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Price Flexibility and Output '"Persistence"

. In the Postwar U.S.

by

Thom B. THURSTON®

A great deal of evidence for the U.S. economy suggestsvthat after
changes in aggregate nominal demand (1) prices move "sluggishly" toward their -
eventual long-term values, that (2) output responds directly to these changes
in demand, and (3) these output effects linger "persistently” over time. Most
econometric evidence suggests that something of the order of four to six years
must pass before the ultimate effects on prices and output will be reached.

As commonly interpreted, this lag has profoundly disturbing implications about
the functioning of markets and about the rate of agents' expectations in macro--

economics.

The conventional interpretation of the output-price adjustment lag—-
to borrow the label suggested recently by R.J. Gordon: (1982)-- comes under
the "Natural Rate Hypothesis and Gradual Adjustment of Prices" (NRH-GAP)
approach. After a change in nominal demand,according to NRH-GAP, some combi-
nation of forecast inefficiemcy and institutional constraints on price setting
prevents agents for a time from choosing the set of prices that would clear
output markets at the "natural' level., In the meantime. and because of this
price stickiness aggregate output exhibits persistent deviations from its ma-

tural path,

The troubliﬁg aspect of this NRH-GAP explanation of output peksis-
tance and price sluggishness is the length of adjustment lags it is called
upon to explain. It is difficult, for instance, to attribute four-to six-year
adjustment lags to delays im the availability of information and at the some
time incorporate in one's theory the notion of rational {or "just reasonable™)
agents. The literature has been focusing in recent years on constraints
leading to price-stickiness. One strand of this literature makes these

constraints external. Stickiness is intvoduced by means of institutional




Factors like contracts (e.q., Fischer (1977), Phelps and Taylor (1977),

and Taylor (1979)). Another strand has been developing the comnsequences

of decentralized (microeconomic) price setting, attempting to make price-
stickiness a system{endogenous phenomenon{ Fach strand has suffered cri-
ticism, accentuated by the apparently high degree of price-stickiness that

the theory is required to rationalize2 . Even if we accept these theories
unhesstitatingly the long length if the adjustment lags still poses a dis-
turbing gquestion : what is the operational relevance of theories 1like rational
expectations for short-term policy if agents succeed in changing prices no

more than say 10 % of the "desired" adjustment:per quarter ?

There is another explanation for the output-price lag, involving
another sort of adjustment problem and which potentially circumvents these
disagreeable implications of the NRH-GAP approach. I shall refer to the

"

mechanism in this paper generally as "supply-side persistence ,” altliough

these are really two distinct processes. In one process, producers react to
changes in demand by making commitments to new levels of productive stocks.
These stock levels will in general be different from "natural," cannot be
adjusted immediately, and for the time that they are different from natural

the market~clearing level of output will also be different from natural.

In a second process, sellers draw down (up) inventory levels when demand changes
but can (or will) oply restore inventbry stocks gradually. For the time that
these.processes.keep the market-clearing output away from the natural level,
they‘will also keep the equiliérium'price away from its longer-term value. Thus,
all on part of what seems to be price-"gtickinzss" may in fact be an illusion

brought about by a temporarily-"shifting" supply curve.

To date, supply-side persistence has made its appearance almost
exclusively at the theoretical level and in models of the Lucas-Sargent-
Wallace, rational expectations - "structural wmeutrality” type?) These authors
assume perfect price~adjustments to ratiomal agents’ forecasts, making supply-
side persistence the only source of the output-price lag. There is however

no reason a priori to restrict supply-side persistence to models involving

neutrality or even rational expectations.

In this paper I propose and estimate a model of output and price
adjustment which explicitly parameterizes both supply-side persistence and
NRH-CGAP price-stickness. The model is designed to incorporate general patterns

of both plhenomena and to reveal their relative importance. The rational
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expectations—neutrality and NRH-GAP approaches appear as limiting cases, The
model is very similar in principle to the one employed recently b& Gordon
(1982), However, Gordon's empirical application of the model and resulting
estimates appear to support NRH-GAP to the extreme and could hardly be

different from the results of this paper (a matter to be reviewed in Section V).

