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ABSTRACT

Inflation target regimes (like those of New Zealand, Canada, U.K., Sweden and Finland)
are interpreted as having explicit inflation targets and implicit output/unemployment targets.
Without output/funemployment persistence, delegation of monetary policy to a discretionary
instrument-independent central bank with an optimal inflation target can eliminate the
discretionary inflation bias, mimic the optimal linear inflation contract suggested by Walsh and
extended by Persson and Tabellini, and achieve the equilibrium corresponding to an optimal rule
with commitment. Thus an ‘inflation target-conservative’ central bank with an inflation target
equal to the socially best inflation rate less any inflation bias dominates a Rogoff ‘weight-
conservative’ central bank with increased weight on inflation stabilization, which suboptimally
increases output/unemployment variability. With output/unemployment persistence, a constant
inflation target is equivalent to a constant linear inflation contract. They can both eliminate the
average inflation bias but not the state-contingent part of the inflation bias. Inflation variability
is too high, and output variability too low, compared to the equilibrium comresponding to an
optimal rule. An optimal state-contingent inflation target can remove all inflation bias, but in
contrast to an optimal state-contingent linear inflation contract it still leaves inflation variability
too high. Delegation with an optimal state-contingent inflation target to a Rogoff ‘weight-
conservative’ central bank can then achieve the equilibrium corresponding to an optimal rule.
Inflation targets may on average be exceeded, and they may have imperfect credibility.
Nevertheless they may usefully reduce inflation, and they appear much easier to implement than

linear inflation contracts.
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1. Introduction

Recently a number of countries—New Zealand, Canada, U.K., Sweden and Finland—
have introduced explicit inflation target monetary policy regimes.! This paper attempts
at understanding these regimes and their properties in relation to the literature on rules
and discretion in monetary policy initiated by Kydland and Prescott (1977) and Barro
and Gordon (1983).

According to the conventional wisdom that has emanated from that literature, the
combination of discretionary monetary policy and a short-run benefit from surprise in-
flation, for instance due to distortions in the labor market that make the natural rate of
unemployment inefficiently high, leads to a fourth-best equilibrium with an inflation bias
relative to the second-best equilibrium resulting from a commitment to an optimal rule.?
Possible improvements to the discretionary equilibrium have been discussed extensively
in the literature. An influential contribution by Rogoff (1985) has suggested delegation of
monetary policy to an independent ‘conservative’ central bank, where ‘conservative’ means
‘weight-conservative’, putting more weight on inflation stabilization than society does.
This reduces the inflation bias but brings higher than optimal output/unemployment
variability and hence leads to a third-best equilibrium rather than the second best. Sim-
ple rules with escape clauses, like constant low inflation for small supply shocks and
discretionary behavior for large shocks, have been examined by Flood and Isard (1989),
Lohmann (1992) and Obstfeld (1991). These also lead to third-best equilibria rather than
to the second best. An optimal central bank contract suggested by Walsh {1995a) and
extended upon by Persson and Tabellini (1994) can achieve the second-best equilibrium,

however. The contract, the “linear inflation contract,” is in principle very simple and

!See the papers in Leiderman and Svensson (1995) as well as Ammer and Freeman (1995).

*Throughout the paper I follow Rogoff’s (1985) consistent terminology and refer to the equilibrium
corresponding to an optimal rule under commitment as a second-best equilibrium, where the natural level
of output (unemployment) is lower (higher) then the socially desirable level, due to, for instance, some
distortion in the labor market. The first-best equilibrium requires elimination of the distortion and the
increase (decrease) of the natural level of output (unemployment) to the socially desirable level. The
discretionary equilibrium is referred to as fourth-best, and equilibria ranked between the discretionary
and the commitment equilibria are referred to as third-best. The alternative, used in some of the literature
(and a previous version of this paper) is to refer to the commitment equilibria as the first best and the
discretionary as the third best; with intermediate equilibria as second best.



consists of adding a linear cost of inflation to the central bank’s loss function, but its
implementation presents several practical difficulties.?

The study of rules and discretion in monetary policy has been extended beyond the
standard static framework to situations with persistence in output and unemployment.
Results in Lockwood and Philippopoulos (1994), Jonsson (1995), and Lockwood, Miller
and Zhang (1995) imply that discretion then leads to a state-contingent inflation bias
relative to the second-best equilibrium resulting from an optimal rule under commitment.
The inflation bias is on average larger than without persistence. Also, under discretion
inflation variability becomes too high, and output and unemployment variability too low,
relative to the second best. Currie, Levine and Pearlman (1995) and Lockwood. Miller
and Zhang (1995) have examined third-best Rogoff delegation of monetary policy to a
central bank which puts more weight on inflation stability than society does. Lockwood,
Miller and Zhang have also shown that a state-contingent linear inflation contract can
achieve the second-best equilibrium when there is persistence.

This paper examines the performance of inflation target regimes relative to these
previous results, with and without persistence in output and unemployment. This then
requires a theoretical representation of a stylized inflation target regime in the standard
theoretical framework. An inflation target regime is interpreted here as a somewhat
idealized delegation of monetary policy to a central bank.

The delegation is a commitment mechanism with three components: (1) The govern-
ment assigns a loss function to the central bank which may deviate from the social loss
function. (2) The central bank is given independence to minimize the assigned loss func-
tion without interference from the government or other interests. (3) The central bank is
held accountable for minimizing the assigned loss function. Note that with such a delega-

tion, the central bank is given instrument independence rather than goal independence.*

3See Canzoneri, Nolan and Yates (1995), Goodhart and Vifals (1994) and Walsh (1995b) for recent
discussions of the Walsh and Persson-Tabellini results. See also Fratianni, von Hagen and Waller (1993)
for further extensions of central banking as a principal-agent problem.

“Instrument independence (or operational independence) means that the central bank is free to select
the best means to achieve a given goal for monetary policy. Goal independence means that the central
bank is free to choose the goal of monetary policy. See Debell and Fischer {1994) and Stanely Fischer
(1994) for further discussion of goal and instrument independence, and for further discussion of this kind
of delegation of monetary policy.



In the real world, the New Zealand inflation target regime is closest to this kind of
delegation.’ In the other countries with inflation targets, the accountability of the central
banks for achieving the targets is less explicit, since the targets in some cases are unilateral
declarations of the central banks.® The independence of the central banks is also less than
in the New Zealand case. These differences are discussed further in the concluding section.

For concreteness, let me assume that the government and the society have preferences
over inflation and output or unemployment that correspond to a quadratic social loss

function over inflation, 7, and output or unemployment, ¥, in period ¢,

Le= s [(m =) + My — 7). (1.1)

(SR ]

The loss function is characterized by three parameters: 7 is the socially desirable inflation
rate, ¥~ 1s the socially desirable output or unemployment level, and A > 0 is the social
weight on output/unemployment stabilization relative to inflation stabilization.

