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Abstract
It iscommonly believed that a monetary policy that targets the price level reduces the long-term
variability of the price level but only at the cost of increased variability in both inflation and
output. This paper shows that this result may not hold so long as increases in the real rate of
interest cause decreases in aggregate demand. In particular it is shown that the one-step-ahead
variance of output and inflation are lower under price-level targeting than under inflation
targeting. Further, it is shown that the variance of inflation about its target value can be lower
under price-level targeting than under inflation targeting. This increased stability under price
level targeting works through an interest rate channel not previously identified in the literature on
price-level and inflation targeting.



1. Introduction
Most central banks operate under the twin goals of price and output stability with price

stability defined as alow and stable inflation rate somewhere between 2% and 3% per year.E|
There are two ways, however, to achieve an average inflation rate of 3%. Under what is called

inflation targeting, even if the target rate is missed during the current period, the target remains
at 3% for all future periods. Under what is called price-level targeting, the long-run path of the

expected price level is pre-determi ned.EI

Thus, if inflation is 4% during the current period, the
inflation target during the next period is reduced to 2% in order to restore the price level to its
target growth path. In contrast, under inflation targeting, anytime the realized price level differs
from its expected value, there is a new long-run path for the expected price level .El

This paper shows that this difference between price-level targeting and inflation targeting
is sufficient to cause price-level targeting to be superior to inflation targeting as long as
expectations are rational and the demand for output increases as the real rate of interest declines.
The reason for thisresult is straightforward. Under price-level targeting, whenever the realized
price level is above its expected value, expected inflation declines, raising the real rate of
interest. This reduces aggregate demand, thereby reducing the size of the unexpected changein
the pricelevel. This, it turns out, always reduces the variation of output around its full
information value and the variation of the price level around itstarget value. That is, price-level
targeting provides the economy with aform of built-in stability not provided by inflation
targeting.

The argument of this paper isimportant because it iswidely believed that the only

advantage of price level targeting over inflation targeting is the former's ability to provide a

greater degree of price-level stability in thelong run. According to Svensson (1999), the



emerging conventional wisdom is that this advantage comes "at the cost of increased short-term
A

variability of inflation and output."™ But in the model presented below, price-level targeting
aways resultsin agreater level of output stability than inflation targeting. Further, it is possible
for the variability of inflation also to be lower under price level targeting than under inflation
targeting.

The relative benefits of price-level targeting demonstrated below depend upon the effect
of price-level targeting on the behavior of aggregate demand. Therefore, as the graphical
presentation in section 5 below makes clear, the results derived below do not depend upon why
the short-run aggregate supply curve is upward sloping. In particular the results derived below
hold not only if the Phillips curveis neo-classical, but dso if itis Ne'w-Keyneﬁian.EI

The remainder of this paper is organized as follows. Section 2 briefly discusses some of
the recent literature on the choice between price-level and inflation targeting. Section 3 presents
the model, while section 4 presents solutions to the model, first under inflation targeting and then
under price level targeting. A comparison of the solutions shows that price-level targeting
provides greater output and price stability. Section 5 presents a graphical explanation of the

results which is straightforward enough to use in an intermediate level macroeconomics

classroom. Finally, section 6 offers a summary and some conclusions.

2. Previous Literature
Bernanke et al. (1999, p. 10) state that the case for targeting the rate of inflation rests on

three arguments. The first argument is that the inflation rate is the only economic variable that
the monetary authority can control in thelong run. That is, setting alow rate of inflation as the
primary long-run goal of monetary policy reflects an acceptance of reality rather than alack of

concern over other economic problems (such as unemployment). The second argument is the



belief that even moderate rates of inflation tend to reduce economic efficiency. Hence policy
makers who target inflation believe that maintaining alow and relatively stable rate of inflation is
anecessary condition for the achievement of their other macroeconomic goals. Finally, the third
argument is that an inflation target imposes the necessary discipline on the central bank that
alows financial markets and the public at large to form their expectations with a greater degree
of certainty than otherwise.

