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Optimal Contracts for Central Bankers

By Carr E. WALsH*

This paper adopts a principal —agent framework to determine how a central
banker’s incentives should be structured to induce the socially optimal policy. In
contrast to previous findings using ad hoc targeting rules, the inflation bias of
discretionary policy is eliminated and an optimal response to shocks is achieved
by the optimal incentive contract, even in the presence of private central-bank
information. In the one-period model that has formed the basis for much of the
literature on discretionary monetary policy, it is shown that the optimal contract
ties the rewards of the central banker to realized inflation. (JEL E52, E58)

Finn Kydland and Edward Prescott (1977)
and Robert Barro and David Gordon (1983)
have shown that, if the monetary authority
faces an incentive to expand output above
its equilibrium level, discretionary policy has
an inflationary bias. At a zero rate of infla-
tion, the marginal benefit of an expansion
induced by surprise inflation exceeds the
marginal cost of the resulting inflation.
When the central bank chooses the rate of
inflation to equate marginal costs and bene-
fits, and the public understands that it will
do so, the central bank’s announcement of a
zero-inflation policy will not be credible.
The public will expect a positive rate of
inflation, and the central bank can do no
better than to fulfill those expectations.

A key insight that has motivated the large
literature expanding on this analysis is the
recognition that central banks respond to
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the incentives they face.! Most existing work
has viewed the incentive problem as one
involving many principals (the individuals in
the economy) and one agent (the central
banker). In this framework, the principals
may select the agent, but they are unable to
specify the objective function of the agent.?
However, in no country is the institution-
al framework such that the actual agents
in charge of monetary policy are directly
chosen by the individual citizens. Instead,
citizens in democracies choose a govern-
ment, and the central-bank head is chosen
by the government. Thus, monetary policy
involves a multilevel principal-agent prob-
lem. Kenneth Rogoff (1985), Susanne
Lohmann (1992), and Christopher Waller
(1992) focus on the government’s choice of

IThis literature has analyzed the conduct of mone-
tary policy under such different central-bank objective
functions as a social loss function, partisan political
preferences, personal preferences of the central-bank
head, and targeting rules imposed by (in the context of
the United States) Congress or the President. As
Torsten Persson and Guido Tabellini (1990 p. 2) de-
scribe this recent literature, “From a positive point of
view, the theory describes the policymaker’s behavior
under alternative incentive constraints. From a norma-
tive point of view, it suggests how to embed desirable
incentive constraints in the existing political and eco-
nomic institutions, through appropriate institutional
reform.”

2Although see Brendan O’Flaherty (1990).
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a central-banker, viewing the government as
choosing from a population of potential
bankers with differing preferences over in-
flation and output fluctuations. The govern-
ment picks the banker whose preferences
are such that the resulting conduct of mone-
tary policy maximizes the government’s ex-
pected utility. In particular, the inflationary
bias of discretionary policy can be reduced,
at the cost of suboptimal policy responses to
aggregate supply shocks, if the central
banker minimizes a loss function that puts
less weight on output fluctuations than the
principal’s loss function does.

However, in dealing with a central-bank
head, a government can directly affect the
central banker’s objective function and in-
centives in many ways. Lohmann (1992)
considers the case in which the central
banker knows she will be overridden by the
government if the economy is subject to a
disturbance that is “too” big, and Rogoff
(1985 p. 1180) argues that targeting rules
might be enforced by making the monetary
authority’s budget depend on adherence to
the rule. Similarly, Michelle Garfinkle and
Seonghwan Oh (1993) suggest that a target-
ing rule might be enforced by legislation
punishing the monetary authority if it fails
to achieve the target. Such institutional as-
pects of the central bank’s structure and its
relationship with the government can be
thought of as representing a “contract” be-
tween the government and the monetary
authority. The conduct of monetary policy is
then affected by the contract the govern-
ment offers to the central bank.

This point of view raises the question of
whether there is an optimal contract the
government should offer to the central
banker. That is, if central banks respond to
the incentives they face, with what incen-
tives should they be faced? This is exactly
the type of question addressed in the
principal-agent literature. In a standard
principal-agent problem, one would think
of the principal offering to her agent a con-
tract that is designed to affect the agent’s
choice of action. The principal might struc-
ture a contract so that the agent’s income
depends on the agent’s actions, thereby af-
fecting the incentives the agent faces. In the
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monetary-policy context, the institutional
design of the central bank can influence the
incentives the bank faces in its conduct of
policy. For example, incentives are affected
by such facets of design as the appointment
and reappointment procedures for members
of the policy-making committee, the exis-
tence of reporting requirements, and the
presence of legislated policy goals. The de-
termination of these aspects of the contract
would constitute what Lohmann (1992) has
described as the institutional design stage
or would correspond to the legislative ap-
proach suggested by Matthew Canzoneri
(1985) and Garfinkle and Oh (1993) for
establishing targeting rules. The institu-
tional structure of the central bank also
includes the budgetary procedures that de-
termine how central-bank operations are
financed, and Rogoff (1985) has suggested
that a government might make the central
bank’s budget or the income of the head of
the central bank contingent on the state of
the economy, thereby influencing the incen-
tives the central banker faces in choosing
the rate of inflation. As part of its central-
bank reform, the New Zealand government
actually considered including a financial in-
centive in the contract for the head of their
central bank that would have resulted in a
bonus payment if the bank’s inflation target
were achieved.® Legislated aspects of the
central bank’s structure are costly and
time-consuming to change. Governments
can plausibly commit to an institutional
structure more easily than they can commit
to a specific monetary-policy action.

The objective of this paper is to deter-
mine how the rewards to the central bank
should be structured in order to induce the
socially optimal policy (as defined below).
That is, the optimal incentive structure is
derived directly. This seems a necessary first
step in any analysis of policy design, one
that must be taken before the issue of im-
plementing optimal policy design can be

3As ultimately passed by New Zealand’s Parliament,
the Reserve Bank Act of 1989 did not include such an
incentive (see Walsh, 1994).
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usefully addressed. In order to focus on the
nature of the incentives with which the cen-
tral bank should be faced, I assume that
both the government and the individuals
who might head the bank share the same
preferences over inflation and output fluc-
tuations. This could be taken to reflect the
outcome of some (unmodeled) appointment
process that ensures a similarity of views
between the central-bank head and the gov-
ernment. As in the standard model of time-
inconsistent monetary policy, both the gov-
ernment and the central bank would like to
be able to commit to a low-inflation policy,
but both face incentives to support infla-
tionary policies once private agents have
entered into wage and price contracts. I
examine the incentives the government
would like to establish for the central bank
at the institutional-design stage in order to
eliminate the inflation bias of discretionary
policy while still preserving the ability of the
central bank to respond with discretion to
new information. Thus, the focus is similar
to that of the literature on targeting rules in
which the government attempts to impose
some limits on the central bank’s indepen-
dence in order to reduce a bias toward
inflation.*

*Implicit in this and other analyses of central-bank
design is the assumption that the specialized knowl-
edge required to manage the day-to-day conduct of
monetary policy requires the delegation of responsibil-
ity to a separate agency, a central bank, equipped with
the ability to respond flexibly to new information. Much
of the focus associated with the design of a common
central bank for Europe and the reform of the Reserve
Bank of New Zealand has been on limiting the govern-
ment’s ability to interfere with the conduct of monetary
policy. However, in the United States, congressionally
imposed targeting and reporting requirements arose
from a desire to limit inflationary monetary policy. I
assume that ex ante the government and the central
bank share a desire for a low-inflation policy. Conse-
quently, the government sets an incentive structure for
the central bank to ensure that, ex post, the central
bank still prefers low inflation. The government, ex
post, prefers higher inflation; therefore, it is desirable
to limit the government’s influence over the conduct of
policy. Thus, the optimal contract derived in Section I
allows the central bank complete discretion in the
actual determination of policy.

