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I. Introduction

Legislation recently introduced by Congressman Stephen Neal would
mandate that price stability receive the highest priority among the goals of
the Federal Reserve.! Because of the renewed policy interest in price
stability, the potential costs and benefits of achieving it have attracted
much attention.? One of the more important benefits attributed to price
stability is that it would lessen the uncertainty associated with the price
level and the detrimental effects this uncertainty can have on long-term
contracting and resource allocation (Hall 1981, Black 1990, Parry 1990,
Hoskins 1991, Summers 1991). Proponents of price stability argue that because
money is an intertemporal store of value, an uncertain price level causes
people to devote resources to protecting themselves against potential declines
in the value of money. Therefore, the elimination of price level uncertainty
would allow a more efficient allocation of resources. A second possible
benefit from price stability is a reduction in the discretion afforded
policymakers in setting monetary policy. Proponents argue that if price
stability is a central bank’s primary responsibility, then this goal would
reduce policymakers’ pursuit of other discretionary goals. The costs of
achieving price stability are primarily associated with the short-term
adjustment costs of moving from the current inflationary regime to the price
stability regime, such as the output lost when actual inflation is less than
anticipated,

While the subject of price stability has received much attention, there

has been relatively little discussion about specific monetary policies that

! House of Representatives Joint Resolution 409.

2 See Aiyapari (1990, 1991) and Hoskins (1991).
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would enable a central bank to achieve and maintain price stability or the
degree to which price stability would conflict with other policy objectives.
Therefore, rather than add to the debate abhout the costs and benefits of price
stability, in this paper we investigate the conditions under which monetary
policy would ensure price stability and examine the effectiveness of a broad
class of monetary rules in achieving price stability. We also examine whether
price stability constrains the monetary policy authorities’ pursuit of short-
run stabilization objectivés. Throughout the paper, the focus is on the
restrictions that price stability imposes on the conduct of monetary policy,
rather than on the desirability or optimality of price stability.

Unfortunately, a precise definition of price stability has not emerged
from recent literature. Fortunately, however, all adveocates and opponents of
price stability appear to have either one of two types of definitions in mind:
some form of targeting the price level, which we refer to as strong price
stability (SPS), or some form of targeting inflation at zero (or at least at a
very low rate), which we refer to as weak price stability (WPS). In order to
make our analysis of price stability concrete, we propose formal definitions
for both of these versions of price stability., At a minimum, strong price
stability requires that the price level be a stationary stochastic process
while weak price stability requires that inflation be a stationary stochastic
process. As we show below, these definitions imply quite different long-run
behavior of prices,

For each definition of price stability, we outline the long~-run
restrictions on the behavior of the mometary aggregates needed to achieve
price stability and demonstrate conditions under which specific menetary rules

are consistent with price stability. The monetary rules examined include




monetary aggregate targeting, nominal GNP targeting, price level targeting,
and interest rate targeting. We show that the monetary aggregate restrictions
assoclated with SPS are much more powerful than those associated with WPS. 1In
fact, implementing WPS would not necessarily require any changes in the
stationarity properties of the price level or the monetary aggregates. For
SPS, we show that targeting the price level and, to a lesser extent, nominal
GNP are more likely to be consistent with strong price stability than is
targeting monetary aggregates or interest rates.

In addition, we use a simple linear rational expectations macro model to
explore how the conditions for price stability may constrain other monetary
policy objectives. We find that the conditions for $PS and WPS impose few
constraints on the ability of the monetary authorities to pursue short-run
stabilization objectives. Intuitively, this result follows from the fact that
the conditions for price stability are of a long-run nature while
stabilization objectives are of a short-run nature.

The distinction between short- and long-runs also raises the question of
what is the relevant time horizon for evaluating the performance of policies
that satisfy the alternative definitions of price stability. We show that the
main difference between WPS and SPS is that the latter results in a reduction
of long-term uncertainty about the price level. In fact, advocates of SPS
cite this attribute of SPS as the main reason for pursuing it. In our
definitions of price stability, however, the relevant time horizon is
essentially infinity. Shorter horizons may be more relevant for business
planning horizons over which the benefits of reduced price level uncertainty
are likely to accrue. We find that while SPS helps to reduce price level

uncertainty at shorter time horizons, it is not a sufficient condition for




minimizing price level uncertainty. For longer time horizoms, SPS is a
necessary condition for minimizing price level uncertainty.

The paper is organized as follows. The second section defines and
discusses the characteristics of strong and weak price stability. Section
three outlines the restrictions on the monetary aggregates that are consistent
with our definitions of price stability and section four evaluates specific
monetary rules for their ability to achieve price stability. In section five,
a macro model is introduced to examine whether achieving price stability
precludes the pursuit of short-run stabilization policies. Section five also
examines the comnections between strong price stability and price level
uncertainty at horizons less than infinity. Conclusions and discussion

follow.