In particular, the estimates of the model turn out to be consistent
with the "perfect" shortrrun (in this case, one-quarter) price~flexibility requi-
rement of the Lucas-Sargent-Wallace neutrality hypothesis and thexefore also
with the proposition that output persistence-price sluggishness is fully
accounted for by supply-side persistence. Some less dramatic results concer-—
ning price flexibility are obtained if one loosens assumptions about the nature
of the model that is being estimated, but even these indicate that supply-side
persistence is the dominant reason for the long-.lived nature of the outpuf—
price adjustment. Conservative interpretation of the evidence presented here
suggests that (1) expectational elements (including possibly rational expec—
tations) maintain an important role in influencing short-run macroeconomic
adjustments, and that (2) NRH-GAP's role in creating output-persistence is

either much less than commonly supposed or irrelevant.

The sections are arranged as follows., In Section I, T set forth
the price-adjustment model having no price- stickiness: features or supply-
side persistence affects., In Section II, I introduce price stickiness. The
model is expanded. further in Section III to allow for supply-side persistence.
At this stage, ‘the NRH-GAP and supply-side persistence parameters are identi-
fied, and I show the equations to be estimated. In Section IV I discuss pa-
rameter estimation, illustrate the results, and point out the implications.
Section V includes a discussion of the Gordon estimates in which I demons-
trate that estimation problems severely biased his estimates into the direc-
tion of NRH-GAP support. Corrected estimates agree with the conclusions stated in

the last paragraph. Finally, I summarize in Section IV,



I. Output~Price Adjustment With Flexible Prices

I begin with a simple output equation of the Lucas (1973) type
in which the discrepancy between current output, yx (lower case denotes
logs, "*'" denotes a real value), and the "natural" equilibrium output, yi,
can be expressed as a function of the difference between the level of

"anticipated" prices, ﬁt’ and their actual level :
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where o is the “unanticipated-price elasticity"” of aggregate supply and

e, . is a random error term. Alternatively, output deviations from natural
3

can be expressed as a function of the forecast error in nominal demand
~

(y ). That is, since

t Yt

m

2 . X _
(2) Ve TV TP TR Y YL TV e

(1) can be written

e
X _ 2 a A s,t
3) Yo Ve Y Tes e =y + o °
Note also that (by identity)
e
N _ay _%s,e
(4) Pe T Y " Ve P Tee U TV T T

Changes in anticipated nominal demand (;t) will not affect output -(3) but
will affect the price level and by equi-proportionate amounts (4). Unan~
ticipated demand, represented in (3) and (4) by the log-difference (yt - §t)’
will have a less-then-proportionate effect on prices (4) and effects of the

same sign on output (3).

In Luca's formulation the""'d" values represent rational forecasts —
that is, forecasts ﬁéde in t-1 and with all information that could have been
known then, including serial correlation patterns in the factors determi-~
ning y and in the error from es,t' ‘It follows that in the Lucas formulation
only serially-uncorrelated ‘mews" is capable of producing the discrepancy
Yy~ ;t’ which is the only demand-side determinant of output, Among the
various sources of information affecting agents' calculation of y, systematic
demand manipulation undertaken by authorities will be taken account of and

N



therefore neutralized by price adjustments. Finally, while Yy " ;t will
create output effects, these effects will not persist beyond the current
period. Knowledge of y_ ~ ;t will be made by agents in making forecasts

of the next period's demand level.

(1), (2) and (4) can be interpreted less strictly then in Lucas's
framework by assuming that the uateh rofer to "just reasonable' forecasts
of their associated variables rather than rational forecasts. Learning lags
and/or costs of information may make agents® forecasts less responsive to
recent data than in the Lucas formulation. Such forecasts should be restricted
to the class in which the variables forecasted would eventually approach
steady-state values. An approach in point is the "adaptive expectations"
one in which forecasts evolve as weighted averages of prior valﬁes of the

variables in question.

Unlike the rational-forecast interpretation of the Hatlg M- the
just-reasonable forecast jnterpretation implies that output can be effected
by nominal demand that might have been forecasted (if forecasts had been more
efficient). Moreover, the output response to demand change can be persistant
and price response sluggish, The sluggishness of prices in this context is
not due to constraints on their adjustment but to misperceptions on the part

of agents as to their equilibrium values.




