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1 | INTRODUCTION

During the 1990s, the move toward greater independence of central banks brought important changes to the commu-
nication of information on their policy objectives. While, previously, central banks would provide relatively little in-
formation or make imprecise announcements (Stein, 1989), independent central banks started to be more explicit and,
thus, more transparent. An example of this increased dissemination of information was the introduction of publicly
announced numerical inflation targets. New Zealand was the first country to adopt a target in 1990, but many countries
followed in the subsequent years: Canada in 1991, the UK in 1992, Sweden and Finland in 1993... A numerical goal for
monetary policy is considered essential for institutional or political transparency (Eijffinger & Geraats, 2006; Kuttner &
Posen, 2000). It is thought that a more transparent framework for inflation targeting greatly contributes to the credibility
of central banks (Bordo & Siklos, 2017) and to their ability to bring inflation down (Dincer & Eichengreen, 2014).

The reduction of inflation rates that followed in many countries seemed to provide support for greater independence
and transparency. However, the low inflation rates observed in the decade preceding the 2020s, together with the zero
lower bound, brought into question the capacity of central banks to raise inflation. Did the low inflation rates contribute
to a decline in inflation expectations, risking a vicious circle between low inflation, low inflation expectations and low
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economic activity? To fight this possibility, in August 2020, the US Federal Reserve (Fed) formally committed to a
flexible average inflation target: it would be more inclined to allow inflation to run higher than the standard 2% target
before hiking interest rates. This new released target, hinting toward a more tolerant stance on inflation, appears
somehow vaguely defined: how much higher than 2% will the Fed let inflation go? Will it generate uncertainty, as the
public tries to guess the new central bank objectives? If that were to be the case, it would lead to what Cukierman and
Meltzer (1986) define as imperfect transparency.

This paper examines the effect of imperfect transparency, understood as the presence of asymmetric information
regarding the central bank's inflation target between the monetary policymaker and other economic agents. Unlike the
existing literature on central bank transparency, which mostly focuses on models with a single policy, monetary policy,
this article considers a framework with both fiscal and monetary policies. This departure is motivated by the fact that
the degree of central bank transparency could influence government actions, thereby potentially influencing the
behavior of the central bank itself. Consequently, the impact of central bank transparency on macroeconomic volatility
and welfare could be altered by the interaction between fiscal and monetary policies.

To enhance our understanding of the impact of including fiscal policy, we first examine the effects of transparency
in a model with only monetary policy. In this benchmark model, there is asymmetric information about the central
bank's inflation target: while the central bank perfectly knows this target, private agents receive a signal about it, which
they use to rationally form private-sector inflation expectations. Achieving transparency relies on effective communi-
cation from the central bank. A clearer communication strategy regarding the inflation target results in a more precise
signal, thereby promoting increased transparency. It is shown that increased transparency leads to higher inflation
variability, lower output variability, but does not affect their average levels. Then, we propose a Stackelberg game
between fiscal and monetary authorities, with the government acting as the leader and the central bank as the follower.
We show that the economic consequences of central bank transparency in such an environment critically depend on
which policymaker, the central bank or the government, is more concerned about output stabilization relative to
inflation stabilization. In this setup, an increase in the value of the signal about the central bank's inflation target raises
private agents' expectations of inflation, while reducing the tax rate set by the government. In scenarios where the
government is more concerned than the central bank about output stability relative to inflation stability (i.e., the central
bank is sufficiently conservative), the government's reaction to the signal is more moderate than that of private agents,
and consequently, the results derived in the benchmark model hold. However, when the government is less concerned
than the central bank about output stability relative to inflation stability (i.e., the central bank is sufficiently populist),
the government's reaction to the signal is stronger than that of private agents, leading to results opposite to those
derived in the framework without fiscal policy. Finally, we also obtain that full transparency is preferred by the central
bank if it is sufficiently conservative, while complete opacity is preferred if it is sufficiently populist.

This study is related to the literature focused on the political transparency of central banks. Geraats (2002) provides
an excellent review of earlier studies in this area and highlights that the impact of asymmetric information regarding
the central bank's preferences varies depending on the source of uncertainty. Building upon this insight, it is worth
specifying that this study contributes to the existing literature investigating the transparency of central bank targets.
Geraats (2002) argues that when the central bank's inflation target is stochastic for the private sector, increased
transparency reduces the variability of inflation and output, though it does not significantly affect their average levels.'
Nevertheless, given that many central banks have a quantitative inflation target, whereas opacity prevails for output
(gap) targets (Geraats, 2006), most theoretical studies have considered the effects of uncertainty on the output (or
employment) objectives (see, for instance, Demertzis & Hughes-Hallett, 2007; Faust & Svensson, 2001, 2002, West-
elius, 2009, among others).

It is worth noting that, as Hahn (2009) highlights, the literature on preference transparency often relies on variance-
reduction frameworks. Consequently, alterations in transparency levels not only influence the extent of information
asymmetries but also impact the distribution of preferences, thereby altering the central bank's loss function. An
alternative approach to modeling transparency is to consider a framework where private agents receive signals about
the parameters of the central bank's preferences, which are unknown to them. Under this approach, Geraats (2007)
studies opacity on both the inflation and the output targets in a framework where the assumption of perfect common
knowledge about the degree of central bank transparency does not hold. The paper argues that, while actual trans-
parency can be beneficial by reducing communication noise, perceived transparency can have drawbacks by making
markets overly sensitive to potentially noisy information. Additionally, this paper suggests that central banks may
benefit from maintaining misperceptions regarding transparency, particularly concerning information about the output
target and supply shocks.
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Other papers that use the alternative approach of modeling transparency through signals are Hahn (2009) and
Hielscher (2012). Hahn (2009) shows that in a model with information asymmetries regarding the central bank's
employment target and the central bank's relative weight of the conflicting goals for employment and inflation, society
prefers full transparency over full opacity if it places significant value on employment stabilization. Conversely, society
prefers full opacity to full transparency if it is very concerned about inflation stabilization. Hielscher (2012) proposes a
two-stage model of monetary policy with asymmetric information regarding both the central bank's inflation target and
output target. This paper shows potential conflicts of interest between society and the central bank regarding trans-
parency. While the central bank prefers to reveal its inflation target while concealing its output target, society would
prefer either transparency or opacity for both targets. In this paper we adopt the new approach to modeling trans-
parency, similar to the recent papers mentioned. Unlike these works, which focus solely on monetary policy, we
examine a model with both monetary and fiscal policies.