II. Defining Price Stability

Before we examine the implications of price stability for monetary
policy, we must be more precise about the possible interpretations of the term
"price stability." A careful reading of the literature indicates that the
different interpretations of price stability fall into two groups. One
emphasizes that price stability requires the long-run level of prices be
targeted (SPS) [e.g., Black (1990), Gavin and Stockman (1988), Hetzel (1990),
Hoskins (1991), and Parry (1990)], while the other emphasizes that price
stability entails targeting only the inflation rate (WPS) [e.g, Corrigan
(1990), McCallum (1990b), Neumann (1991), and Summers (1991)].°3

Under SPS, the monetary authorities ensure that the price level is

described by a stochastic process of the form:

* Not all the WPS advocates support a "zero" targeted inflation rate.
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(1) pt = p* + Ept

where p* is the targeted long-run value of the price level and ¢, 1s a mean

pt

zero statlonary stochastic process. Because ¢, is a mean zero stationary

stochastic process, p*

is the unconditional mean or long-run average value of
the price level under strong price stability. The important characteristic of
pursuing this target is that the price level will not display drift.
Depending on the specifics of the price stability mandate, gaps between p, and
p" will eventually be closed.

Under WFS, the monetary authorities essentially pursue an inflation
target. This yields an inflation process of the form

(2) Ay = M+ €q.
where p is the inflation target over a given time interval and e, is a mean
zero stationary stochastic process. For the remainder of the paper we
consider the zero inflation target (that is, set u equal to zerc)., Because
there are no other restrictions on ¢, , weak price stability means that while
inflation will be a stationary stochastic process the (log) price level itself
may be a nonstationary or integrated process. This is clearly seen for the
case where ¢, is white noise. In this case, inflation is white noise but the
price level is a random walk. Price level drift occurs because, WPS by
targeting the inflation rate fails to reverse shocks to the price level.
Under a poliecy that targets inflation, the monetary authorities take the price
level as given at the beginning of each period and then attempt to achieve the
target inflation rate. They do not attempt to reverse shocks that occur to
the price level because of monetary control errors and macraeconomic shocks

that drive a wedge between the actual and targeted inflation rates.

Note that under both definitions of price stability the average




inflation rate or unconditional expectation of inflation, E(s,), is zero.*

However, long-term price level uncertainty is going to be substantially
greater under weak price stability than under strong price stability. In
contrast to the constant variance of the price level rule, the uncertainty
associated with -long~run-forecasts of the price level under the zero inflation
rate rule grows linearly with the forecast horizon.® This difference arises
because unexpected changes in the price level under an inflation rule are
permanent. After a shock, the monetary authorities are interested only in
achieving zero inflation from that time hence; they do not offset the price
shock. Therefore, there is substantially more long-term uncertainty about the
price level under the inflation rule than under the price level rule. The
short-term uncertainty depends on the structure of the economy, the
information available to the monetary authority, and the sources of shocks to
the economy. As we show below, in general, there are no clear predictions
about which type of rule would generate the most short-term uncertainty.

The perceived additional reduction in long-run uncertainty gained from a

price level rule is one of the main issues that divides those who argue for

* However, in any given period, strong price stability does not imply

that inflation should be equal to zero.
® To illustrate that the price level rule results in less long-run

uncertainty, let E(p,y |I.) be the optimal forecast of p,. ., given the
information set at time t. For case where ¢, and ¢, are white-noise errors,
under weak price stability price level the variance of k-horizon price level
forecast is

var[pen =~ E(PewcI)] = 0%k,
while for strong price stability the variance of k-horizon price level
forecast is

var(pe — E(pew|I)] = o,
The assumption of white-noise errors is not crucial. We could assume that e
= a,(L)e,, and ¢, = a,(L)e,, where epe and ep, are stationary stochastic
processes. The comparison of long-run volatility is not substantially changed
by this more general assumption about the €'s.

pt
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the SPS (e.g. Hoskins 1991) and those who argue for WPS (e.g. McCallum 1990b).
Advocates of WPS do not view the additional reduction in long-run uncertainty
as substantial relative to the gain from reducing average inflation to zero.
The advocates of SPS, on the other hand, see this benefit as one of the main

reasons for pursuing price stability.

ITI. Price Stability and Monetarvy Policy

This section examines the restrictions that the alternative
definitions of price stability impose on the conduct of monetary policy.
Strong price stability requires that the long-run level of prices fluctuate
around a particular level; in other words, the price level is a stationary
stochastic process. The requirement that prices be stationary--meaning
that prices follow an integrated process of order zero, I{0)--imposes very
strong restrictions on the long-run conduct of monetary policy. Gonsider
the simple quantity theory relationship (in logarithms)®
(3) pr=m + v, - q,
where m, 1s a particular monetary aggregate, v, is velocity, and q, is real
GNP in logarithms. Strong price stability requires that monetary policy
must be conducted in such a way that [m, + v, - q,] is I(0).

