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Near-Rational Wageand
Price Setting and the
Long-RunPhillips Curve
OVER THIRTY YEARS ago, in his presidential address to the American Economic Association, Milton Friedman asserted that in the long run the
Phillips curve was vertical at a natural rate of unemployment that could
be identified by the behavior of inflation.' Unemployment below the
natural rate would generate accelerating inflation, and unemployment
above it, accelerating deflation. Five years later the New Classical economists posed a furtherchallenge to the stabilization orthodoxy of the day. In
their models with rational expectations, not only was monetary policy
unable to alter the long-term level of unemployment, it could not even contribute to stabilization around the natural rate.2 The New Keynesian
economics has shown that, even with rational expectations, small amounts

of wage and price stickiness permita stabilizing monetarypolicy.3
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the idea of a natural unemployment rate that is invariant to inflation still
characterizes macroeconomic modeling and informs policymaking.
The familiar empirical counterpart to the theoretical natural rate is the
nonaccelerating-inflation rate of unemployment, or NAIRU. Phillips
curves embodying a NAIRU are estimated using lagged inflation as a
proxy for inflationary expectations. NAIRU models appear in most textbooks, and estimates of the NAIRU-which is assumed to be relatively
constant-are widely used by economic forecasters, policy analysts, and
policymakers. However, the inadequacy of such models has been demonstrated forcefully in recent years, as low and stable rates of inflation have
coexisted with a wide range of unemployment rates. If there were a single,
relatively constant natural rate, we should have seen inflation slowing
significantly when unemployment was above that rate, and rising when it
was below. Instead, the inflation rate has remained fairly steady, with
annual inflation as measured by the urban consumer price index (CPI-U)
ranging from 1.6 to 3.0 percent since 1992, while the unemployment rate
has ranged from 6.8 to 3.9 percent. In this paper we present a model that
can accommodate relatively constant inflation over a wide range of unemployment rates.
Another motivation is a recent finding by William Brainard and George
Perry.4Estimating a Phillips curve in which all the parameters are allowed
to vary over time, they find that the coefficient on the proxy for expected
inflation in the Phillips curve has changed considerably, while other
parameters of that model have been relatively constant. In particular,
Brainard and Perry found that the coefficient on expected inflation was
initially low in the 1950s and 1960s, grew in the 1970s, and has fallen
since then. The model we present can explain both why the coefficient on
expected inflation might be expected to change over time and, to some
extent, the time pattern of changes observed by Brainard and Perry.
Our paper also allows an interpretation of the findings of Robert King
and Mark Watson and of Ray Fair.sBoth find a long-run trade-off between
inflation and unemployment. In addition, King and Watson find that the
amount of inflation that must be tolerated to obtain a given reduction of
unemployment rose considerably after 1970. Our model allows a trade-off,
but only at low rates of inflation such as those that prevailed in the 1950s,
4. Brainard and Perry (2000).
5. King and Watson (1994); Fair (2000).
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1960s, and 1990s.At higherratesof inflation,the trade-offis reduced,and
at high enoughratesof inflation,it disappears.
Much of the empirical controversy surroundingthe relationship
between inflation and unemploymenthas focused on how people form
expectations.This may be neitherthe most importanttheoreticalnor the
most importantempiricalissue. Instead,this papersuggests thatit is not
how people formexpectationsbuthow they use them-and even whether
they use them at all-that is the issue. Economiststypically assumethat
economicagentsmakethe bestpossibleuse of the informationavailableto
them. But psychologists who study how people make decisions have a
differentview. They see individualsas actinglike intuitivescientists,who
base theirdecisionson simplified,abstractmodels.6However,these simple
intuitivemodelscan be misleading;indeed,sometimesthey areincorrect.
Psychologistshave studiedthe use of these simplifiedabstractions,often
called mentalframesor decision heuristics,and the mistakesthat result
from them. Economistsshouldnot assume absence of cognitive errorin
economic decisions, nor should they assume that their own models and
those of the publicexactlycoincide.
We proposethattherearethreeimportantways in whichthe treatment
of inflation by real-worldeconomic agents divergesfrom the treatment
assumedin economic models. First, when inflation is low, a significant
numberof people may ignore inflation when setting wages and prices.
Second,even whentheytakeinflationinto account,theymaynot treatit as
economistsassume.In particular,we hypothesizethatthe informaluse of
inflationaryexpectationsin wage and price decisions leads to less than
complete projectionof anticipatedinflation, with consequencesfor the
aggregate relation between inflation and unemployment. Finally, we
believe thatworkershave a differentview of inflationfromthatof trained
economists.Workerssee inflationas increasingprices andreducingtheir
realearnings;they do not fully, if at all, appreciatethatinflationincreases
the nominaldemandfor their services. Thus they tend to view the nominal wage increasesthey receiveat low ratesof inflationas a sign thattheir
work is appreciated,andto be happierin theirjobs as a result.They may
also be unawareof the extentto whichinflationis increasingthe pay available to them in alternativejobs. Even fully rationalemployers,who must
solve the typical efficiency wage problem,can exploit workers'misper6. See Nisbett and Ross (1980).
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ceptions by paying wages that are less than what would be required if
workers fully incorporated inflation into their mental frames.
If any of these three departures from the fully rational use of information about inflation are important, then at low rates of inflation, prices and
wages will be set consistently lower relative to nominal aggregate demand
than they would be at zero inflation. As a result, operating the macroeconomy with a low but positive rate of inflation will permit a higher level of
employment to be sustained. We will show that at low rates of inflation the
behaviors that we posit, which depart from the fully rational decisions of
typical economic models, impose very small costs on those who practice
them. Because there may be subjective or objective costs associated with
fully rational behavior, or because implementing fully rational behavior
may require overcoming some perception threshold or behavioral inertia, it
is plausible that the costs of nonrationalbehavior may be too small to induce
rationalbehavior from all economic agents. However, if inflation increases,
the costs of being less than perfectly rational about it will also rise, and people will switch their behavior to take inflation into full account. Thus,
although increasing inflation modestly above zero will permit lower unemployment, there is a rate of inflation above which the sustainable unemployment rate rises as more and more people adopt fully rational behavior.
This rate of inflation thus minimizes the sustainable rate of unemployment.
The remainder of the paper proceeds in three steps. First, we describe
departures from perfect rationality at low rates of inflation and present
some evidence that supports our view. Second, we formally derive our
model of near-rational wage and price setting, show that the costs of near
rationality are small, derive short- and long-run Phillips curves from the
model, and present a calibration exercise that shows that, even when only
a fraction of wages and prices are influenced by near-rational behavior,
there can still be substantial long-run gains in employment from moderate,
ratherthan very low or zero, inflation. Finally, we estimate the theoretical
model using postwar quarterly U.S. data. The results support the theoretical model and are surprisingly robust.