The remainder of the paper is organized as follows. Section 2 analyses the effects of transparency in a model with
only monetary policy. Section 3 presents a model incorporating both monetary and fiscal policies and explores the
influence of transparency on the stability of inflation, output, and welfare. Section 4 concludes. Proofs and extensions
are provided in the Appendices A-C.

2 | THE BENCHMARK MODEL

This section presents a basic framework based on Geraats' model (2007), with only one policy, monetary policy.? Output
is given by

x=m—-7° (1)

where 7 and 7° are the actual and expected inflation rates, respectively.’ Expectations (i.e., wage contracts) are set
before the policymaker chooses 7.

In order to reflect the possible uncertainty generated about the new inflation target recently announced by the Fed,
the central bank's inflation target, denoted by 7cp, is allowed to be stochastic for the private sector, with

g~ N (ﬁCB, ofrCB).“ We suppose that this target is known perfectly by the central bank, while the private sector

observes a risky signal of this target, denoted by s, where s = 7cp + v, where v is a white noise, thatis, v~ N (0, crﬁ) and
cov(v, mcp) = 0. Moreover, it is assumed that the distributions of these random variables are common knowledge.
Therefore, once the private sector observes the signal s, it expects the central bank's inflation target to be as follows:

E[mcgls| = As + (1 — A)7cs, (2)
where
2
Gﬂcs
oz +o2 G)

Note that A is a measure of the accuracy of the signal s and ranges from 0 to 1. When the signal s is completely
accurate (i.e., there is no noise, v = 0, and therefore, s = 7¢p and o2 = 0), then there is perfect transparency about the
central bank's inflation target (A = 1) and Equation (2) becomes E[mcg|s] = s = 7¢cp. By contrast, when the signal s is
completely inaccurate (i.e., 02 — o), then there is perfect opaqueness about this target (A — 0) and Equation (2)
implies E[zcg|s] = Zep.

The timing is as follows: firstly, the central bank's inflation target, 7¢p, is realized, but observed only by the central
bank. Subsequently, the private sector observes the signal s, which is used to rationally form the private sector inflation
expectations, 7°. Finally, the central bank chooses 7.

The loss function of the central bank will be:

((m - mes)’ + Scpx?),

N

Lep=
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with §cp > 0, indicating that the central bank cares about stabilizing inflation and output around the targets 75 and 0,
respectively.” Note that a smaller value of 5.5 suggests a higher degree of conservatism exhibited by the central bank.
It is shown in Appendix A that the optimal inflation rate and the corresponding output are given by

TTcB dca e TTcB dcs
= + T = +
1+6cg 1+406cs 1+6cg 1+406cs

Vi1 E[zcgls] and (4)

_ Tcp — |E[7TCB|S]

5
1T ocs (5)

Using Equation (2), note that the last expressions show that inflation and output are affected by the degree of
accuracy of the signal s. Moreover, from Equations (4) and (5), we can derive the following results:

Proposition 1. In the benchmark model without fiscal policy, greater transparency (higher A) increases the variability of
inflation and reduces the volatility of output, but does not affect their average levels.

According to the neoclassical Phillips curve, output differs from its natural level whenever inflation expectations
diverge from inflation. Transparency makes inflation expectations more accurate and thus reduces output fluctuations.
To understand the effect of transparency on the variance of inflation, one has to note that Equation (4) shows that the
central bank’s optimal choice of inflation is an increasing function of both the inflation target and private-sector
inflation expectations. Under transparency, inflation expectations covary more strongly with the inflation target.
This results in larger fluctuations of inflation.

3 | MONETARY-FISCAL POLICY INTERACTION

In this section, we will extend the previous framework to develop a model with two policies (monetary and fiscal
policy). In this setup, there are three players: the private sector, which sets inflation expectations; a fiscal authority (the
government), responsible for setting (distortionary) taxes; and the central bank, responsible for directly setting the
inflation rate through monetary policy. Moreover, in this new context output is given by

x=mw—-7n°-1, (6)

where 7 and 7° are the actual and expected inflation rates, as in Equation (1), while 7 represents the tax rate levied on
output.®
The government's budget constraint is:

g=t1+m,

where g denotes the ratio of public expenditures over output. Note that public spending will be financed by a distor-
tionary tax (controlled by the fiscal authority) and/or by money creation (controlled by the authority responsible for
monetary policy).

Fiscal policy will be under the control of the government and has the following loss function:

Lo == ((m = 76)*+66%* +15(g - 8)°).

N | =

with & and y indicating the weight given by the government on output and government spending stabilization relative
to inflation stabilization, respectively (dg, yg > 0). Thus, the government wishes to minimize the deviations of inflation,
output and public spending from some targets, 77, 0 and g, respectively. We allow for 8¢ # d¢p; if 8¢ > dcp, then the
government prioritizes output over inflation to a greater extent compared to the central bank. In addition, when y; is
low enough, 8¢ > dcp would also indicate that the central bank is more conservative than the government.
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As in the benchmark model, we assume that the central bank knows perfectly its inflation target. However, both the
private sector and the government now observe the same risky signal of this target (s).

The timing of events is as follows: firstly, the central bank's inflation target, 7cp, is realized, but observed only by the
central bank. Subsequently, the private sector and the government observe the same risky signal of this target, and the
private sector uses this signal to rationally form its inflation expectations. Then, fiscal-monetary interactions involve a
Stackelberg game, where the government takes the leading role and the central bank acts as the follower. Therefore, the
fiscal authority chooses the tax rate taking into account the response of the central bank to its action. This type of setting
has been used by Dixit and Lambertini (2003), Acocella et al. (2007) and Oros and Zimmer (2020), among others, as
monetary policy can be adjusted more quickly than fiscal policy.