An inflation target regime is then interpreted as the delegation of monetary policy to
the central bank as above, with an assigned loss function

Lt = [(me =7+ X(y - ") (1.2)

DO =

with the three parameters 7%, y® and A® that may differ from the corresponding parame-
ters of the social loss function. Thus, an inflation target regime is taken to have an explicit
announced inflation target, %, an implicit output/unemployment target, ¥*, and an im-
plicit relative weight on output/unemployment stabilization, A* > 0. The interpretation
of inflation target regimes as having a loss function involving both inflation and out-
put/unemployment targets is supported by several circumstances (see the contributions
in Leiderman and Svensson (1995)): (1) Actual inflation target regimes (with the excep-
tion of Finland) have explicit tolerance bands around the target level, indicating that some

variability of inflation around the target is acceptable (Finland for sure has an implicit

This delegation of monetary policy is an example of general strategic delegation that has been discussed
in the Industrial Organizations literature, cf. Ferstman and Judd (1987).

5See Ammer and Freeman (1995), Archer (1995) and Andreas Fischer (1995).

6See Leiderman and Svensson (1995, Introduction).



tolerance band). (2) No central bank with an explicit inflation target seems to behave
as if it wishes to achieve the target at all cost, regardless of the output/unemployment
consequences. (3) Prominent central bankers, for instance King (1995), have interpreted
inflation target regimes precisely in this way. Thus, an inflation target regime is not
interpreted as corresponding to A* = 0 in (1.2), what King (1995) calls the case of an

“inflation nutter.”

An inflation target regime need not have explicit escape clauses for
supply shocks in order to incorporate some preference for output and unemployment
stabilization, counter to the interpretation in Stanley Fischer (1995b).

In the inflation target regimes to be discussed below the central bank will in the
standard case be assumed to have the same output or unemployment target as the gov-
ernment, and the same relative weight on output/unemployment stabilization, although 1
shall report results also for different output/unemployment targets and different relative
weights.” The government will be assumed to have an output or unemployment target
corresponding to less unemployment than the natural rate of unemployment, because, for
instance, distortions in the labor market make the natural rate inefficiently high. The
role of this output or unemployment target in the analysis is to introduce a benefit from a
surprise inflation. As noted in the literature, such benefits can arise also for other reasons,
for instance, if a surprise real depreciation of the nominal public debt is less distortionary
than explicit taxation. Thus the loss function assigned to the central bank will in the stan-
dard case have an ‘overambitious’ output or unemployment target, which under discretion
results in an inflation bias. A more rational delegation of monetary policy would assign an
output/unemployment target corresponding to the natural rate of unemployment.® Such
a rational delegation is assumed infeasible in the standard case, for instance, because of
political difficulties in delegating an output target corresponding to less than full employ-
ment, or difficulties in verifying the delegation of a natural unemployment rate, or lack

of unanimity of estimates of the natural unemployment rate. The assumption reflects

I will assume throughout that the central bank’s discount factor is the same as the government'’s.

8There is, of course, nothing irrational in the government having an unemployment target lower than
the natural rate of unemployment, if the natural rate of unemployment is inefficient and due to distortions.
Such an ambitious unemployment target is then appropriate for, for instance, structural labor market
policy. The irrationality is in assigning such an unemployment target to monetary policy.



the general temptation in monetary policy to err on the lax side, if only because raising
interest rates is (politically) unpopular, and lowering interest rates is popular.? However,
as we shall see, even if the output/unemployment target would be fixed at the long-run
natural rate level, if there is persistence in output and unemployment only the average
discretionary inflation bias is eliminated and there will still be a state-contingent inflation
bias, as well as too high inflation variability relative to the second-best equilibrium.!® In
the concluding section I shall discuss further the p3ossibili of delegating a more rational
output or unemployment target in an inflation target regime.

Given this interpretation of an inflation target regime as having an explicit infla-
tion target, an implicit output/unemployment target and an implicit relative weight on
output/unemployment stabilization, I shall examine the performance of such a regime
both in the static case without output and unemployment persistence and in the dy-
namic case with persistence. For instance, without persistence an inflation target regime
with an inflation target will be equivalent to a linear inflation contract. It can hence
achieve the second-best equilibrium and is better than third-best Rogoff delegation to
a ‘weight-conservative’ central bank. With persistence, a inflation target regime is not
quite identical to a linear inflation contract. A combination of an optimal state-contingent
inflation target and a ‘weight-conservative’ central bank can still achieve the second-best
equilibrium, though.

Section 3 and 4 deal, respectively, with the case without and with output persistence.
Section 5 summarizes the results and concludes. An appendix contains some technical

results.

®Goodhart (1995, p.1426-1427): ‘Even without political subservience, there will usually be a case
for deferring interest rate increases, until more information on current developments becomes available.
Politicians do not generally see themselves as springing surprise inflation on the electorate. Instead,
they suggest that an electorally inconvenient interest rate increase should be deferred, or a cut ‘safely’
accelerated. But it amounts to the same thing in the end.’

10Lockwood and Philippopoulos (1994) have shown that a state-contingent inflation bias results when
the unemployment target equals the natural rate of unemployment.



2. No output persistence

The model has three agents: the private sector, the government and the central bank.
The private sector behavior is characterized by an aggregate supply function and rational

expectations. The aggregate supply function is given by
Ye = a(m — 7)) + &, (2.1)

where y, is (the log of) output in period ¢, « is a positive constant, m, is the (log of the
gross) inflation rate, #¢ denotes inflation expectations in period ¢ — 1 of the inflation rate
in period ¢, and ¢ 1s an 1.i.d. supply shock with mean 0 and variance o?. The private

sector has rational expectations. That is,
Wf = Eim, (2-2)

where E,_, denotes expectations conditional upon information available in period ¢ — 1,
which includes the realization of all variables up to and including period ¢ — 1, as well
as the constant parameters of the model. The supply function corresponds, for instance,
to a situation in which nominal wages for period ¢ are set one period in advance, based
on inflation expectations in period ¢ — 1, without knowing the supply shock ¢, in period
t. The (long-run) natural output level, which I identify with the unconditional mean of
output, Ely,], is for convenience set equal to zero.

The government’s preferences are assumed to be the same as the social preferences.
The analysis will be normative, in that the social preferences will be used to evaluate the
different equilibria.!’ The social preferences are assumed to concern inflation and output,
the latter under the assumption that output is linearly related to unemployment. To
the extent that output, employment and unemployment are not linearly related, social
preferences probably concern unemployment. Then the analysis can easily be done in

terms of unemployment instead of output.

1The analysis could be descriptive rather than normative, if the government’s preferences are taken
as given without necessarily coinciding with social preferences.



The social preferences are represented by the social loss function

V =FE, [iﬂ“‘Lt], (2.3)

t=1
with the “period” loss function (1.1) and the discount factor 8,0 < 8 < 1.2 The (log of
the) socially desirable output level, y*, is assumed to exceed the natural output level and
hence fulfills y* > 0. Then y* can be interpreted as a measure of the distortion in the
labor market that causes the socially desirable (full employment) output level to exceed
the natural output level. Alternatively y* can be interpreted as a measure of the extent
to which the output target is overambitious. The role of the overambitious output target
in the analysis is to introduce a benefit from inflation surprises.
The central bank is for simplicity assumed to have perfect control over the inflation
rate 7, . It sets the inflation rate in each period after having observed the current supply

shock ¢;.13

2.1. Commitment to an optimal rule

Consider first the situation when the central bank is directly controlled by the government,
so the government can choose the inflation rate in each period, conditional upon the supply
shock in the period. Assume furthermore that the government can commit to a state-
contingent rule for the inflation rate. Since there is no output persistence, the problem

of minimizing the intertemporal loss function (2.3) is equivalent to the static problem

12 follow Persson and Tabellini (1990) and put the weight A on the squared output term, since the
expressions become somewhat simpler then. Rogoff puts the weight x on the squared inflation term.
Lockwood and Philippopoulos {Lockwood, Miller and Zhang) put the symmetric weights A and 1 — A
on the squared output (inflation) and inflation {output) terms, respectively. Decision rules are easily
translated by replacing A by 1/x or A/(1—2A) (1 — A/}). Translation of loss functions and their parameters
must also take into account the implicit scaling of the loss function.