MARCH 1995

To determine the optimal incentive struc-
ture for the central bank, I assume that the
government can offer the central-bank head
a state-contingent wage contract. Such a
contract allows one to derive explicitly the
manner in which the bank’s incentives
should be dependent on the state of the
economy. While there are numerous rea-
sons to question the effectiveness and im-
plementability of such employment con-
tracts in the context of monetary-policy
determination, a (possibly) state-contingent
wage contract for the central banker repre-
sents a useful fiction for deriving the opti-
mal incentive structure with which the cen-
tral bank should be faced and provides a
convenient starting point for the analysis of
optimal central-bank incentives.’

While the use of a state-contingent wage
contract is convenient for determining the
optimal incentive structure, the specific in-
stitutional structure that might implement
these incentives is only briefly touched upon
in this paper. However, viewing the contract
only in the sense of a wage contract is an
unnecessarily narrow interpretation of the
contract between the government and the
central bank. The incentives implied by the
optimal contract might be implemented by
more traditional institutional structures. For
example, the optimal contract is shown to

’As noted in footnote 4, the government’s prefer-
ences ex post will differ from those of the central bank
under a state-contingent contract. If the transfer pay-
ment to the central bank represents the employment
contract of the central banker, then the legal enforce-
ability of contracts might ensure that the government
could credibly commit to the transfer scheme. How-
ever, one referee has raised the concern that a govern-
ment could always make side-payments to undo any
incentives created by a legislated wage contract. While
there are agencies of government that are designed to
make such circumventions more difficult (such as the
GAO in the United States), the feasibility of imple-
menting any incentive contract is problematic. This
does not reduce the usefulness of determining the
optimal incentive structure. In Walsh (1993b), a simple
dismissal rule (i.e., fire the central banker if inflation
exceeds a critical value) is shown to sustain the optimal
policy when the government’s ability to offer a state-
contingent wage contract is limited. A dismissal threat
is credible when the government can choose from a
supply of identical potential central bankers.
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resemble an inflation-targeting rule, and
Rogoff (1985), Canzoneri (1985), and
Garfinkle and Oh (1993), have suggested
that central banks could be punished for
deviating from legislative targeting rules.
Walsh (1993b) demonstrates that, in some
circumstances, a dismissal rule can substi-
tute for a state-contingent wage contract.
Legislated budget procedures, targeting
rules, or publicly announced conditions un-
der which the central banker will be fired
can be costly to change.® Thus, while the
formal analysis treats contracts in a fairly
narrow sense, a broader interpretation is
often possible.

The existing literature on monetary-policy
design has not adopted as its starting point
the consideration of optimal incentive struc-
tures. Instead, the traditional approach has
normally analyzed the effects on policy of
ad hoc incentive structures, such as target-
ing rules, imposed on the central bank. As a
result, it is never clear to what extent the
economic outcomes and policy trade-offs
that arise are inherent in the policy problem
or simply arise from the suboptimality of
the targeting rules chosen for analysis. For
example, by deriving the optimal contract, I
show that the trade-off between inflationary
bias and suboptimal stabilization in Rogoff
(1985), Garfinkle and Oh (1993), and others
arises because these authors place arbitrary
restrictions on the targeting rules they con-
sider. This trade-off disappears under the
optimal contract; full credibility and flexi-
bility are simultaneously achieved. By deter-
mining whether trade-offs arise from the
nature of the model or are artifacts of the
targeting rules, the optimal contract pro-
vides insight into how the targeting rules
might be respecified or how the limitations
of the model might appear to make the
policy choice too easy by neglecting impor-
tant aspects of actual policy problems.

In this paper, I consider the optimal con-
tract for the policymaker to offer the central

6Under New Zealand’s 1989 central-banking law,
changes in the target rate of inflation must be pub-
lished and tabled in Parliament.
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banker in the one-period model that has
formed the basis for much of the literature
on discretionary monetary policy. It is shown
that a contract exists that eliminates the
inflation bias of discretionary policy while
still ensuring that inflation responds opti-
mally to aggregate supply shocks. In the
standard strategic-policy model of Barro and
Gordon (1983), a contract that makes the
payment to the central banker depend only
on inflation eliminates the inflationary bias
and leads to an optimal policy in the pres-
ence of aggregate demand and supply shocks
if the central banker also shares the govern-
ment’s preferences over output and infla-
tion. The intuition is straightforward. In the
standard monetary-policy game, the infla-
tionary bias is constant across states of na-
ture; a contract therefore only needs to
raise the marginal cost of inflation to the
central banker by a constant amount, leav-
ing the central banker free to respond with
discretion to economic disturbances. Such a
contract can be interpreted as a type of
inflation-targeting rule; such rules are nor-
mally thought to be suboptimal in the pres-
ence of supply shocks.

The impact of imperfect information on
the optimal contract is also examined. Can-
zoneri (1985) has argued that reputational
solutions to the time-inconsistency problem
will be difficult to sustain if the central bank
has private information. I show that
central-bank private information of the type
considered by Canzoneri is, in fact, irrele-
vant. Optimal stabilization policy with no
inflationary bias can be achieved by a con-
tract that depends only on publicly observ-
able variables. The optimal contract is sim-
ple in the sense that it depends only on the
actual rate of money growth or inflation.
Canzoneri (1985) and Garfinkle and Oh
(1993) have emphasized that the presence
of information that is private to the central
bank makes it difficult to determine whether
the central bank is cheating or deviating
from the optimal policy, and this leads them
to consider various forms of targeting rules.
These problems are avoided under the opti-
mal contract.

Optimal contracts are derived when the
central bank has private information on a
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forecast of an aggregate supply shock, when
the government can only observe a broad
monetary aggregate that reflects both
central-bank actions and control errors, and
when central bankers differ in their ability
and can choose among alternative operating
procedures that affect the informational
content of observable signals of economic
disturbances. In all cases, contracts exist
that eliminate average inflation while still
achieving an optimal policy response to
shocks.

