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I. Introduction
The purpose of this paper 1is to Investigate the theoretical and

empirical properties of one pérticular model of aggregate supply behavior
that has not, in my opinion, attracted the attention that it deserves. The
model in question features price level stickiness--i.e., gradual ad]Justment
in response to shocks--but nevertheless has several “classical”
characteristics. Its specificatlion was first proposed by Grossman (1974) but
was more prominently introduced by Barro and Grossman (1976). Shortly
thereafter it was independently concelved and more formally Justified by
Mussa (1977, 1981a, 1981b, 1982), and was used as the centerpiece of a number
of papers by myself.1 This model--which I will call the P-bar model--has
never been the subjJect of extensive empirical study, however, and has almost
disappeared from the literature in recent years.

In the followlng sections it will be suggested that recent neglect of
the P-bar model 1s unwarranted. In particular, I will argue that Iits
theoretical properties are more satisfactory than those of some leading
operational models of aggregate supply-—-here attention will be focused
especlally on the formulations of Taylor (1979, 1980, 1993) and Fuhrer and
Moore (1993a, 1993b)--and that 1its empirical performance s reasonably
satisfactory. There is a problem relating to the implled time serles
properties of capacity output, but essentlally the same flaw pertains to the
other models under discussiocn, as well. Throughout, the perspective of the
analysis will be that of a macroeconomic researcher whose concern 1is the
development of a compact quarterly eccnometric model that has reasonable
theoretical properties and is empirically consistent with the postwar U.S.
data.

The outline of the paper is a follows. The P-bar model is introduced

and briefly discussed in Section II. Then its baslic theoretical propertles




are considered ln Sectlon III, after which some discussion of alternative
models ls presented, with Sectlon IV belng devoted primarily to the model of
Fuhrer and Moore. Empirical analysls with quarterly U.S. data for 1954-1990
is developed ln Section V. A few-theoretlcal 1ssues are then discussed in
Section VI and a brlef conclusion follows.
1]1. Basic Description of the P-Bar Model

The P-bar model of aggregate supply shares the assumption of most
econometric models that prices adjust to shocks incompletely, wlthin each
perlod, with output belng determined by the quantity demanded at the
resulting price level. This particular model's distingulshing characteristic
1s that the determinatlon of each peried's price level depends upon movements
of the hypothetlical price level that would, given prevailing conditions, make
output equal to its capaclty value. Let p, and y. denote logarithms of the
price level and output, respectively, in the aggregate or for a
representative producer. Also, let y, denote the "capaclty” or "natural
rate” level of y,, the value that the lattef would assume If prices were
perfectly flexlble. Then py ls defined as the “market clearing” value of p.
that would induce y, to equal y,, given current conditions. In terms of
these varlables, the P-bar price adjustment equation can be written as
1) Pt = Pt-1 = 7{Ptet = Pear) + Eeoy(py = Prr)y
with 1 > ¥ > 0, Here E.(:) represents the expectation of the indicated
variable conditional wupon Information available at time t, with this
information henceforth assumed to include all relevant varlables realized in
t or in previous perlods. Thus price adjustments are specified to occur in
proportlon to the previous perled's discrepancy between p. and its
market-clearing value, provided that no changes In the market clearing value

itself are expected. But if they are, then the expected change in p; is also

a component of the realized change in p,.




An ailternatlve formulation, employed in my papers and by Obstfeld and
Rogoff (1984), reflects the fact that p, - p, will by construction be related
to yo - .. Indeed, 1f the model 1s linear, these variables will be
proportional--with a negative cceffliclent, of course--and equation (1) can
equivalently be written as
(2) Pt = Pta1 = 71{¥e-1 = Yea1) + Eecr(Py = Pey),
with 7,>0. The constant of proportlcnality relating y, and y will depend,
obvlously, on the propertles of the model's aggregate demand relations.

Which of these two formulatlions, (1) or (2), should be consldered more
nearly structural? The answer toc that question depends upon the analysls
used to Justify the implled type of price setting behavior. Mussa (1981b)
bases hls argument on profit maximlzatlon calculations made in the face of
lump~sum price adjustment costs wlth averaging across indlvidual firms, an
approach which glves rise to (1).2 My own preferred rationale presumes that
prices must be set at the start of the peried in which they will apply and
that production will equal whatever quantity 1is demanded.3 One basic
assumptlion is that It is costly, In terms of real resources, for producers to

4 But 1t 1s also

make between-perilod changes in output relative to capacity.
costly, of course, for output to differ from its capaclity level. Thus if
these two cost components are quadratic, the producer will set a price that
1s expected to yleld a magnltude of demand (and output) that ls dependent
both on ¥ and y..y - ¥Y¢-, the extent of dependence on the latter being
higher for higher adjustment costs. From the perspective of thls approach,
formulation (2) is the more basic and more nearly structural.s

In terms of its superficial appearance, the adjustment specification (2)
looks much like a typlcal expectational Phlllips relatlon of the 1970s.

There are two slgnificant differences, however, that should be noted. First,

the “expected inflation" term pertains to changes in the market-clearing




price p,, not to changes in p, itself, Second, the cutput gap term pertains
to the previous period’s discrepancy between y, and y., not the value for the
current perlod. As a consequence, the mode of behavior represented by (2)
makes p, an entirely predetermined variable. That ralses some issues that
will be addressed momentarily, but first it should be noted that the
interaction of these two unusual features is Iitself quite significant.
Specifically, a version of (2) in which the third term is the expectation of
Ap,, rather than Ap,, makes no sense if expectations are rational. To see
that, replace E,.18p. in (2) with E,,0p, and apply the conditional
expectation operator to the equation. The resulting expression is
(3) 0 = 71(Yeu1 = Yeo1),
which implies that y; = y, for all t, i.e., that output is always egual to
its capacity value. But that means that the specification with Eg-1dpy
cannot be used, given the assumption of rational expectations, to yleld a
model in which cutput fluctuates relative to capaclty.6

What about the property of p, being entirely predetermined? In
practice, one would presumably want to add a stochastic disturbance term to
(2), to reflect the effects of the many small influences that are omitted in
any tractable model., But that would not alter the important propertles of
the specification to any appreciable extent. A more significant modification
would, however, be possible. Specifically, one could regard the magnitude of
Py determined by (2) as a planned value, which might be altered within period
t in response to the occurrence of conditions significantly different than
those previously expected. Indeed, one might interpret the non-dynamic
"price stickiness" models of Mankiw (1985) or Ball and HRomer (1990) as
pertaining to this latter form of adjustment. Recognizing such ad)ustments
would, interestingly, make the model one with a reduced degree of price

stickiness relative to the P-bar formulation (2). Since a maj)or theme of our




discussion will be the rather “classical" nature of the P-bar model--i.e.,
its similarity in several respects to models with perfectly flexible
prices--it will strengthen the argument7 to exclude within-period adjustments
of ﬁhe Mankiw-Ball-Romer type. Accordingly, all of the discussion below will
be based on equation (2) rather than an extended model that includes such
ad justments.