For example, in order to achieve strong price stability when v, and q,
are integrated of order 1, I(l), monetary policy must follow a feedback

rule in which the money supply, velocity, and real GNP are cointegrated.

® The basic insights of this section hold for more general models of the

macroeconomy. The appendix shows in a standard rational expectations macro
model that the order of integration of the price level essentially depends omn
the order of integration of m., shocks to aggregate supply, and shocks to
agpgregate demand. To achieve price stability, monetary policy must offset all
sources of nonstationarity that otherwise affect the price level,
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An example of such a feedback rule is:
(4) m = - veq + Qg + [I(O)],
where [I(0)] contains other terms that are I(0).7

Weak price stability requires that the inflation rate be I(0) with
mean zero, To achieve weak price stability where v, and g, are I(1), the
monetary authority need only set m, to offset the deterministic drift in v,
- q.. Aside from the positive mean, U.S, inflation since 1946 has arguably
satisfied the conditions for weak price stability.® This suggests that
aside from the positive drift in prices, current monetary policy is
consistent with our definition of weak price stability.

On the face of it, the restrictions imposed by the two versions of
price stability do not appear to be very powerful; yet, they can rule out
entire classes of monetary policies. If v, or g, is nmot I(0), then under
strong price stability the money supply must be chosen so that it will
offset the nonstationarity of velocity and output; in other words, the
actual money supply must follow some sort of feedback rule.® In the long

run, monetary policy must offset the effects of permanent shocks to

7 Several well-known feedback rules have the same basic form as equation

(6). Walsh (1986) examines a model with an aggregate supply curve and a
quantity theory aggregate demand curve, as well as a nominal money supply
equation. Walsh’s optimal money supply equation can be rewritten so that it
has the same form as equation (6), Meltzer (1987) also proposes a feedback
rule that is similar te that in equation (6}.

® Schwert (1987) presents ambiguous evidence on whether inflation
follows a I(0) or I(l) process during the post-War period. For the gold
standard peried of 1870-1913, Barsky (1987) shows that inflation is white
noise,

? 1In principle, it is possible that m, + v, - q, is I(0) regardless of
the behavior of the money supply. However, this possibility is highly
unlikely at a theoretical level because it requires velocity, output, or both
to offset the behavior of the money supply. Long-run money neutrality of
output rules out this type of behavior.
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velocity and real GNP,

IV. Fvaluating Various Monetary Rules

This section examines some well-known monetary rules to determine
whether they satisfy the conditions for strong price stability. We first
consider the implications of price stability for money supply targets. We
then consider the effects of target cones and target bands on the
feasibility of price stability. Finally, we examine several feedback rules
for monetary policy--including targeting nominal GNP, the price level, and
interest rates--and determine under what conditions these rules ensure

price stability.

IV.1 Money supply targets

Under k-percent growth rules, the monetary authority attempts to
control money growth so that it increases at a k-percent annual rate in
each time period, implying E{aAm.|I, ;) = k. In this case, actual money
supply growth is given by
(3) mg -my =k + 9,
where ¥, is a control error (which Is presumably a stationhary stochastic
process, typlically assumed to be white noize). Note that if control errors
are not offset, the money supply exhibits "base drift," meaning that
.control errors have a permanent effect on the money supply. Here, the
money supply is an I(l) process independent of the behavior of v, and q,.

This type of monetary rule is unlikely to meet the necessary condition




for strong price stability.!® Because m, for the k-percent growth rule is
I(1l) regardless of the behavior of v, and q,, [m - v, + g.] is unlikely to
be I(0} and, hence, strong price stability will not hold.!! However, as
long as k is set equal to the deterministic drift in q, - v., the k-percent
growth rule will satisfy the conditions for weak price stability,

In principle, target bands or target cones can force the monetary
authority to offset control errors; the money supply is contracted if it
exceeds the band and is expanded if it is below the band. However, the
current method of specifying target cones (in addition to allowing the
target to drift) is unlikely to yield strong price stability. The reason
is that target cones are not a particularly binding constraint on the money
supply in the long run,.

For example, consider the case in which the money supply is given by a
random walk with drift—-that is, an on-average k-percent rule. The
expected value of the future money supply and its one standard deviation
confidence band are given by
(6) E(m|T,) £ 8D = my + kt + oyt
where m; is the initial money supply level and o, is the standard deviation
of the control error. Compare this with a target cone of the form
(7) my + kt * §t,
where 6§t is the width of the cone. Regardless of the size of the cone (é)
and the variance of contrecl error (awz), eventually the target cone will

envelop the confidence band for m,. This characteristic implies that a

1 This critique of base drift has been mentioned by several authors,

including Poole (1970).

