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Monetary Policy under Neoclassical and New-Keynesian Phillips Curves,
with an Application to Price Level and Inflation Targeting

Abstract

This paper compares discretionary monetary policy under two Phillips curves.
Previous work uses a Phillips curve consistent with "Neoclassical® models of price
adjustment. Sticky price models imply a "New-Keynesian" Phillips curve based on
staggered price setting that delivers familiar results on an inflationary bias and

inflation contracts. However, the comparison of price level and inflation targeting
reveals an output/price stability tradeoff under the New-Keynesian model that does not
arise under the Neoclassical specification, illustrating the usefulness of considering the
New-Keynesian model. Given the empirical support for the New-Keynesian
specification, a stability tradeoff likely exists.
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The literature on monetary policy decisions in an economy characterized by a Phillips
curve, rational expectations, and time-inconsistency has addressed questions regarding the
inflationary bias under discretionary monetary policy (Barro and Gordon (1983)), the design
of monetary institutions (Rogoff (1985), Schaling (1995), and Walsh (1995)), political
business cycles (Alesina (1987)), and the debate over inflation and price level targeting
(Svensson (1996)). Standard models of this type use a "Neoclassical” Phillips curve to
discuss the above issues. This paper considers an alternative "New-Keynesian" Phillips curve
in a standard time-inconsistency framework. The standard results on an inflationary bias, the
implications of "conservative" central bankers, and the effectiveness of linear inflation
contracts in ameliorating the inflationary bias, readily fall out of the model based on the New-
Keynesian Phillips curve. However, a comparison of inflation and price level targeting under
the New-Keynesian Phillips curve implies that assigning a price level target to the central
bank increases expected output fluctuations relative to expected output fluctuations under
inflation targeting. The increase in expected output fluctuations under price level targeting in
a New-Keynesian Phillips curve model contradicts Svensson's (1996) claim (derived in a
Neoclassical Phillips curve model) that price level targeting is a "free lunch”, and illustrates
the usefulness of using New-Keynesian Phillips curves rather than Neoclassical Phillips
curves for policy discussions.

The analysis of price level and inflation targeting under the New-Keynesian Phillips
curve identifies the source of disagreement between Svensson's (1996) analytical results on
assigning central banks inflation or price level targets, and a growing conventional wisdom on

the implications of price level targeting. The conventional wisdom from simulations of small



scale "Keynesian" macroeconomic models under inflation and price level targeting is that
price level targeting raises output variability because inflationary mistakes must be reversed in
order to prevent base drift in the price level, and the reversal of inflationary mistakes leads to
extra output variability. For example, Lebow, Roberts, and Stockton (1992) and Fillion and
Tetlow (1994) find increases in output fluctuations under price level targeting in simulations
of models with price adjustment specifications that imply a New-Keynesian Phillips curve,
and this paper demonstrates analytically that the conventional wisdom from model simulations
falls cleanly out of the basic New-Keynesian Phillips curve. A Neoclassical Phillips curve
does not share the intuition because it does not have gradual price adjustment - as discussed
in the model descriptions in section 1.

Section 2 then quickly demonstrates that the standard results on an inflationary bias,
“conservative" central bankers, and inflation contracts for central bankers follow from both
the Neoclassical model and the New-Keynesian model. Section 3 illustrates that the type of
Phillips curve used for analysis is important by demonstrating the different implications of
each type for price level and inflation targeting.
1. The Phillips Curve

Typical motivations for Phillips curve relations fall into either the Neoclassical or
New-Keynesian categories.
1.1 Neoclassical Phillips Curve Models

One popular class of models assumes that inflation consists of a component driven by

! Prominent examples include Lebow, Roberts, and Stockton (1992), Fillion and Tetlow (1994), Fischer
(1994), and Haldane and Salmon (1995).



inflation in the flexible price equilibrium price level, and a component based on the lagged
expectation of inflation in the flexible price equilibrium price level:

P - R = (P - pa) + (LR)EL(P™ - B - v (1.1)
where p is the (log) price level,"$y s the flexible price equilibrium (log) price level (or the
long-run desired price level), E is the expectations operator, v is an inflationary supply shock,
and O<<1. The inflation supply shock (v) lends a stochastic element to inflation, as
suggested by McCallum (1994, p. 254). Several motivations for inflation specifications like
(1.1) are possible. In one class, some fraction of prices (or wages) for period t are set at time
t-1 (i.e., one period predetermined prices), and the fractican be viewed as the fraction of
firms who set their period t price based on period t information, with the remaining fraction
setting their price at time t based on lagged information. Work by Barro and Grossman
(1976), Fischer (1977), Mussa (1981a, 1981b), McCallum (1994), and Svensson (1996)
loosely follows this interpretation. Another popular alternative based on signal extraction
stems from Lucas (1973). One key aspect of (1.1) is that all anticipated movements in the
flexible price equilibrium price are fully incorporated into inflation. Also, price adjustment is
not gradual, as the lagged price level drops out of (1.1).

To generate a Phillips curve relating output to inflation, assume that aggregate supply
(y°) is determined by an exogenous productivity process (x), and aggregate defnand (y ) is
given by the quantity equation:

Yo =%, (1.2)

y'=m-n. (1.3)

In a flexible price equilibrium, output is determined by aggregate supply (1.2),/8hd p, =m -



X.. When prices follow (1.1) and output is demand determined, (1.1)-(1.3) imply that output
is given by

Y. = (1-o)(m, - E,m) +aXx,+ (1-a)E, X, + V. (1.4)
Taking expectations as of t-1 of (1.1) and subtracting from (1.1) yields

P - BaR =a(m - Bam - % + B, X). (1.5)
Inserting (1.5) into (1.4) yields the Phillips curve

Ye=a@ -Eip)+x+yd

y. = al@p - B,Ap) + &,

eg=x+Vvi,a=1a)o. (1.6)

The expectations augmented Phillips curve in (1.6) is the typical specification that arises in

the models discussed above. McCallum (1994) denotes these "Neoclassical" models because

they embody the idea that only unanticipated inflation results in output fluctuations, and
satisfy the Lucas (1973) definition of the natural rate hypothesis, which requires that no
systematic, expected inflation policy can maintain output permanently away from its natural
rate.
1.2 New-Keynesian Phillips Curves

The class of New-Keynesian Phillips curves models (as denoted by Roberts (1995))
relies on sticky price specifications in which price setters stagger the intervals over which
their prices are rigid (Taylor (1980), Calvo (1983)), or on partial adjustment models

(Rotemberg (1982, 1987, 1996)). | will derive the Phillips curve implied by the Calvo



staggered price setting model.

In the Calvo (1983) model, individual firms adjust prices infrequently. In a given
period, the probability that any individual firm adjusts its price is constant and equdlte
dynamics of the aggregate price level and individual firm prices are given by:

p = (1a)p., + oz -V, 2.7)

z = ap™ + (1o)Ez, (1.8)
where p is the (log) price level, z is the price chosen by firms at tim&*t, p  is the flexible
price equilibrium (log) price level (or the long-run desired price level), v is an inflationary
supply shock, and Gs<1. Notice that the price level adjusts gradually, as indicated by the
lagged price level on the right hand side of (1.7).

Under the same aggregate demand and potential output assumptions as in the previous
section (1.2 and 1.3),"% =,m ; x. Equation (1.7) implies

EAp., = (1w)Ap, + aEAzZ,, , (2.9)
and (1.7) and (1.8) imply

EAz,, = BEApy, + a(p, - m + X). (1.10)
Combining (1.7), (1.9), (1.10), and (1.3) yields the New-Keynesian Phillips curve

Y. =alp - BAp.) + &,

g=x+Vvk3a=(1la)a? (1.11)
which resembles the Neoclassical Phillips curve, but differs in a fundamental way.