A closely related 1ssue linvolves the role of inventorles, briefly
mentioned in fn. 4. A producer that holds a stock of finished goods has
available a third way of responding to shocks, in addition to output and
price adjustments. Incorporating inventory holdings inte our model would
therefore serve to make it more flexible. But since we are emphasizing the
classical properties of systems inclluding (2), our argument will again be
strengthened by abstracting from these extra features.8

Frém its definition, it is clear that one can obtain an explicit
expression for the market clearing price p: only after adoption of a
specification regarding aggregate demand. In my previous work, the demand
specification typically used ua59
(4} Yt = Bo + Bilmy = po) + BoEeoy(Pray = Po) + B3yt-1 + vy,
where my is the log of the money stock and v, is a stochastic disturbance
term, which we shall here take to be a random walk {so that €, = v¢ — Vi is

white noise). This expression can be obtained by writing IS and LM functions

of the form-

(s) © ¥ = bg + bylre = Exo1(Prer = Pe)] + bayey + vie

and

{6) My = Py = Cg + C1¥y + Caly + Vae,

and solving out the endogenous variable rt.m There are two problems with

this specification, however, even if one accepts the general spirit of an

IS-LM type of model. One concerns the expectation operator im (5); it would




seen more appropriate if specified as E.{+). And the second pertalins to the
real interest rate appearing in the IS function; many analysts would think
that a long-term real rate such as Rf = Ee¢fpeew = pt), with N an integer
greater than 1, should appear rather than the one-period real rate.ll Thus
(4) can be used only as a source of examples, not general conclusions
regarding p. or the properties of a model that incorporates the P-bar
relation {2).
I1l. Properties of the P-Bar Mode

The |Just-mentloned problems are quite Iimportant with respect to
arguments concerning the famous or infamous “"pollicy 1ineffectliveness
proposition” that played a prominent role in my 1979 and 1980 papers. It is

not difficult to show 12

that if (4) represents aggregate demand, then the
time serles process for y, - ;; will be given as

(7) Yo = Yo = Bilmy = Eeoqme) + [1=74(8y + B2)1(yeoy = Yeo1)

+ (v = E¢ive) - (Yo = Epoayy)

so that it is only the surprise component of monetary policy that affects y,
- ¥u.. for any policy feedback rule that bases the systematic part of m
entirely on variables from period t-1 and before. . Thus the policy
ineffectiveness proposition will hold in this case. But it will not hold if
the demand schedule includes Ep:;s,; or any other varlable z, for which the

13 So this proposition

behavior of 2z, - Ey_1z, is affected by the policy rule.
should not be regarded as a general implication of the P-bar model.

For illustrative purposes, however--and possibly as a useful
approximation--let us provisionally adopt (4) as an AD specification.14 Then
we can write

(8) Pt = ET%EE [Bo + Bimy + BaEc_1Prer + Baye-r + Vi = ¥il,

which Implies that

(9) Pt = ET%EE [Bo + Bime + BaEe-1Pees + BaYe-1 + Ve = ¥il.




From these two expressions we see that

- 1 -
(10) Pt - Exqpe = Br+Bs (B1(me ~ Eecame) + v = Egoyvy = (ye - E¢arye)]
and that
- -1) -
(11) Pt-1 = Ptey = B%EE [¥Yer = ¥eail.

Substitution of these into the P-bar equation (2), followed by some
rearrangement, ylelds

(12) Ye = Yo = Br(@e = Eceime) + [1-71(By + B2)] (Yeor = Fooy) ¢ € = u,
where €. and u, = y, - E.-1¥. are the (exogenous) unexpected components of v,
and y,.

In (12), we see that y, - y. is explained by its own lagged value and
three surprise terms. Consequently, - with (4) taken to represent AD, the
policy ineffectiveness property holds, as stated previocusly, and the model
implies that y. - y. 15 generated by a first-order autoregressive process
[denoted AR (1)] with coefficient 1 - y,(B, + 32).15 The compatibllity of
that implicatlon with the U.S. quarterly data will be considered below in
Section V.

Continuing with the analysis of the model (2) (4), we wish next to
obtaln a solution expression for Ap,, the inflation rate. A crucial step is
to evaluate Ee-1(pe - Pe-t), which we do by differencing (9) and applying
E¢y(-):

(13) Ee-18pe [B1E¢c-1dme + Ba(E¢ciPesr = EgzbPe) + Babyea

1

B1482
= Et"lA;t]o

Thus we see that to determine the time series properties of ap,, it will be

necessary to adopt some assumption about the processes generating Am, and ;r,_.

Anticipating evidence discussed in Section V¥, let us take Am, to obey an

AR(1) process and Ay, a MA(1) process:16

(14) Am,

Ho + ihidmey + ey

(15) Ay,

l.lg, + eut-| 'B>0 -




And for the sake of discussion, let us suppose that it 1is permissible to

neglect the term in (13) involving E{.yDess = E¢-zpr.  Then we have

1
Bi+8z

so that inflatlion 1s given by

(16) E¢-1dpe = [By (Mo + pydmyy) + Babye-y = BUen)

- 1
(17) Ape = ¥1(Yier = Yem1) + g [Br(po + mdmeay) + Badyeoy = U, ).
B14B2

The latter expression would be operational--l.e., subject to estlimation--if
y. were observable. Possible proxies will be considered in Section V.

Also of considerable interest 1s the corresponding univariate expressicn
that we can obtain when 8; = O by writing (12) as
(18) Yo = Yo = #(¥er = Vi) *+ i,
where ¥y, = Biey + £ - u,, 1lmplying y, - y. = (1 - ¢L)'y.. Then defining
Bi' = py/(B8y + B2) and 6° = 0/(8, + Bz), we have
(19) aApy = 7y (1 - ¢L)-1\l‘t-1 + py (I=pyLlleey + 80,
where the constant term 1s suppressed, or
(20) (1-¢L)(1~p,L)Apy = 7y (1= L)oeay + oy (1-gLl)ery

+ 0 (1, L) (1-¢L)uy—,.

Granger’s Lemma shows the right hand side of (20) to be a MA(2) process, so
we have ‘found the inflatlon rate to be an ARMA(2,2) process from the
univarlate perspective. Clearly, therefore, there are many parameter values
for ¢ and uy that will imply a great deal of 1nflation persistence,

Next 1t will be appropriate to demonstrate explicitly that--as mentioned
above--the pollicy Ineffectiveness proposition does not apply when Eipes

appears in the AD function. For this demonstration let us write the System

as
(21a) Pt = Pe-1 = 71(Yter ~ Yeo1) + Exq(Pe = Pr-1)
(21v) Yo = Bilme ~ p) + BoEe(peer — P + v
- 1 -
(21c) py = BvE; [Bimy + BzEiPrer + Ve = Yi)
(21d) By = pylig-y + €




In thls case, expresslions analogous to (10) and (11) above are

(22) Pe - Et.-d;t = (Bier + Ba(E¢Pres = Ee-iPrer) + §¢

BivB: +ﬂ
= (ye - Et-th”
and
(23) Pt-1 - 1-31.-1 ﬂ "'ﬂ §729 ;’t—i]-
Consequently, substlitution into (21a) plus rearrangement ylelds
(24) Ye - Yo = Bilmy = Exime) + Bz (EtPees = EeciPras)
+ [1 = 7By + B2)} (ye1 = Fear) + & - uy,
instead of (12). But the minimal state varlable solution to the model
lmplies that p, is of the form
(25) Pt = $10 + $11le-r + $128e + Pravioy + Prabe + isYer * PreVer +
P17
and thus that
(26) EtPrer = Et-iPrer = ({911 + ¢isBiler + (13 + $rs)Ee +
(¢1s = ¢1s5)ue)/(1-¢4s82),
where we have used (24) to eliminate y, - E{ 1¥t. Then tedious algebra
reveals that the composite parameters of the latter involve the pollcy
parameter p1. 17 Thus the unconditional variance of y, - y. will depend upon
g1, wWhlch implles fallure of the lneffectiveness proposition.