1 Only in the very unlikely case in which v, and q, automatically

offset any permanent change in the money supply will prices be stationary.
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target cone is not a particularly binding constraint im the leong run, when
the money supply follows a random walk with drift. Indeed, a target cone
that is never readjusted is insufficient to yield strong price stability,
even if velocity and output are themselves I{0}. This result suggests that
the current monetary aggregate targeting procedure, which combines a target
cone and base drift, is unlikely to produce strong price stability.

On the other hand, a target band of the form
(8) my + kt * 4,
where # is the band width, is consistent with strong price stability as
long as v, and g, are stationary. A target band of the form given in
equation (8} ensures that the money supply is stationary around a
deterministic tremd. Provided k is chosen to offset the deterministic
drift in q, and v,, the money supply will satisfy the conditions for strong

price stability. Of course, when v, and q, are nonstationary, a target

band will not achieve strong price stability.

IV.2 Nominal GNP targets

Several researchers have suggested using nominal GNP targeting as an
intermediate target for monetary poliey [e.g., Hall (1983), Tobin (1983),
Gordon (1985), Taylor (1985), McCallum (1988, 1989, 1990a, 1990b)}. The
motivation for this type of targeting is that it avoids many of the
problems associated with monetary aggregate targeting, such as velocity
instability,

We should mention several general points about nominal GNP targeting.
First, by targeting the nominal GNP growth rate, the monetary authority can

only be sure that nominal GNP (in logarithms), p, + q,, is I(l); there is
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no way of ensuring that prices are stationary. Thus, to achieve strong
price stability, the appropriate nominal GNP target must be directed at the
level of mominal GNP. On the other hand, to achieve weak price stability,
the monetary authority need only target nominal GNP growth.

Second, if-the monetary authority targets the level of nominal GNP,
the attainment of strong price stability depends on the behavior of output,
the nominal GNP target, and the implied real GNP and price level targets.
To illustrate this point, let the logarithm of nominal GNP be given by x, =
p: + 9. Consider a simplified version of the nominal GNP rule considered
by McCallum (1988, 1982, 1990a, 1990b),'? in which the money growth is
determined by the feedback rule:

(9) Am, = - Av,_; + Ax¥ - A(X.o; - X%, 4),
where x*  is the nominal GNP target and 0 < A < 1. Here, the money supply
is set to offset past deviations of ncminal GNP from its target.

Using the quantity theory relationship and the money supply equation
to solve for prices yields:

(10) p. = 1/[1-(1-M)L] [a%v, + Ag¥, - Bg, + Ap¥, — A(Qeoy — Q%poy)
+ Ap¥ |
where gq*. and p*, are the implied targets for real GNP and the price level,

respectively (note: x*, = q%_ + p#*,).!*? For strong price stability, the

12 McCallum's nominal GNP rule looks like

Am, = 0.0075 - (viy - v 150/16 - A%, - X¥,.),
where the money supply is the monetary base, the time index represents
quarters, and 0.0075 is the quarterly growth rate in potential or target real
GNP, or E(Aqg*.).

3 The solution for p, given above ignores the complementary solution
implied by the price level difference equation. To get the general solution
for p., add the term

(1-2)* {pe - p* - 1/[1-(1-M)L][A%v, + Aq¥y — AQy + AP*y - A{qy = g*4) 1),
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appropriate price tarpget is a constant--that is, p*, = p*. Thus, reducing
(10) yields

(11) p. = p* + g% - q + [1/( 1-(1-2)L )] A%v,.

If 1 > A > 0, strong price stability is feasible as long as velocity is
I(2) or less and g* - q. is I(0). As long as the nominal GNP target
(given the constant price target, this means the implicit real GNP target,
q*.) adjusts so that g%, - q. is I(0), then the price level will be an I(0)
process, This result suggests that nominal GNP targeting is capable of
achieving strong price stability, even if real GNP is nonstationary, as
long as the implied real GNP target takes into account this
nonstationarity.

Hall (1983) and McCallum (198%) suggest selecting a once and for-all-
time target path for nominal GNP. Their motivation is to ensure that the
nominal GNP rule is credible. Gordon (1985) and Tobin (1983) suggest
periodically reevaluating the nominal GNP target to take into account
changes in potential GNP. This debate about how to choose the nominal GNP
target is not a trivial matter as far as price stability is concerned. As
the above algebra suggests, the method of choosing the GNP target can be
quite important in determining the feasibility of price stability. Only
with a periodic reevaluation of the nominal GNP target can nominal GNP

targeting ensure strong price stability when real GNP is I(1l).

IV.3 Price level targets

where the p; is the price level in the initial time period.
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Possible problems associated with choosing the nominal GNP target have
led some to suggest targeting the price level directly (Barro 1986 and
McGallum 1990b). 1Indeed, price level rules appear to be the most direct
and flexible monetary rules for achieving strong price stability. For weak
price stability, some sort of inflation target rule must be employed.