1. A Contract Solution to Inflation Bias
and Suboptimal Stabilization

Rogoff (1985), Lohmann (1992), and
Waller (1992) have studied models of dis-
cretionary monetary policy in which the in-
flationary bias is reduced by appointing as
head of the central bank an individual who
dislikes inflation more than society does as
a whole. From society’s point of view, the
cost of giving control of monetary policy to
such a “conservative” central banker is the
lower priority placed on employment or
output stabilization by the central bank. In
the face of an adverse aggregate supply
shock, for instance, the central banker is
willing to trade off too much employment
reduction to prevent inflation from rising
than would be optimal from the perspective
of the social welfare function.

Instead of viewing the central bank as
headed by a “conservative” whose welfare
function differs from that of society, one
can interpret Rogoff’s (1985) framework as
modeling the situation in which the central
bank maximizes its budgetary transfer from
the government, where this transfer de-
pends on inflation and employment. The
problem for the government is to set the
optimal weight on inflation relative to em-
ployment in this transfer function. Rogoff,
in fact, offers this interpretation of his re-
sults. In this section, I show that the conflict
that arises between inflationary bias and
suboptimal stabilization results from the re-
strictive set of central-bank contracts previ-
ously considered.

Rogoff (1985) and Lohmann (1992) carry
out their analysis using a framework that is
by now standard in this literature. Suppose
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the government’s objective is to minimize a
quadratic cost function that depends on the
rate of inflation, 7, and deviations of real
output around a target level, y — y*:

(1) V=_(y-y*)+pr

Since I am focusing on the principal-agent
relationship between the government and
the central banker, and not on that between
the public and the government, equation (1)
will be viewed interchangeably as reflecting
both the government’s and society’s prefer-
ences.’

The presence of nominal contracts set at
the start of the period leads to an aggregate
relationship between output and unex-
pected inflation of the form

(2) y=y‘+ta(mr—7)+e

where ¢ is a mean-zero, serially uncorre-
lated real aggregate supply shock, 7€ is the
public’s expectation of inflation, and y°¢ is
the equilibrium level of output in the ab-
sence of supply shocks or unanticipated in-
flation. It is assumed that expectations are
formed (i.e., nominal wage contracts signed)
before & can be observed but that the mon-
etary authority can set its policy instrument
after observing a signal 6 about &. The
signal will be taken to be the private infor-
mation of the central bank and is equal to &
plus a measurement error term ¢: 6 = ¢ + ¢,
where € and ¢ are mutually uncorrelated,
normally distributed, white-noise processes.
The expectation of ¢, conditional on observ-
ing 6 is 56, where s=02/(c2+0}),0<
s<18

"In keeping with the Barro and Gordon framework
used by Rogoff (1985) and others, it will be assumed
that the social welfare function is well defined and
represents the preferences of a homogeneous popula-
tion. When the economy is not characterized by homo-
geneous preferences, Waller (1992) shows that it may
not always be optimal to appoint a conservative central
banker.

81f one prefers to think of 8 as a rational forecast
of &, then s can be set equal to 1 in the subse-
quent analysis of this and the following section. The
measurement-error specification is adopted here be-
cause in Section III I will assume that the quality of the
signal is affected by the central bank’s competency and
its choice of operating procedure.



VOL. 85 NO. 1

In order to provide an incentive for the
policymaker to attempt to create inflation
surprises, it must be the case that

(3) k=y*—yc>0.

It is standard in this type of model to
treat inflation as the central bank’s policy
instrument. However, since I will later wish
to examine contracts that attempt to influ-
ence the central bank’s choice of operating
procedures, it will be useful to distinguish
between inflation and the central bank’s
policy instrument, the latter taken to be the
rate of growth of a monetary aggregate di-
rectly controlled by the central bank (the
monetary base, for example). Denoting this
growth rate by m, the inflation rate is given
by

(4 T=m+u—ye

where v is interpreted as either a control
error or a velocity shock, and the term ye
allows aggregate supply shocks to have a
direct negative impact on inflation. The
stochastic shock v is taken to be an exoge-
nous white-noise process whose realization
occurs after m is set.

Using (1)-(4), the optimal policy that
minimizes expected social loss conditional
on 0 and subject to the constraint that aver-
age inflation be zero is given by '

(5) m(6)= (y - aTa——)SB =§s6.

+B

The optimal response of the money supply
is proportional to the forecast of &, s6. If
the direct effect of aggregate supply shocks
on inflation is zero (y =0), the factor of
proportionality is negative; a positive aggre-
gate supply shock raises output, and to sta-
bilize output, the money supply should be
reduced. Since this leads to fluctuations in
the rate of inflation, the response of money
is smaller, in absolute value, the larger is
the weight placed on inflation stability in
the government’s objective function (B). If
v > 0, a positive aggregate supply shock acts
directly to reduce the rate of inflation. If y
is sufficiently large, the desire to stabilize
inflation around zero can produce a positive
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monetary response to the aggregate supply
shock.

As is well known, the policy given by
equation (5) is time-inconsistent and there-
fore not credible if implemented either di-
rectly by the government or by a central
bank whose objective function is given by
equation (1). Suppose, however that mone-
tary policy is conducted by an independent
central bank, one who shares the govern-
ment’s preferences as in (1), but who also
receives a monetary transfer payment from
the government. This payment could be
thought of either as the direct income of the
central banker or as the budget of the cen-
tral bank. Alternatively, the transfer pay-
ment can be viewed more broadly as re-
flecting legislated performance objectives for
the central bank. Let ¢ represent the con-
tract transfer to the central bank, and as-
sume that the central bank’s utility is given
by

(6) U=t-V.

That is, the central bank cares about both
the transfer it receives and the social loss
generated by inflation and output fluctua-
tions.” Equation (6) will arise if the central

°This assumption affects the form of the optimal
contract but not the set of policies that can be imple-
mented: if a transfer function #*(+) implements the
policy m*(-) when the central bank’s preferences are
given by (6), then the transfer function r7*=¢*—V
implements m* if the central bank cares only about its
transfer. Most central banks seem concerned with the
same macroeconomic outcomes that concern politi-
cians, so equation (6) is the most natural assumption.
One advantage of the specification in (6) is that the
transfer function directly indicates how the government
would like the central bank’s objectives to differ from
its own. In Sections II and III, it will be assumed that
the central bank is interested solely in its transfer. As
one referee points out, I might be huge compared to
any feasible transfer to the central banker. However, if
the objective of the government is expressed in terms
of the utility of a representative agent, VV would be a
per capita measure and not the aggregate social loss.
While these considerations are critical for analyzing
the implementability of an optimal contract, they are
not directly relevant at this stage, when the objective is
to determine the optimal incentives with which the
central banker should be faced.
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banker’s preferences are separable in social
loss and income and the banker is risk-
neutral. The central bank sets m to max-
imize the expected value of U, condi-
tional on the realization of 8. The problem
faced by the government (the principal) is to
design a transfer function ¢ that induces the
central bank to choose m = m(8), subject to
the requirement that E(t—V)>U,=0,
where U, is the central banker’s reservation
level of utility, normalized to 0 for conve-
nience.!”