II, Constraints on Price Flexibility

The other NRH~GAP factor potﬁntially responsible for output-price
lags is not delay in information itself but institutional features of markets
that prevent agents from acting quickly on their forecasts. The simplest
scheme to impose (at least of the class that is faithful to the NRH~GAP notion
of eventual natural-output equilibrium) is one in which agents manage to change
the price level a constant fraction, X, of the gap between the new market-
clearing price level (pi) and the price level that existed .in the previous

period :
¢
(6) I A(pt - pt—l)' where 0 < A < 1,

The clearing price, pz, is the price that would clear markets given agents'
expectations of prices where price adjustments not impeded - i.,e., the price
level P, described in (4). Substituting that solution for prices into (6)

for pz, we have

~ * A ~ Aes t
- = - - 0 - - —l3
@ Py~ Ppy T ALY Yot T Pl *Tag O m YY) T+o

Hl

From the identity that P =y - y: and breaking e into its parts,

y, and (yt - yt?y note that
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where g is the growth rate of natural output. Equation (7), and more expli~
citly equation (8), suggest that when price adjustment is constrained (i.e,

0 < X < 1) the gap between current and natural output will depend upon current
and lagged values of.both §t and (yt - §t1' Demand-induced output persistance
can be fully accounted for by (I-A) and would have to be so if forecasts were
rationai. (J-A) will be just a contributing factor if expectations are not
rational. For later reference note that, however expectations are formed,

the coefficient on ;t in (7) should be larger then that of (y - §t) (so N
long as ¢ > 0), and the opposite should hold in (8).




The prica;ndjustment mechanism proposed in (6) has expositional
advantages and is relatively easy to estimate, but it has an analytical
shortcoming of potential importance. It constrains the current price such
to be a geometrically-decaying, welghted average of past market—clearlng
prices (i.e., of the form P, = A pt + (1 = A} A pt - (1 - l) by Pt 9 LI
This has the unacceptable (to NRH-GAP) theorists) implication that changes
in the rate of growth of y will produce permanent deviations of output from
the natural level. The problem is that if for example the growth of y
increased, and prices did not increase proportionately and instantly, then
it would be necessary for the growth rate of prices to incréase temporarily
by an amount exceeding the increase in y-growth. This is necessary in order
for the price level to rise high4§nough to eliminate the output gap, but this

movement is not permitted by (6}).
The more general specification is
%) P, = .E a, po

The NRH-GAP long-run, natural output condition requires thatiEO =1, th

in this case the early a's are free to sum to a value greater than unity

to reflect temporary ‘'overshooting" of prices., Like {(7) and (8), the
adjustment in (9) implied that prices and output are distributed-lag functions
of both yt and (y - yt) (provided that ay < 1) but with . more general dis-
tributed form than that implied by (7) and (8). The implications regarding
the effects of changes in ;t and (yt - ;t) are similar to those of (7) and (8).
If expectations are rational, a, < 1 is a necessary condition for demand-in-
duced output persistance, If expectations are not rational, a, < 1 will contri~
bute to output persistance. Whatever the ai~pattern and manner of expecta-
tions formation, the coefficients on (y - ;)'s will be greater then those of

the ;'s for output and the opposite will hold for prices.




IXI. Supply-Side Persistence and Its Identification

The previous section placed the NRH-GAP approach into parameter
form. In this section I add parameters wliich identify a supply-side persis-
tance process, the rationale for which is based on a third set of adjustment
lags. One of these centers on agents' adjustments of productive stocks like

fixed capital, the other has to do with sellers' inventory adjustments.

The argument in the case of productive stocks is that demand change
induces producers to invest "too little" or "too much" in dutable stocks
relative to these stocks' natural equilibrium values. 1In part these invest~
ment decisions represent "mistakes" and are due to imperfect information.

(A model of this type appears in Lucas (1975)). In general, however, producers
may hold "excess" stocks deliberately and correctly so long as they have
forecasts that output will for a significant time be greater than natural§)

The inventory-adjustment mechanism is different that the current stock change
in at least in part a passive response to demand change. The lag is in pro-
ducers' subsequent reestablishment of desired stock levels, adjustments which
in turn require output level changes. (A model of this type appears in Blinder
and Fisher (%981)). Those postulating the existence of these supply-side
effects have done so in the context of rational expectations-neutrality models,
but as noted in the introduction there is no reason a priori to restrict the

process to models which do not inciude NRR-GAP features.

