

Concerning intermediate degrees of economic transparency, it is straightforward to
show that dA, /dk,, < 0 using the fact that du/dk,, < 0 and du;/dk,, < 0. However,

10The derivations for this section are in Appendix A.3.
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Figure 5: The effect of economic transparency on expected social welfare

-0.75

-0.8 b

-0.85- b

E[V]

-0.9+ -

-0.95= b

1 | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

K

The effect of economic transparency r for parameter valuesa = 8 =y =46 =land 02 = 02 =02 = 1.

Ay and A, are generally nonmonotonic in k4 and k,, respectively. Assuming again that
Kq = ks = K, Figure 5 shows that the net effect of x on E [U] is unambiguously positive
for the baseline parameter configuration witha = 3 =y =40 = land 02 = 02 = 02 = 1.
Moving from complete economic opacity (x = 0) to full transparency (x = 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 x:

dE[U] 1 1—p
de 21+ aB?

(1+a8)’ %+ a?B%?2| > 0 (40)

As a result, the net effect of greater economic transparency on expected social welfare
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 after supply shocks.
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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 mute their interest rate response
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 private sector 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. 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 because of financial stability considerations. In addition, in an economy
with capital formation, volatile interest rates are likely to negatively affect investment.
Furthermore, 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.

The finding that greater transparency about macroeconomic shocks is beneficial is also
in contrast to Jensen (2000, 2002) and Walsh (2007a, 2007b, 2008), who assume a New
Keynesian Phillips curve rather than the plain expectations-augmented Phillips curve in
the present paper. However, the latter is not driving the results, because one could sub-
stitute E; [m,41] for 7§ without affecting the key results (although auxiliary assumptions
would then be needed to determine expectations in the final period). Instead, what mat-
ters more is the timing of the formation of expectations relative to the communication

of macroeconomic shocks. This is also the reason why Cukierman (2001) and Gersbach
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(2003) find that transparency about aggregate supply shocks is detrimental in a simple
static model. They assume that supply shocks s, are observed before inflation expecta-
tions 7§ are formed. However, long lags in the transmission of monetary policy mean that
in practice, the effect of inflation expectations 7§ on macroeconomic outcomes ¥, and 7,
is delayed and very little information is available about supply shocks so far in advance.
In contrast, in the present paper the public signal £;" of macroeconomic shocks is only
observed after inflation expectations 7y have been formed. Nevertheless, it helps the pri-
vate sector to infer the central bank’s intentions 7 from its policy rate 7;, which makes
private sector inflation expectations 7y, less sensitive to the policy action 4; and gives
the central bank greater flexibility to stabilize macroeconomic disturbances in period ¢.

Another issue is to what extent the results depend on the assumption of rational ex-
pectations. In particular, it may be unrealistic to presume that the public is able to perform
the non-trivial computation of the rational updating coefficient u; for its inflation expecta-
tions. De Grauwe (2010) abandons rational expectations by assuming that private sector
agents have cognitive limitations and use simple rules for forecasting. In this spirit, as-
sume that agents use the heuristic uf{ = —K (1 + aﬁz) ~v/ap rather than (22). This
simple yet reasonable rule has similar properties to (22), in particular, 0 < uf < u?,
lim, 3 uff = o], and duf /dk < 0. So, inflation expectations 7§ still respond nega-
tively to the interest rate ¢, and the strength of the response is increasing in the degree of
macroeconomic transparency ~ as the interest rate becomes a more informative signal of
the central bank’s intentions.

Using this heuristic, the algebraic expressions for the macroeconomic outcomes are
still given by (26), (27), (28) and (32), and expected social welfare by (36), (37), (38)
and (39), but with u; replaced by uZH (also in p). It is straightforward to show that perfect
economic transparency (x = 1) continues to be socially optimal in this case. To assess the
robustness of the monotonicity of the welfare results, a grid search was conducted using
the same parameter configurations as in section 4.1. Expected welfare E [U] continues to
be monotonically increasing in k when £ > 0.65 for all 16,954,566 parameter configu-
rations, and even over the entire range of x € [0, 1] for 63.42% of the parameter space.
But for sufficiently small levels of macroeconomic transparency x, E [U] is sometimes
decreasing in . The range for x over which E [U] is downward-sloping was on average
0.1569 over all parameter configurations. This provides some support for the argument
by De Grauwe (2010) that cognitive limitations could affect the impact of central bank
communications. More transparency could even be detrimental, but only in economies
that are relatively opaque.