Near-RationalBehavior TowardInflation
As noted above, psychologists who study decisionmaking approach it
differently from the way economists do. Psychologists have identified
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many ways in which real-world decisionmaking departs from economic
rationality. Here we describe three ways in which we suspect that behavior
toward inflation departs from the economist's rational model.
First, psychologists suggest that decisionmakers, far from making the
best use of available information, readily ignore potentially relevant
considerations and discard potentially relevant information in order to
simplify their decision problems. Daniel Kahneman and Amos Tversky
have dubbed this behavior editing.7When people "edit"decision problems,
they rule out less important considerations in order to concentrate on the
few factors that matter most. In this regard, real-world decisionmakers are
no different from academic economists when they construct models: unimportant factors are ignored in order to concentrate on important factors. A
related literaturein the psychology of perception suggests that items must
reach a threshold of salience before they are even perceived.8 Thus, when
inflation is low, it may be at most a marginal factor in wage and price decisions, and decisionmakers may ignore it entirely.9
We know of no strong evidence either for or against the view that some
wage and price setters ignore inflation,10but several before us have suggested the occurrence of such behavior. For example, Otto Eckstein and
7. Kahneman and Tversky (1979). Kunreuther (1978) has used the phenomenon of editing to explain why many people do not buy disaster insurance: very low probability events
are ignored in decisionmaking. His book (pp. 165-86) presents the results of experiments
that demonstrate the phenomenon of editing.
8. See Gleitman (1996).
9. The behavior of cost-of-living-adjustment (COLA) clauses is consistent with increasing attention being paid to inflation at higher levels of inflation. As inflation rose in the
1970s and 1980s, coverage of union workers by COLAs in the United States increased. In
the late 1960s about one-quarter of workers involved in collective bargaining were covered
by COLA clauses, compared with about 60 percent for the inflationary decade from 1975
to 1985 (Hendricks and Kahn, 1985, pp. 36-37). As inflation fell in the late 1980s, the
fraction covered fell to 40 percent in 1990 (Holland, 1995, p. 176). Such inflation sensitivity of COLAs is consistent with our basic idea that wage and price setters tend to ignore
inflation in their wage and price setting when inflation is low, but tend to take it into account
as inflation rises. But this evidence has at least two other possible explanations. It is well
known (see Ball, Mankiw, and Romer, 1988, p. 56) that the variance of inflation increases
with its level. COLAs may increase at higher levels of inflation as insurance against this
variance. Furthermore, if at higher rates of inflation a greater fraction of inflation is due to
monetary rather than to real shocks, more contracts will be indexed at higher than at lower
rates of inflation (see Gray, 1978).
10. Direct attempts to assess the effects of forecast inflation on wage setting have ignored
the indirect effects of inflation through other information that will be correlated with inflation. Such information includes the wages and prices of competitive and complementary
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RogerBrinnerbasedtheirmodelof a shiftingPhillipscurveon the assumption thatinflationaryexpectationsmatteredmorein determininginflationin
the 1970s than in the 1960s.11One major macroeconomics textbook
describesthe postwarU.S. Phillips curve in terms of an early period of
low inflation, which was ignoredby wage and price setters, and a later
periodof high inflation,when the coefficienton the last period'sinflation
was close to one.'2Two of the officials who over the past five years have
beenmostresponsiblefor achievingthe FederalReserve'sgoal of pricestability have also suggestedthe possibilityof inflationediting.FormerFed
Vice ChairmanAlan Blinder,in companywith coauthors,has theorized:
A businessman who cannot keep infinite amounts of information in his head
may worry about a few importantthings and ignore the rest. And when nationwide inflationis low, it may be a good candidatefor being ignored. Indeed, one
prominentdefinition of "price stability"is inflation so low that it ceases to be a
factor in influencing decisions.'3