The productive stock and inventory adjustment mechanisms both imply
the existence of lagged adjustment of short-period equilibrium output indepen~
dent of demand. A general way to represent this equilibrium output is as the

natural level itself plus a distributed lag on past deviations from natural :

8

* * * ; \
yn,t + if et—i (yt—i - yn,t-i)' For theoretical frameworks employing natural

output equilibrium we would expect the process to be damped, though the produc-—

tive stock mechanism suggests a possibility 'of temporary, accelerator—llke

build-ups of the output "gap" -in absolute terms.

* ® * ® .
When yn’t + El et—i (ytwi yn . ) is substituted for y e in

(7) and in the less~restricted counterpart (9), we have
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Estimates of A {or the ai's) and the et_i's offer. the means of
assessing the relative importance of NRH—GAP and supply-side -persistence

The B 's times their respective (y - ,) -~ terms indicate those
P tei )"

levels of output that would have prevailed :nttll-;e hypothetical absence of
current restraints on price flexibility on information problems. Put in
textbook language, they indicate the current position of the short-rum,
Myertical" aggregate supply curve. Given the discrepancies between these
short—term hypothetical levels of output and nominal demand, X (or the ai's)
measure(s) the rate(s) at which prices will move to clear markets. Failure
of prices to move instantly (X or ab < 1) will credte components of
outpuc dlscrepancy from natural that will exist in addition to those produced
by the © i's. The limiting cases are of course {0 's =0, a, er A <1}
for pure NRH*GAP (and wvhere """ may refer to less-— than—optlmal forecasts) and

{ao or » = 1, et—i # 0} for the pvriceLucas-Sargent-Wallace case (and where

nAM pofars exclusively to rational forecasts).
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IV. Estimation

A conceptual problem to be faced in estimating (10) and (11)
is how to represent agents' forecasts of nominal demand, ?t. For theories
which employ rational expectations, ?t is reasonably well defined and in
principle its generation can be simulated retrospectively, Under NRH~GAP,
however, agents' forecasting mechanism is not defined and may even be highly
inefficient. TFor went of a better procedure,AI shall assume that equations
(10) and (11) where ?t is defined as the rational forecast can be used to
represent all Lucas-Sargent—Wallace and NRH-GAP models incliiding the forecast-
inefficient versions of NRH-GAP. This means that iﬁ general A (or the ai's)
measures the effects, if any, of some (unspecified) combination of forecast
inefficiencies and price strickiness?

I shall assume that the rational forecast ?t can be adequately
represented by a least squares regression on ‘past economic data. y is defined
as the log of nominal G.N.P. and it is "forecast" with an equation having
seven lagged y's, seven lagged (log)- Ml's, and a time trend dummy y:, the
natural (log) real income level is the estimated trend value., Other data{
in logs, include p : the G.N.?P. deflator j and y* : real G.N.P. The estimating
period is 1955 : QI through 1979 : QIv,

Placing § from a forecast equation in the price adjustment equa—
tions (10) and (11) involves cross—equation restrictions, and there other
reasons to expect the y-equation and corresponding price equation from the
same sample to be related. This requires joini estimation of each price equa-
tion and its corresponding y-forecast equation with a procedure that tekes
the cross-equation ‘effects into account.I have used FIML (Full Information
Maximum Likelihood) for the results of this section. Results from a two-step
OLS procedure by which one first estimates of the y-equation, and subsequently
emnloys the ;'s in an OLS price équafion for Prices, tura out to have some subs—
tantial differences. I reserve those estimates for the comparison in Section

V of my results and those of Gordon (1982), who used the two-step approach,

I imposed two other constraints, one for computational convenjence
and one that is required by the model, For convenience, I restricted the
number of Ot_i's to two. Estimates of (10) using the OLS, two-stop procedure
indicated-thaf Bt_i's begond two had small and insignificant coefficients.