If the government can verify 6 ex post,
there are clearly many contracts that would
achieve the desired result. For example, any
contract that imposes a large penalty on the
central bank if m deviates from m(6) will
ensure that m(0) is chosen. Such knife-edge,
or forcing, solutions are of little practical
interest as they require that the government
specify a complete contingent contract that
mandates a value of m for each realization
of 6. While the standard Barro-Gordon
framework offers no reasons to explain why
such contracts might not be feasible, it is
generally agreed that the actual difficulty of
determining both the possible states of na-
ture ex ante and the actual realization of
shocks ex post make such contracts infeasi-
ble to write and impossible to enforce. A
major argument, in fact, for the existence of
specialized institutions for the conduct of
monetary policy must rest on the difficulty
of specifying a complete set of rules to
follow under all contingencies.

In the present model, the informational
structure precludes contracts that are con-
tingent on 6 since the signal realization is
assumed to be the private information of
the central bank. The contract payment to
the central bank must depend, therefore,

10An alternative approach would assume that the
government’s objective is to minimize the expected loss
plus the transfer to the central banker. However, in the
present context, the government will always be able to
offer a minimum-cost contract. Therefore, assuming
that the government minimizes E(V) instead of
E(V +t) involves no loss of generality. In Section III,
however, central bankers may potentially earn rents, so
it will be important to account for the cost of the
contract the government offers.
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only on the observable variables m, 7, and
y. As I will show, taking the transfer to be a
function solely of either m or = is not
restrictive in that the optimal policy can still
be supported.

Consider then a transfer function t(m)
that makes the government’s payment to
the central bank contingent on the observed
rate of money growth. The transfer function
t(m) implements the optimal policy m(8) if
m(0) maximizes E (t(m)—V) for all 6
where E, denotes the central bank’s expec-
tation conditional on 6. That is, ¢(m) imple-
ments m(6) if m() is the solution to the
central banker’s problem of maximizing her
expected utility.

The first-order condition for the central
banker’s problem can be solved for m“B(9),
the optimal discretionary policy:!!

(7) mB@)

1
—B'+(§)E9(31/am)
2

a
+ m[E(at/am)— Ee(at/am)]

+ 856

where E(-) denotes the public’s expecta-
tions. Note that in the absence of the terms
involving the transfer function, m“® exhibits
the standard inflation bias, ak /8. The last
term in (7) shows that the optimal discre-
tionary policy response to the signal 6 is
equal to the response under the optimal
commitment policy (5). This is important
since it implies that the government’s objec-
tive will be to design a contract that elimi-
nates the inflationary bias while leaving the
central bank free to respond with discretion
to 6. Setting m“®(9) equal to m(8) for all 6

1t is well known in the principal-agent literature
that the first-order approach adopted here may be
inappropriate. However, the first-order conditions are
both necessary and sufficient as long as #(+)—V is
continuous and concave, which will be the case here.
For a recent discussion of the first-order approach, see
Ian Jewitt (1988).
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requires that t(m) satisfy
(8)  2Eq(dt/om)
a2
+ —
2(a*+B)B
=—ak <0.

[E(3t/6m)— E,(3t/om)]

The optimal commitment policy m(8) can
be implemented, therefore, by the transfer
function

9) t(m)=ty—2akm

with the constant ¢, set to ensure
E(t — V)= 0. Note that the transfer is based
solely on the observed value of m, the cen-
tral bank’s instrument. Presenting the cen-
tral banker with the incentive contract (9)
achieves the dual objectives of eliminating
the inflationary bias while still ensuring op-
timal stabilization policy in response to the
central bank’s private information about the
aggregate supply shock.

If the government’s loss function in (1)
took the form (y — y*)? + B(m — m*)?
where 7* is a target rate of inflation [im-
plicitly equal to zero in (1)], then the trans-
fer function would take the form

t=t,—2ak(m—m*)

where m* = *. In this form, it looks like a
targeting rule in which the central bank is
penalized for deviations of actual money
growth above m* and rewarded for money
growth rates below m*. Because the penalty
is linear in money growth, it raises the
marginal cost of monetary expansion by the
same amount for all realizations of 6. This
does not distort the central bank’s response
to supply shocks, but it reduces the average
rate of money growth under discretion
to m*.

Optimal policy can also be implemented
through the use of a transfer function of the
form t, —2akm based directly on the real-
ized rate of inflation. Even though the ex-
pected rate of inflation conditional on 6 will
differ from m when 6 #0, E,dm/dm=1.
Consequently, the linear transfer function
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based on inflation has the same effect on
the marginal cost of money growth as does
the function based directly on m. The same
policy can be achieved regardless of whether
the central bank’s transfer is based on a
money target or an inflation target.

The contract in (9) implements the opti-
mal policy despite the fact that the policy
depends on the central bank’s private, un-
verifiable information on 6. It has often
been suggested that reputational equilibria
might serve to substitute for commitment
and act to reduce the resulting inflationary
bias. However, Canzoneri (1985) has argued
that this would be difficult to enforce If the
central bank has private information. The
central bank, for example, might justify
faster than expected money growth by
claiming its private forecast revealed an up-
ward shift in money demand; the public
may be unable to determine whether money
demand has in fact increased or the central
bank is simply attempting to produce a sur-
prise expansion.!? If the central bank’s ob-
jective is to minimize the expected social
loss function (1), conditional on the obser-
vation of 6, and if the public believes that
the central bank will follow the optimal rule
given by (5), the central bank would actually
like to set m equal to 8s0 + ak /(a® + B).
To implement such a policy, while attempt-
ing to maintain a reputation for following
the rule in (5), the central bank will an-
nounce that 6 is equal to 6%, where 0% =
6+ ak /8s(a’+ B). In other words, the
central bank has an incentive to misrepre-
sent its observation on 6.

Under the optimal contract, however, this
problem does not arise. Since the policy
m(0) can be implemented by a transfer
function based solely on the realized rate of
money growth, the government does not
need to know 6; the fact that the central
bank has private information on its forecast
of ¢ is irrelevant. The reason for this result
is straightforward. In Canzoneri’s (1985)
model, as in all basic versions of the generic

21n Canzoneri’s (1985) model, the central bank has
private information about a shock to money demand,
as opposed to the aggregate supply considered here.
The same issues, however, arise in either case.
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monetary-policy model studied by Barro and
Gordon (1983), Rogoff (1985), and others,
the inflationary bias of policy is a constant,
independent of the realization of 6. The
optimal incentive contract acts to raise the
marginal cost of inflation to the central bank
by the same amount across all states of
nature. It is thus independent of 6, and the
government gains nothing from either ob-
serving @ or from inducing the central bank
to reveal 6.