Senate testimony of FederalReserve ChairmanAlan Greenspanseems
also to suggest the view that, at low rates of inflation, economic agents
may simplyignoreit:
goods andfactors.Thus the findingsthatwage andprice settersseem to put little weight
on inflation(Blinderandothers,1998;Levine, 1993) are inconclusive.Forthis reasonwe
madeour own attemptto solicit such information.We sent an e-mail questionnaireto randomly selectedmembersof the AmericanCompensationAssociationaskingthemto recommendwage and salaryincreasesin hypotheticalsituationsvaryingby respondentin a
numberof differentdimensions.The respondentswere given the type of informationthat
for wage andsalarychanges.
personnelexecutivestypicallyuse to makerecommendations
This informationincludedthe wage and salaryincreasesof otherfirmsin theirlabormarket overthe past year,the desiredrelativewage andsalarypositionof theirfirm,expected
wage andsalaryincreasesof otherfirmsin theirlabormarketfor the next year,the increase
in the CPI,the difficultyof hiringandretention,andtheirfirm'sexpectednetrevenuegrowth
relativeto thatof its industryandrelativeto thatof the economy as a whole. The meanof
expectedwage increasesby otherfirmsin the samplewas increasedone-for-onewith the
rateof inflation.Thetotaleffectof changesin inflationon wage andsalaryincreasesby individualfirmscan be seen by regressingthe recommendedwage andsalaryincreaseson the
expectedwage andsalaryincreasesof othersandthe CPI.The pointestimateof the change
causedby a one-pointchangein the CPIin the wages of an individualfirm,given thatthat
of otherfirmsfacingthe sameincreasein the CPI,is 0.738.
firm'schangesarerepresentative
This estimateis obtainedby dividingthe coefficienton the CPIby one minusthe coefficient
this estimatehas a very high
on the expectedwage increasesof otherfirms.Unfortunately,
standarderror,and we cannot rule out the possibility that the impact of an increase in
expectedCPIinflationon wage inflationwouldbe one for one, butthepointestimateis suggestive of ourview.
11. EcksteinandBrinner(1972).
12. Blanchard(1999, pp. 153-54).
13. Blinderandothers(1998, p. 98).
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By price stabilityI mean a situationin which households and businesses in making their savings and investment decisions can safely ignore the possibility of
sustained,generalizedprice increases or decreases.14

Second, even when people do pay attention to inflation, they may not
use expectations in the way economists typically assume. If economic
agents used a formal procedure to make wage and price decisions, they
would first use available information to determine a desired real wage or
price change. They would then add in the amount of inflation they expect
between the time they are making the decision and some future time
during the period over which they expect the price or wage to be in effect.
But if they make the decisions intuitively, subjectively considering a number of factors simultaneously, including inflation, there is no reason to
expect that the decision will give the appropriateweight to inflation. One
decision heuristic, suggested to us by interviews with compensation
professionals, is that information on inflation may simply be averaged
along with other factors to arrive at a nominal wage or price increase.
This would mean that an increase in inflation would lead to the setting of
a higher wage or price, but the effect would be less than one for one. Thus,
less than complete weighting of inflation is the second departure from
full rationality that may influence the relationship between inflation and
unemployment.
In fact, textbooks for compensation professionals warn against using
the formal procedure that economists would imagine to be standard. For
example, George Milkovich and Jerry Newman discourage their readers
from granting automatic wage and salary increases, including increases for
the cost of living."5 Such automatic grants, these authors say, reduce the
funds available to reward employees for performance. Similar thoughts are
expressed in the handbook of the influential Hay Group of compensation
consultants, in which managers are advised to "avoid linking salary movement to changes in the cost of living, because this creates entitlement and
reduces the amount of money available to differentiate for performance."'6
The third importantdeparturefrom the hyperrationalmodel comes from
the way workers perceive inflation. Robert Shiller has documented very
large differences between the intuitive models of inflation used by the lay
public, most of whom are wage and salary recipients, and the mental
14. Greenspan (1988, p. 61 1).
15. Milkovich and Newman (1984).
16. Rock and Berger (1991, p. 556).
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accounting of economists who study the effects of inflation scientifically. 17
Wage and salary earners systematically underestimate the effects of inflation on the wages that their employers will want to pay them, even in questionnaires where the effects of inflation are quite explicit, so that it is
highly unlikely that inflation is ignored. As a consequence, and especially
at moderate rates of inflation when real wages are not perceptibly eroded,
workers' job satisfaction may be enhanced by nominal wage increases
even if they fail to fully reflect inflation.
There is considerable evidence for this sort of reaction on the part of
workers. Economists see inflation as induced by changes in the money
supply and thus as having a uniform effect on nominal wages and other
prices, so that inflation causes no change in real income. In his questionnaire study, Shiller has shown that, in contrast, the public has no such
expectations. For example, when asked "to imagine how things would be
different if the United States had experienced higher inflation over the
last five years,"18only 31 percent of his noneconomist subjects believed
that their own nominal income would have been higher than in the absence
of inflation. When asked "to evaluate [a variety] of theories about [how]
the effects of general inflation on wages and salary relates to your own
experience and your own job," 60 percent of economists, but only 11 percent of the general public, elected that "competition among employers will
cause my pay to be bid up. I could get outside offers from other employers,
and so, to keep me my employer will have to raise my pay too." A popular answer for the general public (26 percent), in contrast to economists
(4 percent), was the following: "the price increase will create extra profits
for my employer who can now sell output for more; there will be no effect
on my pay."19
These responses suggest that the public fails to understand inflation as
a general-equilibrium phenomenon. They believe that inflation will make
them poorer because it bids up the prices of the goods they consume, but
they fail to appreciatefully, if at all, that inflation will also bid up the prices
of other competing factors and other competing workers, thereby resulting
in a rise in their own wages and salaries. Thus, according to Shiller, the
"biggest gripe about inflation," expressed by 77 percent of the general
17. Shiller (1997).
18. Shiller (1997, p. 21).
19. Shiller (1997, pp. 31-32).
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public (but only 12 percent of economists), was that inflation "hurts my
real buying power. It makes me poorer."20
Economists should not be surprised that laypeople underestimate the
effect of inflation on the demand for their own services. One of the most
significant differences between trained economists and the lay public is
economists' greater appreciation of general equilibrium. The cognitive
difficulty of general equilibrium has been indicated by the fact, noted by
the Commission on Graduate Education, that even economics graduate
students do not give the correct explanation for why barbers' wages, in
the technically stagnant hair-cutting industry, have risen over the past
century.21If economics graduate students fail to appreciate the effects on
barbers'opportunity costs from wage increases due to productivity change
outside the hair-cutting industry, it would be a stretch to expect the lay
public to see that, as inflation rises, the demand for their services (in nominal dollars) will similarly rise with it.
Findings by Eldar Shafir, Peter Diamond, and Tversky are consistent
with those of Shiller. In one vignette, which they related to respondents,
these authors draw a contrast between Ann, who receives a 2 percent niominal salary increase at zero inflation, and Barbara, who gets a 5 percent
nominal salary increase at 4 percent inflation. Most respondents correctly
answered that Ann would be better off economically,22 but they also said
that Barbara would be happier and less likely to leave her job. This reaction to the vignette suggests that respondents have not ignored the inflation, as they would with editing-otherwise Ann would not be judged
better off economically. But the other answer, favoring Barbara, suggests
that they may also underestimate the effect that inflation will have on Barbara's other alternatives, thus leading them to conclude that she will be
happier and less likely to quit her job.
Unfortunately,these authorsdid not probe the reasons why their respondents believed Barbara should be happier than Ann, but they are responding as if the inflation has not increased Barbara's alternatives by an equal
amount. If the wages that she could get on the outside, as well as all of
the prices that she would be paying, have increased by 4 percent, Barbara
should be less happy than Ann and more likely to leave her job. Our model
of inflation, however, suggests a good reason why Barbarashould feel hap20. Shiller (1997, p. 29).
21. Krueger and others (1991, p. 1044).
22. Shafir, Diamond, and Tversky (1997).
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pier than Ann does and be less likely to quit her job: she does not feel
that her alternatives improve at the rate of inflation. Another question by
Shiller suggests that the responses obtained to this vignette reflect the
true opinion of the American public. He finds that about half of the U.S.
general public-but only 8 percent of economists-think that they would
feel more job satisfaction "if their pay went up . . . even if prices went up