By contrast, the natural rate hypothesis~-as defined by Lucas
(1972)--does hold in the P-bar model. ‘The unconditional mean of the output
gap El(y. - y:) cannot, that is, be affected by any aspect of the monetary
policy rule. Proof of thls proposition is readily obtained by application of
the unconditional expectation operator E(+) to (24), which yields
(27) Ely: - vy = [1 = 7:(8y + B2)] Elye-s = year ).

But the latter lmplies that E{y. - y.) is a stable process that converges

toward zero. And the steps in the derivation of (27) have made no reference

to the process generatiné m,, So the foregoing conclusion is quite general.




This property, of conformance to the natural rate hypothesis, 1s (I
would contend) extremely attractlve. For it seems implauslble, as Lucas
sald, that output could be kept permanently high (relative to 1ts natural
rate or capaclty value)} by any pattern of behavior of the monetary
authorities. And yet 1t 1s the case that almost all empirical models of
aggregate supply--l.e., wage-price speciflicatlons in econometric models--fail
to satisfy the natural rate hypothesls. That this 1s true for specificatlions
involving the concept of a NAIRU (non-accelerating inflatlon rate of
unemployment) can be seen lmmedlately: ‘the exlstence of a stable relationship
between unemployment and the acceleration magnlt.ude19 implies that the
unemployment rate can be permanently lowered by permanently generating a
higher acceleratlon magnltude, In addition, a similar result pertains to a
specification of the fornm
(28) Pe = Pe-1 = 8(Pe = pPea1) 1>8>0,
which 1s baslically the same as the price-adjustment equatlon of the MPS
model.20 To see thls, write (28) as
(29) Pt — Pe-1 = 8(py = Pe) + 8(Pe = Peay)
and note that with a sustalned inflation, such that Ap, = 8pey, 2 high value
of Ap. will keep p. ~ p. and--therefore y. - y.--high perménently.

Of more Interest, perhaps, 1s the situatlon with regard to the
wage-price speciflication, involving overlapplng nominal contracts, of John
Taylor ((1979, 1980, 1993)., Thls specification 1s well-known not only from
Taylor's own work, but also from its use ln economeiric models developed and
utilized by other researchers (including Gagnon and Tryon (1993) and Masson,
Symansky, and Meredith (1990} in the MX3 and Multimod models). In fact, 1
think 1t 1s falr to say that it is currently the leading model of aggregate
supply among researchers using estimated econometric models. |

A two-perlod verslon of Taylor's setup can be used to develop the points

10




at lssue. Let p. be the aggregate price (or wage) ilndex--in log terms--which
is an average of the (log) contract prices negotlated in the current and most
recent periods, x, and x¢.¢:

(30) Pt = 0.5 (¢ + X¢-1),

Contract prices are set by half of the sellers in perlod t to keep in step
with prices pertaining to the other half of the sellers, with an adjustment
added to reflect the effects of excess demand (current and expected}:

(31) X¢ = 0.5 (Pt + Eepesr) + 0.53E, (¥ * ¥eur)

where y, & y, ~ ;;.21 Together, (30) and (31) imply that

(32) Xe = 0.5 (Xe-1 + EeXear) + SEc(Ye * Yeur)

and thus that

(33) 0 = 0.5 (EeBxesr = 8%¢) + SEc(¥e + Yeur).

But from the latter we can see that a policy that keeps Ax.., greater than
Axe wWill keep y. - ;t below zero, on average, 1f expectatlons are ratlonal.
Thus the Taylor model does not have the natural rate property. It predicts,
however, that an accelerating inflation will keep output low--not high, as
with the NAIRU model.

Quite recently, Fuhrer and Moore (1993a, 1993b) have developed an
aggregate supply specification that can be viewed as a revised version of the
Taylor model. Their work suggests that this speclfication has both
theoretical and empirical properties that make it preferable to Iits
predecessor. The Fuhrer-Moore analysis of aggregate supply is developed,
however, in the context of a small econometric model whose framework differs
from the one presented above, and which does so in an interesting way. Thelr
papers also present the empirical properties of their model in an unorthodox
yet interesting fashlon. Accordingly, it. will be desirable to devote an
entire section to the discussion of the Fuhrer-Moore analysis. This

constitutes something of a digression, but 1s useful in preparing the scene
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for our empirical analysls of the P-bar model by emphasizing the importance
of inflatlon-rate persistence and the use of autocorrelation functlons to
summarize a model’s empirical performance. Readers who dislike digressions
could, nevertheless, skip directly to Section V.
1V. The Fuhrer and Moore Mode

A slightly simplified verslon of the Fuhrer-Moore (F&M) macroeconometric

model can be written as follows:

(34) pv = d{Eiprar = po) = re = Etdpen

(3s) Yo = bo + By peay + bz Yeuy * £t

(36a) Pe = 0.5(x, + x¢1)

(36b) ve = 0.5(%y = Pe) + 0.5(xX¢ey = Pi-1)

(36c) Xe = Pe = 0.5(0y + Eray) + 0.53E (¥ + Yeur)
(37) Fe = ooy + fhApey + Ha¥e + €.

Here (34) 1s a term structure eguation that relates the long-term real
interest rate p, to the one-period real rate, d>0 being a "duratlon®
parameter (such as 40 for a 10-year real rate in a quarterly model).
Equation (35) 1is F&M's IS specification, with a second lagged y, term here
deleted for clarlty. Equation (37) is the model’'s monetary policy rule, in
which it is presumed that the short-term interest rate is used as the policy
instrunment.

And, flnally, equations (36) describe the aggregate supply sector that

constitutes a varlation on Taylor.22

The authors' apparent rationale ls that
Taylor's formula (31) describing contract price determination is replaced
Wwith one in which the nominal price of each sector's output 1s set so as to
equate 1ts relative price, %y - p,, to the average of the gther sector’s
expected relative prices over the life of the contract,23 with an adjustment

(as 1n Taylor) for current and expected values of y,. In Taylor's setup, by

contrast, it 1s nomlnal sectoral prices that are related in this fashlon.