3.1 | Equilibrium

This sequential game is solved by backward induction. This requires starting with the player that acts last, which in our
setup is the central bank. The central bank minimizes its loss function with 7° and 7 given. The first-order condition
with respect to 7 implies that

Ve dca

T= +
1+5CB 1+5CB

(7 + 7). (7)

Hence, when fiscal policy is included, the optimal inflation rate is equal to the optimal level in the benchmark

model given in Equation (4) plus an additional term (li‘g‘c " T) , Which increases with T whenever .5 # 0. Thus, when the
central bank is concerned with output stabilization, an increase in taxes raises the incentives for the central bank to
inflate in order to offset the negative effect of the tax increase on output (see Equation 6).

The fiscal authority's optimization problem is as follows:
d

min E[Lg|s] = E B ((r = 76)* + 66x* + ¥5(g - 8)°)

st.x=r—-nt-1
g=1+471

cB Sca

= + 7+ 7).
1+ 6cp 1+5CB( )

We solve this optimization problem by applying the substitution method. Specifically, we substitute the previous
expressions for output, public spending and inflation in the (conditional) expected loss function of the government. This
results in an objective function with only one variable, 7. Then, the first-order condition (in the optimization problem
with only one variable) implies that

— Gcs . - (1+26c8\
(Efrs = ) 1 20+ Bo(Elrls] - =) () +ro(Elml] + 7B (1) =
Using the rational expectations hypothesis (E[r|s] = 7°), we have
_ dcs e _(1+25¢p
e _ _ € — ) =
(7 - 7e) e (=0 (1 ) el + 7B (T =o. ®)

and therefore,
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dcg +ys(1+ 2503)71_8 éca o v6(1 + 26¢B) z
5(} + }/G(l + 25CB) 5(; + )/G(l + 25(:3) 5(; + )/G(l + 25CB) ’

9)

In this expression, we can see that an increase in 7° triggers a response of the government, reducing the tax rate.
Moreover, this reduction in the tax rate is smaller (larger) than the increase in 7° if and only if §cg < 8¢ (8¢ > 65). To
understand intuitively this result, we rewrite the first-order condition given in Equation (8) as follows:

_ ., OcB e _ Sca
e _ _"% |\ _ e
(7* = T6) 1 oo | (=7) (1 + 5c3) C ) (1 t1r 503) '

The left-hand side of this expression can be interpreted as the marginal cost, measured in terms of higher inflation
(in expected terms) and lower output,’ resulting from an increase in taxes. Meanwhile, the right-hand side represents
the marginal benefit, measured in terms of higher tax revenue, derived from an increase in 7.

According to this expression, a decrease in 7° exerts two effects on the government's decision. On the one hand, it
reduces the marginal cost of an increase in 7, encouraging the government to raise taxes. On the other hand, it increases
the marginal benefit of an increase in 7, leading the government to raise taxes. Therefore, we conclude that a decrease in
7° causes the fiscal authority to increase the tax rate. In addition, when the government and the central bank are equally
concerned about output stabilization relatively to inflation stabilization (8¢ = J¢p), the previous expression becomes

— 5CB — 5CB
e __ — _ e 1
(m° —7tg +7) 15 6s 12 T)( + 1 +5CB),

which shows that a decrease in 7° leads to an increase in the optimal value of 7 of the same magnitude. However, if the
fiscal authority is relatively more concerned about output than the central bank (8¢ > d¢g), then the increase in the tax
rate is lower than the decrease in 7°

By taking (conditional) expectations in Equation (7) and solving for 7°, it follows that 7° = E[mcp|s] + Scpt. Solving

the system of two equations, formed by the previous equation and Equation (9), and two unknowns (i.e., 7° and 1), we
have

5%3%@ + 5CB}/G(25CB + 1)g

e _ Yot 06+ 2redes
A

A

E[mcals]) + and (10)

Y+ 6cs + 2ygdcs _ 8cpTic — (8¢5 + 86 + ¥eOcp(20cs + 1))

T= A E[zcpls] + 8 + A , (11)
where
A=6%y+86 +¥g(8cp +1)(28¢cp + 1). (12)
Finally, substituting Equations (10) and (11) into (7), we obtain
1 8¢ce(86 — 8cp) Ezesls] + 8ep7tG + Scpyg(20cp + 1)§’ (13)

= 7cp +
1+6c5 B (1+6cp)A A

Next, we make some remarks regarding Equations (11) and (13). Note that taxation is increasing in the public
spending target (g) and in the government inflation target (7). Inflation depends positively on the realized target of the
central bank (7¢p), on the government inflation target (7s) and on the government spending target (g).

Expressions (11) and (13) also show that the conditional expectations that private agents and the government have
on the central bank's inflation target (E[zcg|s]) affect taxation and inflation. If the government expects the central bank
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to have a high target for inflation, taxes will be set lower—see Equation (11). Intuitively, if the government and the
private sector expect the central bank to have a high target for inflation, then the private sector's inflation expectations
are higher (°), resulting in a reduction of the tax rate—see Equation (9).

Furthermore, the higher E[zcp|s], the higher the central bank will set inflation whenever 8g > 8¢p, as shown in
Equation (13). To intuitively understand this result, notice that Equations (7), (10) and (11) show that E[rcp|s] affects
the central bank's inflation decisions through the private sector's inflation expectations and the government's taxes.
However, a change in E[z¢p|s] impacts 7z° and 7 in opposite ways, as can be seen in Equations (10) and (11). The higher
the value of E[mcpls], the higher the private agents' expected inflation will be, and the lower the taxes set by the gov-
ernment. Additionally, as previously stated, when 85 = d¢p, the reduction in the tax rate is exactly the same as the
increase in the inflation expectations, and these effects cancel out. Hence, the inflation set by the central bank does not
depend on E[zcp|s]. Conversely, when 8 > 8cp, private agents react more to a change in E[zcg|s] than the government.
Consequently, an increase in E[zcp|s] results in higher inflation set by the central bank.