Many papers simplify the supply function (2.1) by setting a = 1. This normalization is equivalent to
scaling inflation by a and hence by scaling the parameter A and the loss function by o?. I prefer to keep
the a since that simplifies assessing the restrictiveness of two existence conditions that arise with output
persistence.

13The results are not affected in any essential way if an error term is added on inflation, indicating
imperfect control of inflation. Neither are the results affected if output is considered the control variable;
or (cf. Rogoff (1985)) if an aggregate demand equation is also added where aggregate demand depends
on the real interest rate and the nominal interest rate is the instrument of monetary policy; or if a money
demand equation is also added and money supply is the instrument.



of minimizing the expected period loss function (1.1). Following Persson and Tabellini

(1994) it can be formulated as the problem

min E [Lt] ;

e, T

(2.4)

subject to (2.1) and (2.2). Thus the government chooses m;, which will depend on e,

and inflation expectations 7¢, which must not depend on ¢;, subject to the condition that

inflation expectations are rational, (2.2). Put differently, the government internalizes the

effects of its decision rule on expectations.

The first order condition with respect to 7; and #¢ are, respectively,

me— 1+ Aaly — y7) + Bt = 0,

~Ei1 [Aa(ye —y7)] - 021 =0,

where #;_; is the Lagrange multiplier of (2.2). Eliminating the multiplier gives

T — 1+ Aoy — y7) — Eemr [Ae(y: — 7)) =0,

Taking expectations at t-1 of (2.5) results, with (2.2), in

Eg_lﬂ't =7

Combining (2.1), (2.2), (2.5) and (2.6) gives the optimal decision rule

7rt=a—bet

with

With (2.7) output will fulfill

(2.5)

(2.6)



and the optimal output response is

1
T+ Aot

Y (2.10)

The average inflation rate E [m;] will equal the socially desirable inflation rate 7=. The
average output equals the natural output level, 0. Inflation decreases with the supply
shock, in order to dampen the supply shock’s effect on output and achieve the optimal

relative variability of output and inflation. The optimal value of (2.3) will be given by

1 1 1(, ., A ,
_ I S . 2.11
v Bl 1-32 (\y +1+/\a20) (2.11)

2.2. Discretion

Assume now that the government retains direct control of the central bank, but that the
government cannot commit to a state-contingent rule. Instead it acts under discretion.
Then the government chooses 7, in each period ¢ so as to minimize the period loss func-
tion L; subject to (2.1), but for given inflation expectations, #f. The government no
longer internalizes the effect of its decision rule on inflation expectations. The first order

condition is then

r— 7+ daly — ) = 0. (2.12)

Taking expectations at t — 1 gives, with (2.2),
Eioim=7"+ day™. (2.13)
Combining (2.1), (2.2), (2.12) and (2.13) results in a decision rule (2.7) with
a=7"+ Aay” (2.14)

and b given by (2.8). Average inflation is now

[S]
—
($1}
pa—

E[r) =7~ + Aay” (2.



and exceeds the socially optimal inflation rate by the inflation bias Aay*. Output still
behaves according to (2.10), average output is equal to the natural rate, and the variances

of inflation and output are the same as under the optimal rule. The social loss (2.3) is

1 1 A
V= ;\ 2 )‘2 2, =2 2 2.

and it exceeds the optimal social loss (2.11) by the term 153A%a?y*?, {15 times half the
square of the inflation bias.

Thus, with an output target that exceeds the natural output level, discretion re-
sults in a fourth-best equilibrium with too high inflation. Commitment to an optimal
state-contingent rule would improve the situation and achieve the second-best equilib-
rium. Since commitment to a state-contingent rule appears infeasible (see for instance
the discussion in Laidler (1993)), the literature has suggested other improvements of the
discretionary equilibrium.

If the natural output level is below the socially desirable output level because of dis-
tortions (in the labor market, say), an obvious improvement, suggested in Rogoff (1985),
is to remove the distortions and increase the natural output level to the socially desirable
output level. This would remove the inflation bias under discretion and with the increase
in output result in a first-best equilibrium. If such distortions cannot be removed, other
improvements have to be found, which at most will result in a second-best equilibrium. I
now consider delegation to an instrument-independent central bank, as discussed in the

Introduction.

2.3. Delegation to a ‘weight-conservative’ central bank

Rogoff (1985) has shown that the discretionary equilibrium can be improved if monetary
policy is delegated to a ‘weight-conservative’ central bank with more weight on inflation
stabilization than the government. This can be interpreted as the government delegating
monetary policy to a central bank with both goal and instrument independence, and that
the government can observe potential Governor’s or Board’s preferences and can select a

Governor or Board with the desired preferences. Alternatively, it can be interpreted as

10



a delegation to an instrument-independent central bank that is assigned a particular loss
function. This is the interpretation given here. Thus, the central bank is given the period

loss function

I = 3 (w74 M- Y] (2.17)

where A* differs from ) in social loss function (2.3). Rogoff’s result is then that there
exists a A*, 0 < A* < ), that achieves a lower value of society’s loss function (2.3) than
(2.16). The central bank’s decision rule (2.7) then has

prLY

_ b= —
a =T +/\C!y and b—m

Compared to the optimal rule (2.8) there is still an inflation bias, Aay™, but the inflation
bias is lower. The inflation response to the supply shock is smaller than the optimal one,
and the output response is larger. Thus, the lower inflation bias comes at the cost of

increased output variability. The second-best equilibrium cannot be achieved.!

2.4. A linear inflation contract

Walsh (1995a) has shown that a simple linear inflation contract for the central bank can
remove the inflation bias under discretion without any increase in output variability. Thus
the second-best equilibrium can be achieved. The contract adds a linear cost to inflation
to the social period loss function. Let the added linear cost to inflation be f(m; — 7*),

where f is constant. Then the central bank is assigned the period loss function

Lt =5 [(me— o) + My — 9"V + f(me— 7). (2.18)

[N R

If we assume that the central bank shares the social loss function (2.3), this can in principle
be achieved by giving the central bank an additional cost f(m,—=~) to pay. The first-order
condition is

=7+ Aoy —y") + f=0.

4Lockwood, Miller and Zhang (1995) provide a very elegant treatment of Rogoff delegation, including
the case with unemployment persistence.

11



The resulting decision rule (2.7) will have
a=7"4+Aay” - f,
whereas b is given by (2.8). It is clear that, if f equals the inflation bias,
f=2Aay”, (2.19)
the second-best equilibrium will be achieved.