as much."23
Neither the vignette by Shafir and others nor Shiller's question deals
with the possibility, perhaps on the mind of the public, that the inflation
is caused by a supply shock that decreases the real demand for workers
rather than a money-neutral demand shock that leaves all demands
unchanged in real terms. Of course, if that is really what is on the mind of
the public, even when there is a persistent demand-induced increase in
the rate of inflation, workers will still have greater job satisfaction with
some small amount of inflation than with no inflation. This, then, is the
third way in which we think that near rationality may impact the relation
between inflation and unemployment. If higher job satisfaction at low rates
of inflation leads to higher morale, less shirking, higher productivity, and
less turnover, then firms face a different efficiency wage constraint at low
rates of inflation than they face at either zero inflation or at high rates of
inflation, when workers' attitudes toward inflation may become more
rational.

A Simple Model of Near-Rational Wage and Price Setting
We now present a simple formal model of the economy that incorporates the behavioral insights just described. In the model, some firms' wage
and price setters may ignore inflation, or firms may be aware of inflation
but use it as only one of several factors in setting wages and prices, thus
underweighting it relative to the behavior assumed in hyperrational
models. And workers themselves may ignore or underweight inflation
when considering their satisfaction at their current job, which in turn
would affect their productivity. The net effect on unit labor costs of this
behavior by workers may or may not be fully factored into firms' wage setting. The implications of our model for the behavior of the macroeconomy
23. Shiller (1997, p. 37).
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are not affectedby this aspect of firms'behavior.However,we formally
consider the case where firms do not correctlyanticipatethe effects on
workersatisfactionandproductivity,because this case permitsa simple
derivationof the profit shortfalla firm experiencesfrom less than fully
rationalbehavior.
The easiestplace to begin the model is with its macroeconomicbehavior. Incomeis determinedby the quantitytheoryequation
(1)

TY= M,

whereYis realincome, p is the averagepricelevel in the economy,andM
is the money supply.The usual constant of such quantitytheory equations has been normalizedto one by the choice of units.
The microeconomicsof this economy begins with the boilerplatefor
models with monopolisticallycompetitivefirms.Thereare n firmsin this
economy.They divide up total aggregatedemand,Mlp, accordingto the
relativeprices for theirrespectivegoods, so thatthe demandfor the output of an individualfirmis of the form
(2)

n p

( )
T

wherep is the pricechargedby a firmfor its own product.
This takesus to the first innovationof the model, which occurs in the
formulationof productivityandits effect on wages.All of these firmswill
pay anefficiencywage, whichminimizesthe unitlaborcost of production.
Productivity(as well as turnovercosts) in each firm depends upon the
moraleof its workers.Thatmorale,in turn,dependsupon workers'conceptionof theiroutsideopportunities,which has two majordeterminants.
The firstis the rateof unemployment,whichdetermineshow easy it would
be for an individualworkerto obtainanotherjob. The higherthe unemploymentrate,the lowerwill be the opportunitycost of workers,andtherefore the higher the morale inside the firm. The second determinantof
moraleis the workers'perceptionof the gap between theirwage at their
own firm and the wage outside the firm. Thatperceptiondependsupon
the wage being paidby the worker'scurrentfirm andhis or her reference
wage, which gives that worker'sperceptionof the wages of otherworkers. Thusthe productivityof the firmwill dependalso uponboththe wage
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it pays and the level of unemployment. For convenience we give productivity the following functional form:
(3)

j +Cu,

P =-A + B

where P denotes labor productivity, w is the wage paid by the firm, WRis
the reference wage of its workers, and u is the aggregate unemployment
rate. a is chosen in the range 0 < o( < 1.
Firms set both prices and wages one period ahead. In so doing they project the effects of inflation on the reference wages of their workers. These
reference wages, of course, determine the level of wages that a firm should
be paying. Totally rational firms will incorporate all of their expected inflation into the reference wage wR.In contrast, near-rationalfirms-and similarly, fully rational firms whose workers underweight inflation in wR-will
incorporateonly a fraction of inflation, a, into their projections of inflation.
When a is zero, inflation is totally ignored. In the intermediate range,
0 < a < 1, it is merely underestimated. Thus the reference wage for fully
rational workers for the joint wage and price decisions of fully rational
firms is

(4)

w, =w

+

s),

where w-1 is the average wage paid to all workers in the previous period,
and ne is the expected rate of price inflation. The reference wage for the
wage- and price-setting decision by near-rationalfirms, which are engaging in cognitive error, will analogously be
(5)

wR

= w7l(1 + ae).