12




There is some hint in their exposition that this modification would make
better sense theoretically, but the principal advantage claimed by F&M 1is
that it makes the inflation rate, rather than the price level, sticky. One
way to see that 1s to note that in my simplified version
{38) Xy = pr = 0.54x:,
from (36a), so that vy = 0.25 (&xy + Axe-y). Putting these in (36¢) gives
(39) Axy = 0.5 Axeoy + 0.5 EeBXeer + 28E(Ye + Yeer),
which shows that contract price inflatlon is an average of 1lts own past and
expected future values, plus a cyclical adjustment term that will be small
emplrically, and is therefore sticky. In Taylor's setup, by contrast, we
havé a similar expression but with contract prices {(x,) in place of inflation
rates {4x,). Furthermore, with sticky inflation, the F&M model can be shown
to match some important features of the U.S, data with much greater accuracy,
as we shall see shortly.

My first impression was that the F&M specification alsc had the

advantage of conforming to the natural rate hypothesis, And it is true that
y: cannot be kept permanently away from zero by a constant acceleration, as
in the Taylor case discussed above. This can be seen by inspection of (39).
But that relation can be rearranged as follows, with E{{-) operators deleted:
(40) 0 = 0.5 (AAxyeq = BAX,) + 25(¥¢ + Yeer).
From the latter it 1is clear that an ever-increasing acceleration of
inflation, with AAx, growlng over time, will keep the average value of ¥t
permanently low. So my first impression was incorrect; the F&M specificatlon
actually does not satisfy the strict, Lucas (1972) version of the natural
rate hypothesis--and this remains true in the slightly more complicated
version that ls actually used in their papers.

Nevertheless, I find the F&M specification quite interesting and worthy

of additional consideratlion. The same might be sald, moreover, for thelr
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empirical analysis and other aspects of thelr model. Let us continue,
accordingly, with our discussion of sttem (34) - (37).

It is striking that this model has no monetary sector, 1.e., no money
demand function and no mention of a money stock varjable. Given that
feature, the way that monetary policy works is as follows. The monetary

24 These

authority’s actions in (37) are changes in short-term interest rates.
affect the long-term real rate via (34) and its value feeds into the
determination of real aggregate demand in (35). Then demand-induced
movements in output affect price determination in the block (36a) - (36c).
That description is overly simplified, because 1t exaggerates the model’s
recursiveness, but 1s not serlously misleading. A crucial point is that the
system hangs together and perﬁlts monetary policy actions to affect ye and p
only if the parameter & in (35c) is non-zero. If § equaled zero, then the
three equatlions (36) would form a self-contained system in the variables p.,
Xy, and v,. In other words, prices would be exogenous. In light of that
property of the model, it is rather disturbing that the estimated value of 3
in F&M (1993b) is only 0.007 with a standard error of 0.004.

Be that as it may, let us consider the fact that no money demand
equation is included. Of course one--similar to our (4), for example--could
be added to the model, in which case it would determine the quantity of money
that the monetary authority has to (elastically) supply to conduct its
interest-rate-centered policy. But the properties of that money demand
function would have no consequences for the behavior of any of the basic
variables y., Pi, Ty, P Xy, OF V.. F&M seem to view this property of thelr
setup as a virtue, since it is widely believed that money demand behavior has
featured considerable "instability" in recent years. But is this feature
theoretically plausible? Strictly speaking, it 1s not gven lf one accepts

the IS-LM framework for aggregate demand analysis, for properly specifled IS
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functions Include wealth terms and real money balances are a component of

wealth.25

Thus a term Involving m¢ - py or me.y - p properly belongs in
equation (35), which alters thls special property of the F&M model. Their
response, presumably, would be that real balance terms are of minor
importance quantitatively. But 1 am not certain that thls argument 1is
correct, in‘the context of thelr model. For even if the coefficlent on my -
pr in (34) is small in comparison with the ccefficlent on p..,, it may be the
case that py reacts weakly to pollcy changes in r;.zs And if variations in r,
have appreclable effects on my, via the money demand functlion, then the
impact on aggregate demand via the real balance varjable could be of the same
order of magnitude as the impact by way of the long term real rate of
interest.

The most lmpressive part of the F&M analyslis ls the extent to which the
pattern of autocorrelations (own and across varliables) jmplled by their
estimated model matches those of the U.S. data (or, to be more preclse, those
of an unconstrajned vector autoregression system). These autocorrelation
functions are plotted for the three maln varlables (Ap,, r., and ye) in
Flgures 1 and 2. There it can be seen that the general qualitative
description of the model's implied autocorrelation functions matches those of
the unconstrained VAR with lmpressive accuracy.27 For the sake of comparison,
analogous functions implied by the same framework, except with Taylor-style
nominal contracts in place of (36), is shown in Flgure 3.28

There are a few aspects of the F&M empirlcal analysis, nevertheless,
that are somewhat troubling. One, already mentioned, is the magnltude of the
cruclal & parameter in (36c). Another concerns thelr cholce of variables to
be treated as statlonary in thelr VAR system. The results described above |

are based on a system in which Ap:, r.. and y, are viewed as statlonary,

although their Dickey-Fuller and Johansen tests for unit roots are somewhat

15




- 'Y [ al

Byl

" 14

a4 L1 "’ .

WA

Figure 1

Autocorrelation Functions, Unconstrained VAR of Fuhrer and Moore {1993a)
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inconsistent with that specification. I am sympathetic to Cochrane's
(1991) argument--that a prior!l reasoning and general knowledge are more
useful than formal tests for unlit roots--however, and would accordingly
support the F&M statlicnarity assumption. But I am bothered by their
specification of the "normal output®” measure--analogous to ¥.--used in
constructing ;t. In particular, thelr implled ¥: ls simply a deterministic
trend fitted to the y, data for 1959-1990. l.e., ;t s the deviation from
this trend. But any reasonable concept of “normal,* or "capacity," or
“natural rate" values of y: would have to recognize that their evolution over
time 1s a consequence of capltal accumulation, population growth, and
technological progress. All of these processes are ones, however, for which
a slzable "permanent" component would be expected, a priorl, which would
suggest a process for ;t that contalns a unit root component. This lssue
will recelve additlional attention in the next section, where we turn to the

emplrical properties of the P-bar moclel.29

V. Empirical Analysis

We now turn to an attempt to evaluate the empirical support, or lack of
support, for the P-bar model. An outstanding source of difficulty in this
regard is the fact that two crucial variables, Et and ;t. are unobservable.
Of course they are related to each other by equatlion (9), or its counterpart,
so that in principal there is only one variable missing. But that Is of
little consolation to the . researcher, especlally since the proper
specification of (9) 1s debatable and its estimation difflcult. Another
important difflculty is that accurate implementation requires accurate
specificatlon of aggregate demand behavior.

The absence of observations on ;t. or an alternative capacity varlable,
is also a serlous problem for the models of Taylor, F8M, and most others In

which price adjustments are sluggish. The problem can typically be glossed
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over in presentations, because y, does not figure as prominently 1in the
discussion as p, and ;t do in ours. But these other models could be quite
different empirically if the lmplicit definition of ;t were changed--from a
deterministic trend to some unit root specification, for example.

An implication of the P-bar model, or at least the version emphasized in
Section II, is that ;; = Y, = ;; is a statlionary first-order AR process. Let
us now consider whether it is possible to reconcile that implication with the
presunption--stated above--that §‘ is generated by a unit root process and
also the observed time-serles properties of y.. With the latter represented
by (the log of) U.S. quarterly data on real GNP, seasonally adjusted, we know
that the process is close to
(41) (1-0.3L)Ay, = const + w,
or the nearly-identical trend-stationary model
(42) (1-0.35L + 0.30L%)y, = trend + w,,
vhere w, denotes a white-nolse variate. Actual estimates for 1954.1 - 1990.4
and 1965.1 - 1990.4 are glven in Table 1.

