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path for the price level. Svensson also
explains why a price-level tget can be
used as a commitment mechanism to eim
inate the infation bias that esults when a
central bank tries to taget an unealistically
high level of output? In this paper we explain
how the ination-output variability tradeof
changes if the central bank chooses todat
a predetemined path for the price level
rather than an infation rate. Our analysis
is more transpaent than SvenssosnBecause
we do not try to distinguish between cases
of commitment and discetion, nor do we
consider the case wherthe central bank
tries to achieve an uraalistic objective for
output. We assume that the central bank
cannot commit cedibly to more than one
period at a time. Since the central bank
does not ty to achieve unealistically high
levels of output, the steady state imfion
rates ae the same for both in8tion and
price-level tageting regimes.

INFLATION VERSUS
PRICE-LEVEL TARGETING
IN A SIMPLE PHILLIPS
CURVE MODEL

The basic model described heis fom
Svensson (1997a, 1997b). The model is
consistent with a wide range of sticky-price
models in which monetay policy can have
important real efects. The model has tlee
main elements: a multiperiod objective
function for the central bank, an agggate

supply equation, and a rational expectations

assumption.
The central bank minimizes an
intertemporal quadratic loss function:

2Gavin and Stockman (1991)

explain why a society that
cares aboatiar3(not price (1)

L= 5 By +m =)

level) stability may still prefer a
price level target if the source

of irdtion shocks iswnobs
able to the public.

3 An appendix in Svensson

gvherey, is the deviation of output fom the
target level (which we assume is the under
lying trend in real output) and (7brt) is

(1997b) shows thatintrodffa€ deviation of infation from the central
ing money with a control @ank&infation target. The central bank

in the atfdn equation woul
not change his results.

discounts future variability in the output
gap and infation by the factorb. The

parameter, relates the central barkO
preference for output stability to its pefer
ence for infation stability

The economy is modeled as a slor
run aggegate supply cure with persistence
in the output gap:

2) Yi=PY +a (i — 1) + €.

The introduction of a lagged output
gap in this equation is impaant for com
paring inRation and price-level tageting.
Conceptually the lag will be intoduced
any time friction prevents instantaneous
and complete adjustment of output to
unexpected changes in the price level.
This friction could be induced by wage
contracts, menu costs, transaction costs,
incomplete markets, capital adjustment costs,
etc. The slope of the shorun Phillips
Curve is given bya which detemines the
response of the output gap to unexpected
inBation (1tO7T).

With this aggegate supply cwre ard
rational expegtationsthat is, =E g, 11, the
central bankOoptimization pioblem implies
a tradeof between output and in@tion
variability. Minimizing this loss functionN
subject to the aggrgate supply cureNleads
to a rule for inRation that is contingent on
the size of the output gap:

. aA
®) n{*=pf‘—pt_1=ﬂ-ﬁyt_l
B aA c
1-Bo’+a’r "

where the superscrip® indicates that the
variable is detemined by the inf&tion-tar-
geting ule andp is the logarithm of the
price level. The infation rate set in each
period is equal to the in@tion tamget with
countercyclical adjustments poportional
to the lagged output gap and the crant
technology shock. Following Svensson,
we assume the central bank can coalr
inlRation directly® Details of the solution
procedure ae presented in the appendix.
If the central bank caes about

deviations of the price level rather than the
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inRation rate, the natural logarithm of the
price level will replace the inftion rate in
the loss function. V¢ reformulate the
objective function as below:

@ L= 5 pyron))

where the taget path for the price level
may be constant or may be rising at a con
stant rate.

The central banigQule for achieving
the tamget path is given by:

* aA

(5) p?=pt-$ym
B aA c
1-Bo’+a’r "

implying the following rule for the
inRation rate:

(6) m=pf—p =1

al
_1_ BZZ (Vi1 = Vi-2)

_ aA
1-Be*+aA

(& —&1),

where we have used the assumption that
the price-level taget, p;, is given by
P, =T+p, . The superscripBindicates
that the variable is detenined by the
price-level tageting mle. With the price-
level taget, the central bank@action
function, Equation 6, has thee elements on
the right-hand side. The kst is the steady-
state inflation embodied in the taget path
for the price level. The second and thuir
are proportional, countercyclical adjustments
to the change in the output gap ém period
tB2 to periodt bl and the change in the
technology shock fom periodt D1 to
periodt, respectively

The tradeof between inf&tion and
output is qualitatively diferent under the
two different regimes, inf&tion targeting
and price-level tageting. In an inf&tion-
targeting regime, the bank sets irddion,
7;’*, as shown in Equation 3. \ith rational

expectations, the model®hillips Cuwve
implies that output is given by:

1- 2

7 V=PVt W—Bfﬁft

As the elative weight on output var
ability, A, gets lage, the codfcient on the eror
term tends to zeo as does the varianasf
the output gap. If the variance o, is 02,
then the above decisionule fory, implies
that the unconditional variance of the
output gap is:

1- Bo?)>2
@ of= ) o2
(1-p")A-PBp" +a"A)

After noting that, is uncorrelated
with y,,, we can use the decisiorule for
17 to calculate the unconditional variance
of inBation as:

2 D‘MPD22

® T BpE”
+D al DZUZ
Ha-go? +a2)H ¢

which can be simplifed to yield an expes

sion only involving a2, namely:

_ a?)? )

= o
(1-p*)(1-Bp* +a’A)?