Further, the etwf‘ and St_z-' estimates appeared to be insensitive to whether

.
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OLS or FIML was used. Limiting the number of etmi‘s reduced considerably

the complications involved in the second set of restrictions. The form
- 17D

T Table |

of (}1) requires non-linear restrictions among the a.'s, et—i's and
i

presents the resulting FIML estimates of (16) and (11).

The Results I : The NRH-GAP Lffect

At least with respect to the issue of price-flexibility, the
results illustrated in Table | are one-sided in their support of the Lucas—
Sargent-Wallace approach and against NRH-GAP. For both estimates (10) and
(11) the first—quarter adjustment of prices to § is close to the "perfect"
unity value, The value of i in estimate (10) is 1.14 - a value slighty but
less than one standard error (.21) from I.,0. The &, - value in (i1) is

0

also close to 1.0 (estimate = ,988, standard error = .16) and a, and a

i 2

are not significantly different from zero at the .05 level. Since the first-—
quarter price adjustment coefficients (A,ao) are so close to unity, there is
1ittle substantive difference between the specifications of (10) and (11) and

the "overshooting".of prices issue is moot.

An implication of both Lucas-Sargent-Wallace and NRH-GAP is that
the coefficient on the forecast error y - ;E be smaller than that of ?t. This
condition is metat the .0l level in both (10) and (11). This evidence does
not help distinguish one approach from the other, but it at least supports

the general class of models and the specification of (10} and (il)}.

The Results II : Supply-Side-Persistance

To the extent that output persistance-price sluggishness exists,
therefore, it must be accounted for by supply-side adjustment lags. The
estimates of the identifying parameters (Btml,6t_2) as obtained in (10} and (I'1)

are quite close :

Estimate (10) Estimate (11)
CH 13 | 1.29

(s.e. = ,07) - (s.e. = ,12)
6., -.36 -.35

(s.e.= .08) (s.e.= .13)
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I have not identified the particular mechanism behind this lag, but there
are two particularly interesting features of these estimates. First, the
adjuétmgnt pattern is, as expecied, a long one. As illustrated in Chart 1,
the_"half—life“_pf a given hypothetical output deviation from mnatural is
fourfeen quarters. Second, the combination of parameters produces a kind

of damped accelerator having a temporily cumulations buildup of y* - y: is
the first year. This is more suggestive of a mechanism involving fixed pro-

. 5 ., 8
ductive stocks than an imventory mechanlsm.)
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V. The Gordon Estimates

In his recent paper on. price adjustments Gordon (1982) estiméﬁes
equations for subperlods ranging over 1890 through 1980 that are éimilar
in principle to (10) and (11y. The implications of the estlmates, however,
could hardly be different (and still belong to the class of natural
equilibrium models). For each of his subperiods-—— including. one for 1954
QI through 1980:QIV ~ which is close to the 1955:QI through:1979:01V. sample
used for Table 1-- the first-quarter impact of Gordon's ywvariable falls far
short of unity and the subsequent adjustments appear to be spread over a
several years. In the 1955-1 1980 estimate the impact coefficient is only .06
and final effects on prices are not complete until after twenty ﬁuarters?a
The Cordon results support the NRH-GAP explanation of output persistence-
price sluggishness to a polar extreme, What is the difference between Gordon:'s
and this paper's models or estimation procedures that produces such a drastic

difference in results ?

In this section I show that there are no substantive differences
in the basic models, but that (1) Gordom imposes hard-to-justify restrictions
on the functional form of his NRH-GAP price-adjustment mechanism, and that
(2) his method of estimation involves possible estimation bias due to the
presence of lagged dependent variables, When the Gordon formulatlon is
relieved of problems (1) and (2) and re-estimated (in effect, making the model
a close variant of my (11)), the price adjustment parameters increase from
his original 16w values to high (but imperfect) values. A final statistical
jssue to be considered in this section is over the issue of the two-steps,
OLS procedure used by Gordon or the cross—equation pfocedure 1 used for Section
IV. It is apparently the use of the latter that moves the price adjustment

parameters from high to the "perfect"” values exhibited in Table 1.