Equation (9) was derived under the as-
sumption that the control error v was real-
ized after the central bank had set m. Since
v can also be interpreted as a velocity shock,
it is interesting to note that the contract in
(9) continues to support the optimal policy
if the central bank (but not the public) can
observe v before choosing m or if the cen-
tral bank observes a private signal on v
before setting m. The reason is that the
central bank will, under discretion, opti-
mally respond to its information about v.
Again, the contract only needs to raise the
marginal cost of money growth by a con-
stant, independent of the state of nature.
The central bank can then be allowed to
engage in stabilization based on its private
information.

" While (9) implements m(8) when the cen-
tral bank cares about the social loss func-
tion V, this same outcome is equivalent to
the situation in which the central banker is
risk-neutral and cares only about the mone-
tary transfer she receives from the govern-
ment, and the transfer function is #y,—
2akm —(y — y*)* — Bm2. Rogoff (1985) im-
plicity consider a government that offers the
central bank a contract of the form ¢’ = ¢, —
(y — y*)> — brr? with b chosen to minimize
the government’s objective function (1).
Since the set of contracts of the form ¢’ is
more restrictive in that it imposes the con-
straint that no linear term in inflation ap-
pears, the resulting monetary policy fails to
eliminate completely the inflationary bias or
to achieve optimal stabilization. By parame-
terizing contracts solely in terms of the
weight placed on the quadratic inflation
term, the marginal cost of inflation can be
raised to reduce the inflationary bias, but
the impact on the marginal cost is made to
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depend on the level of the rate of inflation,
unlike the contract in (9). This distorts the
central bank’s response to # and leads to
the trade-off emphasized by Rogoff (1985)
and Lohmann (1992).!3

In the standard monetary-policy frame-
work, the inflationary bias of discretionary
policy can be eliminated while still achiev-
ing an optimal policy response to economic
disturbances through the use of a contract
between the government and the central
bank based only on the observed rate of
money growth. The contract resembles a
targeting rule. The apparent trade-off be-
tween stabilization policy and price stability
suggested by previous work arises only when
the contract offered to the central banker is
arbitrarily restricted.

II. Contracts Based on Performance
Measures

The previous section has assumed that
the central bank shares the same prefer-
ences over inflation and output fluctuations
as the government. If monetary policy is
implemented by an agent who cares only
about her transfer income from the govern-
ment, the optimal contract based on ex post
inflation and output is not unique.!* The
previous section showed that the optimal
policy could be implemented if the central
bank acted to maximize the expected value
of ¢t — V, where ¢t was given by equation (9).
If the central bank cares only about its

BThe trade-off studied by Garfinkel and Oh (1993)
also arises from the form of the targeting rules they
consider. That is, the trade-off is due to the nature of
the targeting rules analyzed, and not to the fundamen-
tal nature of the policy problem.

When the agent cares only about her monetary
transfer, it might be thought that the time-incon-
sistency problem would disappear, since such an agent
could be paid a fixed amount to “just follow instruc-
tions” and would have no incentive to reoptimize after
private agents have entered into wage contracts. How-
ever, the assumption that 6 is private information to
the central banker implies that the government would
be unable to verify whether the instructions had in fact
been followed. More importantly, this informational
structure captures the notion that it is not possible to
provide a complete set of contingent instructions to the
central banker; some discretion is unavoidable.
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expected transfer, then the transfer function
7(m,y)=t(m)—V, t given by (9), will clearly
lead the central bank to choose m = 8s6.
Because of the time-inconsistency problem,
this differs from the standard result in the
principal-agent literature with risk-neutral-
ity in which the agent should receive ¢, — V,
where ¢, is a constant determined by the
individual rationality constraint.

The transfer function 7(m,y) can be
thought of as a performance-based incen-
tive mechanism; the central banker’s reward
is based on the realization of output and
inflation. To demonstrate that 7 does in fact
lead to the optimal policy, consider the gen-
eral quadratic performance contract based
on inflation and output:

(10) 7(w,y)=by+tbm+ b,m? +bs(y — y*)
+by(y — y*)2+ bsm(y — y*).

Using equations (2)-(4) and denoting the
public’s expectations of m by E(m), the
first-order condition for the maximization of
E,7(m, y) can be written as

(11) (b, + bia)
+2(by + a’by + abs)(m — ys6)
+(2ab, + bs)[s60 — k + aE(m)]
=0.

Solving for m under the assumption of ra-
tional expectations yields

2b, + abs

(12) m*=

(2ab, + bs)sb

- +ys0.
2(byt+ a’by +abs)

Now, m* will equal m(8)=3s6 if and only
if the parameters of the contract jointly
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satisfy
ab, +0.5b; a
(13) 2 =2
b,+a’b,+abs a“+p
(14) —(b,+abs)+(2ab,+ bs)k =0.

It is clear that the transfer function contains
redundant parameters. Since the first-order
condition is unaffected by arbitrary normal-
ization, one can set b, = —1. Setting by =
bs =0, the optimal values for the remaining
parameters are

(15) b,=2abk=-2ak
(16) b*>=Bb, = —-B.
Thus,

(17) 7(m,y)

— by —2akm — B —(y — y*)?
=t(m)-V

which verifies the claim that ¢(7)—V sup-
ports the optimal policy.

Equations (13) and (14) imply that the
transfer function that achieves the optimal
money-supply rule is not unique. For exam-
ple, a rule based on (y — y*), (y — y*)?, and
m(y—y*) with coefficients —2a?k /(a*—p),
—1, and —2apB /(a®?—B) will also imple-
ment m = 8s6. In all cases, the optimal per-
formance contract must involve output; a
contract expressed solely in terms of infla-
tion fails to achieve the optimal policy."

The transfer function (17) makes the cen-
tral banker’s payoff a function of both infla-
tion and output. Most recent discussions of
central-bank design have focused on the
establishment of monetary-policy goals ex-
pressed solely in terms of the rate of infla-
tion. For example, New Zealand’s Reserve
Bank Act of 1989 makes inflation control

I5That is, stabilizing the rate of inflation in the face
of aggregate supply shocks is suboptimal when prefer-
ences are given by (1), as is well known.
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the sole objective of the central bank.!® Price
stability is also the only macroeconomic goal
proposed for the new European Central
Bank. Such contracts are socially optimal
only if the central banker’s utility is also
made to reflect society’s preference over
output fluctuations, either because the cen-
tral banker directly cares about V' or be-
cause her contract depends on output.

Contracts based on (17) may be difficult
to implement because they depend on y*,
the government’s target level of real output.
This may be private information to the gov-
ernment, and therefore it may not be feasi-
ble to condition the transfer to the central
banker on y*. Suppose then that the trans-
fer function is based only on the realized
rate of inflation and takes the form

T(m,y) =by+ b,m+ b,

(18)

The central bank will maximize the ex-
pected value of (18) by setting m = ysf —
b, /2b,. The deflationary bias is eliminated
if b, =0. In this case, m = ys6 # 550 unless
there are no supply shocks (e=6=0),
money has no effect on real output (a =0),
or the government places no weight on
output stabilization (B = «). Otherwise,
inflation-targeting rules lead to suboptimal
policy (see Rogoff, 1985).