The result that economic opacity causes the central bank to mute its interest rate re-
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sponse to macroeconomic shocks, which continues to hold when using the heuristic uf{ ,
could be interpreted as a form of interest rate ‘smoothing’. But the latter is usually as-
sociated with monetary policy inertia, whereas in this paper the interest rate response
is only attenuated but not delayed. This effect would be even stronger if the central
bank were uncertain about the response u; of private sector inflation expectations (in line
with the uncertainty generated by the ‘bottom-up’ approach of De Grauwe (2010)). In
particular, suppose that u; is stochastic with E [u;] = @; and Var [u;] = o2, then it is
straightforward to show that this leads to multiplicative uncertainty for the central bank
(1+a82)°5?
(1+a52)272+6a(ﬂ§+03)
shocks that are not anticipated by the public would be further reduced by the uncertainty

with y = . So, the central bank’s policy response to macroeconomic
o2 about the adjustment of private sector expectations.

A key feature of the model is that the central bank has private information that is
reflected in the interest rate decision and relevant for future monetary policy. It implies
that private sector expectations are affected by the policy rate decision and central bank
communications (through the public signals £ and £°). There is ample empirical evidence
for this (see Blinder, Ehrmann, Fratzscher, De Haan and Jansen (2008) for a survey).

The model derives some interesting effects of transparency on macroeconomic volatil-
ity, which in principle would be testable. However, an assessment of the empirical im-
plications of the model is greatly complicated by the predicted non-monotonic effects of
transparency on the variability of the policy rate, output and inflation (expectations). So,
the effects depend on the initial level of transparency. Although data on information dis-
closure practices by central banks could be used, such as the publication of central bank
forecasts, this is hard to translate into the degree of economic transparency ~ that is re-
quired to evaluate the testable implications. In addition, the critical points at which the
effect of transparency on volatility reverses differ across the variables and are sensitive
to the parameter values, including the degree of central bank conservativeness «, the ini-
tial preference uncertainty o2, and the variance of aggregate demand and supply shocks
o2 and o2. As a result, a rigorous empirical evaluation of the model appears practically
infeasible.

More informally, there is some evidence in favor of the key result of the paper that
greater economic transparency is welfare improving. There has been a world-wide trend
towards greater information disclosure about monetary policymaking. As shown by Ger-
aats (2009), some of the greatest advances have been in economic transparency. In partic-
ular, the publication of numerical macroeconomic forecasts has spread from 18% of cen-
tral banks in 1998 to 57% in 2006, for a sample of 98 central banks. Since these increases
in information disclosure tend to go far beyond formal accountability requirements, they
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could be interpreted as the revealed preference of central banks, which suggests that the

rise in transparency has been beneficial.

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 under opacity. In particular, an opaque central bank no longer
fully offsets aggregate demand shocks it anticipates to avoid upsetting inflation expec-
tations. As a result, opacity leads to undesirable macroeconomic volatility. The paper
shows that expected social welfare is monotonically increasing in the degree of macroe-
conomic transparency. This helps to explain why so many central banks have become

more transparent about the macroeconomic shocks they aim to stabilize.
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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 x4 = ks = 1, so that d; = Sf and
s; = &;. Use this to solve (12) for 7:

1 | _
T = aBy (1 +a52) ~bau; {— [(1 +a62>272 +5o¢u?} i+ (1 +0452)272r
+ [(1 + 0452)2 v+ afy (1+ &52)] < — Sousuo

+ [—5auiud + (1 + 0z52)2 7} 5‘11/ - [50zuius + afy (1 + 0452)} fi}

Then, use ()" = ET [r|i1] = 7 and match coefficients with (11):

1
o afy (14 af?) — day {(1 + a52)2 YT+ [(1 + aﬁz)g v+ afy (1+ Ozﬁz)} 7§ — 504U¢U0}
B (1+ Oéﬁz)Q v + dau?
“T _CYBV (1 + 0452) —dau;
1 2
YT By (L+ o) — o |—doua + (1+af)* 1]
Us = ! [Sauus + By (1+ af?)]