2.5. An explicit inflation target

Consider now assigning explicit inflation and output targets 7* and y® to the central
bank. The targets may differ from the socially desirable inflation rate and output level.
Furthermore, let this assignment be with the understanding that the weight A on output
stabilization will be the same as in the social loss function. Then the central bank is
assigned the period loss function

Ly =S (m = =) + My — %)Y (2.20)

N —

The central bank’s decision rule (2.7) will have

whereas b will be given by (2.8). Clearly, the variance of inflation and output will be
the same as under the optimal rule. Furthermore, if the target inflation rate and target

output are chosen so as to fulfill
7+ dayb = 717, (2.21)

the equilibrium will be the same as for the optimal rule, and the second-best situation

can be reached. In particular, if the implicit output target is the same as society’s, the



inflation target should simply be chosen so as to equal the socially desirable inflation rate

less the inflation bias under discretion,

7t =" = day". (2.22)
Alternatively, if the central bank’s output target coincides with the natural output level,
its inflation target should equal the socially desirable inflation rate, since then the inflation
bias under discretion vanishes.!®

Thus, delegating monetary policy to a central bank with an explicit inflation target
according to (2.22) but with an unchanged weight on inflation/output stabilization and
an unchanged output target is better than delegating to a central bank with relative more
weight on inflation stabilization. That is, having an ‘inflation-target-conservative’ central
bank is better than having a ‘weight-conservative’ central bank. Canzoneri (1985) has
extended the Barro and Gordon (1983) and Rogoff (1985) framework to a situation when
the central bank has private information. Also in that case the inflation bias resulting
under discretion can be eliminated, without adverse effects on output variability, by giving
the central bank a lower inflation target.!

It is easy to see that an optimal inflation target (2.22) is equivalent to a optimal linear
inflation contract (2.19). Starting from (2.20) with, for simplicity, y* = y*, we get

L=

(=724 2 =] = 5 [((re = 7+ (77 = 7))+ M - v

DO |
B} bt

(=77 A(ye =y 4 2me = ) (" = 7) 4 (w7 = 7))

N —

1
=L+ (7" =7 (7 —=7) + §(ﬂ"' — )2,

Hence, the inflation target loss function L? differs from L,, the social period loss function,

15Persson and Tabellini (1990, p. 27, n. 18) note that reducing the output target to the natural output
level would remove the inflation bias.

Y®Thus, I agree with McCallum (1995) that there need not necessarily be a trade-off between flexibility
and commitment, but for very different reasons!

13



by a term that is linear in 7, and a constant. Thus, if ° is chosen to fulfill
™ =7t =f = lay",

the inflation target and the linear inflation contract are equivalent.

3. Output persistence

To allow for persistence is a natural extension of the aggregate supply function (2.1).
The literature on rules and discretion has only recently incorporated this extension (see
Lockwood and Philippopoulos (1994), Jonsson (1995) and Lockwood, Miller and Zhang
(1995)). With output persistence the aggregate supply function is

Yo = pyr-1 + a7 — 7)) + €, (3.1)

where 0 < p < 1. The autoregressive term arises, for instance, in wage setting models
where trade unions set nominal wages one period in advance, disregarding non-union work-
ers’ preferences and only taking into account union members’ preferences for real wages
and employment, and where union membership depends on previous unemployment.!”
Output persistence will introduce lagged output as a state variable, which will be im-
portant for the relations between the optimal rule under commitment, linear inflation
contracts and inflation targets. The equilibrium under discretion has been studied by
Lockwood and Philippopoulos (1994) for the infinite-horizon case. The optimal rule un-
der commitment and the decision rule under discretion are compared in Jonsson (1995)
for the two-period case and in Lockwood, Miller and Zhang (1995) for the infinite horizon

case.

17Peristence of unemployment in such trade union models has been studied by Gottfries and Horn
(1987) and Blanchard and Summers (1986).

14



3.1. Commitment to an optimal rule

As in Lockwood, Miller and Zhang (1995), the optimal rule under commitment is derived

as the solution to the problem
. 1 -
V{ye-1) = ,rrrtll?}} B¢y {5 [(ﬂ't - 7"*)2 + Ay —y )2] + 5V(yt)} (3.2)

subject to (3.1) and (2.2). This problem differs from the problem (2.4) in that lagged
output enters as a state variable.

The first order conditions with respect to 7; and #¢ result in
(me = 77) + Aa(y: — y7) + BaVy(y:) ~ Eeex [Ae(ye — y7) + BaV,(y.)] = 0, (3.3)

where the Lagrange multiplier of (2.2) has been eliminated. The first term is the marginal
current loss from increasing inflation, the second is the marginal current loss from the
resulting increase in output (normally negative since output is normally below y*), the
third is the discounted expected marginal future loss of the resulting increase in output
(normally negative since higher output in the future is normally beneficial), and the fourth
is the marginal loss of the resulting increase in expected inflation (normally positive since
increased inflation expectations reduce output).

Taking expectations at ¢-1 of (3.3) gives
Eiym =77, (3-4)

the expected inflation rate equals the socially desirable inflation rate and is independent
of the output level.

Since the problem is linear-quadratic, we know that V(y;—,) must be quadratic. Then
I can write

1
Viy)=v+my+ ‘2"72.7/2 and V,(y) =1 + 12y, (3.5)

where the coeflicients 4o, 71 and 2 need to be determined (I will only be interested in 7,

and ;). Since V,(y;) is linear in y; we realize that the optimal rule can be written as a

15



linear feedback rule for 7, on y,. I will prefer to write the optimal rule as an equilibrium
function of €, though. Substitution of (3.1), (2.2), (3.4) and (3.3) into (3.3) results in a
decision rule (2.7) with

a=7" and b=

(A + Br2)a
1+ (A + Br)a? (3.6)

Output will then fulfill
Yyt = pyi-1 + (1 — ab)e.. (3.7)

In order to find b, v; has to be determined. I therefore apply the envelope theorem on

(3.2), which together with (3.3) results in
Vo(ye-1) = 1 + vy = Bt {AMwe — v7) + BV (32)] o}

= —(Ay" = Bn)p+ (A + B7) Pyt (3.8)

Identification of y; and 7, gives

Apy* Ap?
= — d = 3.9
Using this in (3.6) results in
Aa
b=b"= ———————. 3.10
1+ da? — Bp? (3.10)

Comparing (2.8) and (3.10) we see that the optimal inflation response to supply shocks
is larger under persistence than without. Since the supply shock has future as well as
current effects on output it becomes more important to stabilize output; hence inflation

is allowed to fluctuate more.
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3.2. Discretion

Under discretion the decision problem of the government/central bank can be written

V(yi-1) = Eca min {% [(me— 7 + A (g —v)’] + ﬂV(yt)} , (3.11)

where the minimization in period t is subject to (3.1) but is done for given inflation
expectations 7§.'® The government/central bank thus no longer internalizes the effect
of its decisions on inflation expectations, although it takes into account that changes in
current output will affect current expectations of future inflation (this is incorporated in

V(y:)).