Equation 5 also describes the reference wage for the near-rational
employees.
The profit-maximizing choice of the price for both the rational and the
near-rational firms will take the following form. In both cases the prices
will be a markup over expected unit labor costs,

(6)

w.

pi = m pe

where j refers to both rational and near-rational firms, and Pje is the firms'
expected productivity.The markupfactor m will be f/(f - 1). The rational
and the near-rationalfirms have the same expectations about productivity.
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These maximizing firms will, in turn, establish their wages as a multiple of their respective reference wages, which will differ for rational and
for near-rational firms. The efficiency wage paid by each firm type will
minimize its respective unit labor costs, wjlPj.Accordingly, each type of
firm will choose, respectively,
-C

w

(7)

W

[B(l -J)
Near-rationalfirms set wages that are different from those of fully rational firms, but the difference does not cumulate. The wages of near-rational
firms are reset relative to their reference wage in each and every period.
The reference wages for rational and near-rationalfirms are both multiples
of the last period's average wage, and therefore both rise with steady
inflation and always stand in the ratio (1 + alte)/(1 + lte). As a result, the
difference between wages at the two types of firms will be small at low and
moderate levels of inflation.
The profits of each type of firm will be revenues net of labor costs.
Given the demand function for firms' product in equation 2 and their labor
productivity in equation 3, the profits for the two types of firms will be

(8)

#

P (p

So far the model has described the case where the firm ignores or underweights inflation, and the case where the firm is rational but workers' reference wages are underindexed. Both situations will give us similar
Phillips curves. In one case, near-rational firms will be switching to true
rationality as their costs from near rationality mount with high inflation,
whereas in the other case workers will eventually curb their misperceptions as inflation rises. But the two hypotheses are slightly different, and at
this point we shall take the alternative route that analyzes the model where
the near-rational firms fail to fully take account of inflation in forming
wR, but workers are always fully cognizant of inflation in determining
their reference wage. This route permits an evaluation of the worst possible losses by near-rationalfirms from their failure to correctly perceive the
effects of inflation.

Brookings

14

PaperLs

on Economic Activity, 1:2000

Eachof the termspj, wj,andPj is knownrelativeto the valueof the average wage wi1fromequations3 through7, so it is possibleto evaluatethe
firms.Using the profitfunction
relativeprofitsof rationalandnear-rational
in equation 8, along with the assumptionthat both rational and nearrationalfirmshave correctexpectationsaboutinflation,yields a formula
for the relativeprofitsof the two types of firms.24The relativeincreasein
profitsthata near-rationalfirmcould makeby becominga rationalfirmis
givenby the following loss function,
-L

=

I

Fz-

_

1)

whererr and rn, are, respectively,the profitsof rationalandnear-rational
firmsandz is the ratio(1 + at)/(l + i). Equation9 has threeimplications
for this paper,which we shall explorein turn.
The first implicationis thatthose who fail to maximizeprofits either
by ignoring inflation (a = 0) or by taking it into account only partially
(O< a < 1) arenearrational.WhenXtis zero, the losses of such producers
are zero, as can be seen by the fact that when it is zero, z is one. Thus,
according to equation 9, the losses from being near rational when z is
zero will also be zero. These losses will also continueto be small at levels of inflationnearzero, since the derivativeof equation9 with respect
to Xtis also zero when 7 is zero.
Second,equation9 serves as the springboardfor the completionof the
model we will estimatebelow, whichis basedexplicitlyon the losses that
are entailed from near-rationalbehavior.To complete the model, it is
assumedthatfirmwage andprice settersare willing to toleratelosses relativeto theirprofitsonly up to a given threshold,e, beforethey will switch
to fully rationalbehavior.We assume that these thresholdsare normally
distributed with mean

1,

and standard deviation a, The fraction of near-

rationalprice setters,accordingly,will be
cc

(10)

I-(

24. A slightlymorecomplicatedformulawill give the relativeprofitswhen7t is different from Tce.
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where 1 is the standard cumulative normal distribution, and p? and ?r
are, respectively, the mean and the standarddeviation of the distribution of
the thresholds g.
Finally, equation 9 also yields benchmark estimates of the losses due
to near-rational behavior. Table 1 shows the fraction of the profits of the
fully rational firm sacrificed by the near-rational firm at different rates of
inflation for two different values of a and two different values of both oa
and P.
To put the values in table 1 in perspective, consider the findings of
JonathanLeonard and of Steven Davis, John Haltiwanger, and Scott Schuh
that the typical firm annually experiences shocks to demand that cause it
to adjustits size up or down by roughly 10 percent.25Failing to adjustcapacity to accommodate such a shock would cost a firm 10 percent of its profits.
Thus it does not seem hard to believe that, for the typical firm, the issue of
how to treat inflation in setting prices is far down the list of items demanding managerial attention, at least as long as inflation is under 5 percent.

