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Abstract

This paper considers an institutional arrangement, in which the government as-
signs a publicly announced inflation target to an instrument independent central
bank, but retains the discretion to revise the target after wages have been set. We
argue that since this arrangement is perfectly transparent, it resolves Canzoneri’s
private information problem, ensures perfect monitoring of the government, and
enhances the effectiveness of reputational forces. The paper characterizes cases in
which, for this reason, inflation targeting mitigates the inflationary bias of mone-
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1 Introduction

The impact of the central bank’s institutional status on monetary policy making has
recently received considerable attention, both theoretically and empirically; for reviews,
see Cukierman (1992,1995), Walsh (1993) and Herrendorf (1995a). Perhaps the most
important issue in this context is whether or not a properly designed institutional set—
up can resolve the time consistency problem of optimal monetary policy making.! A
decade ago, Rogoff (1985) made the first serious attempt to tackle the problem from
an institutional angle. His suggestion was to grant institutional independence to a
conservative central banker, who assigns a larger weight to the cost of inflation than
society. Appointing a conservative central banker reduces the inflationary bias, but

distorts stabilization of the real economy and, therefore, involves a cost.

For many years, Rogoft’s proposal was dominating the debate; see, for instance,
Lohmann (1992), Waller (1992) and Lockwood, Miller and Zhang (1994). Only recently
has Walsh (1995¢) employed results from the principal-agent literature, suggesting that
the government [principal] may design a performance contract for the head of the central
bank [agent], which specifies the latter’s remuneration depending on realized inflation
[bonus payments]. Since thereby the government can optimally shape the incentives
that the central banker faces, the time consistency problem can be resolved and the ex

ante optimal outcome be achieved; see also Persson and Tabellini (1993), Fratianni, von

Hagen and Waller (1995) and Lockwood (1995).

Although central bank contracts with bonus payments for the central bank gover-
nor are not observed in reality, Walsh’s insight is very important, because it leads to the
identification of the optimal incentive structure. Moreover, it turns out that the opti-
mal incentive structure may also be generated through either of the following, perhaps
more practicable, alternatives: (i) to implement a properly chosen dismissal rule with
the threat to fire the central banker under certain conditions, see Walsh (1995b); (ii)

to implement an inflation or output targeting procedure, which grants independence to

! The time consistency problem leads to a suboptimally large inflation bias under the time consistent

equilibrium policy [Barro and Gordon (1983)].



the central bank in the conduct monetary policy, but not in the choice of the inflation
or output target, see Svensson (1995) and Herrendorf and Lockwood (1996). To sum
up, the recent literature suggests that an appropriately chosen institutional setting for
the central bank can in principle ensure the time consistency of the ex ante optimal

monetary policy and resolve the time consistency problem.

While an institutional reform may indeed induce time consistent behavior on the
part of the central bank, it is not clear, however, why it should induce time consis-
tent behavior on the part of the government. For example, providing the government
also appreciates the consequences of surprise inflation [i.e. stimulation of economic ac-
tivity or additional seigniorage revenues], why should it actually carry out the threat
to fire the central banker after he has engineered surprise inflation, or why should it
stick to an inflation or output target after wage contracts have been signed? This point
has forcefully been raised by McCallum (1995, p.110): “Indeed if the absence of any
precommitment technology is actually the problem, then it must apply to the consol-
idated CB—-government entity just as it would to an entirely independent CB. If the

precommitment technology does not exist, then it does not exist.”

One obvious reaction to McCallum’s point is that an institutional solution has the
advantage of being implementable through a legislated central bank law, by which the
discretionary influence of the government is limited. Yet, the possibility to change the
central bank law remains. This may even be desirable, since any legislated institutional
set—up is incomplete in that it does not account all possible contingencies; see Her-
rendorf and Lockwood (1996) for further discussion. Moreover, as was pointed out by
Walsh (1995b) in his assessment of the recent central bank reform in New Zealand, time
inconsistent behavior on the part of the government remains a critical issue whenever
the legislated institutional arrangement leaves some discretion. For example, the New
Zealand central bank act allows for revisions of the inflation target after wages have

been set.

The present paper suggests that the problem of time inconsistent behavior on part
of the government, though existing, is likely to be less severe than previously claimed,

the reason being the possible effect of an institutional arrangement on reputational
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forces. [In contrast, the literature has typically viewed institutional solutions as an
alternative rather than as a supplement to reputation.] In order to explain the argument,
we first reproduce the outcome when the central bank is institutionally dependent on
the government, implying that they act as if one policy maker was in charge. Monetary
policy is then subject to a private information problem [Canzoneri (1985)]. In particular,
since it is not incentive compatible to reveal planned inflation truthfully, the private
sector will in general be in doubt whether or not an inflation surprise was generated
by a positive realization of a velocity shock or by an attempt of the policy maker to
stimulate output. Consequently, the monitoring of policy actions becomes imperfect

and reputational forces loose part of their bite.