III. Imperfect Monitoring, Competency,
and Effort by the Central Bank!’

The preceding sections have ignored two
aspects of monetary-policy implementation
that are critically important in considering
the design of the incentives the central bank
should face. First, most central banks have
a variety of policy instruments available to

1®The Act also requires the Governor of the Re-
serve Bank to sign an agreement with the government
establishing a target rate of inflation (currently 0-2
percent) and a date on which the target rate will be
achieved. Failure to meet this target can then provide
grounds for the government to dismiss the Reserve
Bank Governor.

"The model of this section draws heavily on Jean-
Jacques Laffont and Jean Tirole (1986).
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them. The Federal Reserve, for example,
uses open-market operations, the discount
rate, nonprice administration of the discount
window, reserve requirements, and other
tools to affect the economy. The multi-
dimensionality of the set of policy instru-
ments makes it difficult to develop unam-
biguous indicators of the stance of monetary
policy.!® Even if 6 were observable by the
government, it may be impossible for the
government to specify a policy action in
response to each realization of 6 and then
to verify that the central bank has actually
implemented that policy. Second, the infor-
mational content of financial-market and
macroeconomic variables can depend on the
actions of the central bank. For example,
the central bank’s choice of operating pro-
cedure can affect the information about fu-
ture policy contained in interest-rate move-
ments (Michael Dotsey and Robert King,
1983; V. Vance Roley and Walsh, 1985).
More generally, the optimal response to the
signal 6 will depend on the “quality” of the
signal, and that can depend on the central
bank’s conduct of policy in the sense of its
choice of operating procedure and the ef-
ficiency with which it carries out its policy.

To capture these considerations, two
changes to the basic model can be made.
First, in contrast to the previous two sec-
tions, assume that the signal 6 is publicly
observable, but the central bank’s setting of
its instrument is not. Specifically, the gov-
ernment can observe w=m+ v; conse-
quently, the government cannot separate the
central bank’s setting of its instrument m
from the random control error v. The signal
0 might correspond to a variable such as a
short-term interest rate; m to the central
bank’s policy stance reflected in open-
market operations, reserve-requirement set-
ting, and discount-rate policy; and u to a
broad monetary aggregate like M2.

Second, it is assumed that candidates to
head the central bank differ in their compe-
tency and that the distribution of the mea-
surement error ¢ is affected both by the

18For recent examples of the difficulty of developing
indicators of monetary policy, see Ben Bernanke and
Alan Blinder (1992) and Lawrence Christiano et al.
(1993).
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central bank’s competency and by its imple-
mentation of policy. Measurement errors
might be affected by the central bank’s
choice of operating procedures (which could
affect the information content of financial
variables as in Dotsey and King [1983]), by
its ability to forecast, or by its management
of other policy instruments (such as reserve
requirements, discount-window borrowing,
regulatory oversight, etc.). Improving policy
implementation, while raising the quality of
the signal, imposes resource costs on the
central bank. These costs might arise from
increased data-collection requirements,
more intensive monitoring of financial-
market developments, or greater staff re-
sources devoted to forecasting.'®

A central banker of type a who makes
effort e is assumed to experience a mea-
surement error of ¢ =(a — e)w, where w is
an exogenous, mean-zero serially uncorre-
lated disturbance with variance 72, a€
[a,al, ecle,e] and a>¢€ so that a—e>0
for all a and e. Neither the central banker’s
competency nor her “effort” in reducing
control errors will be assumed to be observ-
able by the government. In this framework,
central bankers with low a’s are “better.”%
For a given signal realization 60, the optimal
setting of the money supply is still given by
és0, bzlllt s is now a decreasing function of
a—e:

s =0'82/(0'82 + 0'4,2)
=0'52/[‘752 +(a— e)zo;f].

It will be assumed that o2 and o; are

known to the government. The expected
value of the social loss function V' will de-

YFor an analysis of the effects of costs on the
choice of operating procedure, see David VanHoose
(1992).

2That is, the expected utility of both the govern-
ment and the central banker can be shown to be
decreasing in a, so central bankers with low a’s earn
higher expected utility and are preferred by the gov-
ernment.

2 That is, once a and e are set and 6 is then
observed, the policy problem is exactly that posed in
Section I, so that m = §s6 is the optimal response.
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pend on oj; a reduction in g, that is, an

improvement in the quality of the signal 6,
will reduce the expected social loss:
aE(V)/aaj =V, >0.

Higher effort imposes costs on the central
bank. These may be pecuniary (larger staffs,
more frequent data collection) or measured
directly in terms of utility (greater time in-
vested in monitoring financial markets).
Costs are assumed to be quadratic in e, so
that the ex post utility of the central banker
is t — C(e)=1t — n(e — e)>. Note that I have
now assumed that the central banker’s util-
ity does not depend directly on social wel-
fare.?? Unlike the situations considered in
previous sections, the government can no
longer guarantee that contract costs will be
minimized. Instead, ‘“better” central
bankers will earn rents. Thus, the objective
of the principal will be to offer a contract to
the central banker that minimizes expected
social loss plus transfer, E(V + t).

A. Perfect Information on a

Consider first the case in which there is
no uncertainty about the central banker’s
type: a is known. In this case, the sequence
of events evolves according to the following
pattern. The government offers a contract
to the central banker, after which the cen-
tral banker chooses an effort level e while
the public forms expectations about the rate
of inflation and enters into wage contracts.
The signal 6 on the aggregate supply shock
is then observed, after which m is set. Fi-
nally, the control error v is realized, and
output and actual inflation are determined.

In this environment, the government’s
problem is to minimize E(V + t) subject to
E(m) =0 and the individual rationality con-
straint E(t — C(e)) = 0, where the expecta-
tions are taken over the joint distribution of
e, 6, and v.2® The optimal rule for m is
again given by m(6)=8s6, although s is

22This assumption is not restrictive since the case
analyzed is equivalent to one in which the central
banker maximizes T —V — C(e) for T=¢+V.
I continue to assume that the central banker’s
alternative utility level is normalized to 0 so that the
participation constraint takes the form E(z — C(e)) > 0.
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now a function of a — e. Substituting m(6)
into the definition of V, the first-order con-
dition for the optimal level of effort can be
written

(19) -V,(a—e)oZ+mn(e—¢e)=0.

Solving for the optimal e when central-
bank type is known yields

(20) e*(a)=¢a+(1-¢)e
V,o}
V= V‘»a'w2 +n ’

From (20) it follows that 0 <de*(a)/da <1,
so (a — e) is increasing in a. It is optimal to
have central bankers with less ability exert
more effort, but not enough to completely
compensate for their lower ability. As a
result, social welfare is decreasing in a.