In particular, the sticky price models which yield a New-Keynesian Phillips curve

21t is well known from Rotemberg (1987) that the Calvo model and partial adjustment imply the same
relationship between prices and output; Roberts (1995) demonstrates that Taylor-style staggered prices generate a
Phillips curve similar to that of the Calvo model. Since the Calvo model is the simplest, | present it as the base
New-Keynesian Phillips curve model.



imply that it is the deviation of today's inflation from expected future inflation that cause
output fluctuations, so that an anticipated future inflation depresses current output. The
intuition for this effect is simple, and plausible: when prices are sticky for several periods,
firms raise current prices in response to an anticipated future aggregate demand expansion
(because price adjustment is infrequent, future changes in desired prices affect the price
chosen today). The increase in prices corresponds to a negative shift in aggregate supply,
which depresses current output. Section 3 will demonstrate that this impact of anticipated
price movements on output in the New-Keynesian framework is very important for
consideration of price level targeting.

Before comparing the implications of each Phillips curve for monetary policy, some
comments regarding the empirical plausibility of each Phillips curve is in order. The
literature suggests that the New-Keynesian model betters captures salient features of the data.
For example, Blanchard's (1990) review of the literature indicates that the data suggest
important effects of anticipated monetary shocks on output, in line with the New-Keynesian
motivations for the Phillips curve, and directly contradicting the essence of the Neoclassical
Phillips curve. Also, most small scale, rational expectations macroeconomic models designed
for policy analysis incorporate staggered price setting along the lines suggested by Taylor
(1980), or some convex price adjustment specification following Rotemberg (1982), in order
to adequately describe the data; for example, Brayton and Tinsley (1996) discuss how the new
Federal Reserve Board model relies on convex price adjustment costs and rational
expectations to generate slow, forward looking price adjustment to describe U.S. inflation.

2. The Standard Monetary Policy Game Results



The standard model of discretionary monetary policy assumes that the monetary
authority is directed to minimize a loss function (L) which is quadratic in the deviations of
inflation and output from their target levels andY):

L = Yo B' E{(APwi - m)* + W(y -1)3, (2.1)
where w is the weight placed on output stabilization, @rd the discount factor. The output
target is assumed to lie above the natural rate of oulpt@)(due to market distortions.

The monetary authority's minimization of (2.1) involves contemporaneous reactions of
inflation to the aggregate supply shocks (e), which | assume are distributed independently
over time. In the Neoclassical specification, the public's inflationary expectations are formed
before the realization of time t shocks (i.e., at t-1), but the New-Keynesian specification
implies that expectations are formed based on period t information. | focus on the
discretionary equilibrium to the monetary policy game where the monetary authority cannot
commit, and therefore takes expectations as given when choosing inflation.

Minimizing (2.1) with respect to inflation, subject to either the Neoclassical (1.6) or
New-Keynesian (1.11) Phillips curves, yields the first order condition

Ap, -7 = -aw(y -1).2 (2.2)
Guessing that the inflation solution involves a constant and the inflationary shock under both
Phillips curves, and substituting (1.6) or (1.11) into (2.2) yields the solution for discretionary
monetary policy under each Phillips curve:

Neoclassical: Ap, =7 + awl - (aw/(1+d w))e (2.3a)

% Note that this first order condition uses the inability of the monetary authority to commit in that
current actions have no effect on future expected inflation (under both Phillips curves), making maximization of
(2.1) essentially static.



New-Keynesian: Ap, =m + awl - (aw/(1+& w))e (2.3b)
Under both types of Phillips curves, the discretionary monetary policy is identical, and
contains an inflationary bias which results in higher than average desired inflation, and no
benefit in terms of better average output performance. imfigionary biasresults because
the monetary authority cannot credibly commit not to exploit the Phillips curve when the
monetary authority places a positive weight on output stabilization (w>0).

The similarity of monetary policy under both Phillips curves reveals that most of the
popular results in the time-inconsistency literature on monetary policy derived with
Neoclassical Phillips curves can be derived with the New-Keynesian Phillips curve. For
example, Rogoff (1985) demonstrates that “conservative” central bankers can alleviate the
inflationary bias, at the cost of greater output variability, in a Neoclassical Phillips curve
model. The same result, corresponding to appointing a central banker with a low w in (2.3),
occurs in the New-Keynesian model.