Asthe first argument for inflation targeting makes clear, however, advocates of inflation
targeting are not unconcerned about short-run stabilization policy. Rather, they believe that any
short-run, counter-cyclical monetary policy should not be implemented without taking into
account the monetary authority's long-run goals for the price level. Thus for advocates of
inflation/price-level targeting the interesting comparison between the two is within the context of
short-run stabilization policy. Hence, if one agrees with McCallum (1990) that the gain in the
long-run price-level predictability obtained from price-level targeting is relatively small, then
acceptance of the conventional wisdom that price-level targeting resultsin a greater degree of
short-run output and inflation variability, is enough to make inflation targeting preferable to
price-level targeting. Svensson (1999), however, presents a model in which the conventiona
wisdom does not hold. Rather, in hismodel the variance of output is the same under price-level
targeting as it is under inflation targeting. Further, he finds that the variability of inflation can be
lower under price-level targeting than under inflation targeting.

In Svensson's model, aggregate supply is described by y, = py,_, + a (77, — 77;‘t_1) +&,

wherey; isthe natural log of output, p is the autoregressive coefficient, & is asupply shock and

7T,,_, isthe expectation of timet inflation conditional on timet-1 information. The policy maker
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chooses the price level, making the aggregate demand curve a horizontal line at the chosen price
level. When the policy maker cannot commit to an optimal policy, if p> Y%, then the variance of
inflation is lower under price-level targeting.

Kiley (1998), responding in part to the working paper version of Svensson (1999), argues
that Svensson's results depend upon the specification of his aggregate supply curve. Simulations
of small scale macroeconomic models (such as those mentioned in footnote 4, above) find that
price-level targeting isinferior to inflation targeting regarding output stability because these
models employ New-Keynesian Phillips curves. The implication isthat Svensson (1999) finds
that price-level targeting can produce alower inflation variance than inflation targeting (with
output variances being equal) only because his model employs a neo-classical Phillips curve.
Dittmar and Gavin (2000) show that Kiley's argument isincorrect. Rather they find that price-
level targeting performs better than inflation targeting in an economy with a New-Keynesian
Phillips curve.

Why then, does Svensson find that price-level targeting can result in alower variance of
inflation than inflation targeti ng’?EI The main factor driving his result is the assumption that the
central bank does not adjust its output target over time, even though output deviations are known
to be persistent. If output y; is above its target (taken here to be 0) during the current period, then
in the absence of time t+ 1 supply shocks Svensson's aggregate supply curve implies that
Vir1=0¥:. Thisisbecause in the absence of such a shock, the private sector perfectly anticipates
time t+ 1 central bank behavior causing actual and expected inflation to coincide. Thus, although
rational expectations dictate yi+ 1= oy: in the absence of future shocks, the central bank's goa is

Yi+1 :O.EI It isthe attempt of the central bank to achieve an output target of 0 when output
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Pt = Pr1 + 7. (11)
Subtracting pr.1 from both sides of (11) yields
Pt—Pr1= Pri—Pr+ 7T
E = 77 - (Pr1- Pra). 12)
According to equation (11) there is a predetermined path of prices that the monetary
authority istargeting. If 77 > 0, thisimpliesthat the price level target is trending upward over
time. Thus, price level targeting is consistent with a positive average rate of inflation. Asis
shown by equation (12), if the price level is below itstarget during period t-1, the target rate of
inflation during period t is above 7z Similarly, if the price level is above its target during period
t-1, the target rate of inflation during period t is below 7z
Substitute (3), (5) and (12) into the loss function (4) to yield
Li= QAp—Pra - T+ (L- QP —ra b))’ 4"
Rewriting (4") for period t+1 and taking the expected value yields
EcLirs = E{QPe1—p-71)"+ (1- (NP1 —Pe1))} (13)
While noting the dependence of p.1 on R, taking the first derivative of (13) with
respect to Ry+1 and setting the result equal to zero yieldspw1 = py + 77. Thisalows the equation
for the IScurve to be written as
y'=a-ofR- 77- (pi- P+ & (1)
Since w.1p; = pr1 + 77 (1") and (3) can be used to write the expected loss function for the

current period as follows:

E.L =(Q+@-Qp 1@ +p?)Ela-c-aR -1+, - &)

Minimizing the expected loss with respect to R; yields
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R=[(a0/a] + 7 (14)
Inserting (14) into (1") yields the expression for output demanded:
y =+ -ap— ) + i (15)
Solving (15) and (3) jointly for equilibrium output and the price level yields the results for price-
level targeting.
Vi = C+ (ya. + asspl(a+ )); (16)

P =pe+ (& - &) a+ ). (17)

4.3 Comparison of price-level and inflation tar geting.
Under inflation targeting, thetimet price level target isimplicitly

P = P +7_T'
This equation plus equations (5), (9), (10), (11) (16) and (17) can be used to find the deviations
of output, the price level and inflation from their target values under both inflation and price

level targeting. The results for inflation targeting are given in (18a-C).

Yi — Y/t =&t T &5 (188)
5 =1 18b)
P =B __(‘911 _83,t) (
-1
m-m==(&, &) (18c)
4
The resultsfor price level targeting are given in equations (19a-C).
o V(‘Sl,t - ‘93,t) 193
yt yt - a+y ( )
b, _Bt - (El,t _ES,t) (19b)

C (a+py
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P (gl,t - ‘93,t) - (‘91,t—1 - g3,t—1)

_ 19
o @+y) (%)

Note that in (19c), we write 77, — 77 rather than TT, - 71 As pointed out by Svensson (1999), the

interesting issue is whether price level targeting performs better than inflation targeting, evenin
the case where society's preferences correspond to inflation targeting. Thusin (19¢) we examine
the deviation from a fixed inflation target.

Table 1 provides a summary of the variances of these variables around their target values.

Tablel
Variances of Output, the Price Level and Inflation under Inflation and Price-Level Targeting.

Variance of output Variance of price
about full information | level about itstarget | Variance of inflation
value value about 7z.
2 2 2 2
Inflation targeting 012 + 04 (01 "'203) (0'1 ”’20'3)
4 y
2 2 2 2 2 2
Price-level targeting yz(al—"'g?») M 2(01 +023)
(a+y) (a+y) (a+y)

As can be seen from Table 1, the variance of output (about its full-information value), as

well as the variance of the price level (about its target value) are always lower under price-level

targeting than under inflation targeting. This contrasts with Svensson's (1999) results, where

under both forms of targeting the variance of output is the same. It also contrasts with the

conventional wisdom that price-level targeting increases the variance of output. The reason for

the superiority of price-level targeting found here is that changes in expected inflation work to

stabilize the economy through changes in the expected real rate of interest. This can be seen

from Table 1 by noting that as a approaches zero, the variances of output and the price level
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under price-level targeting approach those under inflation targeting. Further intuition for this
result is provided in the next section of the paper.

As pointed out in the introduction, the emerging conventional wisdom isthat price-level
targeting resultsin a higher variance in inflation than does inflation targeting. But as can be seen
from the last column of Table 1, here the comparison of inflation variance under the two regimes
isambiguous. It can easily be seen from the entriesin the table that if o islarge enough relative

to y; then the variance of inflation is lower under price-level targeting.