The first order condition will be
mo— 7+ daly ) + BaVy(y) = 7 — 7+ (A + Br)ay — (" = Bya =0, (3.12)

where I have used (3.5). The marginal loss of increased inflation expectations have van-
ished from the first-order condition. We also see that the decision rule can, as above,
be written as a feedback rule for inflation on current output. I still prefer to express
the decision rule as a function of the supply shock, though. Since past output will be a
state-variable in the problem, the decision rule will also be a function of past output.

Taking expectations of (3.12) gives
Eim =17+ (Ay" = Bn)a — (A + Br2)apyi-. (3.13)
Adding (3.12) and (3.13), using (3.1) and (2.2), gives a decision rule (a, b, ¢) of the form

Ty = a — bey — cye—1, (3-14)

18Since the minimization is done for each t after observing the supply shock, miny,, is moved inside the
expectations operator.



with

a=7 4+ (" - fra, b= ot

= T3 (0 £ By and ¢ =(A+ fBv2)ap. (3.13)

In order to find 4; and ~, I apply the envelope theorem to (3.11), which gives

OE;_
Vy(yi-1) = 11 + 12yi-1 = B {[’\(Z/t -y )+ B (nm+ Y2y1)] {P -« 6;/ ljt} } =
t—

~ [ = B1) (p+ @2p(A + B12))] + [(A + Br1)o® + 2% (A + B1)*| yir,  (3.16)

where I have remembered to take into account that changes in y;_; have effects on y; via

their effects on inflation expectations according to (3.13),

OE;_1m:

= —(A+ B72)ap.
ayt—l ( 72) P
Identifying the coefficient for y,_; gives
12 = P (A + B72) + o®p*(A + B72)”, (3.17)

This is a second-degree equation in 7, which hence has two potential roots. Using the

expression for ¢ in (3.15) the equation can be written in terms of c as
¢ = dap + Bpic+ Bapc’. (3.18)
The equation has real solutions if and only if the first existence condition

A< = %ﬁ’;—z) (3.19)

holds. In the appendix it is shown that only the smaller solution is relevant (see also

Lockwood & Philippopoulos (1994)),

[1 — 807 — (1 - pp?)* — arBazp?| > 0, (3.20)
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From (3.15) 7, can be expressed in terms of ¢. From (3.16) 7, can be expressed in terms

of ¥2. Then v; and 4, are given by

Ay - c— )\ 2 ~2
—M—)-:<O and 72=C ap _ AT tC >0 (3.21)

1 - Bp— Bat Bap — 1—pp2 " 7

M=

where (3.18) has been used to rewrite 7,, to facilitate comparison with (3.9). We clearly
have 4, > 0. But in order to ensure that there is a finite solution to 4; we must assume

the second existence condition

Blp+ aé) < 1. (3.22)

This condition does not follow from (3.19) but has to be assumed separately. (In the
appendix it is shown that the condition is, for instance, violated for 8 > % when A = X and
p — 1, even if (3.19) holds.) The condition has a natural interpretation: The expression
B(p+ ad) is the discounted total increase in output in period ¢ of a unit increase in output
in period ¢ — 1, when inflation in period ¢ is held constant. The total effect consists of
the direct effect, p, and the indirect effect via reduced inflation expectations, aé. If this
discounted effect is above unity, the present value of the effect in all future periods will
be unbounded.

From (3.22) and (3.20) follows that the second existence condition is equivalent to the

condition

YO W G 55‘22(: —¢) (3.23)

It can indeed be shown that (3.23) is at least as restrictive as (3.19) (see the appendix),

(3.24)

S
[}
IA

P

Thus, the second existence condition is the binding one. Only if y* = 0, in which case
1 = 0, is the second existence condition irrelevant.!®

If @ in (3.1) equals unity, as in Lockwood and Philippopoulos (1994) and in Lockwood,
Miller and Zhang (1995), the existence conditions appears rather restrictive. If 3 = 0.95

19The conditions (3.22) and (3.23) do not appear in the analysis of Lockwood and Philippopoulos
(1994) since they assume that y* = 0.
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and p = 0.4 (0.8), X, = 0.98 (0.06), respectively. If a instead equals 0.2, the corresponding
X, values are 25 times larger, that is, 24.5 (1.58).20

From (3.15) and (3.21) then follows that the decision rule is (4, b, ¢), with
Aay* Aa + Bac?

2 b=
1 - Bp— Paé’ 1+ da? — Bp? + Ba?é?

a=xr"4+

and ¢ given by (3.20).

Without persistence. under discretion the inflation response to supply shocks is the
same as the optimal rule. With persistence, comparing (3.25) and (3.10) we see that
under discretion the inflation response to supply shocks is larger than the optimal rule.
Since under discretion the future inflation bias depends on current output, it becomes
even more important to stabilize output, which requires a stronger inflation response.

We see that the inflation bias, @ — éy;—; — #*, depends on past output and is hence

state-dependent. The average inflation bias,

*

- Aay
1 - fp—Pac

is larger than the inflation bias Aay* without output persistence.

3.3. A constant linear inflation contract

Consider first delegation to a central bank with a constant linear inflation contract, that
is, when the added cost of inflation has a constant marginal cost of inflation which does

not depend on past output. Then the central bank’s period loss function is
L = [(m — )+ Ay — y')z] + f(my —77), (3.26)

where f is constant. The decision problem is

V(Y1) = Eiy min {% [(w, — )V + Ay — y‘)z] + f(me —7") + ﬁvb(yt)} :

20The corresponding values for ), are 1.18 (0.06) for @ = 1, and 29.6 (1.58) for a = 0.2.
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The first order condition will be
-7+ Ay -y )+ f+ ﬂaVyb(yt) =0.

The envelope theorem applied to (3.26) gives (3.16). It follows that the only change in
the equilibrium (3.25) is that the decision rule (3.14) will have

. Aay”
S Py
Hence, by choosing
Aay*
_——— 27
= 18— faz (320

the average inflation bias can be eliminated, and the decision rule will be (x*,5,¢). A
constant linear inflation contract can eliminate the average inflation bias, but it cannot
achieve the optimal rule. The inflation bias will be state-dependent, and the inflation

response to the supply shock will remain stronger than the optimal rule.?!

3.4. A constant inflation target

Consider now a constant inflation target 7° that may differ from the socially optimal

inflation rate 7~. The period loss function is then

Lt

DD | bt

[(me =) + Aye = )7

rather than (1.1). It is immediately obvious that only average inflation is affected. Hence,

by selecting an inflation target that fulfills

b - Aoy

i e iy (3.28)

2! After this paper was completed I received a paper by Herrendorf (1995) with a related result: For the
case without persistence a constant linear inflation contract will result in too high inflation variability,
if the natural rate of output is random. Then a ‘weight-conservative’ central bank may outperform
a constant linear inflation contract, and both these alternatives are dominated by a combination of a
‘weight-conservative’ central bank and a constant linear inflation contract.
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the decision rule will be (7.'*,27, ¢). A constant linear inflation contract and a constant

inflation target are equivalent.

