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Abstract. In recent years, a number of countries have changed their central bank-
ing institutions. Often these reforms involve granting long terms of office to central
bankers. This threatens to limit the extent to which the central bank can be held
accountability. Dismissal rules can help ensure accountability, and, in the presence
of inflation shocks, the socially optimal commitment policy is supported by a dis-
missal rule similar to a modified nominal income rule. The government’s promise
to follow the rule is shown to be credible in a trigger strategy equilibrium for
reasonable parameter values.
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1. Introduction

Beginning with the 1989 central banking reforms in New Zealand, many countries
have rewritten their central banking legislation to establish explicit goals of price
stability and provide insulation from political influences. These moves are very
clear in the structure of the European Central Bank (ECB), whose directors are
charged with maintaining price stability, forbidden to take instructions from mem-
ber governments, and given long, nonrenewable terms of office (8 years) to further
distance them from political pressures. However, as emphasized by the title of the
Roll (1994) report outlining “a new mandate for the Bank of England,” autonomy
must be tempered by accountability.
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Chen for research assistance.
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The problem of enforcing accountability has received relatively little attention
in the literature on monetary policy. One influential view, exemplified by Blinder
(1998), McCallum (1995), and Vickers (1998), is that accountability is not an
issue. Central bankers, according to this view, strive to do the right thing and are
able to avoid the inflation bias that was highlighted in the literature on the time
inconsistency problem (Kydland and Prescott 1977, Barro and Gordon 1983). An
alternative view is that whenever governments delegate important powers, such as
control over monetary policy, they must also be able to assess the performance of
the agent. Part of the debate over transparency in monetary policy can be viewed as
stressing its role in ensuring accountability by allowing the central bank’s actions
to be monitored (Walsh 2000, Cukierman 2000).

This paper analyzes how dismissal contracts can ensure accountability when
an instrument independent central bank conducts discretionary monetary policy.
Following the literature on discretionary monetary policy (seeWalsh 1998, Chap. 8
for a survey), it is assumed that the government desires, ex-ante, to commit to the
socially optimal inflation rate. However, at this inflation rate, themarginal benefit of
a temporary expansion of output exceeds the marginal cost of inflation. The public
will expect the government to yield to the resulting temptation, and the govern-
ment can do no better than to deliver the expected inflation. Delegating control of
monetary policy to an independent central bank who shares the government’s pref-
erences over employment and inflation does not solve the problem; such a central
bank faces the same incentive to inflate as the government. To sustain the optimal
commitment policy, the incentives facing the central bank must be changed.

One means of doing so is to tie the central banker’s reappointment to actual
inflation outcomes. The threat of dismissal then affects the conduct of policy. New
Zealand’s Reserve Bank Act of 1989 has been analyzed as a form of dismissal rule
(Walsh 1995), and Meltzer (1981) had earlier suggested a similar mechanism for
the Federal Reserve. However, Walsh (1995c) concludes that dismissal rules that
achieve the optimal policy may not always exist and that, in the presence of supply
shocks, any dismissal rule would need to be contingent on the underlying shock.
Such a dismissal rule would be difficult to implement.

This paper extends that previous analysis in several ways. First, I show that
an optimal dismissal rule always exists. This result holds even when the presence
of hidden information prevents specifying a complete state contingent rule against
which the central bank’s actions can be judged. Second, I derive the steady-state
properties of the expected length in office and the value of holding office. This
treatment of term length differs from that in Waller and Walsh (1996). There,
the term length was deterministic and chosen optimally in the institutional design
stage. The optimal term length balanced the need to avoid Alesina-type election
effects on monetary policy against the need to ensure the central bank’s inflation
preferences responded to shifts in the public’s preferences. Here, term length is
stochastic, depending on economic outcomes, and dismissal arises from the need
tomonitor the central bank’s actions. Election effects are absent and the central bank
shares the public’s preferences for trading off fluctuations in inflation and output.
The resulting relationship between inflation and term length is consistent with
empirical evidence on central bank turnover and average inflation, but for reasons
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that differ significantly from those usually stressed. For example, Cukierman (1992)
argues that low turnover is a measure of high central bank independence, and this
independence leads to low inflation. In the model analyzed in the present paper, a
central banker who produces low inflation is reappointed, so low inflation causes
low turnover.

Third, I show that a type of modified nominal income targeting rule similar to
one originally proposed by Taylor (1985) provides the optimal benchmark for ac-
countability in the presence of supply shocks and private central bank information.

Lastly, I show that the government’s promise to dismiss the central bank is
credible, at least for reasonable values of the model’s parameters. The public can
more easily observewhether the government has carried out its dismissal threat than
whether the central bank has implemented the optimal policy. If the government
loses its credibilitywhenever it fails to dismiss the central banker after an occurrence
of excessive inflation, the expected cost of failing to implement the dismissal rule
is shown to exceed the expected gain from cheating except when the government
places little weight on future outcomes, the social weight on output stability is
very small, or the output elasticity of inflation is very large. For parameters in the
range found in the empirical literature and used in other calibration exercises, the
dismissal rule is credible.

Some economists, including those with direct policy making experience such
as Alan Blinder, have argued that the overly ambitious output goal that is the tra-
ditional source of an inflation bias in the Barro–Gordon (1983) framework is not
relevant for understanding central bank behavior. Central bankers, it is held, have
learned from this literature, and they now define any output objectives in terms of
the output gap–the difference between actual output and the economy’s flexible
price equilibrium level of output. As articulated by Svensson, “....there is consid-
erable agreement among academics and central bankers that the appropriate loss
function both involves stabilizing inflation around an inflation target and stabiliz-
ing the real economy, represented by the output gap” (Svensson 1999). Such a loss
function forms a key component of “The Science of Monetary Policy” (Clarida,
Galí, and Gertler 1999), and Woodford (1999a) has shown how it can be derived
as an approximation to the utility of the representative agent.