To obtain someintuition for this result note that ~ 2 isthe slope of the IScurve, while 1

a 4
isthe slope of the AScurve. When theIScurveisreatively flat (aisrelatively large), spending
is highly responsive to changesin therea rate of interest. On the other hand, if the AScurveis
relatively steep (yisrelatively small), changesin demand have arelatively large effect on the
price level and therefore induce arelatively large change in expected inflation under price-level
targeting. Hence as a increases relative to ), the change in demand induced by price-level
targeting and the resulting degree of built-in stability both increase. If the built-in stability
induced by price level targeting is sufficiently large, then price level targeting also stabilizes the

rate of inflation more than does inflation targeting.

5. A Graphical Explanation
Figure 1 presents a graphical description of what happens in the above model when there

is an aggregate demand shock. At the beginning of the period the monetary authority sets the rate
of interest at Ry, causing the LM curve to be horizontal at Ry. When the interest rate equals Ry,
the quantity of output demanded is Y,. Sinceinterest rate targeting causes the aggregate demand

curve to be vertical, output demanded equal s output supplied at the point P, Yo on the lower
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graphin Figure 1. Let usassumethat if there are no shocks during the current period, Yo isthe
optimal level of output and Py is the target level for the price level .El

If there is ademand shock that shiftsthe IScurveto IS, then under inflation targeting the
new level of outputis Y, That is, under afixed rate of interest and inflation targeting, output
b

increases by the full amount of any demand shock.™ Since an unexpected increase in the price
level is necessary for output to increase, the price level a'so must increase al the way to P But
if the monetary authority istargeting the price level, as the price level increases in response to the
demand shock, expected inflation decreases. An over shooting of the price level target in the
current period leads to areduced target level for inflation in the subsequent period. For agiven
nominal rate of interest, a decrease in expected inflation raises the real rate of interest. This
causes the IS curve to shift back to the left to IS, so that output and the price level increase only
to Py, Yp. Hence price-level targeting causes an automatic decrease in demand that partially
offsets any unexpected increase in demand. That is, price-level targeting provides built-in
stability for demand shocks.

Now consider Figure 2. Once again assume that if there are no shocks during the current
period, Yo isthe optimal level of output and Py isthetarget level for the price level. If thereisa
shock to aggregate supply that shifts the short-run aggregate supply curve to SRAS, the full
information level of output increases to Youima. Under inflation targeting, output demanded
remains at Yy and the price level declinesto P, while under price-level targeting, as the price
level declinestoward P, expected inflation increases. For agiven nominal rate, anincreasein
expected inflation reduces the real rate of interest, so thereis an increase in output demanded.

Thus, the IS curve shiftsto theright to IS. Thisincrease in output demanded prevents the price

level from declining as much as otherwise and allows output to increase in response to the
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temporary increase in aggregate supply. Asaresult, under price-level targeting both output and
the price level stay closer to their optimal levelsin response to supply shocks aswell asin
response to demand shocks.

The superior performance of price level targeting when there is an aggregate supply shock
depends in part on our assumption that the output target should reflect the current period supply
shock. If thisargument is correct, then the result discussed in Figure 2 will hold, even if the
preferences of the monetary authority do not incorporate the contemporaneous supply shock. The
reason isthat the interest rate is set prior to observance of the supply shock. As aresult, the
monetary authority will optimally choose the same interest rate target, regardless of whether or
not the output target in itsloss function is adjusted to reflect the contemporaneous aggregate
supply shock.

The above discussion of Figures 1 and 2 can easily be modified for the case in which the
rate of interest is not pegged. In this case there would be an upward-sloping LM curve and a
downward sloping aggregate demand curve. The results, as shown by Figures Al and A2 in the
Appendix, are the same. Price level targeting reduces the variation of the price level about its

target value and the variation of output about its full-information value.

6. Summary and Conclusions
This paper employs a standard macroeconomic model to contrast the economy's

contemporaneous response to shocks under inflation targeting and price level targeting. Output
and the price level show less variance around their target values under price level targeting.
When a shock hits the economy under price level targeting, this changes expected inflation for
next period, which in turn causes changes in the real interest rate which act to stabilize the

economy against both aggregate demand and aggregate supply shocks. This mechanism by
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which price level targeting stabilizes output and the price level has not been previoudly identified
in the literature.