We then consider an inflation targeting arrangement of the form suggested by
Svensson (1995), in which the government assigns a publicly announced inflation target
to an instrument independent, but not goal independent central bank. These two terms
are due to Fischer (1995) and mean that, while the central bank may conduct daily
monetary policy as it wishes [instrument independence], the ultimate target of its’ policy
is set by the government [goal dependence|. We concentrate on the benchmark case in
which the government cannot precommit to the inflation target, but may revise it after
wages have been set. However, we do require that the inflation target and any revisions of
it are publicly announced.? It turns out that such an arrangement resolves the private
information problem, allows the private sector to monitor closely the actions of the
government, and helps to discipline the government not to behave in a time inconsistent
way. In particular, it is shown that adopting an inflation targeting arrangement may
reduce equilibrium inflation. However, we find that when the government has discretion

to revise the target after nominal wage contracts have been signed, reputational forces

2 It should be mentioned that this targeting arrangement is distinct from those studied in the
literature. On one hand, Rogoff (1985), Canzoneri (1985) and Garfinkel and Oh (1993) suggested
targeting rules to which the central bank is precommitted by legislation, whereas we assume here that
the government announces inflation targets without precommiting to them. On the other hand, Walsh
(1995a) considered the case in which the central bank announces its’ own inflation target, and showed
that thereby it can reveal some private information about its’ preferences or about the state of the

economy.



are not strong enough to achieve the ex ante optimal outcome.

The plan for the remainder of the paper is as follows: in section 2, the model is
presented; section 3 shows how the private information problem affects the functioning of
reputational effects; the resolution of the private information problem through inflation

targeting is discussed in section 4; finally, section 5 concludes.

2 The Model

The model is a variant of that of Barro and Gordon (1983). As in al Nowaihi and Levine
(1994) [aN-L henceforth], we assume the existence of a single trade union, which, at
the end of any period, sets the nominal wage for the next period so as to achieve
equilibrium real output, y. [The assumption that a trade union coordinates the wage
bargaining process appears to be a reasonable approximation to the situation in many
countries, especially in Europe; see Driffill and Schultz (1992) for further discussion.] As
is standard, the rate of deviation of real output, y;, from its’ equilibrium, g, is determined
by an ezpectations—augmented Phillips curve, the slope of which is normalized to one
for simplicity,

Yo —§=m— . 1)
In (1), m; and 7§ represent realized inflation and the rational inflation expectation formed
at the end of period t-1, i.e. 7 = Ey_1my.

The rate of inflation is defined as the logarithmic difference between the current
and the last period’s price level, m; = p; — p;—;. Prices are assumed to be perfectly
flexible and to result from the equilibrium in the money market, which is described by

a permanent—income-based quantity equation,

my + vy =y + pi, (2)

where m; and v; stand for the the logs of base money and velocity. Following Canzoneri

(1985), we suppose that v; follows a random walk. The relation between inflation and



the growth rate of money, g;, which is the policy maker’s instrument, is then found to

be
T = gt + pe, (3)

where y; = v4 — 141 is an i.i.d. disturbance with zero mean and a finite variance.

In order to introduce a role for stabilization policy, we suppose that, after nominal
wages have been set, but before the rate of money growth is chosen at the beginning
of period t, the policy maker receives a signal, ¢;, about the velocity shock, u;; conse-

quently,
Pt = @ + Uy, (4)

where E;_1¢; = 0 and 1, is an i.i.d. shock with zero mean and finite variance. Moreover,
; is assumed to be orthogonal to ¢; and uniformly distributed with compact support

[—s, s]. Realized inflation may now be expressed in terms of planned inflation, n?,
my = + 1, where 7= g; + s (5)

The description of the model is completed by the specification of the objective
functions of both players, which are as in aN-L. Denoting the discount factor by §
[0 € (0,1)], the government’s objective is

V=3 an =3 5y =) - 5ol = S0t =i+ 00—y + 0P O

t=0 =0 2

where @ > 0, and use has been made of (1) and (5). Specification (6) captures the stan-
dard notion that the government suffers a loss of utility from inflation, while gaining
from positive deviations of real output from its’ equilibrium value.® If not mentioned
specifically, it is assumed that the central bank is institutionally dependent on the gov-
ernment, implying that it shares the objective function (6) and that both of them can

be treated as a single player, the policy maker.

3 Note that the output term is linear, as in the initial paper of Barro and Gordon. Consequently,
the government does not care about stabilizing output here. This is as in aN-L and greatly simplifies

the algebra, without affecting the results.