MeCallum (1990b) suggests a price level rule of the form
(12) &m. = Ag¥; - Aviy + Aqe.; = A(Pey - P¥),
where Aq*, is the targeted quarterly real GNP growth rate. Solving
MeCallum's price rule yields
(13) pe = p* + [1/(1-(1-A)L] [Ag¥, + A%v, - 4% ].

Therefore, for McCallum’s rule to yield price stability, v, and g, must be
I(2) or less. Indeed, any price level rule that includes feedback terms
for velocity and real GNP growth, as in equation (13), will yield price

stability if velocity and real GNP are I(2) or less.

IV.4 Interest rate targets

In general, interest rate targets do not ensure strong price
stability. Goodfriend (1987) and VanHoose (1989) have shown that the
desire to smooth nominal interest rates leads to price level
nonstationarity. Hence, Iinterest rate targeting tends to be inconsistent
with strong price stability.l*

Recently, Hetzel (1990) has offered an interesting proposal in which

14 MeCallum (1990b) has shown that a pure interest rate peg does not

constitute a well-formulated monetary policy. Some additional specification
of the money supply processz is needed--for example, a money supply rule.
However, the stochastic process for prices changes depends on the money supply
rule even though the nominal interest rate is pegged.
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the government issues indexed bonds as well as nominal bonds and uses the
spread between the two types of bonds as a puide for monetary policy. We
can formalize his proposal as a simple expected inflation target, or

(14) my - mey = -0[E(Pesr]Ils) - p.l,

where E(p.4;}I.) 1s the ratiomal expectation of the pfice level at t + 1,
glven time pericd t information. Using the quantity theory equation, we
can solve for the inflation rate (assuming |f]| < 1):

(15) ap, = B (-0)* B[(Mvery - Bdery) [Tl

The presence of the expectations term prevents the difference operator on
both sides from canceling out. Therefore, the price level can be
nonstationary even if velocity and real GNP are stationary. Thus, the
Hetzel interest rate target is not likely to generate strong price
stability. It is, however, consistent with weak price stability. This is
to be expected since Hetzel’s rule can be used to pursue a zero inflation

target.

V. Price stability in a macroeconomic model

V.1 Price stability and short-run stabilization policy

While strong price stability imposes strong restrictions on the long-
term behavior on prices and monetary policy, what do these restrictions
imply for short term stabilization policy? In general, the long-run
restrictions iImplied by price stability will impose constraints on the
ability of the monetary authority to engage in short-term stabilization.
However, as we show below, it is not clear that these constraints are

particularly binding.
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The restrictions that strong price stability impose on short-term
stabilization policy depends on the short term dynamics of the economy. In
order tc analyze these constraints we must be more specific about the
economic structure than in the previous section, In this regard, we

consider a simple linear rational expectations model of the economy given

by:

(16) my - p. = -api. + a1q. - v,

(17) ¢@¢ = - by i = GE Peyr — Pe) 1 + &
(18) q¢ = g% + cy(p. - E po) + 2z,

where ag, a;, by, and ¢; are positive constants. m, is the (log) money
supply, p, is the log of the price level, q, is the log of output, i, is
the nominal interest rate, v, is a shock to money demand, e, is a shock to
commodity demand, g%, is the natural or trend level of output, and z, is a
supply shock. Equation (16) iz a simple money demand equation, (17) is
commodity demand equation (IS curve), and (18) is an aggregate supply
equation.

Substituting and rewriting yields:
(19 —a; E pryy + (I4eq0)p. - @3 B pe = mp + VL - ay(q¥ A+ z.),

1% Strong

where oy = ag, ay = ¢;(artag/by), a3 = ajtag/b;, v’y = age./b; + v..
priece stability requires [m, + v', - ay(q*,+ z.)] be I(0) (see appendix).

This condition is qualitatively similar to the condition described in the
previous section and, hence, may of the insights of the previous section

will carry over to this model. To make further analysis of the effect of

price stability on short run stabilization policy interesting, yet keep the

135 Ye combine the money and commodity demand shocks inte a single random

variable for notational and algebraic ease. Separating the two shocks would
not alter insight derived from the analysis below,
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algebra tractable, we assume that g%, and v’ are given by g%, = q%,._; + e,
and v’ = v’ _, 4+ &%, where e9 and e, as well as z, are white noise.

Suppose that the monetary policy is governed by the following reaction
function:

(20) my = 6o + Byme_y + B9 + Oaq¥%. ) + 407 + 95V g + Bz + A(P¥ - Dea).
Note that this reaction function encompasses many of the rules described
above. For example, if ¢, = 1, 45, = #5 = 0, and A > O then monetary policy
is following a price level target similar to that described by McCallum
with A(p* - p..,) representing the error correction term. If XA =0 as
well, then monetary policy would be consistent with the expected inflation
target suggested by Hetzel.