_aﬁﬁy (1 + aﬁz) — dauy;

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

o= o (11+ o) {1+’ 2+ |(1+ B 92+ aBy (1+ap?)| (+)" ]
G (e
:
ur - -2
i = Lo
us = —1
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A.2 General Case

To derive the updating coefficients for the general case, first substitute (5) and (6) into
(12):
1

" (1+aB?)’ 42+ dou? {(1 +aB) 7 (7 +7) = afy (1+af’) (r = 7%) + dau; (1 — uo)

+ [_M“i“d +(1+ap) 7] ¢} — [Sauus + aBy (1+aB)] &

+ (1+aB?) i — apy (1+ap?) i | (4D
As a result,
) 1
cond = (14 aB’)*? + dau? o1+ o) = bou] o
1
Var [i1] = 5 { [oz67 (1 + aﬁ2) — 5aui]2 o2

[(1+ap?)’ 92 + dau|
+ (14089 (- k) 03+ (@B9)” (L+af?)” (1 = k) o}

recalling that Var [n{] = (1 — k4) 02 and Var [;] = (1 — ;) 0. So, matching coeffi-
cients between (21) and (11) yields

(14 a8)’ 5 + dans [aﬁv (1+ ap?) — dau;] o2
[aBy (14 aB?) — aw,]* o2 + (1+af?) 12 (1 = ka) 02 + (aBy)? (1 + aB?)? (1 — k) o2
Rearranging gives
a8y (1+a?) — daw] wo+{ (1+a?) 42 (1 = 5a) 03 + (@B9)” (1 +af?) (1= ) 0 i =
—~ [(1 +af?)’ 92+ 50zu?} afy (14 af?) ol + [(1 +af?) 42 + daus ] dau;o?

Note that 62a2ud0? drops out from both sides, leaving the quadratic equation
i0r p g q q

P =

—a?Bydoiu?
+(1+af) [ (a8 = ) 1702 + (1+a)’ 72 (1 = k) 0% + (a57)” (1 = 1) 0?]
+afy (1+af?)’0? =0 (42)

This equation has two real roots, u; > 0 and u; < 0:

1 2
W= g {0 (@8 =) 7%+ (14 aB)’ 7 (1 = k) o+ (@B0) (1= ) o

[a (@B = 8) 202 + (1+ aB?)’ 2 (1 = ka) o3 + (aBy)* (1 - ky) 0?]2
+4a?BydoiafyPo?

+
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The argument of the square root can be rearranged as follows:

[oa (aB® = 8) ?0% + (1 +aB?) 72 (1 — kg) 03 + (afy)* (1 — k) 05} 2+4a2B7503aﬁv303 =

[ (@8 +6) 7202 + (14 a8)* 32 (1= k) % + (0B (1 — ) 02

— 40?0 [(1 +af?)’ 7 (1= ka) 0%+ (aB)* (1 — k) Ui} o;
Substitute this into u; to obtain (22):

1+ ap?

W= ey {0 (08 = D)7 (14 o) (1= m) o+ (050) (1= )

[a (@B +0) 202 + (1+aB?) 42 (1 — kg) 0%+ (a7)” (1 — k) 0?} :
0% [(L+ af)" 5 (L= ) 0%+ (aBy)* (1= ) 0] o2

Note that

2
w2 gt {0 (08 = 8) 70 + (14 ) (1= k) oh o+ (aB0)” (1= )
- [oz (af?+0) Yol + (1+ aﬁz)Q V2 (1 — ka) o2+ (aBv)” (1 — k) ai} }

1+ ap?
o

where the lower bound is reached if ¢ — 0 and o

2
—%W:uzrgui<0.

2

= Oorif Ky = ks = 1. Hence,

Using (42) it follows from the implicit function theorem that

du; (1+ 0452)3 Voqui
dkyq - —2020v002u; + ¢,
du;  (1+ af?) (af)” olu;
drs —2a2pvyd02u; + ¢,

where

Cu = (1 + aﬁQ) [oz (0462 — (5) Vot + (1 + a52)2 YA (1 — kg) o2 + (aﬁv)Q (1 —ky) o2
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Substituting for ¢, using (42) and simplifying yields

du; (1+ ozﬁ2)3 v2odu?
dkq —2a2fvy602u? + a2Bydou? — afyd (1+ a62)2 o2
(1 + aﬁz)s Y2oiu?