The specification of the trade union’s utility reflects the assumption that the union

aims for equilibrium output and dislikes inflation,

U=y du=—Y 6y — ) + 7] = = 8Bt = vt + 9 + (7F+ ), (7)

where b > 0, and the last equality follows from (1) and (5) as before. Note that, for
simplicity, ¢ is taken to be the discount factor of both the government and the trade
union. Allowing their discount rates to be different would not add much insight here;

see aN-L for a discussion of this case.

(6) and (7) imply that we may analyze the policy game in terms of planned and
expected inflation, which is analytically most convenient. As a benchmark case, we
consider first the ez ante optimal policy of the one shot game, which needs to satisfy the
constraint that planned inflation equals expected inflation, # = 7f. Maximizing the

expectation of (6) subject to this constraint yields*

7?(opt) = °(opt) =0 and w(opt) = 7. (8)

Note that 7P(opt) = 0 requires g(opt) = —¢, that is, the policy maker chooses the
money supply to offset fully the known component of the velocity shock. For this

reason, reductions of utility occur only due to the imprecision in inflation control,

EV(opt)] = 7= Elo(opt)] = —— 2%, (92)
EU(opt)] = 1= Blu(opt)] = — = (b+1)o, (9b)

As is well known, the ex ante optimal policy is time inconsistent in general, that
is, a reoptimization at a later point in time does not lead to the policy plan that was

initially found to be optimal. If the policy maker cannot precommit to follow the ex

4 Since the game is repeated in nature, the solution will be the same in any period and we can drop

the time indices.



ante optimal policy, the time consistent Nash—equilibrium outcome emerges,
7P(con) = m°(con) = a and w(con) = a + 1. (10)

The time consistency of the Nash—equilibrium leads to the standard inflationary bias
[denoted here by al, and a reduction of the expected utilities compared to the ex ante

optimal policy,

E[V(con)] = %5 E[v(con)] = _I_iTs ‘ J;%, (11a)
B[U(con)] = 1= Elu(eon)] = — L <a® + (b + )03 (11b)

3 Reputational Forces Under Private Information

3.1 Trigger Strategies

It has been often argued that the policy maker’s concern about the adverse effects of
loosing a good reputation may prevent him from reneging on a policy n?(rep), which
is time—inconsistent in the stage-game [7?(rep) < 7?(con)], in which reputation cannot
have a role. In infinitely repeated games, reputation is typically modelled by Friedman~—
type (1971) trigger strategies. Essentialy, they work as follows: the trade union expects
n?(rep) for the current period, if it has not detected a deviation from w?(rep) in the
previous period; in contrast, if it has detected a deviation, then it expects m?(con) for
some, possibly infinitely many, future periods [the punishment phase], after which it
expects mP(rep) again. The policy plan 7P(rep) is a subgame—perfect Nash—equilibrium
in trigger strategies, if some punishment phase exists such that the expected present
discounted value of the utility reduction from the punishment outweighs the expected
utility increase in the period of the deviation. It should be mentioned that a necessary
condition for this to be possible is that the policy maker starts the game with reputation,

which is assumed here.

The application of trigger strategies to monetary policy games has been subject to



criticism, because the length of the punishment phase and the expected inflation rate by
which the private sector punishes are not unique. Therefore, it is not clear how an atom-
1istic private sector may manage to coordinate on playing any particular trigger strategy
[Backus and Driffill (1985)]. It is important to realize that this coordination problem
does not arise when, as is assumed here, the private sector is represented by a trade
union, which acts as a strategic player. However, different from an atomistic private sec-
tor, a trade union may renegotiate the trigger strategy after a, possibly small, deviation
has been detected. Responding to this problem, we employ the equilibrium refinement
“chisel-proofness” introduced by aN-L, which prevents certain forms of renegotiation

to be specified below.®

Since aN-L have studied a situation with perfect control over inflation, we will
need to generalize their analysis. In particular, under imperfect control over inflation,
the inflation rate planned by the policy maker is no longer common knowledge, but
inevitably his private information [Canzoneri (1985)]. The reason is that an unexpect-
edly high realization of inflation may either be caused by a positive realization of the
disturbance 1, or by a deliberate attempt of the policy maker to surprise the private
sector. Since an optimizing policy maker will not admit that he has created the surprise,
but attempt to blame it on a positive realization of 1, it is not incentive compatible to
reveal planned inflation truthfully. Consequently, the union cannot perfectly monitor

the policy maker’s actions and the disciplinary effect of reputation becomes weaker.®

While the consequences of the existence of private information have already been
pointed out by Canzoneri (1985) in a related policy game, he considered an atomistic
private sector and a trigger strategy with an exogenously given punishment phase of

infinitely many periods. Thus, we need to apply his analysis to the case of a strategically

% Note that “chisel-proofness” cannot be as strong as Farrell and Maskin’s (1989) concept of weak
renegotiation—proofness, because, in the present model, the only weakly renegotiation—proof equilibrium
is the time consistent equilibrium of the stage game [aN-L].