B. Imperfect Information on the Central
Banker’s Type

Now suppose that neither the govern-
ment nor the public can observe the central
banker’s type. I restrict consideration to
truthful mechanisms under which the cen-
tral bank reveals its type, chooses an effort
level, observes the signal 6, and sets m. It
receives a transfer 7(a,6,7) and utility
7(a,8,7)— C(e). Denote by e(a) the effort
level the government wishes to induce from
a central banker of type a, and let s(a)=
a2 /{0? +[a — e(a)]?0;?} be the value of s if
the central banker of type a chooses e(a).
As before, the socially optimal value of m,
conditional on 6, equals m(a,8) = 6s(a)d. 1
restrict attention to subgame-perfect equi-
libria.

Let a* denote the central bank’s an-
nounced type and let e(a, a?) be the effort
level that maximizes the expected utility of
a central banker of type a who announces
her type as a®. In equilibrium a®=a, and
e =e(a,a*) must maximize E(r(a?,0,m)—
C(e)) for a central banker of type a.

The properties of the optimal transfer
function can be derived following the analy-
sis of Laffont and Tirole (1986); details are
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contained in an earlier version of the pre-
sent paper and are available upon request.
The requirement that the transfer function
must induce truthful revelation of the cen-
tral banker’s type imposes restrictions on
the effort levels the government will be able
to elicit. In particular, the first-order condi-
tion needed to ensure that ¢®=a maxi-
mizes the central banker’s utility can be
shown to require that

E(1,(a,0,7)—C'(e(a))e' (a))
=—C'(e(a)) = —2n[e(a) - ]

while the second-order condition is satisfied
if and only if e'(a)=de(a)/da <1. This
second-order condition implies that any im-
plementable effort function must ensure that
a—e is increasing in a; therefore, the
measurement-error variance (a — e)?0? in-
creases with a. Better central bankers (i.e.,
those with lower a’s) produce smaller fore-
cast errors. Otherwise, a “good” central
banker could mimic a “poor” central banker
at a lower disutility of effort. Since s(a) is
decreasing in a — e, “better” central bankers
respond more to a given signal than do
“poor” central bankers. It can also be shown
that central-bank utility is decreasing in a;
better central bankers gain higher expected
utility.

The government’s objective is to mini-
mize expected loss plus transfer. Assuming
that the government has a uniform prior
over central-bank types, and using the fact
that the expected transfer equals
E(7(a,6,7))=u+ C(e) where u is the cen-
tral banker’s utility, the government’s prob-
lem can be expressed as

(21)

subject to

minEfa(V+u+C)da
a

E(m)=0 u=0
u,=-2ne(a)-¢] e(a)<l.

The expectations are taken with respect to
the distributions of ¢ and v.
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The effort level that it is optimal for the
government to induce, e(a), is given as the
solution to

(22) m(e-e)=Vy(a—e)os+n(a~a).

The level of effort that solves (22) satisfies
the second-order condition for a minimum
of the government’s objective function. In
this case, (22) implies that ¢'(a) <1, so that
the second-order condition for the central
bank’s decision problem is also satisfied.

Recall that e*(a) given by (20) is the
optimal effort level when central-banker
type is known. Equations (20) and (22) can
be used to show that

(23) e(a)—e*(a)= %S—_E%)—SO

Therefore, e(a) < e*(a) for all a. Less in-
vestment in improving forecasts is induced
when the central banker’s ability is private
information. Since e(a) < e*(a), a — e(a) >
a— e*(a), so for a > a, s is smaller when a
cannot be observed. As a result, the optimal
response to a given signal is smaller because
the quality of the signal is lower. However,
for the best central banker, the one for
whom a=a, e(a)=e*(a). The least effi-
cient central banker (the @ banker) receives
an expected transfer of C(e(a)) that just
compensates her for the cost of choosing an
effort level of e(@). More efficient central
bankers earn rents.

The solution to the government’s prob-
lem is given by {e(a), m(a,8)} where e(a) is
the solution to (22) and m(a, 8) = 6s(a) for
& defined in (5). Of more interest is the
form of the transfer function 7(a,8, ) that
will implement this policy. The transfer
function must be such that a central banker
of type a finds it optimal to choose e(a)
and, observing 6, to set m equal to ds(a)6.
The Appendix proves that {e(a), m(a,0)} is
implemented by the transfer function given
by
(24) t(a,0,m)

~ A(a) - K(a)[7 —7(a,0)]"
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where 7(a,8)=m(a,0)— ys(a)d. A and K
depend on the central banker’s announced
type but not on 6, and their values are given
in the Appendix.

The government can implement the effort
level e(a) and induce the optimal setting for
the monetary aggregate, m(6), by making
the central banker’s transfer payment de-
pend on the realized rate of inflation. Equa-
tion (24) is similar to an inflation-targeting
rule for the central bank of the type often
analyzed, with the exception that the pa-
rameters of the rule (4 and K) are chosen
based on the central bank’s announcement.
The transfer is based on a comparison of
the actual rate of inflation with 7(a,#), the
expected rate of inflation based on the cen-
tral bank’s announced type and the signal
on the aggregate supply shock. Equation
(24) then is actually an inflation-targeting
rule with a reporting requirement. The cen-
tral bank is penalized for (squared) devia-
tions of actual inflation relative to the infla-
tion rate expected on the basis of the signal
6. Using the definition of A(a) given in the
Appendix, the transfer can be shown to
depend on

- K(a){[w - m(a,0)]’
—y%s(a)[a—e(a)]’a2 - 0?2}

The actual squared deviation of = from
7(a,0) is compared to its expectation under
the optimal policy y2s(a)la — e(a)l*a? + o 2.
It is interesting to note that the weight
given to squared inflation deviations is inde-
pendent of the signal 6. The parameter
K(a) only affects the effort level chosen by
the central bank, not its implementation of
stabilization policy. The value of 6 does
play a role, however, in determining the
target rate of inflation 7.

Rogoff (1985), Canzoneri (1985), and
Garfinkel and Oh (1993) find that inflation
targeting results in a trade-off between re-
ducing the inflationary bias of discretionary
policy and responding optimally to aggre-
gate supply shocks. No such trade-off is
faced with the transfer function in (24) even
though it closely resembles an inflation-
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targeting rule.?* The difference is due to the
fact that in the present framework, and
unlike the framework utilized by Rogoff
(1985), the government is able to implement
its desired money rule 8s6 once the signal 6
is observed. Thus, (24) really incorporates
both inflation targeting and a contingent
money rule, and the optimal policy can be
implemented even when the government is
unable to determine whether movements in
the monetary aggregate it observes are due
to movements in the central bank’s instru-
ment or to random control errors.

The optimal contract given by (24) looks
like an inflation-targeting rule with a report-
ing requirement. Such rules are often pro-
posed as solutions to the inflationary-bias
problem associated with discretionary mon-
etary policy. Equation (24) and the expres-
sions for A(a) and K(a) given in the Ap-
pendix suggest, however, that the informa-
tional requirements of the optimal rule may
be severe.