The success of most developed economies in reducing inflation rates and sus-
taining low inflation over the past few years has served to booster the view that
central bankers can avoid the inflation bias. As Cukierman (2000) shows, however,
an average inflation bias may still arise, even with a strict focus on the output gap,
if policy makers prefer output expansions to contractions for a given rate of in-
flation. And, as Fig. 1 suggests, developing economies still suffer from significant
inflation. Thus, it is of interest to examine how specific institutional arrangements
might contribute to achieving and maintaining low rates of inflation.

The remainder of the paper is organized as follows. Section 2 reviews the related
literature. Section 3 sets out the basic framework. The central bank’s objective
involves stabilizing the output gap and inflation, but it is assumed that when the
output gap is zero and inflation is on target, there is still a positivemarginal gain from
an economic expansion. Given these preferences, both the optimal commitment
policy and the policy thatwould arise under complete discretion are derived. Section
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Fig. 1. Consumer price inflation in developed and developing economies (Source: IMF International
Financial Statistics, March 2001)

4 then examines the central banker’s optimal behavior when she is subject to a
dismissal rule. The conditions under which a dismissal rule can implement the
socially optimal commitment policy are then derived. In the presence of inflation
shocks, the optimal commitment policy can be achieved, but the dismissal rule
must depend on actual inflation and output. Section 5 shows how the dismissal
contract is affected when the output gap is measured with error. Section 6 derives
conditions that ensure the government’s commitment to implement the dismissal
rule is credible. Conclusions are contained in Sect. 7.

2. Related literature

Appointment and reappointment procedures for central bankers significantly affect
the conduct of policy. Chappell, Havrilesky, and McGregor (1993) find that policy
votes by members of the Federal Reserve Board of Governors are affected by the
President by whom they were appointed. Cukierman, Webb and Neyapti (1992)
show that average inflation in developing countries is correlated with the turnover
rate of central bank governors, with more rapid turnover associated with higher
inflation. They interpret lower rates of turnover as evidence of central bank inde-
pendence from political pressures. And central banking reforms such as those that
grew out of the Maastricht Treaty emphasized the need for long terms of appoint-
ment to reduce the degree of political influence on monetary policy.
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The manner in which the reappointment process can be used to affect pol-
icy, however, has received little formal attention. Fratianni, von Hagen and Waller
(1997) assume that a positive inflation bias arises from the desire of the central
banker to please the government and thereby gain reappointment. Not surprisingly,
the bias is eliminated if the central banker is barred from being reappointed. When
policy biases arise from other sources as well, the central banker’s desire to be
reappointed can make him accountable. This is the role reappointment plays in
O’Flaherty (1990). However, he assumes society is able to specify completely a
state contingent rule for the central bank to follow. This ignores the informational
problems that give rise to a specialized monetary authority in the first place.

Minford (1995) shows that the socially optimal policy can be achieved if the
electorate punishes the policy maker whenever policy responds to anything other
than “news.” Since the optimal policy only involves responding to news, Minford’s
punishment strategy does not restrict the flexibility of the central banker to respond
appropriately to economic disturbances, but it does eliminate any systematic in-
flation bias. However, if the central bank has private information, as in Canzoneri
(1985), voters may not be able to implement their punishment strategy even if they
are able, ex post, to observe all the shock realizations. And elections seldom revolve
solely as a judgement on the monetary policy actions of the government.

Rogoff (1985) suggests that governmentsmight appoint “conservatives” to head
the central bank. Conservative central bankers, defined as those who place greater
weight than society on inflation stability, generate a smaller inflation bias but impose
a cost by distorting the response of policy to aggregate supply shocks. Lohmann
(1992) shows that the government can do better by appointing a conservative but
then overriding the central bank if supply shocks are “too large”. In effect, the
central banker is dismissed in the face of large economic disturbances.

Svensson (1997) has shown how the optimal central bank contract designed
to get the central banker’s incentives “right” (Persson and Tabellini 1993, Walsh
1995a) is equivalent to an inflation targeting regime. In this case, the government
assigns the inflation target. By making the target public, such a regime, like an
exchange rate regime, is “transparent,” and can support reputational equilibria with
low inflation (Herrendorf 1998, al-Nowaihi and Levine 1996). Left unclear in much
of this literature, however, is what the consequences are for the central bank if it
misses its target.

The present paper studies how the possibility of dismissal affects the conduct
of policy. To do so, I abstract from the reappointment process as a means of shifting
political preferences (Waller 1992, Chappell et al 1993, Fratianni, von Hagen and
Waller 1997, Waller andWalsh 1996) to concentrate on the effect of reappointment
on the incentives faced by the central bank and the trade-off between inflation bias
and optimal stabilization.

3. The basic model and policy under commitment and under discretion

Thedescription of the economy is deliberately kept simple, consisting of an inflation
adjustment equation and an aggregate spending relationship linking output to the



6 C. E. Walsh

real interest rate. The nominal interest rate is treated as the central bank’s policy
instrument.

Inflation is governed by an expectational Phillips curve of the form

πt = πe
t + axt + et, (1)

where π is inflation, πe is the inflation rate expected by the public, x is the output
gap (actual output minus the flexible price equilibrium level of output), and the
inflation shock e is taken to be a white noise process.1 The output gap depends on
the real interest rate:

xt = −b [
it − πe

t+1
]
+ vt, (2)

where i is the nominal interest rate and v is a demand shock.
Governments (Congress, the administration) often have difficulty determining

exactly what the central bank knows or what it is doing. Thus, both hidden action
(the government cannot verify the central bank’s exact policy stance) and hidden
information (the central bank’s forecasts are unverifiable, private information) are
important for the analysis of monetary policy, as the academic debates over mea-
suring monetary policy and the public debate in the U.S. over the release of FOMC
minutes illustrates. In the analysis of this paper, I focus on the role of hidden in-
formation by following Canzoneri (1985), Garfinkel and Oh (1993) and others in
assuming that the central bank has private, unverifiable forecasts vf of the demand
shock and ef of the inflation shock. This means that the government cannot simply
specify a complete state-contingent policy rule (i.e. a value of i for every possible
realization of vf and ef ) and fire the central banker if she deviates from this rule.
The central bank is able to condition its policy response on vf and ef , but because
the government (and the public ex-post) is able to observe only i, x and π, the
central bank’s forecasts are unverifiable. In addition, in Sect. 5, I will assume the
government only observes a noisy indicator of x.