Given the monetary reaction function described by equatiom (20), the
equilibrium price process has the form
(21) p. = 6g + &ymp + 8,09, + S,q¥%,.; + 8,8V, + 55v oy + 842,

The §'s can be solved for by the method of undetermined coefficients and
are presented in the appendix. Using the monetary reaction function and
equation (20), we can rewrite the equilibrium price process as
(22) [1-(8,-26)L]p, = 6,(Ll-0,) + 8,8, + 6,Ap% + [6,8, + 6§, — §,8,L]e%

+ (8,8, + 85 - 830,L]q% .y + [6,8, + 6, - 6,6,L}e",

t+ (8105 + 85 — 656, L)v ey + + [6185 + 85 - 640,L]2Z,.
Recall that the term L represents a lag operator.

In order for strong price stability to hold (that is, prices toc be
I¢{0}), the money supply reaction function must satisfy the following
restrictions:

(1) [8.65 + 65 - 848,] = 0,

(ii) [6,85 + 65 — 658,] = O, and

17




(11i) |8y - A6, < 1.

Using the values of §,, §,, and §; (see appendix), the first two conditions
can be rewritten as (i’) #4 = c3(1-8,) and (ii') 4, = -(1-4,). Note that,
in general, the presence of the error correction term (i) is neither a
necessary nor sufficient condition for price stability.

Note also that price stability places no restrictions on the other
parameters of the money supply reaction functiom, in particular #,, 6,, and
fs. Yet, these parameters are typically the ones most useful for short run
stabilization policy. For example, consider the monetary authority who
wanted to minimize Var(q.-q*.). For the above model,

(23) Var(q.-q*.) = [c1(8,-618,)1%Var(e%) + [c1(8,-6,8,)]*Var(e”)

+ [cy(64-8104)+1]%Var(z,).
One can choose #,, #,, and #, so that Var{q,-q*.) = 0 regardless of the
values of #,, 65, and #; (see appendix). Thus, in this example strong
price stability imposes no restrictions what-so-ever on short-term
stabilization policy. In fact, even if we did not allow the monetary
authority to use current information in setting its money supply rule (i.e.
By = 8, = 85 = 0), the Var(g,-g*,) can still be szet equal to zero and price
stability hold. 1In this case, #;, = A/(l+e;) and -(l+a;) (2e+l)/a; < A < -
(14a;) /ey, This money supply rule, even though it cannot directly offset
current period shocks, is able to stabilize output by moving future money
supply in reaction to the shocks.'® This in turn, causes expectations of
future prices to change and, hence, causes commodity demand to move to

offset current period shocks. Interestingly, in this case, the error

1 We are of course assuming that the monetary authority can credibly

commit to its state contingent rule.
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correction term is negative. Note that a price level target similar to
that examined by McCallum (#, = 1 and 0 < A < 1 with 4, = #, = 44 = 0) while
achieving price stability does not minimize the Var(g.,~q+%,). Perhaps this
is why the price level target in McCallum’s analysis is less effective than
other types of rules (specifically nominal GNP targeting) at stabilizing

real GNP.

V.2 Price stability and price level uncertainty
While the definition of strong price stability proposed above has the
advantage of an being an unambiguous mathematical or algebraic definition
of price stability, it is not necessarily a definition that captures the
economic essence of what some people consider to be price stablility--namely
price uncertainty does not distort economic decision making. In other
words, while our definition of strong price stability imposes long-run
restrictions on the properties on the price level, the relevant econcmic
time horizon may not be infinity.
For the above economic model and monetary policy reaction function,
price level uncertainty at an arbitrary time horizon, k, is given by
(24) Var(pey — E Pew) =
{A; + A (1-(81-28)2% 2y + A (1-(9,-26)%2) + A,(k-2) }Var(ed.)
+ {By + By(1-(8,-28)2%2)) 4+ B, (1-(§,-28,)%2) + B,(k-2) }Var(e',)
+ {Cp + Cu(1-(8,-28)2% D) ) Var(z,).
In general, Var(p.y - :E prw) Is a nonlinear function of the money reaction
function parameters (see appendix), and that for an arbitrary time horizon,
k, strong price stability does not necessarily minimize this variance.

However, under strong price stability, A; = A, = B; = B, = 0. Eliminating
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these terms is particularly useful at longer time horizons. Furthermore,
A, and B, are only equal to zerc when strong price stability holds.
Therefore, while strong price stability is not sufficient to minimize price
uncertainty at shorter time horizons, it is mnecessary at long time
horizons, Note that the short-term behavior of the money reaction function
as captured by the 4,, 4,, and #; parameters, which are not constrained by
strong price stability, can be used in conjunction with strong price
stability to minimize price uncertainty at an arbitrary time horizon.