6 Tt may be observed that for the derivation of both, the ex ante optimal and the time consistent
policy, the private information issue has been irrelevant. The reason is that, by definition, the ex ante
optimal policy is derived under the constraint that there is no deviation, whereas, by construction, the

time consistent policy does not leave an incentive to deviate.



acting trade union, and also to generalize it by endogenizing the length of the punishment
period. To this end, we represent inflation plans as 7?(a) = aa with o € [0,1). In order
to characterize the nP(c) that can be sustained through chisel-proof trigger strategies,
we denote deviations from 7?(a) by 7?(a, ) = Ba, where 8 € (a, 1]. For any o € [0,1)
and any f € (a,1], we begin by deriving the minimal length of the punishment period,

7(c, B), necessary to prevent the policy maker from deviating from 7?(a) by planning

*(a, ).

3.2 The Minimal Punishment Period Sufficient to Deter Devi-

ations

Since the disturbance i was assumed to be uniformly distributed, the trade union can
detect a deviation 77(c, #) from 7*(«x) only when the realized inflation rate [7(a, 3) =
7?(a) + a(B — &) + 1] exceeds the largest inflation realization that would be possible if
the policy maker did not deviate [7?(c) + s], that is, if ¥ > s — a(8 — @). In contrast,
if ¥ < s— a(fB — o), then the creation of surprise inflation cannot be spotted. However,
trigger strategies might still work, even if the trade union punishes the policy maker only
when it can detect a deviation. To show this, we need to calculate the policy maker’s

expected utilities when he does not deviate and when he does deviate.

The policy maker’s expected present discounted payoff from planning n?(a) can be

shown to equal:

E[V(a)] =§IO ‘Elo(a)] = (‘;‘(’i—;‘;‘ﬁ (12)
where
Zét gv) V7 € (l,00) and Z § = 6T+1 Vre[0,00). (13)
t=7+1

Note that punishment periods will in general be fractional here; see appendix A of aN-L

for a detailed discussion.



In order to calculate the policy maker’s expected utility after a deviation, we
first need to realize that since the future is discounted, it is optimal to deviate as
early as possible, provided that a deviation is planned. Without loss of generality,
we may therefore concentrate on deviations in period zero. The probability that the
deviation is detected equals a(f — «)/2s, whereas, with probability 1 —a(3 — «)/2s, the
policy maker gets away without punishment. To ensure that these probabilities are well
defined, we make the additional assumption that ¢ < 2s. Put differently, we restrict
attention to cases with a relatively imprecise degree of control over inflation, implying
that the monitoring problem is relatively severe. [Since we are interested in studying
the consequences of imprecise control over inflation on the effectiveness of reputation,

this assumption does not appear to be problematic.]

For a given punishment length 7(a, 3), the ezpected present discounted payoff after

deviating by planning 7?(e, ) in the first period is now found to equal:”

a(f =) "¢¥ 2
BWV(,)] = B 8))+ 252 S Bieom) — w(a] + 3 8'Blb(e)] (14
a(f— o — §7(h)
= Blo(e, B+ X2 BT iy om) — v(@)] + 2 Epv(a],
where , ,
Blo(eo )] = (8 — o) - L%, (19

Note that the expected utility reduction through the punishment is smaller, the larger
is s, the support of ¢. The intuition is that the information content of the observed
inflation realization is lower when s is larger, implying that the union can monitor the

policy maker’s actions less perfectly.

For any given a € [0,1), a punishment phase of 7(a,3) periods is sufficient to
deter the deviation 7P(a, 3), if and only if [iff for short] 7P(«, 3) does not increase the
policy maker’s expected utility, E[V (e, 8)] < E[V(«a)]. Using (12) and (14), this can be

7 It should be noted that by the one-stage-deviation principle it is sufficient to consider only one
deviation; see Fudenberg and Tirole (1991).
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shown to be equivalent to

(8- a) 81— 579
5 T3 Ev(e) — v(con)]. (16)

E[v(a,#) - v(a)] < ©

Note that both E[v(e, ) —v(e)] and E[v(e) —v(con)] are positive, which follows imme-
diately from (11a), (12) and (15). To understand condition (16) intuitively, we observe
that the left hand side shows the expected utility increase in the period of the deviation,
whereas the right hand side represents the expected present value of the future utility

decrease from the punishment.

We are now in the position to calculate the minimal length of the punishment

period, 7(a, 3), which is sufficient to deter the deviation 7}(a, 3) from n7 ().

Lemma 1: Define a function

25(2 —a—fB)
1—-a?)+252—a—0)

fle, B) = o (17)

Given that planned inflation is the policy maker’s private information, the following

three cases are possible:

1. If § > f(e,B), then any punishment period T with T > 7(c, ) deters the deviation

72 (e, 3), where

T

(o, §) = 1 (1_23(1—5)(2—01—,3)). (18)

ad(1l — o?)