 a?By002u? + aBy® (1 + )’ o2

du; (1+ap?) (ap)” olu}

dk —2a?fvy602u? + a2Bydou? — afyd (1+ 0462)2 o2
(1+apb?) (aBy)’ o2u}

N a?Byéou? + afy® (1 + (152)2 o2

dui
> dkq

demand and supply shocks, i.e. k; = ks = K, then

Hence

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

du; 1+ a0+ afB)? o2
%:_ (2 2) d £2> 2(14_0(&2)72“12
[aéui + v (1 + af ) } afyo?
(1 +a8%) 0%+ (ap)’ o2
=T (raPame M “
()5

using the fact that 1 =
£ H (1+aﬁ2)272+6au?

To derive the other updating coefficients, write (21) as 75 = 7 + w;i1 — u; Eq [i1]
and use (41) to substitute for E; [¢1]. Then, matching coefficients between (21) and (11)
yields:

T ozB?)Ziv? + b {1+ )2 (79— aBy (1 + ) (7 - 70)
—I—(sozul- (7_' — Uo)}

R (1+ ozﬁQ)lZLiV? + dau? [_&wiud +(1+af?)’ 7}

Uy = Ui [5Ozuiu5 + afy (1 + aﬂz)]

(14 aB?)’ 2 + dau?
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Rearranging each equation gives (23), (24) and (25):

ug = %+ui(1+0;652)7(?—ﬁ)—ui(fﬂ‘i)
— _L € L N =_ . (7 e
— (1+a52)7um1+<1+(1+a52)7u2>7 w; (T + 7f)
Ug = —lui
Y
Uy = of
B (1—}—0462)7 '

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

1
= s eI R ) ey (1) )
+ daw; [7' -7 — Ui—(l +O;ﬁﬁ2) > (T —m%) + w; (T + 79)
+5au?%§‘f — 6au?ﬁ§i + (1 + aﬁ2)2 vdi — afy (1 + 0462) 31}
B (1 +0z52)272 dou? e afs .
(1+af?) 42+ dou? (1+aB?)’? (r+m) (1+aB”)y (r=m)
_ dawi op - of e
+(1_‘_a52)272 (1 Z(l—i—o&ﬂZ) 7) (T T) 1(1_'_@&2)7(7— 71-1)]}
L g af s af
+(1_H)(;£1_<1+a62)7£1>+u 1_/1(14_0462)71
1
T+ 7 — (1 _'_O;ﬁﬁ2)7<7 ) + (1 — ) (U_z (1 _'_O;BB2)7> (1 —7)
1
s (&7 + pnf) — % (&1 + pni)
where ;1 = (1+(:;_;;€?2:;au2 O<pu<.
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Substituting (26) into (3) and (4), and using (24) and (25) produces

1
n = ot -0 (o i )
af aff

d
+(1_”)”1+1+a52 R wnpvr el
., ap . 1 af i}
™ = 7T1+1+a62(7—_771)_<1_:“> (u_i+(1+a,62)7>ﬁ7(7_7)

1 5
+(1—p) Byt — Taﬁgfi - (1 _Mliiﬁ2> Ul

Use the latter equation and impose rational expectations (i.e. 7§ = E [m]) to get 7] = 7.
As aresult, (27) and (28) follow:

no= 0t %ﬁy—a—m(%%)vl (r =)
=+ s (6 o)

o o= R4 %_(1_@ (Uii+_(1_|_(f@2)7-> 57] (r—7)
+(1—u)5ni‘—%aﬂg(fi+[1+(1—u)a52}ni)

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

e = 0[6 = e - = e 1 d O“/ﬁ s
T =T+U——5— (T— 7))+ u [l — (T+7))] — —w] + —————u;
; a7 i = 7)) = Sl s
Substituting (26) then yields (32):
af . d af
mo=T—p|l1+——5—u | (7 —7) + —ujun] — ———5—w;unj
2 “( (1+aﬁ2)7 >( ) N M1y (1‘1‘0452)7 11
This reduces to (75)” = 7 in the case of perfect economic transparency as u; = — (14 aB?) v/aB

and n = n; = 0.
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A.3 Welfare Analysis