Now suppose that the process for y, is Ay, = (1 + 0.65L)u, and that y,

= 0.95§‘-, + ¥¢. Then for y, we would have

(1 + 0.65L)u . L
1 -L t " 1-0.95L°

Multiplying by (1 ~ L)(1 - 0.3L) we obtain

(43) Yo = ¥ + (1 - 0.95L) 7y, =

(1 - 0.3L)(1 - L)
T = 0.95L e

But 1f we drop all terms in L of higher than first order, the right hand side

(44) (1 = 0.3L)(1 - L)y, = (1 - 0.3L)(1 + 0.65L)u, +

of the latter becomes

(45) (1 + 0.35L)u, + (1 - 0.35L)y,.

Thus if u, and ¢, were uncorrelated and had the same variance, (44) would be
of the same form as (41). This will not be exactly the case, of course--it
cannot be since u, is a component of y.--but it would seem plausible that the

specification under discussion would provide a reasonably satisfactory
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Table 1

ARMA Models for Real GNP

: Sample Periocd
AR(1) for Ay, 1954.1 - 1990.4 1965.1 - 1990, 4
Constant 0.0049 0. 0050
(.001) (.001)
AR coefficient 0.3281 0.2837
(.078) (.095)
R’ 0.1084 0.0796
SE 0.0095 0.0095
DW 2.07 2.05
AR(2) for Y
Constant 0.3167 0. 8840
(.147) (.263)
Time coeff. 0.00032 0.00078
{.00016) (.00024)
ist AR coeff. 1.3064 1.1998
(.078) (.094)
2nd AR coeff. -0;3505 -0. 3220
(.078) (.092)
r® 0.9992 0.9979
SE 0.0094 0. 0091
2.14

DY 2.10
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ratlonalization of the conditions mentioned at the start of this paragraph.

In an attempt to construct an empirical counterpart of the capacity
variable, y:, 1 have obtalned a quarterly time series for net private
nonresidential fixed capital, An annual series on that variable has been
published by Musgrave {1992); our quarterly verslon was constructed by
allocating each year's growth in capltallto its four quarters in propertlion
to that quarter's share of the year's gross private nonresidential investment
(1987 gricesL Values are reported in Appendix A. Let the log of that
variable be denoted k.. Then one possible measure of ;t would be the fltted
value given by the following regression relating y: to kt:so

(46) ye = 1.539 + 0.800Kk¢- SE = 0.0371
{.060) (,0076)

{Here, as in all that follows, the sample period 1s 1954. ~ 1990.4.) The
time serles properties of the implied y. measure are not, however, consistent
with the specification used in the previous paragraphs; lnstead, an AR(2) in
8y 1s indicated.

A second attempt included po,, the real price of imported oil.31 as a

second explanatory varlable.32 The estimated relation 1s
(a7) yy = 1.012 + 0.860k;., - 0,055p0;-, SE = 0.0282
(.068) {.0081) {.0054)

In this case, the implied y, has an ARMA process that may be represented as

follows:
{48) By = 0.0072 + uy + 0.607u,.,
{.00040) (.074)
2
R = 0.242 SE = 0.0049 DW = 1.87

Thus it transpires that a MA{1) process with MA coefficient of 0.607 fits the
data quite well, And this provides a good match to the specification assumed
in the construction of equations (43) - (45). The implied Y. measure,

labelled YGAPKO, 1s plotted in Figure 4 (together with the measure YGAP54




implied by a llnear deterministic trend for y,).

Does the YGAPKO measure of ;t --yt - ;t have reasonable properties for
use with our P-bar model? One positive characteristic 1s that the
Dickey-Fuller test statistic (constant, no trend, 2 lags) is -3.39, easily
adequate to reject a unlt-root null hypothesis at the 0.0sS significance
level. (The MacKinnon critical value is -2.88.) A 0.05 rejection can barely
be obtalned for the measure implied by (45), whose t-value is ~-2.92, and the
;z measure implied by a fitted determinlstic trend for ;t does not permit
rejection (t value = -2,38) at all. On the other hand, the implied ARMA

process for YGAPKO is not an AR(1). Instead, the following is implied:

(49) Y¢ = 0.00012 + 1.245yy., - 0.350¥,..
(.0008) (.078) (.078)
R? = 0.870 SE = 0.010 DW = 2,08

Thus the YGAPKO specificatlon 1s not fully consistent with the P-bar model.
Whether that is because the capaclity measure is unsatlsfactory or because the
model is flawed cannot be determined from thls one mismatch. In any event,
the mismatch is not extremely severe. In what follows, accordingly, the
YGAPKO measure of ;t will be wutilized, for a lack of anything better,
wherever such a measure is required. |

Next we turn our attention to the aggregate demand portion of the model.
Estimates for a few alternative specifications in first-differenced form are
presented in Table 2. In all of these, the (St. Louls, adjusted) monetary
base 1s used as the money stock variable. Both OLS and TSLS estimates are
presented, the instruments for the latter including two lagged values of Ay,,
bAme, and Ap,. For some reason, the parameter estimates for both 8, and B
are larger when the TSLS procedure is used, and most t statistics are
increased even though overall explanatory power is (as it must be) lower.
The various estimates of B, are all close to 0.3 and those of B, are all in

the general range of 0.25 - 0.55. The magnitude of B, is not pinned down at
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Figure 4

Constructed Measure of Market-Clearing Output
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Table 2

Estimates of Aggregate Demand Relation (4)

Dependent Varlable is Ay,, Sample Perlod 1954.1 - 1990.4

Estimates (std. errors)

attached to

Constant

&me - Apy

Alpeer - pe)

Ay -y

Statistics
R?

SE
oW

oLS

0.0042
(.0010)

0.2%94
(.097)

0. 301
(.076)

0.161
0.0092
2.10

TsLs®

0.0036
(.0010)

0.552
(.168)

0.278
(.079)

0.121
0.0094
2.01

oLs TSLS®
0.0043 0. 0038
(.0010) (.0011)
0.276 0.505
(.106) (.205)
0.077 0.812
(.179) ‘ (1.59)
0.302 0.279
(.077) (.086)
0.163 -0.035
0. 0092 0.0103
2.11 2.17

® Instruments based on constant, Aye-1, AYi-p, Ameo,,
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all, however, by the results in Table 2.33

An alternative method of estimating B; i1s to recognize that equations
(4)-(6) imply that B, = -a,cp/(a;cy + ¢) and By = a,/{a ¢, + c3). Therefore
B>/B; = -cz, where c¢; ls the semli-elastlicity of money demand with respgct to
the short-term rate of Iinterest. Let us then estimate a money-demand
function, taking care to express ry; in units comparable to Alogpy--l.e., as
annualized percentage points divided by 400. The result is as follows:

(50) Am, ~ 8py = 0.00052 + 0.1198y, - 0.564r, + 0.547(Alg-y - Ape-r)
(.0007)  (.0591) (.269) (.071)

rR® = 0.351 SE = 0.0064 DW = 2.25

Thus the suggested value for B,/8: 1s about 0.564. If m, 1s measured by Ml
rather than the monetary base, however, the estimated value of B:/8; Jumps to
1.007. So, this approach suggests that B; s of the same order of magnitude
as f,~-say, about 0.3 - 0.4--but probably somewhat smaller.