The government aims to minimize the present discounted value of a social loss
function that depends on the output gap and inflation. The per-period loss is given
by

St = −λ1xt +
1
2
λ2x

2
t +

1
2

(
πt − πS

)2
, (3)

where πS is the socially optimal rate of inflation. The second two terms in this loss
function represent the standard quadratic specification widely used in the literature.
Unlike the approach in the earlier Barro-Gordon literature, the central bank is con-
cernedwith fluctuations of the output gap and not with fluctuations of output around
a target value that exceeds the economy’s equilibrium output level. The linear term
in the output gap,−λ1x, captures the asymmetric pressures policy makers typically
face in that “In most situations, the CB will take far more political heat when it

1 Rudebusch and Svensson (1999) replace expected inflationwith lagged inflation to yield a backward
looking Phillips curve.NewKeynesian specifications lead to the expectation of future inflation appearing
in the inflation equation (for example, see Clarida, Galí, and Gertler 1999). For the general points made
in this paper, the simpler formulation given in (1) is adequate.
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tightens preemptively to avoid higher inflation than when it eases preemptively to
avoid high unemployment” (Blinder 1998, pp. 19-20). As Cukierman (2000, p. 17)
expresses it, “But it is hard to see why central bankers, social planners or political
authorities would consider, given inflation, a positive output gap of a given magni-
tude to be equivalent to a negative output gap of the same magnitude” (emphasis
in original). According to (3), if π = πS , an output gap of 1% is preferred to a gap
of −1%.

The optimal commitment policy is the solution to the sequence of single period
decision problems of a policymaker whose objective is to minimize the expectation
of (3), conditional on the forecast of v and e, and subject to the requirement that
the public’s expectations be rational, given the assumed information structure and
the policy maker’s actions. The solution to this problem is an optimal reaction
function under commitment, ic(vf , ef ), specifying the setting of i as a function
of the velocity forecast vf and ef . It can be shown that the optimal commitment
policy is

ict(e
f
t , v

f
t ) = πS +

(
1
b

) [(
a

λ2 + a2

)
ef
t + vf

t

]
. (4)

Under this policy, the output gap is

xc
t = −

(
a

λ2 + a2

)
ef
t + (vt − vf

t ), (5)

while inflation equals

πc
t = πS +

(
λ2

λ2 + a2

)
ef
t + a(vt − vf ) + (et − ef

t ). (6)

It is not optimal to insulate inflation fully from the central bank’s forecast of the
inflation shock but to offset partially the expected effect on output. The optimal
policy always involves offsetting vf fully so that it affects neither x nor π.

This policy is not time consistent. Once expectations have been formed on the
basis of the policy rule (4), it is no longer optimal for the central bank to follow (4).
The time-consistent policy under discretion, obtained byminimizing (3) conditional
on the central bank’s forecasts and taking πe as given, is

idt (e
f
t , v

f
t ) = πS +

(
λ1

a

)
+

(
1
b

) [(
a

λ2 + a2

)
ef
t + vf

t

]
. (7)

Under the optimal discretionary policy, output is equal to

xd
t = −

(
a

λ2 + a2

)
ef
t + (vt − vf

t ) = xc
t ,

and inflation is

πd
t = πS +

(
λ1

a

)
+

(
λ2

λ2 + a2

)
ef
t + a(vt − vf

t ) + (et − ef
t ) > πc

t .
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The optimal policy under discretion includes an inflation bias that is positive on
average and equal to λ1/a.2 Comparing ic in Eq. (4) with id in Eq. (7) reveals that,
despite the presence of the inflation bias, discretionary policy responds optimally
to the information contained in the velocity and supply shock forecasts.

In the subsequent analysis, it will prove convenient to view the central bank
as choosing planned levels of the output gap and inflation, denoted xp and πp.
Under pure discretion, xp = − [

a/(λ2 + a2)
]
ef and πp = πS + (λ1/a) +[

λ2/(λ2 + a2)
]
ef .

4. Discretion with reappointment

Assume the government can draw from a pool of identical agents to head the central
bank. The government offers a central bank candidate an employment contract on
a take it or leave it basis. The contract pays the central banker a fixed wage (and
assume the wage is set to ensure she will accept the contract, i.e the individual
rationality constraint is satisfied) and grants the central banker complete discretion
to conduct monetary policy. In a model without inflation shocks, Walsh (1995c)
considers a contract that also specifies a constant rate of inflation π∗ such that
the central banker is fired whenever inflation exceeds π∗. Since the government is
indifferent among central bankers, the threat to fire is credible. In the absence of
inflation shocks, there will exist a π∗ that induces the central banker to follow the
optimal policy given in (4).

When inflation shocks are present, however, a simple dismissal rule based on
a fixed π∗ cannot support the optimal commitment policy because the optimal in-
flation rate is state contingent (see Eq. 6). If the central bank forecasts a positive
inflation shock, for example, optimal inflation rises above πS . Without a corre-
sponding increase in π∗, the central bank will not let inflation rise sufficiently,
since doing so would make reappointment less likely. Allowing π∗ to be a func-
tion of ef or even e could resolve this problem, but ef is the unverifiable private
information of the central bank and defining the dismissal rule ex post on the ba-
sis of the realizations of e ignores the difficulty of implementing policy rules that
require identifying the true underlying economic disturbances. If the government
could adjust π∗ after observing e, then the government will essentially be setting π∗

contingent on both e and πe, since expectations are set prior to e being realized. At
that point, the government’s loss function is minimized if the central bank follows
the discretionary outcome. That is, once expectations are set and the government
observes e, (4) is no longer optimal from the government’s perspective; the time
inconsistency problem reappears (McCallum 1995).