Our work is strongly complementary to Svensson (1999), who finds that price level
targeting may lead to alower inflation variance if output is sufficiently persistent over time.
When we consider the case of zero output persistence, we find an ambiguous comparison
between the inflation variance of the two regimes. In Svensson's model, with zero output
persistence, inflation variance is aways higher under price level targeting. Thus, when the
mechanism we develop is considered along side the one identified by Svensson, the case for price

level-targeting is strengthened.
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Footnotes
1. Thetarget range in Canada, for example, has been 1-3% since 1991 (Freedman, 2001).
2. For adiscussions of the advantages of price-level or inflation targeting, see Svensson (1999)
and Bernanke et. a. (1999). The latter aso provides useful summaries of the experiences of
inflation-targeting countries. See Berg and Jonung (1999) for a discussion of Sweden's
experience under price level targeting.
3. Our terminology follows Svensson (1999). What Svensson calls inflation targeting, Balke
and Emery (1994) call weak price stability. What Svensson calls price-level targeting, Balke and
Emery call strong price stability.
4. Seealso, for example, Lebow, Robert and Stockton (1992), Fischer (1994), Haldane and
Salmon (1995) and Fillon and Tetlow (1994).
5. According to Kiley (1998), aneo-classical Phillips curve is one in which an unexpected
increase in the price level (or inflation) causes an increase in output. Hence equation (3) below,
which here is called a Lucas aggregate supply curve, is aneo-classical Phillips curve. Kiley
defines a New Keynesian Phillips curve to be one in which increases in output are caused by
current inflation being higher than expected future inflation. These definitions are also used by
Dittmar and Gavin (2000).
6. Cover and Pecorino (2001) provide a note length interpretation of Svensson's (1999) results.
7. Svensson considers output targets that exceed the full information level, asin Barro and
Gordon (1983). This assumption is not crucial for the issues we address in this paper, and we do

not consider the corresponding assumption in our model.
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8. Because the demand for output in the McCallum-Nelson model declines asthe rea rate of
interest increases, our results hold in their model.

9. Under interest rate targeting, the model breaks down if we allow yto reach zero. When y=0,
the aggregate supply curveisvertical. Under interest rate targeting, the aggregate demand curve
isalso vertical. Asaresult, thereis either no intersection of supply and demand, or the curves
coincide, in which case thereis price level indeterminacy.

10. Thisisthe loss function used by Taylor (1979) and Flodén (2000) among many others.

11. Thatis, Yo=cand Py = p;.

12. Equation (8), above, showsthat if thereis afixed rate of interest, then output increases by

the full amount of any demand shock under inflation targeting.
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Original output is Y, while origina pricelevel isPy. A shock to aggregate demand, given
expected inflation shiftsthe IS curveto IS. Since expected inflation does not change under
inflation targeting, the new output and price level remain at Y and P But if the monetary
authority istargeting the price level, as the current price level increases expected inflation
declines, causing the IS curve to shift back towards its original position to, say, IS". Asaresult
price level targeting reduces the variance (about their target values) of both output and the price

level resulting from aggregate demand shocks.
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Figure 2
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Original output is Yo, while original pricelevel isPy. A shock to aggregate supply shifts the
SRAS curveto SRAS causing optimal output to increase to Y opima. Since expected inflation
does not change under inflation targeting and the rate of interest is being pegged, the level of
output demanded remains at Yo and the price level declinesto Pr. But if the monetary authority
istargeting the price level, as the current price level decreases expected inflation increases,
causing the IS curve to shift upwards or to theright to IS. Asaresult price level targeting
reduces the variance (about their optimal values) of both output and the price level resulting from

aggregate supply shocks.



23

Appendix—Figures when the rate of interest is not pegged.

Figure Al

Size of demand shock




24

Figure 2A
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