3.5. A state-contingent linear inflation contract

Consider next a state-contingent linear inflation contract, when the added cost of inflation
has a marginal cost of inflation that depends on lagged output. Let the added cost of

inflation be (fo + fiyi—1)(m — 7*), where fo and fi are constant. The loss function will be

L? = [(m — 7.")2 + My — y*)Q] + (fo+ fiye—1)(7e — 77), (3.29)

(SR

and the decision problem is

. 1 . -
Vi(y) = Bermin {5 [(re =77 + A = ) + o+ fae)(me— 77) + BVA(w0)}.
(3.30)
The first order condition will be
T — 7+ Aa(ye — y7) + fo+ fiyi-r + ﬂaVyb(y,) =0. (3.31)
Taking expectations we see that
Eiime ="+ (Ay™ — Bm)a — fo— [(A+ Br)ap + filye-1,
5Et—171't
- = )\ + ap — .
3.?/:—1 ( ﬂ’h) P fl
where I have exploited (3.5). Hence, by selecting
fo=(y" = Bm)a and fi = —(A+ By)ap (3.32)
we can achieve
Eiogme=7" and ¢=0. (3.33)
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Applying the envelope theorem to (3.30) results in

71 + oY1 = Eia {[)\(yt —y*) + B8 (n + 12ye) pl [p —a— ] + film — 7")}
Yi-1

=~ (Ay" — Bv) p+ (A + Br2)p*yi-1, (3.34)

where I have used (3.33). Identifying v, and v, we get (3.9) as in the optimal rule.
Combining (3.9) with (3.32) we see that

(3.35)

results in the optimal decision rule (7, 4",0), regardless of the conditions (3.19) and
(3.23).
Thus a state-contingent linear inflation contract can achieve the second-best equilib-

rium under persistence, as has been shown by Lockwood, Miller and Zhang (1995).

3.6. A state-contingent inflation target

Next, consider a state contingent inflation target

7’ = go + 1¥Yt-1, (3.36)

where gq and g; are constant. The loss function is

L= % (7 = =) + Ay =y (3.37)
and the decision problem 1s
Vyer) = Bevmin {2 [(r = #) 0w -0 + 8VI@) | (339)
The first order condition will be
m— 7+ dalye — y) + BaV}(y) =0, (3.39)
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Taking expectations of (3.39) gives

Eiimo=go + (Ay" = Bn)a+ (g1 — (A + Br2)ap] yi-1,

where I have used (3.5). Hence, by selecting

go=m"=(Ay" = By)a and g =(A+ By)ap. (3.40)

we can achieve

6Et—17rt

=0. 3.41
ayt—l ( )

E._im =7" and

We know that b is given by (3.15). In order to find ¥ and ~; I apply the envelope
theorem to (3.38) which gives

OE;_17
N+ 72y = B {—gl(ﬂ't — )+ My —y7) + B(n + 12u) ] [P -« 8; m}}
t—1

= —[91(7" = g0) + Aoy™ — Bpm] + |6 + (A + B12)p?] ye-n, (3.42)

where I have taken (3.41) into account. Identifying the coeflicient for y,_; gives

72 = gi + (A + Br)p*

Because of (3.40) this is the same equation as (3.17). This means that ; and 7, are
given by (3.21) with é given by (3.20), if and only if the second existence condition (3.23)
holds. Thus, with

_ eyt
1 —Bp— Bac

the decision rule will be (x*,5,0) with b given by (3.25). Hence, the inflation bias can

*

Go=T7 and ¢, =¢ (3.43)

be eliminated, but the inflation response to the supply shock will be the same as with a
constant inflation target and hence stronger than the optimal rule. An inflation target
depending upon y;-; only cannot achieve both the optimal average inflation and the

optimal inflation variability.
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Why cannot a state-contingent inflation target induce the optimal rule when a state-
contingent linear inflation contract can? Compare the first-order condition for the linear

inflation contract, (3.31), and for the inflation target, (3.39). It appears that by selecting

= - fo — fiye— (3.44)

it should be possible to induce the optimal rule. This appearance is misleading, though.
We can see this by comparing the loss functions in the two cases, assuming (3.44). Then

we have

DO | —

L= (me =72+ Aye = v7)] + (fo + figem)(me — 77), (3.45)

with a linear inflation contract, and

L= 5 [(r =" + My — )] =

N | b=

[(ﬂ't — )2+ My — y')?‘] + (fo + fiye—1)(me — ") + %(fo + fiye-1)? (3.46)

N | —

with an inflation target. We see that the loss functions differ by the third term in (3.46).
The fact that this output-dependent term enters with an inflation target means that it will
be more important to stabilize output, and hence to let inflation react more vigorously
to supply shocks. Taking this into account, (3.44) with f; and f given by (3.32) is not
enough to eliminate the average and state-contingent inflation bias; instead (3.36) with
go and gy given by (3.43) is required. In the derivation of the two equilibria above, the
difference shows up in different results of the envelope theorem, cf. (3.34) and (3.42). Put
differently, the derivatives of the value functions Vyb(yt) = v + 72¥: in (3.31) and (3.39)
are not the same; hence the two first-order conditions do not result in the same policy.

Without any supply shocks, that is, with ¢, = 0, the two regimes would be identical
and result in the optimal outcome. Hence we have a lack of certainty equivalence between
the two regimes.

The second existence condition (3.23) must hold for the inflation target to have an

equilibrium, also when the inflation target is given by (3.43) (unless y* = 0, in which case



only the first existence condition (3.19) must hold). With the optimal linear inflation
contract the existence conditions need not hold.

Finally, there is nevertheless an intriguing way to achieve the second-best equilibrium
with an a state-contingent inflation target, namely by combining the inflation target with
a Rogoff ‘weight-conservative’ central bank. By (3.25) b is decreasing in A (note that &
by (3.20) is decreasing in A). Then there exists a A\> < A such that the corresponding b
equals the optimal b* (note that b — 0 for A* — 0.) Thus, if the central bank is assigned
a loss function with the appropriate relative weight A’ < A and the inflation target (3.43)
that corresponds to that relative weight, the optimal rule (7=, 5,0) will result. Rogoff’s
(1985) result is thus suitably resurrected. Inflation target regimes should not only have
low and possibly state-contingent inflation targets. They should also put extra weight on

inflation stabilization.

3.7. An output target equal to the natural output level

[4

For completeness I shall also report the results for an “output target” regime where the

central bank has the period loss function

Lt == [(re =7+ Mye — 12)7)] (3.47)

DO | -

That is, the central bank has an inflation target equal to the socially desirable inflation
rate 7* and an output target equal to y?. These results follow easily from the analysis
above.

First, suppose the output target is constant and equal to the natural rate,
b
v, = 0.

(this is the case analyzed by Lockwood and Philippopoulos (1994)). It follows directly
from the analysis of discretion above that the decision rule (3.14) will be (7=,b, &). The
equilibrium is the same as for the constant linear inflation contract (3.27) and the constant
inflation target (3.28). That is, the average inflation bias is eliminated but there is a

state-contingent inflation bias, and inflation variability is higher than optimal. The first
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existence condition (3.19) must hold, but not the second.
It is easily shown that the output target has to equal the state-contingent “short-run”

natural output level,

yf = Byt = pyi-1,

in order to achieve the second-best equilibrium (x*,b*,0). This occurs regardless of the

existence conditions (3.19) and (3.23).22 2

4. Conclusions

An inflation target regime is interpreted as the delegation of monetary policy to a central
bank that is assigned an explicit inflation target, an implicit output or unemployment
target, and an implicit relative weight on output/unemployment stabilization. The paper
has shown that, in the static situation without output/unemployment persistence, an
inflation target, equal to the socially desirable inflation rate less the discretionary inflation
bias, is equivalent to an optimal linear inflation contract. Hence, an inflation target can
achieve the second-best equilibrium. It is better to delegate monetary policy to a central
bank with a low inflation target, an ‘inflation-target-conservative’ centralbank, than to
a Rogoff ‘weight-conservative’ central bank. It follows that an optimal inflation target

also dominates the escape-clause alternatives suggested by Flood and Isard (1989) and

Lohmann (1992).