In relation to output, substituting Equations (10), (11) and (13) in (6), we have

1 5G - 5CB

X=—— T~
1+6c &7 (1+68cp)A

Sca_ 1+ 28cg)_
Elncsls] - P - 1oL ¥ Paa)g (14)

Thus, the combination of Equations (2) and (13) along with the last expression indicates that inflation and output
are affected by the degree of accuracy of the signal s except for when 55 = d-5; however, their unconditional expected
values (i.e., E[7] and E[x]) are not affected, in line with Geraats (2007). By contrast, we obtain a significantly different
result for the variance of these variables, as discussed in the following paragraphs.®

Proposition 2. When the interaction of monetary policy and fiscal policy is present, greater transparency (higher A)
increases the variability of inflation and reduces the volatility of output whenever 8¢ > dcp. The opposite results hold when
86 < Scp. Furthermore, in any case, a change in the degree of transparency does not affect the average levels of inflation and
output.

According to Proposition 2, the relationship between the central bank's degree of transparency and the volatility of
both inflation and output will depend on the relationship between 65 and S¢p, in other words, on whether the central
bank is more or less concerned than the government about the stabilization of output relative to inflation. This
proposition shows that when 85 > J¢3, the least stable inflation and the most stable output are obtained when the
central bank is perfectly transparent. By contrast, when 6g < 8¢5, the least stable inflation and the most stable output
occur when the central bank is fully opaque.

To grasp the relationship between inflation volatility and signal precision, note that Equation (13) indicates that
when 8 = d¢3, the inflation set by the central bank is not affected by E[zcp|s]. Recall that in this scenario, a change in
the signal s leads to adjustments in both the tax rate and inflation expectations, with equal magnitude but opposite
signs, resulting in the cancellation of these effects when considering the inflation rate chosen by the central bank.
Hence, in this case, the volatility of inflation remains independent of the accuracy of the signal. In contrast, when
8 > dcp, the inflation set by the central bank increases with E[m¢p|s]. Thus, greater transparency leads to a stronger co-
movement of the first two terms in the expression of 7 given in Equation (13), resulting in higher inflation volatility.

To understand the relationship between the volatility of output and the accuracy of the signal, let us consider the
formula derived from the first-order condition of the optimization problem of the central bank

xzi(m _ 7). (15)

As it can be seen, the volatility of output will be related to the difference between the central bank's inflation target
and realized inflation. Let us consider first the relationship between transparency and the deviation of inflation from
the central bank's inflation target. Note that an increase in this target has two effects on the behavior of the central
bank. Firstly, considering the inflation objective, the rise in this target increases the incentives to inflate. Secondly,
regarding the output objective, a change in g influences the incentives for inflation because it affects the expectations
of private agents and the tax rate determined by the government. If §; > dcp, a change in 7cp results in an adjustment in
7° + 7 in the same direction as 7¢p, thereby increasing the incentives to inflate. Therefore, in this case, both effects
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align, leading to the conclusion that inflation increases with a change in 7cp. Increased transparency magnifies the
latter effect, thus intensifying the co-movement between 7 and 7 and resulting in a decrease in output volatility.

The results presented in Proposition 2 diverge from those obtained in the benchmark model. In that case, inflation
was the most stable when the central bank was the least transparent about its inflation target, due to the greatest
stability of 7°. By contrast, in the present setup, the government also observes the signal, which affects the tax rate 7.
Whenever 7 reacts less to the signal than 7z° the aforementioned result derived in the benchmark model holds.
Otherwise, the opposite result occurs. A similar analysis can be applied to the relationship between transparency and
output volatility.

The Fed has expressed views in recent years that could be interpreted as reflecting a higher .5 or a higher output
target.” While the level of the central bank's output target does not change the results of our analysis, an increase in d¢cg
does. Then, we end this subsection by examining how an increase in 55 affects the sensitivity of inflation and output
volatility to central bank transparency. These comparative statics results are illustrated in Figures 1 and 2, and sum-
marized in Corollary 3.

According to Proposition 2, Figure 1 illustrates different patterns regarding the relationship between inflation
volatility and the accuracy of the signal, depending on whether §cp < 65 or §cp > J¢. For the first region (i.e., §cp < 85),
inflation volatility increases with the accuracy of the signal, except when 8- = 0 (represented by the blue solid line) and
dcs = 86 = 1 (represented by the black solid line), where inflation volatility remains unaffected by the level of central
bank transparency. It is noteworthy that in the case of dcg = 0, the central bank sets inflation equal to its target,

Inflation volatility |

1.0
OBT s s R

0.6 T

04T

02T

el T . P R

0.0 A e ——
00 01 02 03 04 05 06,.07 08 09 10
Signal accuracy

FIGURE 1 Relationship between inflation volatility and accuracy of the signal for different values of d¢p: 8o = 0 (blue solid line),
dcp = 0.2 (purple dashed line), 55 = 0.8 (green dotted line), 5cp = 1 (black solid line), §c3 = 2 (orange dashed line), and §cp = 4 (magenta
dotted line), and 6cp — oo (red solid line). Other parameter values: g = 1, yg = 0.5, and crfm =1.
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FIGURE 2 Relationship between output volatility and accuracy of the signal for different values of 8cp: 8cp = 0 (blue solid line),
dcp = 0.2 (purple dashed line), 55 = 0.8 (green dotted line), 5cp = 1 (black solid line), 6c5 = 2 (orange dashed line), and 8cp = 4 (magenta

dotted line), and §cp — oo (red solid line). Other parameter values: 5 = 1, yg = 0.5, and G,Z,CB =1.
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resulting in an inflation unaffected by the accuracy of the signal. Similarly, in the case of §cp = Jg, it should be recalled
that the reactions of government and private agents to the signal counterbalance each other, leaving the inflation rate
set by the central bank unaffected by the signal. Moreover, Figure 1 allows us to understand how the sensitivity of the
inflation volatility to the accuracy of the signal is affected by a change in 6. For low values of §¢p in the first region
(i-e., dcp < 85), an increase in cp leads to inflation volatility being more sensitive to the accuracy of the signal. Observe
that for 3 = 0 the blue solid line is horizontal and for 6-z = 0.2 the purple dashed line is increasing. However, the
opposite result holds for high values of -5 in the first region (i.e., §cg < §5). Observe that at ¢z = 0.8 the green dotted
line is increasing and for §cp = 8 = 1 the black solid line is flat. Thus, in this part of the first region an increase in 5¢p
leads to inflation volatility being less sensitive to the signal's accuracy. Concerning the second region (i.e., 5cg > 6¢),
there is a negative relationship between inflation volatility and the accuracy of the signal. For low values of d-3 within
this region, an increase in cp leads to greater sensitivity of inflation volatility to the signal's accuracy. Conversely, for
high values of 8.5 within this region, an increase in 6. diminishes this sensitivity. As §cp approaches infinity, inflation
volatility becomes independent of the level of central bank transparency (red solid line).