Cordon's adjustment mechanisms (1982, p.1092) is (notation changed

wherever necessary to be consistent with this paper's)
©.1) b = poy = a®) by - P * b G 7 Yy )
: t = Pe-1 t-1 ~ Pr-2 oVe T Ta,t
* *
+ -
bl A(yt yu,t)

+ +
bz, v ep s
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where z, 1s a vector of supply-"shocks" (phenomena such as the "Nixon"
pricecontrols), a(L) is a polynominal in the lag operator which Gordon

says is designed to account for the influences of "inherited price change;"

and e is the error term. b, and b] are expected to be positive,

Gordon then uses the identity that

o N x_ % R *
©.2) Ve T ey TP TRty Tn,t-1 7 Ve * Tn,t-1 * 8
where g is the trend rate of natural output growth, in order to write (G.1)

as :
. ) ) ) .
(G.3) Pe P Tﬁ;j;;ﬁ;j;; {a(L) (pt—l - Pt_z) + (bO + bl) (yt T Y] T 8)
* *x
* e - Tn,e-1) ¥ Pyz, 4 k.

As an allowance for rational expectations, Ve T Ve is divided into anticipated
(?t - yt—l) and unanticipated (yt - 9t) parts so that the estimated equation
takes the form (1982, p,1093)

(G.4) Pe ~ Py = (L) (Pt—l TPyt 4, - vy

e-1 T B *dily, - 9)

* %
* a0 Yo, e-1) * 4327, *Vut »

where dO’ d2 > Q.

Now (G.4) is not am implausible pricewadqutment mechanism, If the
lagged (pt - pt_l)'s are eliminated by substitution (G.4) implies, like (10) amnd
(11}, a distributed lag on the other explanatory variables, This distributed
lag however imposes a restriction that the coefficients at each lag be in the
same ratio to each other. If the true coefficient distributions on deﬁand
variables and lagged output (yx - y:) terms have distinctive shapes (as implied
by estimates (10) and.(ll)) this could not be revealed by an estimate of (C.4).
A second problem arises not from the form of (G.4) but from Gordon's direct
estimate of it in a form having lagged dependent variables: In general, coef-
ficients of equations in which lagged dependent variables are present will be

biased?) M
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Whatever the relative and combined importance of these estimation
problems, the means to avoid both is to estimate the same model without the
offending constraints and in direct, reduced—-form. In Table 2, I present
re-estimates of the Gordon formulation kor l954—l979l?) The first estimate
(G.4.1) essentially reproduces the Gordon result of low demand impacts and
long adjustment lags, The second (G.4.2) is a direct, reduced-form version
estimated on the same data!l)The coefficients in (G.4.2) on the current
(;t " Veey T g) and lagged demand variables sum to .93 (standard error = .08),
jindicating imperfect but considerably faster price adjustment than suggested

by Gordon's estimates and by my re-estimate (G.4.1).

The overall implications of the reduced-form (G.4.2) ave similar
to those I obtained when estimating (10) and (11) using the two-step, OLS
procedure rather than FIML. An estimate of equation {11} is shown in Table 2
with the label (11.a). (11.a) was corrected for serial correlation with a

. : ’ 12
constraint that required the error term to follow a second—-order process,

The similarity between the revised-Gordon (G.4.2) and my own two—
step — OLS estimate (11.a), as well as the difference these estimates have
in comﬁon with Table 1's, raises a more difficult question of judgment. if
we assume {(10) or (11) together with its associated y-forecast equation
represents ''the' correct model, then. a cross—equation procedure 1ike FIML
is clearly requ{red: In consequence, the results favoring Lucas-Sargent-—
Wallace implications which appear in Table 1 are the preferred ones. On
the other hand, if we view the estimated system as an approximation in which
misspecification is 1ikely]3)the OLS reduced-form results in Table 2 should be
retained on the ground that they may be mare robust to specification error.
Whichever result one wishes to emphasize, it should be clear that the issue
is over "relatively" rapid vs."perfect" price adjustment and not over these
and the extraordinarily © slow price adjusgmént implied by Gordon's original

estimates.
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VI. Summary and Conclusions