It would be entirely reasonable to wonder about the neglect of fiscal
policy varliables in the aggregate demand relation (4). Indeed, the rate of
government purchases would be expected to enter in the IS relation (5) and
therefore in (4) even if the economy were one in which Ricardian equivalence
prevalled. Accordingly, estimates were obtained for verslions of the
relations appearing in columns one and three of Table 2 but with Ag. and
4gi-1 also included, g, being the log of state, local, and federal government
purchases. In column one, the estimated parameter values (standard errors)
are 0.094 (.054) and -0.097(.055) and for column three the corresponding
figures are almost exactly the same. In both cases, the hypothesis that the
4g+ terms Jointly provide no explanatory power cannot be relected at the 0.05
significance level. Consequently, it seems unlikely tht our omission of the
government spendlng variables, which was adopted in Section II to keep the

model clean and simple, is a significant flaw.
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Another behavioral relation that is needed to assemble a quantitative
version of the P-bar model is a policy rule for the generation of Am¢. For

our sample period, the following AR(3) model matches the data rather well:

(51) Amy = 0.00214 + 0.5628m,, + 0.00094m,.; + 0.297Am, 5
(.008) (.079) (.092) (.079)
R® = 0.633 SE = 0.0047 DW = 2.00

Moreover, lagged values of Ap, and ;t provide no explanatory power and do not
upset the estimates in (51). From this equation, accordingly, we can
calculate the expected value E..,Am,.

It is now finally time to turn to the price adjustment equation that is
our princlple cbject of concern. For empirical purposes we shall focus on a
version, analogous to equation (17), which may be written as follows:
(52) Ape = %Yy + ET_%_EE [B1Er-18m¢ + Badyey = Eioidy:).
In estimating (52), we use predicted values from (51) and (48) to represent

the Indicated expectations. Results are as follows:

(53] Ap‘_ = 0.0080 + 0, 0505;‘_..1 + 0, 556E'__1Am‘_ - 0. 148Ay‘_-| - 0. SOOE‘_-~|A;‘_
(.0016) (.016) {.074) (.046) {.162)
R® = 0.368 SE = 0.0053 DW = 0,87

In terms of support provided for the P-bar model, these figures must be
regarded as mixed. Unsatisfactory elements are the resjdual autocorrelatlon
indicated by DW and the wrong-signed coefficlient on Ay,.,. Quite favorable,
however, are the magnitudes of the coefficlents attached to the key
variables, ;pq and Ei. Am. With regard to the former, the implication is
that departures of y, from y, lead to price level adjustments that come about
slowly but surely; the parameter estimate 15 over three times the sjze of its
standard error. And regarding E..,&m., the estimated parameter value agrees
nicely with the magnitude implied by our estimated value of B2/8:: with the
latter ranging from 0.56 to 1.0, the implied value for 8,/(8, + 8;) ranges

from 0.64 to 0.50.
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Simply for the sake of comparlson, conslder also a version of (53)
estimated with ;t.q defined relative to a deterministic trend. In thls case,
the coefflicient on that variable rises to 0.066 (.012) and the one attached
to Ei-14m, falls to 0.456 (.074). |In addition, when an equaticn explaining
ap, wlth four lagged values of ltself and our preferred measure of ;1-1 is
estimated, the coefficlent on the latter remains significantly positive and
residual autocorrelation is eliminated.

In principle. it would be interesting to use the estimated model to
explore the system’'s autocorrelation structure in the manner of Fuhrer and
Moore. A direct comparison with the F&M results would not be approprlate,
however, because of three differences between thelr estimated system and
ours. These are: (1) Different monetary pollicy instruments are used. (11)
The F&M pollcy rule, unlike ours, features policy responses designed to
stablilze output and inflatlon--to keep ;._ and Ap., reasonably close to target
values. (1i1) The FBM aggregate demand sector, unllke ours, is specified in
terms of y, rather than y:- That seems inappropriate theoretically and makes
it easler to generate autocorrelation functions relating to ;: that are close
to those present in the actual data.

Nevertheless, one slmulation was conducted using a system composed of
equation (52) and column 1 of Table 2. With m, and ;; given by thelr
historical values, this system was simulated, starting with actual values for
1954.1, to generate tlme paths for p, and y.. From the artificlal data
thusly obtalned, 11t is possible to calculate implied autocorrelation
functions. The most interesting ones, given the three propertles (1) (i1)
(111) listed above, pertain to autocorrelations of Ap, (inflation) with past
values of ;t and of 1tself. The resulting patterns are shown in Figure 5,
From the latter it may be seen that the Inflation rate’'s correlations with

;;-1 have much the same general pattern as in Figure 2, except that the
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Flgure 5

Inflation Autocorrelation Functions for P-bar Model
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AC denotes the autocorrelation coefficlents, at lags 1-40, of the inflatlon

rate Ap, while CC denotes cross correlations of Ap, with y.-y for J = 0-40.
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magnitude peaks in the initial quarter. Second, the inflatlon rate’s
correlations with past values of itself die out more slowly than in Figure 2.
Our estimated system exhliblts, then, even more inflation persistence than
that of FiM.

¥]. Theoretical Issues

Before concluding, we need to briefly consider a few theoretical lssues
concerning the specification of the P-bar model. The first of these pertains
to an apparent distinctlon between the Barro-Grossman (1976) and Mussa
(1981a, 1981b) versions of the P-bar variable--a distinction that is the
principal topic of a paper by Obstfeld and Rogoff (1984). Using f:; to denote
the Barro-Grossman concept, Obstfeld and Rogoff state that "The difference
between fa and p deserves emphasis. p is the output price that would prevall
in a hypothetical Walraslan general equllibrlum with fully flexible prices
[whereas] p is the output price that would clear the goods market given
current levels of the sticky-price system's endogenous variables* (1984, p.
164). By contrast, McCallum (1979, p. 1; 1980, p. 733) evidently sees no
important difference in the two specificatlons. His reasoning s,
presumably, as follows.

In a typlical applicatlion, the only feature of the model that keeps it
from beilng one of the Walrasian type, with fully flexible prices, 1s the
sticky-price adjJustment mechanism wunder consideration. The system's
endogenous varlables will differ from thelr Walrasian equilibrium values,
then, only to the extent that the prevalling price level p: differs from Pt.
In a 1linear system, furthermore, the difference z, - ;g between the
prevalling and Walraslan values of any variable z will be proportlonate to p:
= ;t- But py - ];g will therefore be some linear comblnation of variables

each of which s proportional to py - ;g, 0 Py - Eg will 1itself be

proportional to p, - S;. In this sense, then, there 1s no signiflicant




operational distinction between Et and 5‘ if the model being utilized is
linear.