Analogously to Figures 1 and 2 also illustrates different patterns regarding the relationship between output volatility
and the accuracy of the signal, depending on whether §cp < 8 or 6cp > 8. For the first region (i.e., cp < d5), a negative
relationship exists between output volatility and the accuracy of the signal, except when - = §5 = 1. In this case,
output volatility remains unaffected by the level of central bank transparency, as the reactions of government and
private agents to the signal counterbalance each other, resulting in both inflation rate and output being independent of
the signal. Consequently, the line representing output volatility (the black solid line) is flat. Additionally, the lines tend
to flatten as §cp increases, indicating a reduced sensitivity of output volatility to the accuracy of the signal. Concerning
the second region (i.e., cp > ), there is a positive relationship between output volatility and the accuracy of the signal.
For low values of 6.5 within this region, an increase in dc5 leads to an increase in the sensitivity of output volatility to
the signal's accuracy. However, as dcp increases to higher values within this range, this sensitivity diminishes. As dcp
approaches infinity, output volatility becomes unaffected by the level of central bank transparency (red solid line).

These results are formalized in the following corollary:

Corollary 3. The effect of an increase in cp on the sensitivity of inflation volatility and output volatility to the central bank
transparency level is ambiguous. Specifically, the following results hold:

a) There exist two values of 8cp, denoted by 8 and S, with § < 8 <&, such that M
avar[ ]

increases with 8- whenever

0<5CB<5OI‘5@<5C}3<5 while

b) There exists a value of Scp, denoted by 8, with 8¢ < 8, such that a"arx

ovar|x|
0A

SOcp > 5, while increases with 8- whenever §g < dcp < S.

3.2 | The optimal degree of transparency

We are interested in studying what degree of transparency makes the central bank and the government better off, in
order to determine if a conflict of interest may arise between these policymakers. We initially analyze the incentives of
the central bank for revealing information about its inflation target. To that end, we compute the expected loss for the
monetary authority in equilibrium. Note that using Equation (15), we get

1
E[Lcs] = Eécs(l + 8cp)E[x?],

where E[x?] = (E[x])* + var[x].

Taking into account the previous expression and Proposition 2, which states that E[x] is independent of the degree of
transparency but affects output volatility, the central bank favors the transparency level that minimizes output vola-
tility. Therefore, Proposition 2 enables us to derive the following result:
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Proposition 4. When the interaction of monetary policy and fiscal policy is present, a more accurate message (higher 4)
decreases the expected loss of the central bank whenever §g > 8cp. The opposite results hold when 8g < S¢p.

Proposition 4 indicates that the optimal degree of transparency of the central bank depends on which policymaker is
relatively more concerned about output stabilization. If the government prioritizes stabilizing output to a greater extent,
then maximum transparency would be optimal for the central bank. Otherwise, that is, if the central bank is more
concerned about output than the government, full opacity about the inflation target is preferred by the central bank.

After determining the optimal degree of transparency from the central bank's viewpoint, let us examine how the
central bank transparency affects government's welfare. Unsurprisingly, the next proposition shows that the govern-
ment always benefits from complete transparency.

Proposition 5. When the interaction of monetary policy and fiscal policy is present, a more accurate message (higher A)
decreases the expected loss of the government.

It is interesting to consider the normative question of whether transparency is socially desirable. In this regard, it
should be mentioned that many articles assume that the government's preferences coincide with society's preferences,
as an elected government seeks to align its preferences closely with those of society in order to secure re-election. In
such cases, Proposition 5 suggests that society is better off with complete transparency.

In instances where the government's preferences diverge from those of society, our results are ambiguous and
depend on society's preferences regarding inflation, output, and government spending. For example, suppose the
government (relatively) prioritizes output stabilization more than the central bank (65 > dc¢p), a scenario typical of a
very conservative central bank. If society's primary concern is output stabilization, Proposition 2 suggests that society
would benefit from the central bank announcing its inflation target in a fully transparent manner. Proposition 4 also
indicates that the central bank would benefit from this transparency. Conversely, if society's main concern is inflation
stabilization, Proposition 2 shows that opacity would improve society's welfare. In such cases, a conflict of interest arises
between society and the central bank.

4 | CONCLUSION

Following recent announcements by the Fed regarding the flexibilization of its inflation target, this article explores how
altering the level of transparency surrounding the central bank's inflation objective affects macroeconomic volatility
and welfare within a framework where an independent central bank interacts with a fiscal authority.

Our results suggest that a key factor influencing the effects of central bank transparency is the relative importance
placed by the central bank, in comparison to the government, on output stabilization versus inflation stabilization.
When the central bank assigns less weight to output stabilization relative to inflation stabilization than the government
does, a more transparent inflation target will result in lower output volatility, but higher inflation volatility.

We also find that when the central bank is relatively less concerned about output stabilization than the government,
the former prefers maximum transparency of its inflation target. Conversely, when output stabilization is relatively
more important to the central bank than to the government, the central bank is better off with full opacity. In any case,
the government always prefers full transparency. Additionally, if the government aligns with society's preferences, then
transparency is also socially optimal. Otherwise, that is, when the government does not represent society's preferences,
full opacity of the central bank's inflation target could be beneficial for society.