In a price-level-tageting regime, the
central bank sets the in&ion rate,n?, as
in Equation 5. Once again assuming
rational expectationsp’=E,,, p,, the
following time series pocess for the
output gap is derived fom the modekd

Phillips Curve,

(10) o2

1-Bp?

11 S
( ) 1_Bp2+GZA t

Yi = PYig t

Note that this piocess for the output
gap looks identical to Equation 7, which
was derived in the in@tion-targeting regime.
The parameteiA, however has a diferent
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The Output-Inflation Variability Tradeoff

Variability of the Output Gap
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interpretation hee, as the bank@refeences
are different. The unconditional variance
of the output gap as a function of this
parameter is given by the same exgssion
as noted in Equatior8. The unconditional
variance of the infation rate, howeveris
given by the following expession:

2a2)? o
L+p)A-Bp*+a?r)? ¢

(12) 0'5[ =

Regadless of whether the central bank
is tamgeting infation or the price level, a
small weight on the output gap leads the
bank to strive for keeping in@tion or the
price level close to its tayet. At the exteme,
where the central bank places no weight
on deviations of the output gap, the variance
of the gap is detemined by persistence in
the output gap,p, and the variance ofech
nology shocks. Heg, the bank optimizes
by Bxing inRRation, or the price level, at its
target in evey period. Thee is no infation
variability, no inRation uncetainty, and a
simple autoegressive pocess for the output
gap. Converselya lage weight on the
deviation of the output gap fom the taget
would lead the bank to use the Phillips
Curve constraint to closely contl the
output gap by letting infation vary more.

We graphically display the diérence
between the inftion/output variability trade

offsin the two regimes by st expressing
the output gap variance and the irdtion
variance as functions of the pfeence
parameterA while holding the parameters
of the Phillips Cuwve constant. For a given
A\, the bank&decision ules can be used to
calculate an unconditional variance for both
inlRation and the output gap (a single point
in Figure 1). \arying the bankprefelences
by valying A will determine the location of
the curve representing the trade dtbetween
oZando;.

A sample pair of variance tradefafurves
are displayed in Figue 1. For the chosen
set of parameter values, the variance tradeof
under the price-level-tageting regime lies
evelywhere below that for the inftion-tar-
geting regime. Thus, given this pécular
set of parameters, society would gfer the
price-level-tageting regime.

More can be said about thelative posi
tion of these tradedfcurves. If we examine
the expressions for the unconditional vari
ances of the output gap and irgtion derived
above, we can fully describe the position
of these cuves in tems of the autoegres
sive parameterp, in the Phillips Cuwve
equation. Note that in eitheregime, if the
bank places no weight on deviations of the
output gap flom tamget, then the bank simply
sets the infation rate, or the price level,
equal to its taget in evey period. Thus,
in the limit as the parameteh approaches
0, the unconditional variance of inBtion
approaches 0, while the unconditional
variance of output appoaches that of the
simple brst-order autoiegressive pocess
Y=Yt €. Thus, the two tradedfcurves
intersect theo?-axis at the same point.

If the central bankveight on deviations
of the output gap fom target becomes lae,
then the central bank sets the output gap
equal to its taget and manipulates the in
tion rate to reach this goal. Thus, as the
parameterA approaches inlpity, the variance
of output appioaches 0. Examining the
expressions for the unconditional variance of
ination shows that a3 approaches inlpity,
the variance of infation under an infation-
targeting regime appoaches ¢?(1Dp?))®*
and the variance of in8tion undera price-
level-taigeting regime appoaches
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Table 3

Estimates of Persistence in the Output Gap
(Using industrial Production to Measure Output)

Ay, =C+pyi 4+ w Ay, te,

Countr Hodrick Prescott Filter Quadratidgriie fiend Filter
Estimatepof Standard Error  Estimatepof Standard Error
Belgium 0.58 0.08 0.90 0.04
Canada 0.77 0.05 0.94 0.02
France 0.41 0.10 0.89 0.05
Germany 0.69 0.06 0.93 0.03
Italy 0.53 0.09 0.90 0.04
Japan 0.82 0.04 0.97 0.01
Netherlands 0.51 0.09 0.97 0.02
Sweden 0.57 0.07 0.96 0.02
United Kingdom 0.60 0.07 0.89 0.04
United States 0.70 0.05 0.93 0.03