Another recently popular line of work develops linear inflation contracts for central
bankers that alleviate the inflationary bias by imposing a penalty on the central bank for
exceeding its inflation target (Walsh (1995)). This device has gained popularity because of
New Zealand's central bank reforms, which incorporate penalties for inflation deviations from
target. Following Svensson (1997), the linear inflation contract can be viewed as augmenting
the central bank's loss function (2.1) with a penalty,

L = Yo B' E{(APui - m)* + WY - 1) + f(Apy; - M)} (2.4)

The optimal contract simply specifies the proper f in (2.4) to alleviate the inflationary bias;

taking the first order condition and solving as above for both types of Phillips curves, the



optimal f equals -aW.*
3. Price Level and Inflation Targeting

While the previous section makes clear that many of the standard results on monetary
policy discretion derived with Neoclassical Phillips curves hold in a New-Keynesian Phillips
curve framework, the two Phillips curves have different implications for the impact of price
level and inflation target procedures on economic performance. The monetary policy derived
in section 2 assumes that the monetary authority targets inflation and output. As is clear from
(2.3), inflation targeting imparts a unit root to the price level (i.e., base drift) for both Phillips
curves. A long line of work, including Wicksell (1936), Fisher (1945), Simons (1948), Mints
(1950), and recently Svensson (1996), notes that this unit root imparts a great deal of
uncertainty to planning over medium to long horizons, and therefore some price level target,
which generates a trend stationary price level path, may be a better goal for monetary policy.
This section pursues the implications of this thought, which takes on practical importance
given the prominence debates over inflation and price level targeting have played in recent
policy discussions by economists from the central banks of Australia, Canada, England,
Finland, Israel, New Zealand, Spain, and Sweden.

Imagine the central bank is directed to target the price level, so its loss function is
given by

L= Zizo ﬁi Et{(pt+i - (I)t+i)2 + W(yt+i - T)2}1 (31)

* For the theorist, Walsh-type inflation contracts are a nice cure to the inflationary bias. Practical
implementation of these inflation contracts may prove more difficult (see Svensson (1997)).

® This list corresponds to participants at the Bank of England's conference on inflation targets (see the
volume containing Haldane and Salmon (1995)); the issue is also discussed in the Bank of Canada volume
containing Fillion and Tetlow (1994).



®,, =mi, i =0, (3.2)
where ®,,; is the price level target in period t+i, which grows at ratso that the desired
level of inflation under both price level and inflation targeting is idenfical.

In considering price level targeting, it will prove useful to express the Phillips curves
in terms of price levels:
Neoclassical: vi=a(p -E.p) t e, (3.3)
New-Keynesian: y,=a2p -p, -Ep, ) +e. (3.4)

Inspection of (3.3) and (3.1), and (2.1) and (1.6), reveals that the price level targeting
monetary policy will be very similar to the inflation targeting monetary policy for the
Neoclassical Phillips curve:
Neoclassical: P = mi + awl - (aw/(1+3& w))e . (3.5)
Two important points arise for Neoclassical Phillips curves and price level targeting. First,
price level targeting results in@ice level biasbut noinflation bias as the average inflation
rate under (3.5) is. Second, price level targeting generates no extra output variability from
the inflation targeting case, as inspection of (1.6, 2.3a and 3.3, 3.5) reveals that only the price
level surprise at period t matters for output movements under a Neoclassical Phillips curve,
and the price level surprise at time t is identical under price level and inflation targeting
(because the t-1 price level is known at time t-1). These results underlie Svensson's (1996)
claim that price level targeting is a free lunch involving lower long run price level

uncertainty, and no increased output variability. This free lunch is a direct contradiction of

® While beyond the scope of this paper, several arguments have been made for a positive average rate of
inflation, including downward nominal wage rigidity (see Akerlof, Dickens, and Perry (1996)) and the non-
nengativity constraint on nominal interest rates (see Summers (1991)).
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the conventional wisdom from simulations of small macroeconomic models; these models
typically imply that price level targeting raises output variability (Lebow, Roberts, and
Stockton (1992), Fillion and Tetlow (1994), and Haldane and Salmon (1995)). The "free
lunch" arises under a Neoclassical Phillips curve because (3.3) and (1.6) both imply (for
independently distributed e) that,E y = 0, so that the targeting regime (inflation or price
level) has no effect on expected output fluctuations.