The fact that strong price stability while imposing restrietions om
the long-run conduct of monetary policy does not necessarily imply strong
restrictions on short-term stabilization policy is mnot peculiar to the
above economic model or monetary reaction function, Walsh (1986), who
examines a slightly different economic model than the one above, considers
a monetary rule that consists of a monetary target (y.) and stabilization
term {y(q, - .1E q.)]. In his model, the restrictions implied by strong
price stability are entirely reflected in the choice of monetary target
(v.): given strong price stability, the optimal short run stabilization
parameter y is independent of the monetary target (Walsh 1986, p. 697).

In conclusicon, strong price stability does not necessarily hamper the
conduct of short-term stabilization poliey whether the goal iz output

stabilization or minimizing price uncertainty.’

Moreover, strong price
stability is useful for minimizing price uncertainty at any time horizon

and is necessary for minimizing uncertainty at long time horizons. It

17 Several studies examine the transition costs of moving to zZero

inflation, in terms of lost output (e.g., Howitt 1990, Aiyagari 19%0). These
studies are not inconsistent with our results: for short horizons the monetary
authorities still face a potential tradeoff of minimizing price level
uncertainty or minimizing output variability.
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seems that while strong price stability implies restrictions on long-run
monetary policy stringent enough to rule out some common monetary policies
(as demonstrated in section IV), it does not necessarily imply strong
restrictions on short-term monetary policy. This may leave the monetary
authority enough flexibility to consider short-term stabilization policy

while still achieving strong price stability in the long-run.

Discussion _and Conclusions

Achieving strong price stability, defined as targeting of the lomg-run
price level, requires strong long-run restrictions on the conduct of
monetary policy. In general, the money supply must follow some sort of
feedback rule that offsets the nonstationarity in velocity and/or real GNP.
Among the alternative types of monetary policy rules considered, price
level targeting and nominal GNP targeting (provided the nominal GNP target
adjusts to account for changes in trend real GNP) show the most promise for
generating strong price stability. Simple money supply targeting yields
strong price stability in fewer circumstances than does targeting either
the price level or nominal GNP. Indeed, the current monetary aggregate
procedures that include target cones and base drift are almost guaranteed
not to result in strong price stability.

In contrast to strong price stability, achieving weak price stability,
defined as targeting the inflation rate, imposes relatively weak
restrictions on the conduct of monetary policy. 1In faect, attaining weak
price stability would not necessarily require any changes in the
stationarity properties of the monetary aggregates. The relatively weak

long-run restrictions on the monetary aggregates associated with weak price
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stability reflects that stochastie price level shocks need not be reversed

under this policy. This implies that the reduction in long-run uncertalnty
about the price level is much smaller under weak price stability than under
strong price stability.

Advocates of strong price stability ¥ite the reduction of long-run
price level uncertainty under such a policy as the main reason it should be
pursued. While ocur explicit definition of strong price sztability implies
minimizing price level uncertainty at an infinite horizon, there are close
connections between strong price stability and price level uncertainty at
shorter horizons which may be more relevant for business plamnming horizons.
Specifically, in the context of a simple linear rational expectations
model, the attainment of strong price stability helps to minimize
uncertainty at shorter time horizons but it is not a sufficient condition.
For longer time horizons, strong price stability is a necessary condition
for minimizing uncertainty.

Somewhat surprisingly, the attainment of strong price stability does
not preclude the monetary authorities from pursuing other short-run
stabilization objectives. This follows from the fact that the conditions
for price stability are long-run conditions which are not inconsistent with
most short-run behavior of the monetary aggregates. This result does,
however, raise to the forefront issues of credibility and optimality which
this paper does not address. HNamely, does the pursuit of short-run
stabilization policies damage the credibility of the authorities’ long-run

commitment te price stability?
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Appendix

Sclving for the equilibrium price level.

Starting with equation (19), taking expectations based on information
set dated t-1, and solving the resulting difference equation for expected
prices yields:

(Al) e-1E Pr = 102" (a1 /(+e) )t (E[meyy + Vi - og(@¥ 420,50 ] /(1) .
Using (Al) we can obtain .E p.,, and substituting for . ,E p, and .E p,,, we
find that equilibrium prices are given by

(A2) py = (m. + V', - ay(g¥.+z.)

+ a3 o/ (I+ea))t (Elmeyy + Vg = @3 (q¥+2e4) ]

+ o/ (Iday) [1202° (ay/(T4ey))t (B, + V' = as(q¥y+20450) 11/ (T+ag+ay) .
Note that, because (a,/(l+e,)) < 1, the order of integration for p, is
determined by the order of integration of m, + v’, - a,{(q* +z.).