Data for the G-10 are quarterly averages of monthly industrial production from 1957:1 to 1997:12 published by the

MonetaFund.

equation used to estimatp is shown at
the top of Table 2. The popetties of the
distribution for this estimate wee
discussed in Dickey and Fuller (1981).
By constuction, the output gap is
stationary so thee is no prior leason to
expect estimates gb to be close to unity
We End surprisingly high estimates op
using both the QT gap (0.92) and the CBO
gap (0.91), however The HP tend follows
the actual series marclosely than the
other two series. The standdrdeviation
is much smaller and thestimate ofpis
only 0.72. Even in this casdiowever the
estimate is still moe than four standad
deviations lager than 0.50. This conimns
Svenssos@esult that if one believes in
this output/inRation variability tradeof,
then setting a price-level tget would
most likely result in a moe efcient set
of options for the Fed than would an in&
tion target.

We also have estimated the persistence
of the output gap in the G-10 countries.
There is a lack of historical quaerly GDP
data for the G-10, so we meased the per
sistence of the output gap in these countries
by taking quaterly averages of industrial
production and using both the HP and QT
plters (see able 3) to constuct the output
gap. Using the QT lIter, pis estimated to
be geater than 0.50 and highly signdant
in all the countries. Using the HP lker,
the results ae mixed. Only in one case is
the point estimate below 0.50, but in over
half of the cases, the estimate is within one
standad deviation of 0.50.

CONCLUSION

In this paper we describe a popular model
of monetay policy in which the central bank
minimizes a discounted, multiperiod loss
function that includes deviations of inB-
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tion and output from tamget levels. This
minimization is constrained bya shot-run
tradeof between infation and ieal output.
This simple model suggests that the choice
between an inf@tion target and a price-
level taget depends on characteristics of
real output. If the output gap iselatively
persistent, then tageting the price level
results in a better set of policy options for
the central bank. & present evidence
from the G-10 countries showing that con
ventionally measued output gaps a

highly persistent. The policy implication
of assuming rational expectations and this
Phillips Curve model is that central banks
should set objectives for a price level, not
an infation rate.
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APPENDIX: SOLUTION
OF THE CENTRAL BANK'S
OPTIMIZATION PROBLEM

Since the central bankObjective
under either the infation targeting or
price-level-tageting regime is quadratic
and its constraints a linear it is possible
to guess that lineadecision wles solve
the bank©optimization poblem. W\e
show that substituting the conjectwed
linear rules into the brst-order conditions
for the bank€optimization problem and
equating codbcients will yield the decision
rules described in the text. Wtreat
inlRation expectations as equilibrium
variables ae treated in a dynamic general
equilibrium model. That is, we suppose
that the bank bases its decisions at tirhe
solely on the state variablegy and ¢,
while inRation expectations a left to
be detemined by a rational expectations
condition.

Consider st the infZation-targeting
regime. W form the bank€Lagrangian as:

g *2 1

O %\y ("t " m
A &5 A D_u - pytl

5 g el

where they®ae a sequence of random
multipliers. The bankbrst-order
conditions take the fom:

(A2)  2Ay;— M+ BPEH =0

when taken with espect to the sequence
ofy,s, and the fom:

(A3)

o -1t vam =0,

when taken with espect to the sequence of

1ts. Eliminating the multipliers fom these
expressions gives the following Euler equation:

(A4) Ay, + %(r[t - r[*)
b
a

t7Tt+l_7T):0'

We now posit a linear decisionule for

inlRation of the fom:

(AS)  m=AtAYatAGE:

If expectations fomed at timet-1 are
rational then:

(AB)  TE=A+AY.

Hence, the constraint imposed by the
aggegate supplyelation (Equation 2 in the
article) yields a decisionule fory, directly
of the fom:

(A7) yi=pYyut(aAg+l)e.
Note that decision ules ae invariant so that

1T, can be detemined by iterating on the
rule for 7z to yield the following expession:

(A8) Tho = A +AY +AE = A

"'Az(PYt—l + (aAs +1)5t) + Azt

Substituting Equations A5, A7, and A8
into the Euler Equation A4 above, taking
expectations, and equating constant tas
and coebcients on the states yields values
for A, A,, andA, in terms of parameters of
the model.

Detemining the bank€decision
rules in the case of a price-level-@&ting
regime poceeds in a similar fashion. The
only difference is the bank@rice-level taget
changes over time, and henq:;* must enter
as a state variable in the baskd@cision dles.
Since this taget evolves in a deteministic
manner asy, =p, + 7, however it is still
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possible to postulate a decisionle of the
formp=A+A, p +A, Y5+ A, and iterate
on it to calculatep,,, in terms of timet states.
After substituting the esultant linear vles
into the bank©Euler equation and equating
coebxients, we obtain the decisiornute for
price-level tageting given in the text.
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