While firing the central banker whenever inflation exceeds a constant critical
rate is not optimal when inflation shocks can occur, there are dismissal rules that
can support the optimal commitment policy. Consider a dismissal rule that specifies

2 Most estimates of the output elasticity of inflation imply that a is quite small. Hence, the average
inflation bias can be quite large even if the weight placed on economic expansions, λ1, is itself fairly
small.
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a dismissal rate π∗(x) as a linear function of the realized output gap:

π∗(x) = β0 − β1x, (8)

where β0 and β1 are constants to be chosen by the government. That is, the central
banker is firedwheneverπ >π∗(x) = β0−β1x. Alternatively expressed, dismissal
occurs if π + β1x > β0.

This dismissal rule can be interpreted as a type of modified nominal income
target. Let y denote actual (log ) output and ȳ (log) potential output. Nominal
income is p+ y, where p is the log price level. Under a policy of targeting nominal
income, the nominal income target for period t would depend on potential output
and the period t − 1 price level adjusted for the socially optimal inflation rate:
pt−1 + πS + ȳ. The deviation of nominal income from this target is then equal to

(pt + yt) − (
pt−1 + πS + ȳ

)
= πt + xt − πS .

A dismissal rule based on nominal income would involve firing the central banker
whenever the deviation from target, πt + xt − πS , exceeded a critical value, say
z, or, equivalently, whenever πt > z + πS − xt. The dismissal rule given by (8)
is equivalent to such a nominal income rule if β0 = z + πS and β1 = 1. When
β1 �= 1, (8) is similar to the modified nominal income targeting rule proposed by
Taylor (1985). If the deviation of thismodified nominal incomemeasure from target
exceeds β0, the central banker is dismissed.

The dismissal rule has the property that the government chooses a set of fixed
parameters before the start of the game; reappointment is then based on observed
outcomes. The government sets β0 and β1 to minimize the expectation of the cost
function (3), subject to the constraint that the public’s expectations be consistent
with the central bank’s choice of i and the assumed information structure. The
commitment to a choice of β0 and β1 is credible since the government is no worse
off by carrying through with the threat to fire if π + β1x > β0.3

To derive the optimal dismissal rule (the values of β0 and β1), however, we
need to examine the central bank’s decision problem.

4.1. The central banker’s decision problem

The possibility of reappointment will only affect the conduct of monetary policy
if the central banker values holding office. Following Fratianni, von Hagen and
Waller (1997), assume that the central banker cares about social costs as given in
(3) and about being in office. Thus, the period t utility of the central banker is equal
to V − cSt where V > 0 is the direct per period utility from holding office, St is
given by (3) and c > 0 is a constant. The role of the parameter c is to convert S
into units comparable to V (see Dixit and Jensen 2000). V could include the direct

3 The issue of credibility is addressed more fully in Sect. 6.
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salary payment to the central bank (assumed to be fixed), as well as the utility
derived from the perks of holding office, the ability to exercise power, etc.4

If there is no limit to the number of periods the central banker can potentially
serve, the expected present value of the direct utility from holding office at time t,
Ut, satisfies

Ut = V + ρθtUt+1, (9)

where 0 < ρ < 1 is a subjective discount factor and θt is the period t probability
of reappointment, equal to the probability that π ≤ π∗(x). Since the central banker
bears the social welfare cost represented by (3) whether in office or not, expected
total utility from holding office at time t is equal to

Ut − c

∞∑
i=0

ρiECB(St+i),

where ECB(.) denotes the expectation taken with respect to the central banker’s
time t information set.5

Because of the structure of themodel, the central banker’s problem is equivalent
to a sequence of single-period decision problems that involve choosing the nominal
interest rate in period t to maximize V −ECB [c(St) − ρθtUt+1]. Noting thatUt+1
does not depend on any time t decisions, the central banker’s time t problem is
equivalent to that of maximizing

Wt = V − c
[
ECB(St) − ρθtŪ

]
, (10)

where Ū = Ut+1/c.6

4 This specification of the central banker’s objective function presumes that, at the margin, the central
banker would consider trading off a tiny bit more inflation for some sufficiently large change in the
perks of office. Since we are quite accustom to thinking of elected politicians as responding to personal
incentives, it does not seem unreasonable to assume central bankers might do the same. For example,
chairmen of the Federal Reserve Board are often viewed as (subtly) lobbying for reappointment. And
Richard Nixon clearly thought Arthur Burns would adjust monetary policy in response to changes in V
when Burns was Chairman of the Fed; Nixon stopped inviting Burns to White House state dinners in
1972 when the growth rate of money fell (Woolley 1995). Blinder (1998) notes that a dismissed central
banker would “suffer a huge pay increase!”, but since the individual had chosen to serve as a central
banker, one must infer that the pecuniary plus non-pecuniary returns to being a central banker exceed
those associated with private employment, even if the pecuniary returns in the private sector are higher.
Thus, dismissal does make the individual worse off, even if it raises her salary!

5 Once out of office, the (former) central banker still cares about the social loss but her strategy
changes. Private individuals choose πe taking all aggregate variables as given. If the central banker
cares about S only while in office, as suggested by a referee, the value of being in office satisfies the
recursive relationship

Ut = V − cSt + ρθtUt+1,

The basic results of the paper continue to hold with this alternative specification.
6 As discussed below, in a steady state with θ constant, Eq. (9) implies that Ū = V/c(1 − ρθ).

However, in choosing policy at time t, Ut+1 is unaffected by the central banker’s time t decisions. The
time t choice affects current output, inflation, and θt, the probability of continuing in office. With the
alternative specification of footnote 5, the steady-state value of Ū is [V − cS̄]/c(1 − ρθ), where S̄ is
the steady-state value of S.
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The central bank is assumed to act with discretion, taking as given the public’s
expectations of inflation. To find the optimal discretionary policy, it is necessary to
evaluate θt, the probability of reappointment, in terms of the central bank’s decision
variable. Reappoint occurs if inflation is less than π∗(xt). Using (1) and (8), the
probability of reappointment is equal to Pr [πe

t + axt + et ≤ β0 − β1xt], or

θt = F
[
β0 − πe

t − (a+ β1)x
p
t − ef

t

]
, (11)

where F (.) is the cumulative distribution function of s ≡ (a + β1)(vt − vf
t ) +

(et − ef
t ) and xp

t is the central bank’s planned value of the output gap. The random
variable s is a combination of the central bank’s two forecast errors, with the relative
weights attached to each dependent on the government’s choice of β1.