Implications for the Long-Run and the
Short-Run Phillips Curve
The model also allows easy derivation of both a short-runPhillips curve
with given expectations of price inflation, and a long-run Phillips curve
where actual and expected inflation must coincide. The short-run wage
Phillips curve is obtained from wage-setting behavior and the equation
for the average wage. The average wage in this economy will be
= O:wl.
~~~~~w

(11)

+ (I1-

(D)w,ir

Using the wage-setting behavior of the rational and near-rational firms,

(12)

LAC
;C)j'w]
BL

+(1
R+

A-Cu

1R.

which can be rewritten as
(3/a

(

{1

-A

w-

B(l

wA

(
1lXAl{

a

A

<AC
B(l

A
-

25. Leonard(1987);Davis, Haltiwanger,andSchuh(1996).
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Table 1. Share of Profits of a Fully Rational Firm Lost by Near-Rational Behavior in
the Treatment of Inflation
Percent
Near-rationalfirms ignore
inflation (a = 0)
Infla-tion
(percent)
1
2
3
4
5

Near-rational firms underweight
inflation (a = 0.7)

Elasticity a ,3 = 3

Elasticity

of = 0.1 c-v 0.75

cx= 0.1 cx= 0.75

0.04
0.16
0.36
0.65
1.03

0.03
0.13
0.30
0.53
0.85

a

0.12
0.50
1.14
2.07
3.32

=5

0.11
0.44
1.01
1.83
2.91

Elasticity

a

=3

oc = 0.1 cv= 0.75
0.003
0.01
0.03
0.05
0.08

0.003
0.01
0.03
0.04
0.07

Elasticity

a

=5

c = 0.1 a- = 0.75
0.01
0.04
0.09
0.17
0.26

0.009
0.04
0.08
0.15
0.23

Source:Authors'calculations.
a. Elasticity of demand.The parameteroxrepresentsthe curvatureof the unit cost function.

using the definition of the reference wage. Dividing both sides by w-l and
collecting terms yields the relation
_I/cc
(14)

(1 + 7)L) =

f

)i

[1 +

+(1

e

-

D)ate1]

where 2twis the rate of wage inflation. Taking the logarithms of both sides
of equation 14, and approximating ln (1 + x,t,) by nt, ln [1 + (Dze +
(1 - (D)a2e)] by [(D + (1 - (D) a] 2te, and ln [A - Cu]l[B(l - ot)]"/- by its
linear approximation, d - eu, yields the short-runwage Phillips curve
(15)

n,,, = d -eu +(I -

)ne

wheref = (I - a)(I - (D).
A price Phillips curve similar to equation 15 can also be derived from
the model. The slight difference between the price Phillips curve implied
by our model and the wage Phillips curve in equation 15 is the inclusion of
a change-in-unemploymentterm in the price Phillips curve. This term enters
because changes in the unemployment rate will cause changes in productivity and hence, through equation 6, in the price-wage markups.26We take
this into account when we estimate the model by allowing lags on the unem26. The price Phillips curve will be of the form
n= c-eu

+fne

+ (1

-f )h

lUe,

where h = -C/[B(1 - at)], u is current unemployment, and lAue is the expected change in
unemployment.
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ployment rate.The steady-statePhillips curves with constant unemployment
will be unaffected by varying markupscaused by varying unemployment.
The short-run Phillips curve in equation 15 should come as no surprise. If all inflation had been included in the mental frames of the firms,
which are the wage and price setters in this model, the coefficientf would
be equal to zero. The near-rational firms, which constitute a fraction
(1 - (I))of all firms, ignore a fraction (1 - a) of inflation. As a consequence,
the Phillips curve in equation 15 mimics the usual inflation-augmented
Phillips curve, but with a fraction (1 - a)(1 - ID)of the expected inflation
ignored. Thus the Phillips curve in equation 15 is not just an artifact of
our illustrative model of price and wage setting. As long as a fraction of
inflation is ignored or underweighted in near-rational wage and price
setting, that fraction of inflation should fail to enter the inflation augmentation term. A whole spectrum of other models in which various combinations of firms and workers ignore or underweight inflation in their
mental frames will yield similar results.
Using equation 15, the long-run Phillips curve, where actual and
expected inflation are equal, will be
(16)

ull-u=-

e

f2t.

where u'lis the natural rate of unemployment if all firms are rational. Its
value in this model is dle.
The long-run Phillips curve in equation 16 will be bowed inward and
then forward bending. At zero inflation, 7t is zero, and therefore unemployment is at the natural rate. At very high inflation all firms will have
given up being near rational. The losses from near-rational behavior will
be sufficiently large that, by equation 10, 1' will be close to one-so that
f, which is (1 - (D)(1- a), will be close to zero. Thus, at both very high and
very low inflation, unemployment will be close to the natural rate, which
is the level of unemployment that would occur if all firms were totally
rational. At inflation above zero, unemployment will always be below the
naturalrate, sincef will always be positive; however, at high rates of inflation the natural rate is an asymptote.
Figure 1 portrays the rate of unemployment that corresponds to different levels of inflation in the long run with benchmark parameters.We have
assumed that near-rational firms completely ignore inflation (a = 0). We
chose the parametersdescribing the distribution of 1Dso that at least half of
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Figure 1. A Hypothetical Long-Run Phillips Curve
Inflation(percentper year)

8

6

4

2

-Ii~

4

5

6

Unemployment(percent)
Source:Authors'calculationsfrom calibrationof the theoreticalmodel.

all firms are always fully rational (thus Feis zero), and 95 percent of all
firms are rational by the time inflation is at 5 percent a year. We also chose
a at 0.75 and an elasticity of demand (13)of 3 (which implies a value for
u? of 0.005, or 0.15 percent of normal profits), although, as we will discuss
below, these assumptions hardly matter for the shape of figure 1.
The level of inflation that maximizes the product of f and 1t according
to equation 16 will minimize unemployment. For the parametervalues chosen to create figure 1, that inflation rate is 2.6 percent. At that rate of inflation the long-run equilibriumrate of unemployment is 1.7 percentage points
lower than at either a rate of inflation of zero or a rate above 6 percent.27

27. Interestingly, our choices of the values of the elasticity of demand (1) and the curvature of the productivity function ((x) hardly matter for the shape of the curve in figure 1
or for the lowest sustainable rate of unemployment and its accompanying rate of inflation.