The analysis presented here could be extended in several ways. For instance, introducing other forms of uncertainty
into the model could help assess the robustness of the findings outlined in this article.
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ENDNOTES

! By contrast, uncertainty about the central bank's stabilization parameters affects average levels of inflation and output. Specifically,

Schaling and Nolan (1998) show that expected inflation rises with uncertainty about inflation stabilization preferences. Similarly, Eijffinger
et al. (2000, 2003) find that this uncertainty adversely affects inflation bias and variability, but improves output stabilization, suggesting
potential societal benefits. Sorensen (1991) and Griiner (2002) demonstrate that this uncertainty may be socially desirable when the private
sector acts strategically. Other papers examine interactions between monetary and fiscal policies with uncertainty about the central bank's
stabilization parameters. Ciccarone et al. (2007), and Hefeker and Zimmer (2011) find that this uncertainty could have a fiscal disciplining
effect in terms of reducing the public expenditures and taxes, leading to lower inflation and higher output gap. It could also reduce the
macroeconomic volatility if the initial degree of opacity is sufficiently high. Oros and Zimmer (2015) show that in a monetary union with
uncertain central bank preferences, private agents expect the central bank to act more conservatively, lowering inflation and improving
macroeconomic outcomes through better communication. Our paper differs from these articles in the source of uncertainty and the way of
modeling transparency.

N

This benchmark model could also include a fixed tax rate to make it more comparable with the full model presented in Section 3.
Nevertheless, this change would not affect the results obtained in this section.

w

The inclusion of a supply shock does not alter the results of this paper, as shown in Appendix B. This is the reason why we have omitted it
in our analysis.

Uncertainty could arise because of unclear communication by the central bank, be it misstatements, bad timing or miscalibration of
messages to different audiences (Filardo & Guinigundo, 2008). It could also be due to, as stated by Blinder (2009), different messages being
recounted by different members of the monetary policy committee. Further, Haldane and McMahon (2018) explore how in the presence of
low financial and macroeconomic literacy, the public might misunderstand the central bank communication.

> Without any loss of generality, we normalize the target level of output to zero.

6 As in Alesina and Tabellini (1987) and Debelle and Fischer (1994), this expression is obtained assuming that there is a competitive private

sector in this economy. There is a continuum of firms that are price takers in both the output and in the labor market and aim to maximize
their profits net of taxes. Distortionary taxes are levied on production and are the only tax available to the government. Workers set the
nominal wage to achieve a real wage target (which is normalized to zero) in a competitive labor market populated by uncoordinated small
agents. Since the wage is chosen at the beginning of the period, private agents need to set their inflation expectations.

N}

In this interpretation, we assume that 7 is small enough. Otherwise, we would rewrite this first term on the right-hand side of this
equality, representing the corresponding term a marginal benefit of an increase in 7.

%

In Appendix C, we show that the results derived in Proposition 2 also hold in an extension of our model, where the output target of the
central bank is uncertain.

¢ We would like to thank a referee for this suggestion.
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APPENDIX A

Derivations of Equations (4) and (5). Substituting the expression for output given in Equation (1) into the loss function
of the central bank and taking the first-order condition, one obtains 7 — ¢cg + dcp(m — 7€) = 0, which implies

7B e,
T = + . Al
1+8cs 1+06cs (A1)
Taking (conditional) expectations and solving for 7%, it follows that
¢ = E[mepls] (A2)

Substituting (A2) into (Al), Equation (4) is derived. Finally, using Equations (4) and (A2) in (1), we obtain
Equation (5). [J

Proof of Proposition 1. Taking expectations in Equations (4) and (5), we have E[n] = 7Tcp and E[x] = 0. Therefore, these
expected values are not affected by the degree of central bank transparency. In addition, it can be shown that the

. 1eqs . . . _ A8ty +2A8cs+1 2 __1-A 2 i i
variability of inflation and output are given by var[z] = C(BHTG,,CB and var[x] = T2 s’ where Equation (3) is

used to substitute for o2. These expressions allow us to conclude that greater transparency (higher 4) increases the
variability of inflation and reduces the volatility of output. []

Proof of Proposition 2. After some algebra, using o3 = (4 —1)dZ_, we get

Scr(86 — 8cp) (28 + 868cp — 8245) A + A2
var(a] = cB(d¢ CB)(AZ(1++; C)B2 o)A+ O'ETCB and
CB

A — - 2A —
vard] = ( A(S6 —dca)( _ 8¢ + 5CB))U7ZT .
A2(1 =+ 5CB) B

Using the expression of A given in Equation (12), it follows that

ovar[z] 02, 8c8(8c — 8cp) (28 + 27 + (676 + 86)Scs + (476 + 1)805)

TcB

9A (1+6cp)*(A)?

and (A3)

ovarlx] 0%, (86 —8c) (86 + 2rg + (676 + 1)8cn + 2(27 + 1)8¢5) (A4)
0A (1+6cp)*(A)? '

Therefore, W;j”] > 0 if and only if 65 > S¢p, and ‘)Vg—;[x] > 0 if and only if 6g < dcp. Finally, by taking expectations in

Equations (13) and (14), it follows that E[z] and E[x] are not affected by the degree of transparency of the central
bank. []

Proof of Corollary 3. a) Differentiating Equation (A3) with respect to §c-p, we have

27

0 (avar[ﬂ]> ) 2P(Scp)
05cs \ 0A (1 + 8cp)* (825 + 86 + v6(8cs + 1)(28¢ + 1))

where P(8) = ped°® + ps&” + pad* + ps8” + p28” + p18 + po, with
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Ps = (276 +1)(4y6 + 1), ps =3y5(3 = 266)(2¥g + 1),

pa= (= 2(2rg +1)8G = 86 (1076 + 3475 = 3) +76(7yg +3)),
ps = —((13yg + 6)8% + 486y6(8y + 3) + 107%),

p2=-3(3y5 + 66376+ 1))(ys + Jc),
P1=2(—¥6+86(rg—1))(vs +8c), and py = 86(r¢ + 8c)”.

Next, we show that P(6) has two positive roots. In order to prove that, we distinguish two cases: (1) 3 > 285, and (2)
3 < 266.