There is little doubt that nominal demand changes often produce
long-lasting effects on output and that prices often adjust sluggishly to
changes in demand. The disagreement is over the cause(s) of this joint
phenomenon. The conventional NRH-GAP approach attributes these lags to
informational inefficiencies and/or institutional constraints on price adjust-
ments, The length of observed output-price adjustment lags, under the NRH-
GAP interpretation, raises awkward questions about the functioning of the
price system and the relevance of agents' expectatioms in affecting short-

term economic activity,

A competing explanation of the output-price adjustment lag - 1
have called it "supply—side.petsistence“ - involves lags in the adjustment
of produrtive stocks rather than in expectations or price-setting. This
approach is capable in theory of explaining part or all of the observed
cutput-price adjustment lags and can do so even if there is high or “perfect"

degrees of expectations-rationality and price-flexibility,

The empirical.results of this paper suggest that the importance of
NRH-GAP is explaining output persistence and price sluggishnessranges batween
"very little" and "none:" Implicitly, and according to wmy estimates, the
supply-side mechanism is predominantly to totally responsible for the output-
price lag. The "perfect" price-flexibility results, obtained with the FIML
procedure, turn out to be in accord with the Lucas-Sargent-Wallace neutrality
hypothesis, I have also retained and reported some léss dramatic results
obtained with a two-step, OLS procedure. The most conservative interpretation
of the evidence is that prices are at least reasonably flexible and that

supply-side persistence is powerful and long-lasting,

If the results are correct, theymay reduce the pressure that is
currently being placed on theories of contracts and other forms of macroeconomic
disequilibriqm theories to produce a convincing NRH-GAP explanation for price
stickiness. At the same time, these results point to the need to expand ouy

knowledge of supply-side persistence,



Equation (10)

Table 1}

price Equation Estimates

1955 : QI thrbugh 1979 : QLV

Equation (11)

Dep. Var., = P, 7 Py Dep. Var. = Pg

Coef Estimate

A 1.144
)
Tta 118
et—l 1.35
. et*Z -.363

(consti) ” -.0010
D.W. = 2.189
Log of likelihood

Function : 718.68

t-statistic Coef Estimate

5.54 ao .988
2.69 ay .186
18,58 a, - 174
1
SA568 Tra ,318
-.48 0, 1.296
8, 5 -.348
(const.) - - -,00213
p.W, = 1.97

Log of likelihood
Function = 721.74

t-statistic

6.34

.99

~1.,89

10.51

-2.72

-.08
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ENDNOTES
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Associate professor, Queeng College, C.U,N.Y. Special thanks to Eric de Souza,
Eric Dor, Paul Geroski, Jacob_Grossmah, Albert Kervyn, Jean Pierre Lemaitre,
Robert Lipsey, Bent]egeﬁacLeud and Daniel Weiserbs. This baper was prepared.
while the author was g visitor at the Institute for Economic Researcﬁ, Catholie
University of Louvain (ucL), Louvain—LA—Neuve,.Belgium. I am extremely grateful

to Exie Dor, who‘cqntributed a great deal of theoretical and computational
advice, Exrors are mine,

A large literature is surveyed by Drazen (1980).

The contracting approach is vulnerable to the complaint that institutional
arrangements would be unlikely to survive which prevented wages and prices
from reaching perceived, desired levels for several years. The (micro-
economic) conjectural analysig and signalling theory has not yet developed
a convineing explanation of endogenously—stiCkyprices and unemployment, at

least not for several-year periods. On the latter, see Drazen (1980, p.299),

This refers to the classic papers (among others by the same authors) :
Lucas (1973) and Sargent and Wallace (1975} .

*

If y: grows at a constant rate, g, the steady-state solution fox y: R A
3

is 1§l (ﬁt - ﬁt—l - 8). That is, the "gap" will increase by lil percentage

points for each percentage point increase in 9t - 9t—i'

Goidon has charged (1981, p.510) that it is unreasonable in the context of
rational expectations for agents to incur the risk of long-term, productive-
stock mistakes when they -could . ayoiq making them simply by waiting the
short time necessary for ambiguities of demand signals to be resolved. This
argument appears to imply that agents will view with regret any deviations
in productive stocks from their natural levels, But rational agents by
definition should know enough about the hnderlying model to know that
demand shocks result in output effects énd that the demand in real terms

for their specific products is 1ike1y to be affected. Agents will presu-
mably acquire productive-stock levels that are consistent with their (ratio-

nal) forecasts of the "business cycle ;"

+ A procedure which has g cleaner appearance would be to test the neutrality

conditions () = 1, or a, = 1 and a; = 0 for i > 1).in what is assumed fo be
"the" Lucas-Sargent-Nallace model. (See this type of test in Barro (1978),
Barro and Rush (1980), Grossmdn (1979), Leiderman (1980), Mishkin (1982a,b),

and Wogin (1980)). The estimates I describe in this section are identical
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to those I would make in conductingthis test and they turn out to be con-
sistent with the price—flexibility requirement of structural neutrality.