Once we set the fraction of firms that are near rational at two points, we have described the
curve for a given value of a. This result reflects a finding that will surface again later when
we estimate the model, which is discussed in more detail in the next section. That is that
the loss function is very nearly approximated by a constant times the square of inflation, so
that the argument of the cumulative normal in our model can be very well approximated
with two parameters.
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Why does employmentrise with inflationat low ratesof inflation?In
ourmodel,inflationis not underestimated,
butinsteadit is underweighted
in the reference wage used for wage setting. This has the same consequences as underestimation.Near-rationalfirms either ignore or fail
to fully projectinflation,so they set lower wages, and thereforealso set
lower prices, relative to nominal demand,than they would if they were
fully rational.Since the wages of fully rationalfirms are affectedby the
wages paid by near-rationalfirms, both types of firms pay lower wages
than they would if all firms were fully rational.At these lower wages,
employmentwill be higher.These higher levels would also occur in the
slightly differentversion of the model in which workersunderestimate
the impactof inflation.28

Empirical Evidence for Near-RationalWage and Price Setting
In this sectionwe discussthreerelatedtypes of evidencefor the importanceof the type of behaviorwe describe.Webeginby recountingthe findings of Brainardand Perry's recent analysis of a Phillips curve model
with time-varyingparameters.We then do a simple exercise estimating
Phillips curves on a split sample to see how the estimatedcoefficient of
inflationdiffersbetweenperiodsof high andlow inflation.Finally,we estimatethe modeldescribedin the previoussection andpresentestimatesof
the unemployment-minimizing
rateof inflationandthe employmentgains
frombeing thereratherthanat the naturalrate.
Time-VaryingParameters

In the Brainardand Perrypaperthat we describedat the outset,29the
authorswere addressinghow uncertaintyaffects policymaking. Their
empirical work demonstratingone key source of uncertaintyreveals
preciselythe departuresfromconventionalNAIRUmodelsthatourmodel
predicts. Previous work examining how the NAIRU varied over time
assumedthe NAIRU frameworkand allowed time variationonly in the
28. We have resisted the temptationto call the unemployment-minimizingrate of
inflationthe optimalrate.In this model productivityalso varieswith the rateof inflation.
Therefore,at the minimumunemploymentrate,outputis not at its maximum.
29. BrainardandPerry(2000).
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Figure 2. RecursiveLeast-SquaresEstimatesand Time-VaryingKalmanFilter
Estimatesof Price Phillips Curve Parameters,1960-98
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interceptof the equation.30Brainardand Perry applied a general Kalman fibter estimation that permits all the key Phillips curve parameters to varylagged inflation and unemployment as well as the intercept-and lets the
data choose the allocation of time variation among them. Figure 2 summarizes their results with CPI inflation as the dependent variable. The figure
shows substantial time variation in the coefficient of the lagged inflation
term, and virtual stability in the intercept and the coefficient of the inverse
unemployment rate, which they measure by the unemployment rate of 25to 54-year-old men to account for demographic changes over time. The
coefficient on lagged inflation is low during periods of low inflation and
approaches one only in the inflationary middle years of the sample period.
The virtual stability over time in the unemployment coefficient and the
intercept in the Brainard-Perry time-varying estimates is also worth
noting. Rather than attributing the episodes of sustained low unemploy30. Fortypicalapplicationssee Stock andWatson(1998) andGordon(1998).
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ment to declines in a NAIRU that is invariant to inflation, these results
suggest a change in price- and wage-setting behavior that accompanied
periods of low inflation. The model described above predicts coefficients
on lagged inflation that change with the inflation regime while coefficients
elsewhere are constant.
Brainardand Perry compare their Kalman filter estimates with recursive
least-squares estimates, which are also shown in figure 2. These comparisons suggest why conventional estimation has seemed to support the
NAIRU model since Franco Modigliani and Lucas Papademos introduced
it in the inflationary mid-1970s.31 Before that time, lagged inflation in
Phillips curves had been consistently estimated to have a coefficient well
below one. But the large increase in inflation in the mid-1970s corresponded to a period of large variance in inflation, and fixed-coefficient estimation has been dominated by that episode ever since. If the coefficients in
fact have varied over time, any procedure that assumes that they are fixed
will yield misleading results. This includes the recursive estimates, which
treat them as fixed in each interval over which they are estimated.
Periods of Low and High Inflation
The postwar U.S. economy has experienced extended episodes of both
low and moderately high inflation that permit direct comparison of the
NAIRU model with our own. Conventional NAIRU models use a modified
Phillips curve in which lagged inflation is taken as a measure of adaptive
inflationary expectations, and the coefficients on lagged inflation sum to
one. By contrast, our model allows the possibility that the coefficient on
expected inflation will be lower in extended periods of low inflation than
in extended periods of high inflation. Absent estimation biases, we would
expect the coefficient to approach one in a sufficiently inflationary environment. We first look at the empirical evidence using the conventional
adaptive expectations framework. We then provide evidence using direct
measures of inflationary expectations that address Sargent's criticism of
the assumption that the coefficient on lagged inflation must equal one in an
accelerationist model.32Sargent argued that a coefficient of less than one
on lagged inflation may reflect not incomplete projection of inflation, but
ratherforecasters' views that the process generating inflation does not have
31. Modigliani and Papademos (1975).
32. Sargent (1971).
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a unit root. By using directmeasuresof inflationaryexpectations,we can