2. If § = f(a,B), then 7(a,B) = oo is the only punishment period that deters
71’5(0(, IB)
3. If § < f(a,B), then no punishment period deters nf(a, 3).

Proof: see appendix A.

We may note that if a finite punishment period is sufficient to deter the deviation

7?(a, #), this period will be longer, the more imprecise is control over inflation, i.e. the

11



larger is s. Furthermore, for a given discount factor, it is less likely that a finite pun-
ishment phase can deter a deviation, the larger is s. These two results reflect the fact
that the private information problem tends to weaken the effectiveness of reputational

forces.

3.3 The Maximal Credible Punishment Period

So far, we have only calculated the length of the punishment phase that would be
sufficient to deter a deviation. Now, we will analyze how the trade union forms the
trigger strategy, and which punishment phases it will be willing to carry out, that is,

which punishment phases are chisel-proof.

A first important issue is that, in principle, the trade union could punish the policy
maker also when it has not detected a deviation. To see why such arbitrary punishments
cannot be optimal, consider a threshold v(e) [y(¢) € (e, 1)] and assume that the union
punishes for 7 periods whenever realized inflation exceeds ay(¢). In the first period, this

would decrease the policy maker’s expected utility both with and without a deviation
by )
a(l = 7(a)) 81 = &)

28 1-4

Elv(con) — v(a)]. (19)

Thereafter, punishments with the same resulting reduction in expected utility will occur
with probability [a(1 — v(e))]/2s in any period, providing that, in this period, the
policy maker is not punished already and plans nP(con). Since, after a deviation in
the first period, the probability that the policy maker is punished during the first 7
periods of the game is by a(f — «)/2s larger than without a deviation in the first
period, arbitrary punishments will decrease the present discounted value of the policy
maker’s expected utility by more if he does not deviate in the first period. Consequently,
arbitrary punishments do not help in disciplining the policy maker not to renege. The
trade union, which suffers too from the suboptimally high inflation during punishment
phases, will therefore not wish to execute arbitrary punishments, implying that it will
set v(«) = 1 and punish only when it can detect a deviation. So, it is without loss of

generality that, in the previous sections, we have concentrated on punishments triggered

12



by detected deviations.

A second issue of critical importance is that, distinct from aN-L, planned inflation
is the policy maker’s private information in the present paper. In particular, whenever
m(a, ) > 7P(a)+ s and the trade union can detect that a deviation must have occurred,
it faces the signal extraction problem to infer from the observed inflation rate which

inflation rate the policy maker has planned. In a minor abuse of notation, we will write

e = Ellr(ou) > w(e) + o]

(20)

where E[nP|m(ca, ) > wP(a) + s] denotes the trade union’s rational expectation of
planned inflation, given that a deviation must have occurred. Planned inflation then
must have been at least 7(a, 3) — s. Since the union knows that w?(con) is the largest

inflation rate that the policy maker would want to plan, the uniformity of 4 implies

o eom) 4 n(c ) =5 o
2a

It follows that 3° € (8%, 3°], where 8° = (1 4+ a)/2 and 3° = (1 + 8)/2 are the infimum
and the maximum of the set of all possible 3°. They are obtained from (21) by setting

7?(a, B) equal to aa + s and to Ba + s.

To ensure that the punishment threat is credible, we now derive, for any given
a € [0,1) and 3° € (o, 1], the longest punishment period, 7(e, 3¢), which the union is
willing to carry out. 7(«,3°) follows from applying the equilibrium refinement chisel-
proofness, which requires that the union’s expected utility when it does not punish

[“acquiesces”] is not larger than that when it punishes [aN-L].

On one hand, if the trade union punishes the public sector for 7(w,3¢) future

eriods, its’ expected utility becomes
p ) p

7(2,8°) o0
E[U(e, 8% pun)] = Elu(a,5°)] + Z; & Elu(con)] + Z) SElu(e)]  (22)

t= t=7(a,8%)+1
5[1_57(%195)] 5T(B9)+1
TE[u(con)] + 5

= Elu(a, 8] + Efu(a)],

13



where

Elu(e, )] = —a’[(8°)" +b(8° — )*] + (b+ 1)o). (232)
Elu(a)] = —(aa)’—(b+1)0]. (23Db)

One the other hand, if the unton acquiesces, then its’ expected utility is given by

a*[(8°)* + b(B° — )?] + (b+ 1)}
1-46 '

B{U(a, 8, acq)] = ——Elu(a, %] = -

T (24)

Punishing is preferred by the union, iff the resulting expected utility is not smaller than
under acquiescing,

ElU(e, 5%, acq)] < E[U(, 8°, pun)). (25)
Using (22) and (23a), this is found to be equivalent to

51— 5T(a,ﬁe)] §lr(enB°)+1]

" Elu(a, f*) — u(con)] < ————Flu(e) ~ u(e, 5] (26)

The left hand side of (26) shows the expected present value of the cost of punishing,
arising since planned inflation during the punishment phase will be 7?(con) instead
of 7?(a, 3°). [Note that for large (° the expected cost of punishing might become
negative.] The right hand side measures the expected present value of the gain from
punishing, coming from the fact that planned inflation after the punishment phase will
be 7P(«) instead of (e, 8°). [Note that E[u(a)— u(e, 3°)] is positive, which is implied
by (23a) and (23b).]