I shall not however, use the estimates as tests of neutrality in this paper.
The central issue and topic is the output—pfice’lag in context’ of ‘a géneral
class of models and not just the Lucas~Sargent—-Wallace one. Furthex, the
specification of this "general model is uncertain, a feature of this study
that increases my obligation to consider whether misspecification might have
affected the estimates. An estimating issue in point is the best way to
employ cross—equation constraints, constraints this model requires. As I
shall show in Section V, the results are semsitive to the choice of statis-—

tical procedure.

When, for example, three NRH-CAP-lag coefficients (aiis) are permitted
the resulting coefficients of the explanatory varjables are related to

each other in the following way :

coefficient explanatory variable
a . PO
0 . T Ya
2 A X
i Yeoi 7 Vn, e
a § -yt
2 Yeeo " In,e-2
i
3| Tea ER
a (—jwﬁ y -3
I'l+a t-1 t-1
a, (o) v, -9
2 1 +a t-2 t-2
—a b X _ X
0”t-1 Yeo1 7 Yn, -l
* *
a8, 17 %1 V2" Yn,e-2
* *
a8 o~ 8% Yee3 ™ Yn, t-3
—a® . x o *
2%t-2 Vet ~ Yn,e-4

In several empirical, reduced-form studies of yrational expectations. wherein
output or employment is employed as the dependent variable against distribu-
ted lags of . "forecasts' and tgorecast-errors' of money ox nominal GNP, a
second-order serial correlation has appeared in the residuals (c.f. Barro

and Rush (1980}, Grossman (1979), and Mishidin (1982a,b)). The pattern of
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estimated p~coefficients in these studies falls in of the same general
-1 and et»Z'
A plausible implication of the serial correlation pattemthey find

order of magnitude (inclading sign) as my estimated ©

is a failure to include a role in their models for supply-side persis~
tance, 1If true, supply-side error terms like e;,t (first appearing

in equation (1) of this paper) will have a built-in serial correlation
component which has the pattern of the (missing) 8's. I might add that
the proper remedial step is to include the ieft—oﬁt variables rather than

the Cochrane~Orcutt technique used by these authors,
Gordon (1982).eanationt of Table 3,p.1103. .
Estimates made in such circumstances are consistent provided serial corre-

lation is not present. It serial correlation is preseat the coefficience

will be biased even in large samples.

In making these caleulations T changed the y-forecast equation so that it
conformed to Gordon's, . '
This required changing the variables to first (lag) diffe-

rence form and altering the list of lagged explanatory variables,

(G.4.2) is not an exact reduced-form translation of (6.4.1).1 did not L
allow a distributed lag on the supply-"shock" variable NIXCON (see foothote,'
Table 2) on the presﬁmption Gordon did not intend NIXCON's effects to be
distributed over time. Second, I included only the first (yt - ?t) term
separately and lumped the lagged (yt~i - ?tmi)'s with the demand-forecast
variables. This reduced the standard error of the sum of current and lagged
demand variables fa nnt—surprisiﬁg outcome, since the forecasts are

correlated with previous forecast errors) but had megligible effect on the

point estimate of the sum.

There is no firm ground on which to justify the. serial correlation correc~
tion, It is interesting, however, that the correction turns out to involve

an avoroximate first—differencing and that the data used for Gordon's equa-
tions (and the reviged equation (G.4.2)) is first-differenced. When the
serial correlation correction is not made, the two-step OLS proceditre produces

much faster (through imperfect) price adjustment speeds.

The greater doubt about specification is over the forecast equation. Under

rational expectations assumptions, we face the problem of finding the
"best" forecast equation. The necessarily casual way the forecast is treated

under NRH-GAP makes misspecification almost inevitable.
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