It will be assumed that the density function of the forecast error, f(s), is con-
tinuous, symmetric with a maximum at s = 0, with f ′(s) > 0 for s < 0 and
f ′(s) < 0 for s > 0. From Eq. (11), ∂θ/∂xp = −(a + β1)f ≤ 0; a planned
economic expansion (an increase in xp), ceteris paribus, increases the probability
that actual inflation will exceed π∗(xt) and thereby reduces the probability that the
central banker will be reappointed.

Using Eqs. (3), (1) and (11), the first order condition for the central bank’s
choice of xp

t to maximize the objective function given by (10), taking πe
t as given,

can be written as7

xp
t =

λ1 + a(πS − πe
t ) + ρŪ ∂θ

∂xp − aef
t

λ2 + a2 . (12)

The planned inflation rate equals

πp
t = πe + a

[
λ1 + a(πS − πe

t ) + ρŪ ∂θ
∂xp − aef

t

λ2 + a2

]
+ ef

t

=
(

1
λ2 + a2

) [
λ2π

e
t + aλ1 + a2πS + aρŪ

∂θ

∂xp
+ λ2e

f
t

]
. (13)

In forming their expectations, the public is aware thatxp is set to satisfy (12) and
that planned inflation will be given by (13). This last equation implies the public’s
expectation of inflation is

πe
t = πS +

(
λ1

a

)
+
ρŪ

a
E

(
∂θ

∂xp

)
≤ πS +

(
λ1

a

)
, (14)

where E(.) denotes the public’s expectations. Since E
(

∂θ
∂xp

)
depends on πe, (14)

is not a closed-form solution for expected inflation. However, given the expected
marginal effect of xp on reappointment, πe is decreasing in Ū ; an increase in the
utility from holding office raises the cost of dismissal to the central banker and
results in a lower expected rate of inflation.8 A fall in the discount rate (a rise in ρ)

7 The second order condition for the central banker’s maximization problem is satisfied as long as
f ′ ≤ (λ + a2)/(a + β1)2ρŪ , where f ′ is the partial derivative of f .

8 Recall that ∂θ/∂xp ≤ 0.
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has the same effect by increasing the value the central banker places on remaining
in office.

Let Ψ ≡ ρŪ
a

(
∂θ

∂xp

)
; Ψ is the discounted value of holding office next period

times the marginal effect of the output gap on the probability of reappointment,
divided by the elasticity of inflation with respect to the output gap. Equation (14)
can then be written as πe = πS + λ1/a+ E(Ψ). Substituting this into (12) yields
the condition that must be satisfied by the time consistent policy that maximizes
central bank utility, given that the public’s expectations are consistent with the
central bank’s decision problem:

xp
t =

a [Ψ − E(Ψ)] − aef
t

λ2 + a2 (15)

πp
t = πS +

(
λ1

a

)
+ E(Ψ) +

(
a2

λ2 + a2

)
[Ψ − E(Ψ)] +

(
λ2

λ2 + a2

)
ef
t .

The nominal interest rate that implements this policy is

it = πS +
(
λ1

a

)
+ E(Ψ) −

(
1
b

) {
a [Ψ − E(Ψ)] − aef

t

λ2 + a2 + vf
t

}
. (16)

Inflation under discretion with reappointment differs from its value under pure
discretiondue to the terms involvingΨ . Thepoint atwhichΨ is evaluateddepends on
the critical inflation rate π∗(x). If π∗(x) → ∞, the probability the central banker is
reappointed goes to 1 (Ψ → 0), and the central banker’s optimal strategy leads to the
same average inflation rate as under pure discretion. Similarly, as π∗(x) → −∞,
the probability of reappointment goes to 0, and Ψ → 0. With no possibility of
reappointment, it is again optimal for the central banker to pick the discretionary
inflation rate. Between these bounds, the central bank’s policy choice will differ
from the pure discretionary outcome.

4.2. The optimal π∗(x)

The government’s objective is to set π∗(x) to minimize the expected value of S,
subject to the requirement that the public’s expectations be consistent with the
central bank’s actions and that the interest rate setting solves the central banker’s
optimization problem. However, since ic minimizes S under commitment, it will
be optimal for the government to chose β0 and β1 so that ird = ic if it can do so.
Comparing (16) with (4) reveals that the socially optimal commitment policy can
be implemented if there exists β0 and β1 such that

Ψ = E(Ψ) = −λ1

a
. (17)
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Under the socially optimal commitment policy, πc
t = πS +

(
λ2

λ2+a2

)
ef + a(v −

vf ) + (e− ef ) and πe = πS , so from the definition of Ψ , Eq. (17) requires

f

(
β0 − πS +

aβ1 − λ2

λ2 + a2 e
f

)
=

λ1

(β1 + a)ρŪ
. (18)

Because the government cannot observe ef
t , Eq. (18) must hold for all possible

realizations of ef
t . This will be the case if β1 = λ2/a, in which case (18) becomes

f
(
β0 − πS

)
=

λ1

(β1 + a)ρŪ
=

aλ1

(λ2 + a2) ρŪ
. (19)

A solution β∗
0 to (19) exists as long as λ1

(β1+a)ρŪ
is not too large, in which case

β∗
0 = πS + f−1( λ1

(β1+a)ρŪ
) > πS .9

While the central bank takes Ū as given in setting period t policy, Ū is a function
of future probabilities of reappointment. Equation (9) implies that in a steady state,

Ū =
V

c [1 − ρF (β0 − πS)]
. (20)

Equation (19) then becomes

f
(
β0 − πS

)
=
λ1ac

[
1 − ρF (β0 − πS)