Chisel-proofness demands that condition (26) be satisfied for all 8¢ € (8°, 3.
Rewriting (26) by using (11b), (23a) and (23b), we find

gries 5 Blu(nf) —uleon)] _ 1- (8" (B —a)®

[u(a) — u(con)] 1 —a?

(27)

The right hand side is a quadratic function in 3¢, which has an unconstraint maximum at
ab/(1+b). Since B° = (1+0)/2 > ab/(1+b), the right hand side takes on its’ constraint

maximum for §°. Using this, the necessary and sufficient condition for chisel-proofness,

14



(27), simplifies to
4—(1+a)*-b(1-a)?

§7(h%) >
- 4(1 - a?)

(28)
(28) immediately leads to the following lemma:

Lemma 2: Provided that planned inflation is the policy maker’s private information,

the following two cases can occur for a given o € [0,1):

1. If 4 < (1 + a)®>+ b(1 — «)?, then all punishment periods are credible, that is,

7o, f¢) = o0.

2. If 4> (1 + a)? + b(1 — «)?, then the maximal credible punishment period is®

1 (4—(1+a)2—b(1—a)2)_ (29)

?(aaﬂe) = mln 4(1 — ag)

Note that, differently from aN-L, the maximal credible punishment period is here in-
dependent of the size of the actual deviation. This comes about, because the actual
deviation is the policy maker’s private information and the necessary and sufficient con-
dition for the credibility of the punishment is that punishing is preferred for 3°, which

is independent of the actual deviation.

3.4 The Possible Collapse of Reputational Forces Under Pri-

vate Information

Here, we show that reputational forces can become ineffective when the private informa-
tion problem is quite severe. A first example follows from case 3 of lemma 1. Using (17)
to rewrite condition § < f(c, ), we find that if for all @ € [0,1), there is a § € (o, 1]

such that
da(l — a?) — s
=) —a"p)

(30)

8 7(a, B°) is well defined, since, from (28), the second logarithm on the right hand side of (29) must

be negative too.

15



then there exists no a € [0,1) for which all deviations can be deterred. Since the left

hand side of (30) increases in 3, we set o = 3, which gives

da(l+ )

m < s. (31)
However, this inequality holds for all o € [0, 1), iff it holds for e = 1, that is, iff

)

5750 <s (32)

Using continuity arguments, we can see that (32) is necessary and sufficient to ensure
that for all & € [0, 1), there will exist a § € (e, 1] [and close to ] such that (30) is true.

Thus, we have the following proposition:

Proposition 1: If planned inflation is private information and control over inflation
is sufficiently imprecise, that is, (32) holds, then no nP(c) other than n?(con) can be a

subgame—perfect Nash—equilibrium in trigger strategies.

Next, we show that even if (32) does not hold true, reputational effects can become
ineffective, because the trade union may not be willing to punish severely enough. As
we have proved above, 7(a, ) is the maximal punishment length that the union is
ready to impose on the policy maker, given that its’ rational forecast of 3 is #°. The
policy maker, for this reason, knows that the expected punishment phase after choosing

(e, 3) does not exceed
(1+8)/2

(e, B°)dB°. (33)

(1+0)/2
Consequently, reputational forces also collapse if for all a € [0,1), there exists a 3 €

(e, 1] such that
(1+8)/2

(e, B) > / 7(a, B°)dp°, (34)

(140)/2
that is, the minimal punishment period (e, 3) sufficient to deter the deviation n?(c, )
exceeds the policy maker’s expectation of the maximal chisel-proof punishment period.

In order to obtain an explicit condition for this to true, we first note that b6 < 3 is a
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necessary and sufficient condition to ensure that 4 > (1+a)*+b(1—«)? for all @ € [0, 1),
implying that case 2 of lemma 2 is the relevant one. Employing, in addition, equation

(18) from case 1 of lemma 1, (34) can be rewritten to

25(1=8)2—a—p) [4—(1+a)®—b(l — a)?|6-2/2

b ad(1 — a?) 4(1 — o?)

(35)

Since for 8 = a, (35) is satisfied, continuity arguments imply that for all o € [0,1),
there exists a B close to o for which (34) holds.