22 After this paper was completed I received a paper by Lockwood (1995) with related results: For
the case without persistence a constant output target equal to the mean natural rate results in too high
inflation variability relative to the second-best equilibrium, if the natural rate of output is random and
private information to the central bank. Then a Rogoff ‘weight-conservative’ central bank can improve
the equilibrium. Under some assumptions a ‘weight-conservative’ central bank can also improve equilibria
with linear inflation contracts.

23Jon Faust has pointed out that the equivalence between an inflation target and a linear inflation
contract with a quadratic loss function is an example of the general property that there is a continuum
of general quadratic forms over inflation, output and a constant that as period loss functions result in
a decision rule that coincides with the optimal rule under commitment. This general property holds
when there is no output persistence, as is easily checked. When there is output persistence, the situation
is more complicated in that a state-contingent inflation target is no longer exactly identical to a state-
contingent linear inflation contract. Still, the general property must hold also in that case, if lagged
output is included in the quadratic form. An examination of the restrictions on the general quadratic
form that are needed to induce the second-best equilibrium indicates that the cases with economicly
relevant interpretations coincide with the cases discussed in this paper.
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A much emphasized empirical implication of Rogoff (1985) is that lower inflation
should be associated with increased output variability (if that lower inflation is the result of
more ‘weight-conservative’ central banks. This implication has not received any empirical
support, though (cf. Alesina and Summers (1993), Debelle and Fischer (1993) and Stanley
Fischer (1994)). Among possible explanations of this the literature (cf. Fischer (1995a))
has suggested that more-independent central banks are better at stabilization than less-
independent banks; that fiscal policy is more disciplined in countries with more central
bank independence; or that both inflation and output performance are primarily affected
by shocks that differ from country to country. An obvious but nevertheless overlooked
alternative explanation is that lower inflation is due to lower inflation targets rather than
to increased weights on inflation stabilization!

The equivalence of an appropriately chosen inflation target to a linear inflation con-
tract is of considerable practical importance. A linear inflation contract is difficult to
implement, and there does not yet exists an example in the real world of a linear inflation
contract.?* Inflation targets already exist in the real world, and they seem much easier to
implement.

Another practical implication is that an inflation target may serve a useful inflation-
dampening role also if actual inflation exceeds the target. Indeed, an empirical implication
of the inflation bias under discretion is that actual inflation will on average exceed the
inflation target. Similarly, the inflation bias implies that an inflation target will normally
be imperfectly credible, since inflation expectations will normally exceed the inflation
target. So far the inflation targets in the existing inflation target regimes have indeed
been imperfectly credible (see Svensson (1993), the papers in Leiderman and Svensson
(1995), and Freeman and Willis (1995)). Nevertheless, if the inflation target is sufficiently
low, the resulting inflation may be lower than it would have been without the target.

With output persistence, the results above are somewhat modified. The paper shows
that a constant (non-contingent) linear inflation contract and constant inflation target are

still equivalent. Both can remove the average inflation bias, but they cannot remove the

24Walsh (1994) examines whether the New Zealand monetary regime can be interpreted as an optimal
linear inflation contract and finds that it cannot.



state-contingent part of the inflation bias. Neither can they reduce the too high inflation
variability that results under discretion. A state-contingent inflation target can, as can
a state-contingent linear inflation contract, in addition remove the state-contingent part
of the inflation bias. A state-contingent inflation target cannot, in contrast to a state-
contingent linear inflation contract, reduce the inflation variability to the optimal level,
but leaves inflation variability too high and output variability too low. Hence, a state-
contingent inflation target and a state-contingent linear inflation contract are not fully
equivalent. A Rogoff ‘weight-conservative’ central bank can reduce the inflation variability
to the optimal level, and with an appropriate state-contingent inflation target it can also
eliminate the inflation bias and achieve the second-best equilibrium.

It follows that, with persistence, for constant inflation targets (and with constant
linear inflation contracts) the situation can be also improved (although not all the way to
the second-best equilibrium) by assigning an increased weight on inflation stabilization.
In general, it seems that central banks should be both ‘inflation-target-conservative’ and
‘weight-conservative’. Rogoff’s result is hence suitably resurrected.

Thus, it appears that performance can be improved if real world inflation target
regimes not only have low inflation targets, but also have a relatively high weights on
inflation stabilization. If the width of the tolerance band for the inflation target indicates
the implicit weight on output stabilizations, the bands should then be relatively narrow
(which they might actually be, relative to inflation forecast errors, cf. Freedman (1995)).

A general conclusion for the literature on rules and discretion from this paper is that
a quadratic loss function has more than one parameter that may warrant discussion. For
reasons that ex post appear arbitrary the discussion in the literature has focused almost
exclusively on one parameter of the standard quadratic loss function, the relative weight
on inflation stabilization, with the occasional observation that a reduction of the output
target would improve the situation. Discussion of the inflation target parameter is of no
less, and perhaps of more, practical relevance. Thus, the identification of ‘conservative-
ness’ with the relative weight on inflation stabilization seems unwarranted. The same
can be said about the identification of central bank independence with the same relative

weight in the literature on measurement of central bank independence (see Cukierman
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(1992) for discussion of measures of central bank independence and see Debelle and Fis-
cher (1994) and Stanley Fischer (1994) for recent surveys). With the distinction between
goal independence and instrument independence, the former is not necessary correlated
with the relative weight, and the latter is not necessarily correlated with properties of the
goal.

The conclusions above are under the maintained assumption that the implicitly as-
signed output/unemployment target in the inflation target regime corresponds to less
unemployment than the natural rate. This assumptions serves to represent, as outlined
in the Introduction, the unfortunate and realistic temptation to err on the lax side in
monetary policy. The literature and this paper has shown various ways of mitigating
this temptation, normally taking its origin as given. A good rule in economic policy is
that distortions should be attacked at their source, if possible. This rule then implies
using structural labor market policy to improve the working of labor markets, and, to the
extent that the temptation to err on the lax side has other roots, for instance design tax
systems and pursue a public debt policy that does not create benefits of surprise inflation.
The rule also implies that monetary policy will be ineflicient in removing such distortions
and should not be assigned such tasks. This in turn has the obvious implication that
monetary policy should not be assigned implicit or explicit output/unemployment tar-
gets that correspond to lower unemployment than the natural rate. Creating mechanisms
for rational assignment of output/unemployment targets should be a crucial aspect in
monetary reform. In this regard it is worth observing that only without persistence in
output/unemployment is it enough to assign output/unemployment targets correspond-
ing to the long-run natural rate. With persistence, under discretion there is still a state-
contingent inflation bias, as well as too high inflation variability relative to the second
best. Therefore, a ‘weight-conservative’ central bank with a state-contingent inflation tar-
get, or a state-contingent linear inflation contract, is still needed in order to achieve the
second best. Only if the output/unemployment target is state-contingent and corresponds
to the short-run natural rate of unemployment can the second best be achieved directly.