]
(λ2 + a2)ρV

≡ g
(
β0 − πS

)
. (21)

For β0 > πS , the left side of (21) is decreasing in β0 and goes to zero as β0 goes to
infinity. Since the probability of reappointment, F (β0 − πS), is increasing in β0,
the right side is also decreasing in β0, equalling λ1(2 − ρ)ac/2(λ2 + a2)ρV > 0
for β0 = πS (since F (0) = 1/2) and approaching λ1(1 − ρ)ac/(λ2 + a2)ρV > 0
as β0 goes to infinity. Thus, a solution exists as long as

V ≥ λ1(2 − ρ)ac
2(λ2 + a2)ρf(0)

≡ Λ . (22)

Hence, as long as the direct utility of holding office is high enough, a solution exists.
SinceV would include anydirect salary payment, the government can always ensure
(22) is satisfied.10 Consequently, a solution for β0 exists, and the socially optimal

9 It follows from (19) and the symmetry of the density function f that both β0 − πS = q > 0 and
β0 − πS = −q < 0 are solutions to (19) if f(q) = λ1/

[
(β1 + a)ρŪ

]
. Attention is restricted to

the positive solution for two reasons. First, the second order condition for the central banker’s decision
problem is definitely satisfied for f ′ ≤ 0, which occurs when β0 > πS . For the negative solution,
f ′ > 0 and the second order condition may not be satisfied. Second, basing dismissal on β0 < πS

implies that the central banker will be fired even if realized inflation were to equal the optimal value of
πS . By making the probability of dismissal high, the base salary of the central banker would need to
be increased in order to satisfy the individual rationality constraint. Therefore, β0 > πS minimizes the
expected cost to the government of the contract payment to the central banker.
10 I would like to thank Henrik Jensen for pointing out this interpretation of the conditions necessary

to ensure a solution for the critical dismissal inflation rate.
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commitment policy is supported evenwhen the central bank has private information
on the inflation shock.

Since Λ increases in λ1 and decreases in ρ, direct salary payments must be
larger if the inflationary bias under pure discretion is high (a high λ1) or the central
banker has a high discount rate (a low ρ). As (22) also shows, V must be high if
f(0) is small. This will occur when the variance of forecast errors is large, and, as
a result, the marginal impact of xp on the probability of reappointment is small. As
a result, the return to holding office must be made large enough so that even a small
probability of dismissal induces the central banker to reduce inflation appropriately.

The comparative static implications of (21) are straightforward. A fall in the rate
at which the future rents from holding office are discounted (a rise in ρ) increases
the cost of dismissal to the central banker. This strengthens the disciplinary effect
of the dismissal threat, causing the central banker to adopt a more contractionary
policy stance. To keep average inflation unchanged, the government can set a higher
β0, widening the gap between the optimal inflation rate (πS) and the rate that results
in the central banker’s dismissal. In contrast, a rise in λ1 increases the temptation to
inflate, so the probability of being fired must rise to prevent the central banker from
yielding to the temptation. By lowering the critical inflation rate β0, the increased
temptation to inflate is offset by the desire to remain in office.

An improvement in the central bank’s ability to control inflation, caused for
example by a reduction in its forecast error variances, has two effects on the opti-
mal dismissal rule. A reduction in the variance of s represents a mean preserving
contraction of the distribution function F . For β0 − πS > 0, the left side of (21)
increases for small values of β0 − πS and decreases for larger values. The opti-
mal value of β0 falls to maintain a constant degree of accountability. However,
F (β0 −πS) also increases, reducing the right side of (21). For a given β0 −πS , the
probability of dismissal (equal to 1−F (β0−πS)) falls, raising the value of holding
office. This acts to reduce the need to rely on the disciplinary threat of dismissal,
so the optimal β0 increases. Figure 2 illustrates the impact of a fall in forecast error
variances on the optimal value of β0 − πS when s has a normal distribution. The
figure plots the functions f(β0 − πS) and g(β0 − πS) for two different values of
the variance of s with the dashed lines drawn for a smaller variance.11 The optimal
value of β0 − πS is given by the intersection of the two functions, and it declines
with the fall in the variance of s. Conversely, an increase in the variance of s, im-
plying less ability to control inflation, would call for increasing β0, widening the
range of inflation outcomes that would not lead to dismissal.

The expected length of the remaining term in office for a central banker is
1/[1 − F (β0 − πS)], since 1 − F (β0 − πS) is the probability of dismissal each
period. The expected remaining time in office is increasing in β0. The larger is
the output distortion that generates the inflationary bias under pure discretion, the

11 The figure plots f
(
β0 − πS

)
and g(β0 − πS) = A

[
1 − ρF

(
β0 − πS

)]
for a normal distribu-

tion with mean zero and standard deviations equal to either 1 (the solid lines) or .7 (the dashed lines).
The value of A is chosen to ensure a solution to Eq. (21) exists.
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β0 − πS

f

g

(β0−πS)1(β0−πS)2

Fig. 2.A fall in forecast error variances shifts both the f and g function in Eq. (21).With smaller forecast
error variances, the value of β0 − πS , now given by the intersection point of the dashed curves, falls

smaller is β0 and the shorter is the average term in office.12 An increase in the
discount factor will be associated with longer average terms in office.