Case 1. If 3 > 26, independently of the signs of coefficients p, and p,, P(5) has two changes in the sign of its coefficients.

Case 2. If 3 < 264, then the coefficients of ps and p, are negative. Consequently, independently of the sign of the co-
efficient of p;, we can state that P(§) has two changes in the sign of its coefficients.

Then, applying the Descartes' rule, we conclude that the maximum number of positive roots of P(8) is two. In
addition, since P(0) > 0, P(65) < 0 and gimP(é) = oo, we can conclude that P(5) has two positive roots. Hence, taking

into account the previous expression for 57— (a";j”]), it follows that there exist two values of 8¢, denoted by & and &,

ovar|z]
0A

) > 0 whenever dcp < §, 5 (‘)V(ﬂ”]) < 0 whenever § < 8cg < 8, and = (‘)";j”]) >0

with § < 8 <8, such that 32— (

whenever 8¢ > 8. By taking absolute values, the results stated in Corollary 3.a are satisfied.
b) Differentiating Equation (A4) with respect to 8¢5, we get

2Q(5CB) 2

3gﬂc3’

0 (War[x]) B
5cg \ 0A (1 +8cp)’ (625 + 06 + ¥6(8cp + 1)(28¢cp + 1))

where Q(8) = s8° + qu8* + q38° + ¢28” + ¢18 + o, With

gs = =325 +1)%, qa = (2y¢ + 1)(4(2yg + 1)86 — (1776 + 3)),
g3 = (2yg + 1)(25y¢ + 3)d6 — (476 + 1)(8yg + 1),

@ =3((2yg +1)85 + (1975 + 7Ty + 1)86 — 3v%).

@ =9768¢ + (2875 + Ty +1)86 + 76(2r + 1), and

Qo =65 + 3v68% + Y6 (576 + 1)éc + 75

17643
A2ty

Next, we show that Q(8) has a unique positive root. In order to prove that, we distinguish two cases: (1) §g >

17y5+3
and (2) ég < 27/G+1)

Case1.If 65 > 412}"311) it can be shown that all the coefficient of Q(5), except the coefficient gs, are negative. Therefore,

we can state that Q(6) has one change in the sign of its coefficients.

Case 2. If 65 < IZGE (and therefore, q4 < 0), then we distinguish two subcases: (2.1) &g % and

4}/ +1)(8}/ +1)
(2:2) 3 < Gy imEsya oy
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Case 2.1. If 65 > % (and therefore, g3 > 0), then it can be shown that g, is also positive, and hence, that Q(8)

has one change in the sign of its coefficients.

Case 2.2.If 65 < % (and therefore, g3 < 0), then, independent of the sign of the coefficient g,, one can see that

Q(6) has one change in the sign of its coefficients.
Then, applying the Descartes' rule, we conclude that the maximum number of positive roots of Q(5) is one. In addition,

since Q(0) > 0 and gim Q(8) = —o0, we conclude that Q(8) has a unique root, denoted by 8. Moreover, as Q(85) > 0, we

conclude that 85 < 8. Hence, taking into account the previous expression for % (WSEX])’ it follows that % (Wsi;[x]) >0

ovarlx]
0A

3 9
whenever §cp < 6, and 55— (
satisfied. []

) < 0 whenever §cp > 8. By taking absolute values, the results stated in Corollary 3.b are

Proof of Proposition 4. Using (15) and after some algebra, it follows that the expected loss for the monetary authority in
equilibrium satisfies

FlLes] = %503(1 1 8cs) ((Ex))? + varfx)).

In addition, Proposition 2 shows that E[x] is independent of the degree of transparency of the central bank, while
var[x] decreases with the degree of transparency of the central bank whenever 8 > 8cp. This leads us to conclude that
the expected loss of the central bank decreases with its degree of transparency if and only if 65 > d¢p. [

Proof of Proposition 5. The unconditional expected loss of the government can be written as

E[L¢) == [(E[r - 7))’ + 86(ElX]) + y4(Elg — g))* + var[z] + Sgvarfx] + yevarlgl].

N

Direct computations yield that E[m — 7s], E[x] and E[g — g] are not affected by .A. In addition, after some algebra,
using o = (§—1)o%_,, we get

((1 + 5c3)2(5c - 5(;3)2 - AZ)A + AZO.Z
A%(1 4 8cp)’ e’

varlg] =

Taking into account Equations (A3) and (A4), the previous expression and the expression of A given in Equa-
tion (12), we have

OF[Lg] —76(8es+ 86 +7ve(l+dcp)(1+ 25c3))2 — (86 — 6cp)* (825 + 86 + ¥g(1 + Scp) (1 + 35cp)) 52
0A 20%(1 4 8¢p)° ew”

JE[Lg)

Therefore, A

< 0, which implies that an increase in .4 makes the government better off. []

APPENDIX B

We will show here that the main results of the paper are not affected by the inclusion of a supply shock. We will adopt
the same framework as before, but now output is given by

xX=m—-7°—-7+¢,

where 7 and 7° are the actual and expected inflation rates, 7 represents the tax rate levied on output and ¢ is a pro-
ductivity shock, with e ~ N (0 02) and independent of the other random variables of the model.

rYe
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The timing of events is as follows: firstly, the central bank's inflation target, 7cp, is realized, but observed only by the
central bank. Subsequently, the private sector and the government observe the same risky signal of this target (s), and
the private sector uses this signal to rationally form its inflation expectations. Afterward, the productivity shock ¢
occurs. Then, fiscal-monetary interactions involve a Stackelberg game, where the fiscal authority takes the leading role
and the monetary authority acts as the follower.