Proposition 2: If planned inflation is private information and the trade union assigns a
sufficiently large weight to the loss from inflation, that is, b < 3, then the time consistent

inflation plan, w?(con), is the only chisel-proof Nash-equilibrium in trigger strategies.

In conclusion, we have identified situations in which reputational forces completely break
down in the present model.® This break—down is more likely, the larger is the support
s of 1, the smaller is the discount factor 3, and the lower is the relative weight b the
union assigns to output deviations. The intuition is as follows. First, if s is large, then
the private information problem is severe, since a planned inflation surprise is detected
only with a low probability. Second, if 8 is small, then the policy maker discounts
heavily the utility reduction during the punishment phase, making the punishment less
effective. Moreover, for a small 3, the trade union is less willing to punish, the reason
being that the gain from the punishment [i.e. lower inflation after the punishment phase]
will occur after the costs [i.e. higher inflation during the punishment phase]. Finally, if b
is small, then the trade union attaches a large relative weight to the losses from inflation,

implying that it is less willing to create a punishment phase with high inflation.

4 Reputational Forces Under Inflation Targeting

Having shown that the private information problem may render reputational forces in-

effective, we now argue that this problem can be resolved. In particular, we suggest

¥ Note that this result is stronger than that in Canzoneri (1985), because, here, reputation does not
work whenever b < 3, independently of the size of the discount factor.
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that it vanishes when the government delegates the conduct of monetary policy to an
institutionally independent central bank, but retains the power to set publicly announced
inflation targets. In the language of Fischer (1995), the central bank then enjoys in-
strument independence, but not goal independence, implying that the government can
influence monetary policy only through a revision of the inflation target. It should be
stressed that we do not follow the literature in assuming that the government can pre-
commit not to revise the inflation target after the union has signed a nominal wage
contract. In contrast, the government here is given full discretion, the only restriction
being that any change in the target is made public. Yet, as will become clear below,
such an inflation targeting arrangement is perfectly transparent and can reduce the

inflationary bias.

In order to analyze formally the effect of inflation targeting, the central bank’s
objective function must be specified. As is standard, we assume a similar functional
form for the central bank’s objective function as for that of the government,

S(n? —t + )], (36)

Ve =36 a(n? — 7+ 1) — =
t=0 2

where the only new item is w’, i.e. the inflation target set by the government. We
will proceed in two steps: first, the Nash—equilibrium is derived under the [provisional]
assumption that the inflation target is believed by the trade union; then, we discuss
which inflation targets can be implemented as chisel-proof Nash—equilibria in trigger

strategies.

If the announced inflation target is believed by the union, the time consistent
Nash—equilibrium is found as follows: the central bank takes the inflation target and
private inflation expectations as given and maximizes (36) with respect to 7?, yielding
its’ reaction function; taking this reaction function and the inflation target as given, the

trade union chooses 7€ so as to maximize (7). This results in

m?(con, mt) = m°(con, ") = a+ 7' and w(con,n’) =a -+ + p. (37)
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As pointed out by Svensson (1995), setting the inflation target 7' = —a leads to the ex
ante optimal outcome. However, since the government may change the inflation target
after nominal wage contracts have been signed, we must characterize which inflation
targets are indeed credible from the point of view of the trade union. For example, as
it stands, m* = —a will not be credible, because the union anticipates the government’s
incentive to revise the target from —a to 0, thereby engineering an inflation surprise of
size a. One might therefore be tempted to conclude that setting an inflation target can
only reduce the inflationary bias of the time consistent outcome, if the government can
somehow precommit not to revise the target after wages have been set. This appears to
be what McCallum (1995) had in mind when criticizing the recent literature for merely

reallocating the precommitment problem from the central bank to the government.

In the remainder of this section, we show that this critique is not quite correct.
In particular, we argue that the key advantage of our inflation targeting arrangement
is its’ transparency: if the inflation target, and any possible revisions of it, are publicly
announced, then 7 is known to the trade union. Recalling (37), one can see that
the union then also knows 7?(con,*). Consequently, the private information problem
is resolved and the trade union can perfectly monitor monetary policy making. In
particular, it can detect the source of unexpected inflation: if the government has not
changed the inflation target after wages have been set, then an observed inflation surprise
must be due to a positive realization of the disturbance 1; conversely, if the target has
been revised, then the union knows that the government wanted to engineer surprise

inflation.

Since inflation targeting resolves the private information problem, one expects
an inflation targeting arrangement to strengthen the disciplinary effect of reputational
forces. This claim can be proved by going through the same steps as in the last sub-
section, however, under the changed assumption that planned inflation is now common
knowledge. More specifically, one needs to (i) calculate the shortest punishment period,
7(e, 8), which is sufficient to deter a change in the inflation target in order to engineer
a deviation 7?(a, B) from 7?(ex); (ii) calculate the longest punishment period, 7(e, 3),

which is chisel-proof; (iii) determine the smallest o € [0,1) for which 7(e, 8) does not

19



exceed 7(a, ), for all B € (o,1]. 7P(rep) = aa will then be the smallest inflation
plan that is sustainable through chisel-proof trigger strategies under inflation targeting.
Since the analysis for this case is essentially identical to that in aN-L [who studied the
case of perfect control over inflation and, therefore, did not face a private information

problem], we only state the final outcome.