The reappointment probability,F (β0−πS), is independent of the central bank’s
forecast of the aggregate inflation disturbance, ef . Because the inflation rate varies
with the central bank’s forecast of the shock even under the socially optimal policy,
the dismissal rule must also vary. Since ef is private information, the government
cannot make dismissal directly contingent on ef . Despite this, the socially optimal
policy can be supported when the optimal dismissal policy is based on the actual
realization of inflation and output. The critical inflation rate that triggers dismissal
is a linear function of the log deviation of output from trend. Hence, it resembles
the type of modified nominal income rule proposed by Taylor (1985). Taylor notes
that the weight used to define a modified nominal income rule should depend on
the weights in the social loss function. As we have shown, the optimal value of β1
is in fact equal to λ2/a, the weight on output fluctuations in the social loss function
(3) adjusted for the elasticity of inflation with respect to the output gap.13

12 This is consistent with Cukierman, Webb, and Neyapti (1992) who find that among developing
countries, high turnover of central bank governors is positively correlated with average inflation.
13 In Sect. (26), a value of 0.05 for a and 0.25 and 1.0 for λ2 are used in a calibration exercise. If

a = 0.05 and λ2 = 1, β1 = 20, implying that the modified nominal income variable heavily weighs
the output gap. This might suggest that a dismissal rule based on x alone could come close to supporting
an optimal policy. However, if the central banker is dismissed whenever x > x∗ (indicating the central
banker had tried to over expand the economy), the critical value that triggers dismissal (x∗) is no longer
state contingent and would therefore lead to suboptimal stabilization policy. In the face of a negative
inflation shock, the central banker would fail to expand output enough for fear of being dismissed.
Dismissal based on π + β1x “works” because, even though both inflation and output should respond
to ef , β1 can be chosen so that the linear combination π + β1x is independent of ef .
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5. Measurement error in the gap

An objection to the proceeding analysis is that the output gap is not directly ob-
served and is only measured with considerable error. Basing reappointment on x
is, therefore, unrealistic. Suppose instead that dismissal is based on an observed
measure of the gap xm that may contain measurement error. Specifically, assume

xm = x+ µ,

where µ is a stochastic measurement error. Dismissal occurs whenever actual in-
flation exceeds a critical value π∗(xm) given by

π∗(xm) = β0 − β1x
m.

In addition, let ψ denote the central bank’s error in forecasting potential output.
Like ef and vf ,ψ is assumed to be unobserved (or unverifiable) by the government.

In this environment, the actual output gap will differ from the level planned by
the central bank because of central bank errors in forecasting the demand shock or
errors in forecasting the level of potential. Thus, x = xp + (v − vf ) − ψ.

The probability of dismissal is equal to the probability that π > π∗(xm). This
can be written as the probability that

πe + ax+ e > β0 − β1x
m = β0 − β1(x+ µ).

Hence, dismissal occurs if

s′ > β0 − πe − (a+ β1)xp − ef ,

where

s′ ≡ (a+ β1)(v − vf − ψ) + (e− ef ) + β1µ

With these modifications, the basic results of this paper continue to hold. If
H (h) is the cumulative distribution (density) function of s′, the probability of
reappointment is

H
(
β0 − πe − (a+ β1)xp − ef

)
. (23)

ComparingEq. (23)with Eq. (11) reveals that the only consequence of the imperfect
observability of the output gap is that the distribution function H replaces F . The
optimal value of β1 is still λ2/a and β0 satisfies

h
(
β0 − πS

)
=
λ1c

[
1 − ρH(β0 − πS)

]
(λ2 + a2)ρV

.

Since the variance of s′ is greater than the variance of s, measurement error in
observing value of the output gap (or the central bank’s forecast of the gap) affects
β0 in the same manner as an increase in the variance of s as discussed earlier; the
optimal β0 increases.
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6. Is delegation credible?

Under the optimal dismissal rule, the central bank ismade accountable but is allowed
to respond to economic disturbances with complete discretion. For the threat of
dismissal to affect the conduct of policy, however, the threat must be credible. As
long as there exists a supply of identical potential central bankers, the government
is indifferent between firing and reappointing. In this sense, the threat is credible
since it is costless for the government to carry out its threat to fire.

A policy of dismissing the central banker if inflation exceeds a critical value is
a form of trigger strategy. A large literature has examined the role of reputation in
supporting the optimal commitment policy in infinite horizon models. The central
bank may refrain from implementing the optimal discretionary policy because it
believes it will be punished if it does so, where the punishment takes the form of
a higher expected rate of inflation on the part of the public. Reputational models
of monetary policy are surveyed in Rogoff (1989) who discusses the problem of
multiple trigger strategy equilibria. Canzoneri (1985) shows that the optimal com-
mitment policy can be supported by a trigger strategy equilibrium in a model with
private central bank forecasts (but no role for stabilization policies) if the public
punishes the central bank by expected high inflation whenever actual inflation ex-
ceeds a critical value. However, models that rely on the public coordinating on
a punishment strategy have been criticized for failing to explain how the public
achieves this coordination (Cukierman 1992).

When it is the government that establishes the critical inflation rate, the problem-
atic coordination issues that arise when the public must set the punishment strategy
are absent. Herrendorf (1998) and al-Nowaihi and Levine (1996) show how pub-
licly announced goals can support reputational equilibria by making it easier for
the public to determine whether the policy maker has “cheated.” A formal contract
between the central bank and the government can also serve to eliminate political
monetary cycles for the same reason – it makes cheating easier for the public to
discover (al-Nowaihi and Levine 1998)

Suppose, for example, the government “cheats” by privately indicating to the
central banker that itwill tolerate a policy leading to higher output andwill reappoint
the central banker even if inflation exceeds π∗(x). Under this scenario, the optimal
response of the central bank is to act with discretion to minimize the one period
loss function. Since the public had excepted that inflation would be πS (under the
announced dismissal rule), the central bank will find it optimal to implement

xp
t = −

(
a

λ2 + a2

)
ef
t +

λ1

λ2 + a2

and

πp
t = πS +

(
λ2

λ2 + a2

)
ef
t +

aλ1

λ2 + a2 .

The expected one period gain from this deviation is

1
2

λ2
1

λ2 + a2 > 0. (24)
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The cost to the government of ignoring its dismissal rule will depend on how
the public reacts. FollowingMinford (1995), one might assume this cost comes in a
reduced probability of re-election. Here, I will focus solely on the costs associated
with the economic loss function as given by (3). To do so, assume that once the
public detects that the government has failed to implement its firing rule, the public
expects that average inflation will equal the discretionary rate πS + λ1/a. In the
period following a detected deviation, therefore, the best the central bank (and
government) can do is again implement the fully discretionary policy. Since the
higher inflation rate this entails is now fully anticipated, there is no output gain and
the loss (relative to the outcome if the dismissal rule had previously been enforced)
is

1
2

(
λ1

a

)2

. (25)

For simplicity, assume that the government is able to reestablish credibility after
one period. Longer punishment periods would make it less likely the government
would fail to implement its firing rule, so if the dismissal rule is credible with a one
period punishment, it will certainly be credible with longer punishment periods.