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

2
1 « af
W, = —= 21+ ——— 2
B (W] 21+ ap? {M ( (1+0z52)7u) O
L5y 2 (045)2 2 2 2
i p? (1= k) 0%+ | ———s—ulp? (1 — k) + 1| o2
,72 d) d (1+O(/82)2’72

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

2
1 1 1
B = 3@{ Taﬁz“““)(u—ﬁu#%)m] o

m [/«:s + (1+(1—p) a52)2 (1- “s)} Ug}

2
af 1 af 2
e LT (U_i+ (1+a52)7)7] o

2 (1 — k) o2 (045)2 o 21— k)] o2
# = (= s of 4 b (1) }

+(L=p)* B2 (1 = ka) o +
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o o (T4 ozﬁ2)2 72 ) af ’
A = T af 1+ |(1—p) a—u?jL(S,u <1+mui>
Ag = |(1+aB) (1—p)*+ (14:52—152)72#2] (1 = Ka)
Ay = HO;BQ {1 +af’(1—p) (1= k) +6 (Hoj—gj)zv?ufuz(l — k) +1 }
Using the fact that y = (H(:;;Sﬁi):;u? implies (HTTZQ){Z% = (1 — p) /p, rearranging

gives (37), (38) and (39):

2
« af
A, = ——— 14ou |1+ ——u
[+ af? ”< (1+af%) >

Ar = (1+aB%) (1= p) (1 - k)
A, = H“aﬁg [1+06+aB*(1—p)(1— k)]

It is straightforward to show that

2
A, __a 08 Ndw, a8 o es
dui = 1—|-a52 5<1+ (1+a52)’yUl) dui+2(1—|—06ﬁ2)”)/51u (1+ (1+a52)7Uz> ZO

(44)
a 2
using % = —/ﬂ# > 0 and u; > —%, with a strict inequality if x # 1.
i o 0%
Since du;/dk,, < 0 it follows that dA,/dk,, < 0, with a strict inequality if x,, # 1.
However, A; and A, are generally nonmonotonic in k4 and x,, respectively. So, it is

important to investigate the net effect of x on E [U]. Using (36), (37), (38) and (39) and
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substituting (43) gives

dE[U] 1 ad L+ d,u 2081 L+ af | dui
di 2] 1+af 1—|—0z6 V") 1+a/3) (+af) )| ax"

—%W |:(1 KZ +Oéﬂ +042ﬁ20'§:| }

(1—p
11 (1 2/UL2(50zuZ
214 af? 1+ozﬂ 1+a,8

N 2a8u 1+ af w dpu;
(1 + oz62) v (1 + ozﬁg) v ‘ (1 + 0452) By
B 5 200, (1 + Oéﬁ2)2 o3+ (O‘ﬁ)2 o2 2 _
T e (e amee MR

* [(1 + a62)2 o5+ a252az]

2
_1dl-p ) af | 2p%0u; _aB
21+Oéﬁ2{ (1_'_(14‘0462)’}/“2) (1+a62)67+2ﬂ<1+(1—1—0&52)716@>
(1+0aB%)’ 0%+ (af)’ o
(14 ap” )aﬁ’w%

+ (1 — k) p*2u;

*+ 1} |(1+a8)’ % + 0?8202

Sou?

where the last equality uses the fact that (s 2 2’)2 - = _&1; . Using the latter equality and
aB®)"y
the fact that (42) implies

0 (1) o (0 =) ot

the term in curly brackets can be further simplified to

) of 2udu, o5
[ <1+(1+a52) )(1+0¢6)57+2u <1+(1+a62)7u2>

ou; i 0u;
T L . (1+(O‘L2> +2u2( -

(1— k) [(1 + 0552)2 o+ (aB)? aﬁ} w; =

S S
(1—!—0462) ~2 1+aﬁ)7 1+a62)57+

I L o2 a8 )y Aou

— %) 2 (1 —p) + 21 —2p (1 + 1+ o) 7%) +20 (1 — p)+ 1+ ad) 57+1
L 2p%0u; B B B 2012 0u; B
— —(1+0452)/37 20 (1 —p)+2p(1 u)+—(1+aﬂ2)57+1_1
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Therefore, the effect of greater economic transparency on expected social welfare is un-

ambiguously positive:

dE[U] 1 1-p
de 21+ aB?

[(1 + a52)2 ol + oﬂﬁ?o—i] >0
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