Given the money reaction function given by equation (20), equilibrium
prices can be solved for by method of undetermined coefficients:

(21) p, = B4 + Symg + 8,09 + S,q%,., + §,e%, + 6V . + 62,

where
b = a6, (Ap*+f,) /(T4 6,0) 6o=(~ay~ay610,+a 8 fatay6a) /(Ltogtas+a, §1A)
b3 = (—agtey§,84)/(Lva6,2) 6, = (l-ay6,0, 406,85+, 65) / (1+aytaz+a, 61A)
bs = (l+ay8,05)/(1+a,6,1) bg = (—ag—038.0,) /(1+ay+a,+a b4 0)

oy 28,2 + (1+a (1-8,))6, - 1 = 0.

Using the conditions (i) and (ii) for strong price stability and the
equations for &, and §; yields:

e A616s + (L4, (1-8))83 + a; = 0

alA5155 + (l+al(l—51))55 -1 = 0.
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Thus, &3 = -a38, and §; = ;. From conditionsg (i) and (ii), this yields

(i’) 83 = az(1-6,) and (ii') 85 = —(1-8,).

Effect of strong price stability on VAR(q, - g%*.)

Suppose "the monetary authority wished to minimize

(23) Var(qe-q*.) = [c1(8,-6,8,)|%Var(ed) + [c;(5,-6,68,))*Var(e”,)
+ [e1(8-840)+1)Var(z,).

Because §,, §;, and §; are independent of 4,, #,, and f, it is possible to
choose §,, #,, and 85 so that Var(g,-q¥%.) = 0.

When 4, = 4, = §, = O,
Var(q.-q¥%,) = [c18,]%Var(ed.) + [c,6,]*Var(e¥,) + [ci8s+1]%Var{z,).
Under strong price stability,
8y = —az(l+ay 8,0, )/(1+as+astond,0), 6, = (14+a16,8,)/(1+ayta+a,6,0), and ¢ 64+1
= (l+o +a 8,0 )/ (l+ey+ta,+o,8,1) . By setting 8 = -1/e6, = A/(1l+a;}, then §, =
8, = 0. Because §; in this case is equal to -(l+o,)/(e2), them ¢.6,41 = 0
as well,

Derivation of k-horizon forecast variance.

From equation (22) and after some algebra, we obtain
Pesk = oF Pesc = [6182+65]150ZF7 1 (81-6,0) e,y
+ (=620148105+65) 0T % (#1-610) % oy
+ (8105+83-6501) 10T (01-610) (Q¥cpnozos — B QFpiioz-i)
t (618,46, (oDt (81-610) eV gy + (=6,0146105+65) 10T % (816100 e a1y
+ (8105+85-6581) 1033 (81-6,0) (V" yrepet = BV rpient)
+ [810g+84] 1020t (B1-8 0 2 s + (=601) ;20252 (01-8 20 2 ppiq g -
After some algebra, we obtain

(24) Var(pesx — +E Pra) =
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{A + Ap(1-(8,-6, )20y 4 A (1-(8,-6,2)%2) + A, (k-2) }Var(ed,)

+ By + By(1-(8,-8,0)202y 4 B, (1-(9,-6,0)52) + B,(k-2) }Var(e",)
+ (G + Co(1-(8,-86,2)2%2)) } Var(z,),
where
Ay = [810,48,]% + [(60,48,) (B1-6,7)-6,8,46,8,+64]2
A, = (8;-6,0)2 x
[(818,+8,) (8,-812)=8,8,+8,8,+85-(8,0,48,=8,81)/(1-(8,-6,2))1%/(1-(8,-6,2)%)
Ay = 2(0,-86,2)(6,0:+6,-6460,) X
[(8385+65) (B1-8120)—8,8,+8,8,+86,—(5185+85-6501)/(1-(8,-6,2))1/(1-(8,-612))2
A, = (5193+53-5391)2/<1-(91-51A))5
By = [610,46,]% + [(6,8,48,)(0,-8,2)-6,0,+6,05+65]2
B, = (8,-6;0)% x
[(818,+8,) (81-810)—8,0,+8,85+65=(8,105+85-6501)/(1-(8,-6,0))]12/(1-(8,~6:2)2)
By = 2(8,~6,A)(8,05+85-6560,) %
[(810,+8,)(8,-812)—6,81+8,05+85-(5185+85-8581)/(1-(8,-6,2))]/(1-(8,-6,2))7
B, = (8§,05+65-850,)2/(1-(8,-6,2))2
Cy = {81064+65]% + [(8,85465)(0,-6,2)-548,]2
Cy = (81-810)2[(810548,) (81~610)-648,12/(1-(6,-8,1)2).
Note that under strong price stability:
(6105+63-638,) = (8,85+85-658,) = O,
and, hence, Ay = A, = B; = B, = 0.
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