In comparing the cost in (25) to the gain in (24), two further considerations are
relevant. First, from the perspective of a government that is considering ignoring
its dismissal rule, the cost occurs in future periods, so it must be discounted at the
rate ρ. Second, a central banker may cheat, but if its forecast errors turn out to be
negative, actual inflation might still fall below the value that triggers dismissal. In
this case, the public would fail to discover that the central bank had cheated. If the
central bank cheats, dismissal should occurwhenever s > β0−πS−λ1/a = χ. The
probability the public detects that the central bank and government have cheated in
the first period they cheat, therefore, is 1−F (χ). The probability the cheating is first
discovered in the second period is F (χ) [1 − F (χ)]. Consequently, the expected
discounted cost to the government of releasing the central banker from a threat of
dismissal is

1
2
ρ

(
λ1

a

)2

[1 − F (χ)]
∞∑

i=0

ρiF (χ)i =
1
2
ρ

[
1 − F (χ)
1 − ρF (χ)

] (
λ1

a

)2

.

Since the central bank and government can continue to collude in ignoring the
dismissal rule as long as s ≤ β0 − πS − λ1/a, the present discounted value of the
expected gain is

1
2

(
λ2

1

λ2 + a2

) ∞∑
i=0

ρiF (χ)i =
1
2

(
1

1 − ρF (χ)

) (
λ2

1

λ2 + a2

)
.

The delegation scheme analyzed in this paper can be supported in a trigger
strategy equilibrium as long as the expected cost exceeds the expected gain. This
occurs if

ρ [1 − F (χ)] >
a2

λ2 + a2 . (26)
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Thus, as long as the government places sufficient weight on the future (ρ is large
enough) or the probability that inflation will exceed π∗ if the central bank cheats
is sufficiently high (1 − F (χ) is large enough), the dismissal scheme is credible.

To assess the likelihood of (26) holding, suppose the probability is only 10%
that inflation will exceed the critical rate that should trigger dismissal if the central
bank actually does cheat (i.e., 1 −F (χ) = 0.1). If this occurs, and the government
fails to fire the central banker, the public knows the government has deviated from
its promised policy.McCallum andNelson 2000 discuss some of the empirical work
estimating a and conclude that it is in the range [0.01, 0.05], based on measuring
inflation at quarterly rates. Smets (2000) reports an estimate for a of 0.2 using
European data, but he measures inflation at an annual rate so, in terms of quarterly
inflation, his point estimate corresponds to a value of 0.05 for a. The literature on
targeting rules has generally set the preference parameter λ2 in the range [0.25,
1.0]; Rudebusch and Svensson (1999) set λ2 = 1, while McCallum and Nelson
(2000), Jensen (2001), andWalsh (2001) use a value of 0.25. McCallum andNelson
(2000) argue 0.25 is appropriate when inflation is measured at a quarterly rate.With
a = 0.05 and λ2 = 0.25, the dismissal rule is sustainable for ρ > 0.1; for λ2 = 1,
the dismissal rule is sustainable for ρ > 0.025. If the period is interpreted as
a quarter, ρ would be on the order of 0.99. Even if the appropriate “period” of
analysis is taken to be as long as four years (16 quarters), the value of ρ should be
on the order of (0.99)16 = 0.85, so that even with a one period punishment and
a very low probability the deviation is discovered, the government still has a clear
incentive to implement the dismissal rule if inflation actually exceed π∗.14

The dismissal rule cannot be supported if the weight on output stabilization is
too low or the output elasticity of inflation (a) is too large. For instance, if λ2 = 0.1
(and 1 − F (χ) is still 0.1), there is no ρ < 1 that satisfies Eq. (26) if a > 0.1054.
If λ2 = 0.25 (1.0), no ρ < 1 satisfies Eq. (26) if a > 0.165 (0.334).

The idea that a government can commit to institutional arrangements to com-
pensate for the inability of the central banker to commit to a specific policy rule
has been criticized by McCallum (1995), among others. Jensen (1997) shows how
the ability of an incentive contract for the central banker to solve an inflation bias
is weakened when the government can undo the contract ex post. In the present
context, reappointing a central banker who had delivered an economic expansion
may initially escape detection, but eventually inflation will exceed the rate that
should have triggered a dismissal. The expected costs of failing to implement the
dismissal rule exceed the expected benefits except for very small values of ρ or λ2
or very large values of a.

14 The choice of period length affects the calibration of ρ, but it also effects the values for a and λ2. If
inflation is measured at an annual rate, a would increase to 0.2. The value of λ2 also would need to be
adjusted. If inflation in the social loss function is expressed at a quarterly rate, then the loss function is
equivalent to (πa)2 + 16λ2x2 where πa is inflation expressed at an annual rate. Since a and λ2 only
appear in Eq. (26) in the form a2/(λ2 + a2), a switch from quarterly rates to annual rates that raises a
by a factor of 4 and λ2 by a factor of 16 leaves a2/(λ2 + a2) unaffected.
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7. Conclusions

This paper demonstrates that a discretionary central bank will implement the opti-
mal commitment policy if reappointment is based on realized inflation and output.
Such a reappointment arrangement preserves the ability of the central bank to re-
spond to its private information and engage in optimal stabilization. The dismissal
rule does not require that the central bank’s private forecasts of either velocity
shocks or the aggregate inflation disturbance be verified, nor does it require the
output gap be observed without error.

The results of this paper for the case in which there are aggregate inflation
disturbances suggests a connection between optimal dismissal rules and modified
versions of nominal income targeting, just as Svensson (1997) has found there to
be connections between inflation targeting and optimal central bank contracts.
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