We apply backward induction and, using similar computations as in Section 3, obtain

o) V4 (1+25CB)
7 — 7NSS _ cBY G e, B1
(1 3cs) (86 + 761 + 25cs)) By
with
Sc(6g — 6 Scp(8caT 26 1)g
S8 7cB cB(6¢ —dca) E[zcsls] + cB(0caT + v(20cB + )g)_

T 14805 (1+0cp)A A

The first term in Equation (B1), denoted by 7%, is the optimal inflation in the case that there are no supply shocks.
Direct computations yield

E[z] = E[z"**] and var[z] = var[z"**] + ( T S;C)B(J;z(itzgcf 5 5CB))> oz,

Concerning output, the first-order condition of the optimization problem of the central bank implies
x =<1 (mcp — ). Using Equation (B1), it follows that

Ocs

_ | NSS Y6(1 + 23¢cp)
= (1+6cB) (66 + v6(1 + 26cs)) & (B2)

with x5 = 5L (7cp — 7%%%) and x5 is the optimal level of output in the case where there are no supply shocks.
Moreover, E[x] = E[x¥5] and

B " ¥e(1+ 28¢p) 2 2
v =) (1 T ) o

Note that the inclusion of a supply shock increases the volatility of macroeconomic variables without affecting their
expected values. Consequently, we can deduce that changes in transparency levels do not alter the average levels of
inflation and output within this extended framework. Furthermore, since the terms involving ¢ in Equations (B1) and
(B2) are not affected by the accuracy of the signal s, the impact of central bank transparency on inflation and output
variability is the same as that in the model without supply shocks.

APPENDIX C

We extend the previous model assuming that the output target of the central bank is uncertain. Suppose that the loss
functions of policymakers are given by:

Leg = ((71' - 7TCB)2 + 5CB(x - xCB)Z) and

1
2
L= % ((71' —76)" +8g(x _)?G)z +76(g - g)z).

In this extension, the central bank's targets are allowed to be both stochastic, with 7cp~N (ﬁCB,ofrCB),

Xcg ~ N (XCB,G)ZCCB) and coW(zcp, Xcp) = 0. The central bank's targets, 7cp and Xcp, are only known perfectly by the
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central bank, while both the private sector and the government observe risky signals of these targets, denoted by s,
where s; = mcg + v, and s, = Xcg + Vo, Where v;, i = 1, 2, is a white noise, that is, v; ~ N(O, 0124) and they are un-

correlated between them and with the central bank's targets. Note that
[E[?TCB‘Sl] = AlSl + (1 - Al)ﬁCB and [E[XCB|S2] = .AzSz + (1 - Az)xCB,

a2 o2
where A, = ﬁ and A, =
0<A<1,i=1,2.

The timing of events will be as follows. Firstly, the central bank's targets 7 and xcp are realized but only observed
by the central bank. Subsequently, the private sector and the government observe the signals s; and s,, which are used
to rationally form the private sector inflation expectations, 7z°. Subsequently, the government and the central bank will
choose their policies sequentially, with the government acting first.

We apply backward induction and, using similar computations as in Section 3, we obtain

ﬁ, which are measures of accuracy of the corresponding signals. Observe that
XCB V2

_ Te + ScpXca
1+6cs

dce(8¢ — Oca)
i vt C1
(1 i 5CB)A ([E[?TCB‘SJ + 5CBHE[XCB|SZ]) ( )
8cp(6cac — 86XG + ¥(1 + 26cB)g)
+ A

In relation to output, the first-order condition of the optimization problem of the central bank implies
X=Xcp + ”f;?—c;”. Using Equation (C1) in the expression of the output, we have that

_ 7c +ScpXep O —Ocn
1+dc (1+6cp)A

(E[mcslsi) + dcpE[xcals: ])

_ 6cpTg — 86Xg +¥Yg(1 + 25cB)8
A

Proposition C.1. In the case that both central bank’s targets are uncertain, greater transparency (higher 4; or higher A,)
increases the variability of inflation and reduces the volatility of output whenever §g > dcp. The opposite results hold when
dc < &cp. Furthermore, in any case, a change in the degree of transparency does not affect the average levels of inflation and
output.

Proof of Proposition C.1. Taking into account Equation (C1) and after some algebra, we have

%761+ 2cs) (7Tcp + ScpXcp)
A

E[7]
(C2)
and

n 0cB(dcp7tc — d6Xc + Y(1 + 20cB)8)
A

B 1 6cp(86 —dcs) , \°
Var[n} = (503 ) + A(l T 5CB) Al UﬂcB

Scg | Sep(86 —Scp) )2 ) <5CB(5G —6cs) )2 > (5&(50 —cn) ) )
+ A 4 (2eBPe Z Ok 4 4 (2B 26T OCBI g, ) o
+ <5c3 +1 A(l —+ 5CB) 2 ) Oxc A(l + 5CB) 1) I A(l —+ 5CB) 2) 9
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Given that o = (A% - 1) o2, and o7 = (A% - 1)‘7)2@3 and using the expression of A, we have

2 2 2
O-T[CB + 5CBGXCB

(14 8cp)°

n 5CB(5G - 5@3) (5?:3 + 5(;55‘3 + 25@ + 2}/G(5CB + 1)(255‘3 + 1)) (C3)
A%(1 + 6cp)’

2 2
—+ 5CB‘AZUXCB) .

var[zr] =

e:}

x (Amz

Concerning output, recall that x = xcp + %. Therefore,

ﬁCB - [E[ﬂ.'}

E[X] = -)?CB =+ (C4)

dca

and, using Equation (C1) and after some algebra, it follows that

(A —= A (66 - Icp) ’, A— A8 -6c8)\° , 8¢ — Sca 2, dce(86 — d¢) 2,
Var[x] = ( A(l T SCB) O'”CB + 5(}3 A(l +5CB) O'xCB + mAl 01/1 + mAz O-vz'

Given that o} = (A% - 1) o2, and o) = (A% - 1)0)2@ and using the expression of A, we have

02+ 0opo?

var[x] = P e
(1 + 5CB)
(C5)
B (56 — 503)(25é3 + &g + Ocp + 276(503 + 1)(255*3 + 1)) (.A 52 A 252 )
A%(1 + 6cp)* e TORECE e )

Note that Equations (C2) and (C4) imply that the expected inflation and the expected output depend neither on
Aj; nor on A,. However, Equations (C3) and (C5) show an increase in .4; or in .4, results in an increase in the variance
of inflation and a decrease in the variance of output whenever 65 > §cp. [
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