The foregeing line of reasoning is consistent, it should be noted, with
the main result derived by Obstfeld and Rogoff (1984), who utilize a linear
system. Speciflically, the Obstfeld-Rogoff theorem involving their equation
(13) asserts that the Barro-Grossman and Mussa schemes "yleld structurally
equivalent...models" when the slope In the Barro-Grossman adjustment rule is
not too large (1984, p. 165). But, furthermore, when the Barro-Grossman
price adjustment mechanism “is interpreted properly," that slope conditlon
always holds and the "apparent convergence problem disappears" (1984, p,
166).

The second theoretical f§ssue to be considered pertains to the
specification of p;. Mussa (1981a, 1981b) and Obstfeld-Rogoff (1984) both
work In continucus-time settings, and the latter authors use35 a definition of
p: that would, in our (2)(4) setup of Section II, imply that
(54) Pe = _éT [Bo + Bime + B2Eeai(Peer = Pe) + Bayror + Ve — ¥4l
rather than (9).36 Here the expectation of pesy - p:. appears on the
right-hand side (rhs), Iinstead of the expectation of p..,, and the .rhs
denomlinator {is cérrespondingly affected. The ldea, evidently, ls that the
inflatlon rate is a variable that is independent of the current price level.
But while the price level and the inflation rate are certainly conceptually
distinct, it is not clear that they should be treated as statlstically
independent. The issue seems to be whether or not Ei y(prter - pi) 18
affected by shocks that affect p;. (In the present model, these shocks are
dated t-1 but that 1s besfde the point.) And whlle there are models in which
Et-1 Pe+1 moves |in tandem with E,.,p;, they are rather speclial models.

Consequently, in the present paper (9) has been used rather than (54) in the

discussion of Section II.
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It may be useful, in this regard, to note that with definltion (.54) for

Pi. and under the specia.l assumptlons used to develop (16), we would have
(55) Ei-18pr = Mo + pidmeny + (8/8) up-y
and inflatlon would be glven as
(56) Apr = 71 (Yeor = Ye-s) + o ¥ pidmyy + Babyer + (8/8)) uea.
The maln polnt of interest, ln a comparison between (56) and (17), 1s that
the coeffliclent attached to Am,., may be considerably smaller in the latter,
depending on the relatlve magnitudes of g, and 8. In particular, E..,am,
does not enter with a unit coefficlent when the p, definitlon of Sectlon II
i1s utlllzed.

A third 1ssue concerns the fact that monetary pelicy 1s actually
implemented, in the U.S. and elsewhere, by manlpulation of a short-term
interest rate such as r, in eguatlons (5) and (6), rather than some monetary
aggregate such as m., The questlon, then, ls whether thls fact makes
expressions such as (4), (7), (8), (9), and especlally (12) lnappropriate.
For the macroeconomic model dlscus‘sed above can be thought of as including
(2)(4)(6)(9) and a policy rule for r. instead of (2)(4)(5)(9) and a policy
rule for m;. But either way, the system determines values for y., Pu Pt
r., and m.--and it can be seen that the private sector behavioral equatlons
are equivalent in these two cases. Furthermore, derlivatlon of the solutlon
equation (12) for y, does not depend on the speclficatlion of the pollcy
process for m, In the analysls of Sectlon II. Thus the only difference ls
that 1t cannot be assumed that m, - E.-ym; 1s lndependent of private sector
disturbances when r, is the instrument; instead, m, - E. ym, wlll reflect
such disturbances as well as the unexpected component of the pollicy rule that
In that case pertalns to r,.

VI. Conclusions

In the foregoing sectlons we have explored the P-bar model of price
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level adjustment, which postulates that price changes occur so as to (1)
gradually ellminate discrepancles between actual and market-clearing values
and to (i1) reflect expected changes in market-clearing values themselves.
This model has implications that are more "classical™ than most alternative
formulations that reflect gradual price adjustment; in particular, it
satisfies the natural rate hypothesis. With some informational structures 1t
will also satisfy the policy ineffectiveness proposition, but such a result
deoes not hold in general and can not be presumed.

Empirical implementation is hampered by the absence of any reliable
measure of the economy’'s market clearing or natural-rate value of output.
Also, accurate implementation requires accurate specification and estimation
of the economy’s aggregate demand behavior. A set of results is developed,
nevertheless, wutilizing a proxy for market-clearing output that is a
log-linear function.of a measure of fixed capital and the real price of oil.
The results are moderately encouraging but not entirely supportive, Two
highly positive aspects of the results are that they (1} indicate a plausible
rate of price level adjustment in response to recent output levels and (ii)
imply an effect of expected money growth that is consistent with the model.

The P-bar model’s properties are compared with those of a specification
recently proposed by Fuhrer and Moore (1993a, 1993b). The latter does not
satisfy the natural rate hypothesis but appears to perform very well

empirically. That last conclusion rests, however, on analysis that

questionably treats the market-clearing output rate as a deterministic trend.




Net Private Nenresidentlal Fixed Capital

Appendix A

End of Quarter, $Billion, 1987 Prices

obs

1948 1027.525 1041.450 1055.409 1069.800
1949 1080.364 1090.339 1099.785 1109.000
1950 1119.414 1130.792 1143.118 1155.500
1951 1167.697 1180.266 1193.074 1205.700
1952 1217.019 1228.406 1238.883 1250.100
1953 1262.464 1274.845 1287.440 1300.000
1954 1310.636 1321.203 1331.917 1342.500
1955 1354.487 1367.195 1380,503 1394.300
1956 1409.297 1424.454 1439.762 1454.900
1957 1469.000 1483.012 1497.331 1511.300
1958 1520.001 1528.296 1536.376 1544.700
1959 1555.171 1565.983 1577.091 1588.200
1960 1600.552 1612.926 1625.017 1637.100
1961 1648.265 1659.552 1670.910 1682.600
1962 1696.094 1710.060 1724.198 1738.100
1963 1752.229 1766.809 1781.816 1797.200
1964 1815.692 1834.759 1854.381 1874.500
1965 1899.707 1926.018 1953.151 1981.400
1966 2011.370 2041.738 2072.313 2102.500
1967 2129.295 2156.068 2182.743 2209.899
1968 2237.624 2264.731 2292.065 2320.300
1969 2349.641 2379.193 2409,395 2439.300
1970 2465.560 2491.662 2518.021 2543.600
1971 2566.515 2589.510 26l12.416 2635.500
1972 2659.722 2684.334 2709.280. 2735.700
1973 2768.853 2803.335 2838.459 2873.900
1974 2906.255 2938.641 2970.159 3000.700
1975 3020.270 3039.298 3058.463 3077.800
1976 3096.010 3114.343 3133.058 .3152.100
1977 3176.085 3200.756 3225.997 3251.900
1978 3283.682 3317.720 3352.301 3387.500
1979 3425.806 J464.231 3503.586 3543.000
1980 3578.239 3611.281 3644.101 3677.400
1981 3709.902 3743.212 3777.146 3810.600
1982 3834.346 3857.018 3878.984 3900.600
1983 3917.057 3933.861 3951.392 3970.200
1984 4000.073 4031.486 4063.719 4096.800
1985 4134.108 4172.216 4209.434 4247.800
1986 4276.876 4305.318 4333.253 4361.500
1987 4384.419 4408.003 4432.533 4457.100
1988 4482,644 4509.134 4535.732 4561 .899
1989 4585.375 4609.249 4633.490 4657.500
1990 4678.690 4699.626 4721.011 4742.399
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Footnotes

1'I'hese include McCallum (1979a, 1980, 1982) and others. The 1980 JMCE plece
includes a derivation/justification that 1s quite different from Mussa's. It

will be briefly described below.