The inflation target regime analyzed in the paper has been an idealized regime with a

clear delegation of monetary policy to an instrument-independent central bank account-
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able for minimizing an assigned loss function. I have noted above that of the existing
inflation target regimes, that in New Zealand comes closest to such a clear delegation.
The explicit inflation target regimes in the other countries, Canada, U.K., Sweden and
Finland, differ in several respects from that in New Zealand. Since the central banks have
less independence, it is a less manifest delegation of monetary policy. The status of the
inflation targets is also less. There is no legal mandate for price stability in these other
countries. The status of the inflation target seems highest in Canada, where it is an ex-
plicit agreement between Bank of Canada and the Government. In the U.K. the inflation
target was announced by the Chancellor of Exchequer for the duration of this parliament.
There is no delegation since the Chancellor is in charge of monetary policy, although
some changes in procedures have made Bank of England marginally more independent
(see Bowen (1995)). In Finland and Sweden the inflation targets are unilateral announce-
ments by the central banks. The accountability for fulfilling the inflation targets is not
explicit in these countries, and it seems mostly to consist of the embarrassment caused by
missing or giving up the target. In contrast, in New Zealand the Governor may be fired
if the inflation target is missed. The explicit inflation targets make it easier to monitor
and measure the performance of the central banks, though (in the U.K., the combined
performance of the Chancellor and Bank of England).

The rational institutional setup of monetary policy in New Zealand may imply an
implicit output/unemployment target closer to the natural rate of unemployment, and
a lower implicit relative weight on output/unemployment stabilization, compared to the
other inflation target regimes. The less independence of the central banks and the lower
status of the inflation targets in the other countries make it more likely that the implicit
output/unemployment targets are likely to be more ambitious and result in an average
inflation bias. The less enforcement of the inflation target also makes it more likely that
the implicit weight on output/unemployment stabilization is relatively high. If this is so,
we should expect the inflation targets to be less credible (that is, inflation expectations
should exceed the targets more) and inflation should be more variable (relative to the
variability of the exogenous disturbances) in the other inflation target regimes. Since the

inflation target regimes are so recent (none of them has yet gone through a complete
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business cycle), we will have to wait a few years for reliable empirical comparisons.
Finally, I would like to argue that the goal of price stability advocated for monetary
policy in practice (almost) always includes an element of output and unemployment sta-
bilization, and that it would be advantageous to make this explicit and transparent rather
than implicit, for instance in the following way (cf. Svensson (1994, 1995b)): Formulate
the goal for monetary policy as a hierarchy of goals, a so-called lexicographic ordering.
Let the primary goal be medium- and long-run price stability. In practice, ‘price stability’
has become identified with inflation stability around a low or zero mean. that is, base
drift in the price level has been accepted. Let me here (temporarily) follow this prac-
tice (price level vs. inflation stability is further discussed in some detail in, for instance,
Duguay (1993), see also Svensson (1995a)). Let the secondary goal be stabilization of
unemployment (when output, employment and unemployment differ, it seems that it is
unemployment that should be stabilized, assuming that social welfare is concave in un-
employment) around the short-run natural rate of unemployment, where it is understood
that such stabilization should only be attempted as long as the primary goal is not endan-
gered. This hierarchy of goals can then be interpreted as implying that some short-run
fluctuations in the inflation rate around the medium- and long-run mean is allowed in or-
der to dampen short-run unemployment fluctuations (around the short-run natural rate),
which in turn is consistent with a loss function of the form (1.2) with the unemployment

target set equal to the short-run natural rate.?

#The primary goal could even be interpreted as adding the condition that the unconditional mean of
inflation fulfills E[m;] = % to (1.2), in which case the average inflation bias should vanish even if the
unemployment target is below the long-run natural rate.

The hierarchical formulation is consistent with the well-known formulation of Bundesbank’s objectives
in the Law concerning the Bundesbank (cf. Bank for International Settlements (1963, p. 57 and 59)).
The law states that the Bundesbank shall “regulate the money circulation and the supply of credit to the
economy with the aim of safeguarding the currency” (interpret as primary goal), and that the Bundesbank
1s bound to “support the general economic policy of the Federal Government, but only in so far as this
is consistent with its duty of safeguarding the currency” (interpret as secondary goal). The Bundesbank
has indeed instituted an element of automatic output stabilization in that the monetary targets are set
consistent with a velocity forecast, a 2 percent inflation target, and a forecast of potential output rather
than actual output (von Hagen (1995)).
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5. Appendix

Consider the explicitly recursive problem

Viei(yi-1) = Ei IT}Tirn {% [(7-'! — 7)Y+ Ay — y')z] + ﬂVt(yt)} ;

(5.1)

instead of (3.11). Let Vi(y:) = Yot + Y1eyt + Y2ey2. The first-order condition results in a

decision rule of the form 7; = a; — bje; — ¢iy¢—1, With

o A+ By)a
w =7+ (O — B, b= — A8

=T 0t e 20 a= (A Bndes.

The envelope theorem applied to (5.1) results in

Yaa-1 = PP(A + Bryae) + 2 pP (A + Byar)’.
Using the expression for ¢; in (5.2) the equation can be written in terms of ¢, as
ci—1 = Aap + Bple + ,Bapcf.
A stationary solution ¢;—; = ¢; = ¢ must fulfill the second-degree equation

2 l_ﬁpz

A
c+—-=0.
afp g

which has real solutions

C

= 55 |1 80 £ (L= B — 4xgen?] > 0

if and only if (3.19) is fulfilled.

We know that p = 0 by (5.4) implies that ¢ = 0, and that 8 = 0 implies ¢ = Aap.

Then the smaller solution (3.20) is the relevant one, since only then does ¢ — 0 when

p — 0, and ¢ — Aap when B — 0. Alternatively, one can study the iteration (5.4) when

t — —oc and show that the smaller solution is the stable one.
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The envelope theorem applied to (5.1) also results in

Ni-1 = =AY (p+ ac) + B(p + ac)..

Alternatively, the recursion can by (5.2) be written in terms of a,
a1 =7+ day” — Blp + ac)m™ + B(p + aci)a..

We realize that for v, and a, to converge towards v; and a we need the condition (3.22)
to hold. This condition is not automatically fulfilled if (3.19) is fulfilled. For instance, if

A=A =52 1p—1,¢6- 152 Bt f(1+el3l) =22 > 154> L.

More precisely, note that

(L= -4 -8 (p= )
1 2 = 4Ba’p? .

Let z = fp and study the numerator

z=(1—-zp) —4(1-2)(p—p).

For0 < S < 1and 0 < p < 1itis easy to show that z > 0 and that z = 0 if and only if
r=2- %, which occurs if and only if 0 < p = bﬁ < 1. Thus (3.24) must hold.
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