Proposition 3: Under inflation targeting, the lowest inflation plan that is sustainable
as a subgame perfect Nash—equilibrium by chisel-proof trigger strategies is given as
mP(rep) = (1 — 8)a. To achieve nP(rep), the government has to set the inflation target

rt(rep) = —da.

Proof: for the first statement see the proof of proposition 4 [part (c)] in aN-L; the

second statement is immediate from (37). QED

We can see that even if the private information problem of monetary policy making
under an institutionally dependent central bank is so severe that reputational forces
collapse, a properly designed inflation targeting arrangement can revive reputation and
reduce the inflation bias. However, in the absence of an explicit precommitment device,
inflation targeting does not lead to the ex ante optimal outcome and an inflationary
bias remains, as long as the future is discounted. This result is in contrast to Svensson

(1995), who assumed that the government can precommit to the inflation target.

It may be of interest to observe that a Rogoff-type (1985), infinitely conservative
central banker with a zero relative weight on output stimulation would eliminate the
inflationary bias totally. However, this result is rather artificial, since it stems from the
fact that, for analytical simplicity, we have employed a policy objective with a linear
output term. This is equivalent to saying that the government does not care about
output fluctuations. For government objective functions with a guadratic output term,
appointing a conservative central banker becomes costly due to his suboptimal output
stabilization. The optimally chosen central banker then puts a positive weight, which is
smaller than that of the government, on output stabilization and fails to achieve the first
best outcome. Yet, even if the government cares about output stabilization, appointing

a finitely conservative central banker, in addition to inflation targeting, will at least
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reduce the inflation bias, which inflation targeting leaves.!®

5 Conclusion

This paper has argued that an inflation targeting arrangement, which gives instrument
independence, but not goal independence to the central bank, leads to full transparency
and reduces the inflationary bias of optimal monetary policy making. The reason for the
latter result is that a transparent arrangement resolves the private information prob-
lem of optimal monetary policy and enhances the effectiveness of reputational forces.
However, within the model considered here, in which the government has discretion to
revise the target, reputational forces cannot completely eliminate the inflationary bias.
Hence, an inflation targeting arrangement can only partly substitute for explicit pre-
commitment, and there is need for other explicit precommitment devices. Examples are
the appointment of a conservative central banker, or the imposition of legal restrictions
on the government’s discretion to revise the inflation target after wage contracts have

been set.

The paper can explain why recent reforms of the central bank’s status in various
countries have resulted in reduced average inflation rates.'! Moreover, the results suggest
that the adoption of some form of inflation targeting, e.g. in England or Sweden, has been
a sensible response to the break down of the pre-1992 EMS. While inflation targeting
preserves the transparency advantage of exchange rate pegging, it avoids the costs of the
latter policy regime. These costs come from the import of the center country’s monetary

policy stance, which is often suboptimal from the point of view of periphery—countries.'?

10 That it can be desirable to supplement an institutional solution by appointing a conservative
central banker has independently been developed in Herrendorf and Lockwood (1996) [within a static
model for output targeting, inflation targeting, or a central bank contract] and in Svensson (1995)

[within a dynamic model for inflation targeting).

11 For a discussion see Canzoneri, Nolan and Yates (1995), Svensson (1995), and the papers in Lei-
derman and Svensson (1995). The central bank reform in New Zealand is probably the most prominent

example; see Walsh (1995b) for a detailed assessment.

12 Compare Herrendorf (1994,1995c¢) for a discussion of reputation under pegged and floating exchange
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Appendix: Proof of Lemma 1

Let
Flopy = ZE= S Al (A1)
(16) can then be rewritten to
§7@A <1 - f(a, B). (A2)
Now, if f(a,8) < 1, then the smallest 7(c, 8) fulfilling (16) is
o, f) = 2L~ f(a8) (A3)

In(é)

In this case, 7(c, () is finite and positive, because both the numerator and the denom-
inator of the right hand side of (A.3) are negative. Alternatively, if f(a,3) = 1, then
the smallest 7(c, 8) fulfilling (A.2) is co. Finally, if f(e, 8) > 1, then (A.2) requires

§7(*P) < 0, which is impossible. Hence no punishment period deters 77(c, 3).

Since from (11a), (12), and (15),

flaup) = 220,

(A.4)
we have

fla,B)s1 = f(a,B)56. (A.5)

Hence, the claim follows. QED

rates.
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