2The logic of Mussa's formulation has been sharply questioned by Rotemberg

(1982).

3The presence of Iinventory holdings would lead to a relaxation of this
assumﬁtlon, which would become that demand is fully satisfied by production
or inventory draw-down. That modlflcaflon would complicate the analysis
without altering lts essential features, For a theoretical study that uses a
speclal version of the P-bar model with explicit recognition of 1nventor1és.

see Flood and Hodrick (1986).

4Adjustment costs are taken to depend on output relative to capaclty, rather
than output alone, to reflect the presumption that such costs would not be
incurred 1in response to technological improvements that Iincrease output

attalnable with given quantities of labor.

5For an explicit algebraic treatment of this argument, see McCallum (1980,
Pp. 773-4). A useful speclal case obtalns when between-priced charges are
not costly. Then y, = 0 and p; = Ei-1pt, 1.?., prices are set at levels that
are expected to be market-clearing. This case has been used by Flood (1981)

and McCallum (1989, Ch. 10),

6
The unsatisfactory feature of this specification would not be eliminated,
moreover, by the addition of a stochastic disturbance term to the adJustment

equatlion.

7
By considering a case that works agalinst the conclusions being reached.




sAllan Meltzer has suggested that non-recognition of inventory fluctuatjons

might be significantly detrimental to the model'’s empirical performance.
That 1s certainly possible but there is no apparent reason why it should be

more relevant for this model of price adjustment than for any other.

9Actually. a slightly more restrictive case with bs: = f; = 0 was used in my
previous papers.

10It would be theoretically appropriate to include a government spending

variable in (5), which would then also show up in (4). This possibility will
be investligated empirically in Section V.

11It 1s also the case that additional terms, such as me - Py In (5) or its
lagged value in (6), might be expected to appear. But they would not have

ma Jor effects on the properties of the model.

12See the next paragraph.

13Thls will be demonstrated momentarily, in equations (21)-(29).
14Thus we are implicitly omitting any “real-balance” term from the IS function
for simpliclity. It will, however, be argued below in Section IV that such an

omission is theoretically inappropriate.

15'I'he second property will not obtain, however, if monetary policy shocks
include both permanent and transitory components, which private agents are
unable to observe separately. This point was emphasized by Brunner,
Cukjerman, and Meltzer (1983),

16Here MA(1) means first-order moving average. Note that the implied

assumptlion is not that §t can be expressed as the sum of two components, one
purely permanent (a2 random walk) and one purely transitory (white noise), for
thls requires that 8<0. The reason for specifying 6>0 is the empirical

evidence to be discussed in Section V.
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17Even in the simplest concelvable case, with y, = y and vy = € = u, = 0, we
find that E¢pest — Ee-1Peet = B[ (Br + B2) = (1-7:(B:+82)) B:1(1+82)1/(B,
+ 52)[31 ‘*Bz(l"lh)].

lalt would not be negated by changes in the specificatlon of aggregate demand

behavior or the stochastic propertles of shocks.

19In other words, the change in the inflatlion rate. The present polint was

argued in McCallum (1982).

onhe difference ls that the MPS model uses a varlable hereby denoted p: in
place of 5z. with p: glven by a markup over unlt productlon cost at "normal”
capaclty levels. For more information, see McCallum (1979b).

21From here on, the tllde symbol wlill be used with this meaning, not the one

mentloned ln the first paragraph of thls sectlon.

zzﬁere I have simplified F&M's specification by using two-perlod (rather than

four-perlod) contracts and by setting the welghts on x, and x..: 1n (39%9a) at
0.5, rather than estimating such welghts empirically.

23
That 1s, X¢ - pe = 0.5 [0.5(%x¢ - py + Xe-1 = Pe-1} + 0.5 (Xear = Prot + Xy -

Pe)) impllies 0.5 (Xe = pe) = 0.25 (Xeet = Peo1) + 0.25 (Xeet = Ptot)-

24The term "interest rates" will refer to nominal rates unless the word "real®

is also ilncluded.

25In a Sldrauskli-style model with explicit optimlzatlon on the part of

infinite-lived households, a household’s cholces in t depend upon lts asset
holdings at the end of t-1. |

26
The F&M specification implies that the long-term nominal rate R, ls related

to the short-term nominal rate by R, = (1+d)™ 1. + (1+d)7? E(Rt+1, where d

1s a number such as 40.
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27It should perhaps be noted explicitly that the autocorrelation functions

emphasized by F&M are conceptually quite different from VAR-baged impulse
response functions, such as those featured by Cochrane (1994) and many
others.

281t may be the case that Taylor’'s own version of his model provides a much

better match. In any event, this discusslon should not be lnterpréted as
disrespective of Taylor’'s work, which has been extremely valuable.

29One more item needs to be mentioned before continuing. That 1is the

empirical relationship between the short-term nominal rate of interest and
the long-term real rate of interest that is the central topic in Fuhrer and
Moore (1993b). What they find is that these two variables have moved
together quite closely over the 1965-1990 time period, a correlatlon that
they note is in theory dependent upon the manner 1n which policy is
conducted. The relatlonship reported is p, = 0.006 + 0. 23r¢. This 1is
evidently an OLS regression estimate. No standard error, DW, or R?

statlstics are reported, but the plot of p, and its fitted value suggest that

R? would be quite high and DW very low.

30Test results are consistent with this being a colntegrating relatlionship.

31For observations since 1966, the nominal prlce 1s obtalned as the ratlo of

nominal to real imports of petroleum products as reported in the National
Income and Product Accounts. For 1954-1966, the Producer Price Index (i.e.,
WFI) series for crude petroleum was spliced on. Then quarterly averages of
monthly observations were calculated. The complete series was finally
divided by the GNP deflator (1982 = 100). All serles are seasonally

ad Justed.
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32The basic lidea, of course, is that with the United States belng a net
importer of oil, total output (net of goods traded to cobtain olil used as an

input) will be smaller the higher is the real price cof oil.

33OLS estimation will not provide consistent estimates of Bz, even in
principle.

34At the time of the conference, Jeff Fuhrer pointed ocut that the estimated

version (54) of the P-bar price adjustment equation does not satisfy the NRH.
That is true, as can be seen by setting Ay;-y = O and Ay, = 0 in (54), but
only because the estimated equation (17) omits the term B8z (Ei.1 Prar -
Ev-2pe) that 1s part of the model. The reason for this omission is that
identification of the term seems almost hopeless, gilven the different
information sets relevant to the two expectatlons. Thus the omlssion must be
Judged a weakness of the paper's empirical work, but does not reflect any
discredit on the P-bar theory.

Bgee equation (12) of Obstfeld and Rogoff (1984).
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It is unclear to me which of these definitions Mussa intends to adopt.