IV. Summary

The approach adopted in this paper dif-
fers from that normally used in analyzing
the design of monetary policy. Here, the
central bank is viewed as the agent of the
government, one who attempts to maximize
an objective function that depends, in part,
on contingent transfers from the govern-
ment. The optimal transfer function from
the government’s perspective has been de-
rived for a version of the standard Barro-
Gordon model of discretionary policy in
which the central bank has private informa-
tion and for a version in which central
bankers differ in their abilities and in the
effort they devote to implementing policy.

When the central bank cares about its
transfer income and about social welfare,
the optimal contract resembles an inflation-
targeting rule, even though such rules are
generally suboptimal in the presence of sup-

2 Stabilization policy is optimal, given s. However,
when a and e are private information, the central
bank’s choice leads to a value of a — e that is too large
and a signal that is too noisy.
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ply shocks. More generally, when the cen-
tral bank cares only about its transfer in-
come, the optimal contract takes the form
of a contingent inflation-targeting rule in
which the target is contingent on the ob-
served signal on aggregate supply distur-
bances. The contracting approach suggests
that targeting rules of the type often ob-
served may serve to eliminate inflation bias
while still preserving the advantages of dis-
cretion.”

While the focus in this paper has been
normative, it is natural to ask why state-
contingent wage contracts do not appear to
be observed in practice if they solve the
problem of time-inconsistent optimal mone-
tary policy. Since a wage contract was used
as a tool for deriving incentives, one needs
to examine existing central-banking struc-
tures to see if they give rise to incentives
that mimic the effects of the optimal con-
tracts derived here. The optimal transfer
function of Section III, for example, resem-
bles an inflation-targeting rule with a re-
porting requirement, suggesting that such
rules may generate the appropriate incen-
tives for the central bank. Making the cen-
tral banker’s employment contingent on
achieving prespecified inflation targets, as is
the case under the New Zealand Reserve
Bank Act of 1989, may serve the same pur-
pose. An interesting line of future research
will be to determine the ways in which spe-
cific institutional structures observed in
practice affect the incentives facing the
makers of monetary policy.

The type of state-contingent wages stud-
ied here serves as a useful means by which
to determine the nature of the incentives
with which the central bank should be faced.
In contrast with the traditional approach in
which the central bank is subject to an ad
hoc targeting rule, the contrasting approach
more clearly highlights the nature of the
policy problems and associated trade-offs
that are inherent in the environment of the

BPpersson and Tabellini (1993) build on an earlier
version of this paper to extend the contracting ap-
proach to central-bank design in a number of interest-
ing directions. See also Walsh (1993a,b).
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model, as opposed to those that arise from
the use of suboptimal targeting rules. By
deriving the optimal contract, I have shown
that the difficulties of achieving both opti-
mal policy responses to new information
and zero average inflation, particularly in
the presence of private central-bank infor-
mation, are not inherent in the basic frame-
work employed in much of the recent litera-
ture on strategic monetary policy. Instead,
apparent trade-offs among price stability
and stabilization, flexibility, and credibility,
may simply reflect the suboptimal incentives
the central bank faces under ad hoc target-
ing rules.

APPENDIX

This appendix shows that the transfer
function given by equation (24) implements
the effort function e(a) and the money sup-
ply rule m(a,6) when both a and m are
private information to the central bank. A
and K in (24) depend on the central
banker’s announced type, but not on 8, and
their values are given by

(Al) A(a) = B(a)

+K(a)(o? +ys(a)a— e(a)]zoj)

C'(e(a))
A2) K(a)=
(A2) K@= e e@io?
_ nle(a)—el
2y%s(a)la - e(a)lo?
and

(A3) B(a)-= fﬁC'(e(z))[l —¢'(2)]dz =0

so that B(a)=0; the least-efficient central
banker earns no rent.?

The decisions faced by the central banker
form a two-stage process. In the first stage,

261f the central banker’s reservation level of utility is
U, > 0, then B(@)=Uj,,.
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the central banker announces her type and
chooses an effort level. Effort is chosen prior
to obtaining any information on the current
realizations of the random disturbances (6,
¢, w, and v). In the second stage, the cen-
tral banker observes the signal 6 and sets
the money supply. If m cannot be observed
by the government, the central bank’s con-
tract cannot specify actions contingent on 6
unless those actions are utility-maximizing
for the central bank.

Consider the bank’s problem once a® has
been announced, the value of e has been
determined, and 6 has been observed. The
central banker’s decision variable is the set-
ting for m. The value of m solves?’

(A4) maxEyr(a,0,m).

Using (24), the first-order condition is

(A5) —2K(a*)Ey[m—m(a*,60)]=0
or E,m=m(a®6). Using equation (4) and
the definition of m(a?,80), it follows that

(A6) m=28s(a®)0—y[s(a*)—s(a)]6

so that m = m(a,8)=8s(a)d if the central
bank announced its type truthfully.

In the first stage, the central bank of
type a announces that it is of type a® and
chooses an effort level e. Consider {a® e}
in the concealment set {a?, e(a,a®)} where
e(a,a®) = e(a®)+a—a**® Using equation
(24) and (A1), the central banker’s expected
utility from choosing a member of this set
can be written as

(A7) B(a
—y2K(a*){s(a - e)*— s(a*)[a® — e(a*)I'}o2

—C(e).

?TCentral-bank utility is 7 — C(e), but since e is a
fixed parameter when the decision to set m is made,
this last term is dropped for convenience.

21f the central bank chooses to announce a® and
undertake effort e(a,a?), such a deviation cannot be
detected by the government (see Laffont and Tirole,
1986).
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(A9)
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B'(a*)- K'(a*)y*(s(a)(a—e)’—s(a®)[a* — e(a*)]")o?

—2K(a*)y*{[a—e(a,a)]s(a)[1-€(a")]

—[a—e(a,a*)]’[3s/3(a—e)][e'(a*) —1]}02

+2K(a%)y?{[a" —e(a®)]s(a*)[1-€'(a*)]

~[a* —e(a*)]*[0s/3(a—e)][e(a*) —1]}0;2

~C'(e(a,a*))[e'(a*)—1] =0

Maximizing with respect to e, the first-order
condition is 2y2K(a*)s*(a — e)a? — C'(e) =
0, which implies, using the definition of
K(a®) from equation (A2),

e(a’)—e
(AS) s(a")[a“ _ e(aa)] s(a)(a - e)
=(e—e).

Maximizing (A7) with respect to a® and
using the definition of e(a,a?®) yields equa-
tion (A9), above. However, (A9) is satisfied
for a® = a as long as

B'(a)=C'(e(a))[€'(a)~1]

which just defines B(a). Thus, if this condi-
tion holds, (24) induces the truthful revela-
tion of a. Substituting a®=a into (AS8)
yields

(A10) e(a)—e e—e

a—e(a) a—e’

The right side of (A10) is monotonically
increasing in e, while the left side is con-
stant (given a). Therefore, e = e(a) is the
unique solution to (A10).% Since a®=a,
equation (A6) implies that m = 8s(a)é.

This would hold for any convex cost function
C(e).
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