This Neoclassical Phillips curve result on price level targeting and expected output
variability contradict the conventional wisdom because most small scale macroeconomic
models are based on structures (staggered price setting) that imply a New-Keynesian Phillips
curve. To examine price level targeting under the New-Keynesian Phillips curve, note that
output fluctuations in (3.4) depend on the lagged price level, so that the minimization of (3.1)
will need to take into account this state variable. The optimal price level target policy
therefore involves minimization of the following value function (V) with respect to the price
level, with the Phillips curve (3.4) as a constraint:

V(p.p&) = Emin{(R. - @) + Wiy -1)*+ BV(py}, (3.6)
where the supply shock is also a state variable. Given the quadratic objective and linear
constraint, the value function will be quadratic

V(p.p&) =c+dp +fe +gp.e +hp +ie . (3.7)
Finally, as the focus within the New-Keynesian Phillips curve analysis is the implications of
price level targeting for output variability, | will set the target inflation rate and output level
to zero; this simply serves to eliminate constants below.

The first order condition for the price level under the New-Keynesian Phillips curve is
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then

p, + pd/2 + Bhp, = -2awy. (3.8)
Guessing that the solution for the price level contains a constant, the lagged price level, and
the Phillips curve shock (e), and inserting (3.4) into (3.8) yields the following solution for the
price level:

p,=hbp, +be , 0<b<i. (3.9)
Substituting (3.9) into (3.4) reveals that,E y = -a(¥-h) p under price level targeting and a
New-Keynesian Phillips curve. In contrast, E y = 0 under inflation targeting and a New-
Keynesian Phillips curve ((2.3b) in (1.11)). Price level targeting leads to more expected
movements in output relative to the degree of expected output movement under inflation
targeting. This result is intuitive. With the sticky price foundations of the New-Keynesian
Phillips curve, anticipated price level movements lead to output fluctuations. Because price
level targeting requires expected deflations after an unexpected inflation, price level targeting
under a New-Keynesian Phillips curve induces variation in expected utput. This result
confirms the findings of simulations from small-scale macroeconomic models and identifies

the source of disagreement in Svensson (1996); Svensson's analysis does not use a model of

"h, b, and b solve the following equations:

(1+Bh+4dw)y = 2aw + ZawB , (Bh-2a°wh +4&8 w)h = -2aw,
and a third equation for h determined by substituting (3.9) into (3.6) and equating coefficiepfs on p . | have
been unable to find the closed form solutions for these parameters. The first equation above, and stability, imply
0<b, <1.

8 The focus herein is on reconciling conventional wisdom regarding price level targeting and output
variability with analytic results from the literature on discretionary monetary policy. Another implication
explored in Svensson (1996) is the idea that price level targeting may not only lower the variance of the price
level, but may also lower the variance of inflation because price level targeting links the price level and output
(equation (3.8)), implying that the variance of inflation is related to the variance of the change in output. If
output is very persistent, the change in output has a low variance, implying a low variance for inflation.
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gradual price adjustment like the New-Keynesian model. In addition, the result may raise
additional issues about the practicality or desirability of price level targeting. For example,
price level targeting implies that the monetary authority is expected to cause a recession
following an unanticipated inflation, and such a move may prove difficult to implement for

political economy reasons.

4. Conclusion

Models of monetary policy emphasizing discretion have proved useful in analyzing
inflation performance and monetary institutions. This paper has illustrated that many of the
standard results in this literature are implications of both the Neoclassical Phillips curve (the
standard in the literature), and the recently discussed New-Keynesian Phillips curve.
However, these Phillips curves rest on quite different foundations, and differ in their
implications for expected output variability under price level targeting and inflation targeting.
In particular, the New-Keynesian Phillips curve confirms the results from simulations of small
scale macroeconomic models that price level targeting leads to expected recessions from the
deflations following surprise inflations, and hence increases expected output movements
relative to inflation targeting. This result is unsurprising given that small scale
macroeconomic models are built on foundations implying a New-Keynesian Phillips curve,
but is important given recent attempts to expand the implications of Neoclassical Phillips
curve models. Future research on discretionary monetary policy would benefit from

considering the New-Keynesian Phillips curve.
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