rule out the possibility that our resultsreflect differencesin how people
formexpectationsratherthanin how they use them.33
In order to separately estimate wage and price Phillips curves for
periodsof low andhigh inflation,we sortedthe quarterssince the Korean
Waraccordingto the averageCPI inflation rate in the five-year period
endingeach quarter.We first classified quarterswith averageannualized
inflationratesbelow 3 percentas low-inflationquarters,and those with
averageinflation rates above 4 percent as high-inflationquarters.34By
this sorting,the low-inflationquartersrunfrom 1954:1through1969:1and
from 1995:3 through 1999:4, the end of our sample period. The highinflation quartersrun from 1970:2 through 1986:1 and from 1990:4
through1993:2.As it happens,thereareseventy-sevenquartersbothin the
high-inflationsampleandin the low-inflationsample.The meanCPIinflation ratesin the two samplesare 6.3 percentand2.0 percent,respectively.
This separationwas used in half of the wage and price inflation regressions. In the otherhalf we limitedthe low-inflationsampleto quarterswith
inflationratesbelow 2.5 percent,which broughtthe samplesize down to
sixty-two quartersand reducedthe mean CPI inflation rate in the lowinflationsampleto 1.9 percent.
Estimates with Adaptive Expectations

The quarterlyPhillips curveequationswe estimatedwere intendedto
spanthe specificationsthatanalystshave used in conventionalestimation
of NAIRUmodels,exceptfor the fact thatwe did not constrainthe coefficients on lagged inflation. To this end, we tried a large numberof data
combinationsand specificationson both wage andprice Phillips curves,
and ran each separately for the low- and high-inflation samples just
described.In all cases the dependentvariablewas an annualizedinflation
ratein eitherwages or prices, andthe explanatoryvariableswere current
or laggedvaluesof unemployment,priceinflation,and,for the wage equations, trendproductivitygrowth.For price inflationwe used the CPI,the
GDP deflator,and the personalconsumptionexpenditure(PCE)deflator
33. We are gratefulto a seminarparticipantat the Bankof Canadafor suggestingthis
approach.
34. By sortingoursampleon the basis of long lags of the endogenousvariable,we considerablyreduceconcernaboutsampleselectionon the basis of an endogenousvariable.
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and estimated price Phillips curves with each. Twelve values of lagged
inflation were used as explanatory variables. For wage inflation we used
the best series available for any time period, linking private wages and
salaries as measured by the employment cost index (ECI) for 1980-99 to
the adjusted hourly earnings index for the nonfarm economy for 1961-80
and to adjusted hourly earnings in manufacturing for 1954-61. Twelve
lagged values of CPI inflation were used as explanatory variables. For
unemployment we used the rate for all workers (the total rate), the rate
for 25- to 54-year-old males, and Robert Shimer's demographically
adjusted series.35We used the current and three lagged values of unemployment and, alternatively, the current and eleven lagged values. For the
wage Phillips curves we used two estimates of trend productivity growth,
one being a series based on work by Robert Gordon and the other the
series we constructed for our 1996 paper.36We ran regressions with the
productivity coefficient either freely estimated or constrained to be one
(for the wage inflation equations), and with just the current trend or with
the current plus seven lagged values of the trend.37
The key results are summarized in figure 3 for equations explaining
wages and in figure 4 for equations explaining prices. The figures present
the results of 144 and 72 specifications, respectively. Each point represents the sum of the coefficients on lagged inflation estimated for the lowand the high-inflation samples for one specification. If the sums of the coefficients were similar for the two samples, the points would cluster along the
45-degree line. If they were similar and near one, the points would cluster
near the upper right corner. In fact, for both wages and prices, and over the
wide range of specifications and data we used, the points cluster near one
on the high-inflation axis, but on the low-inflation axis they range from
around zero to around 0.5 for the wage equations. This is consistent with
the predictions of our model. The range on the price equations is broader
and less conclusive. The third of the observations at the highest end of the
range are from equations using the PCE deflator. The mean values of the
coefficients on the high- and low-inflation axes, respectively, are 0.25 and
0.82 for the wage equations and 0.60 and 0.95 for the price equations.
35. Shimer (1998).
36. Gordon (1998); Akerlof, Dickens, and Perry (1996).
37. All the equations also used the customary dummy variables for the guidepost period
of the 1960s and the price controls period of the 1970s, and used the difference between
inflation with and without oil prices in 1979-80 as an additional variable.
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Figure 3. Wage Equations:Sum of Coefficientson Lagged Inflation in Low- and
High-InflationSamples, 1954-99
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Source:Coefficient estimates from 144 regressionspecificationsas describedin the text.

Direct Measures of Inflationary Expectations
As in Brainardand Perry's paper, the results just described cast doubt on
conventionalestimates with the NAIRU model. However, both analyses treat
expectations as adaptive and so cannot refute Sargent's criticism that rational expectations are formed differently and that the coefficient on properly
measured expectations might be one. We now address this issue by using
directmeasures of expected inflation as explanatoryvariablesin place of distributedlags of actual inflation rates, while maintaining our division of the
sample into periods of high and low inflation. The other explanatory variables are the same as those used in the regressions behind figures 3 and 4.
We used the two direct measures of expected rates of inflation that are available over our sample period: that from the University of Michigan's Survey
of Consumers and that from the Federal Reserve's Livingston Surveys.
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Figure 4. Price Equations:Sum of Coefricientson Lagged Inflationin Low- and
High-InflationSamples, 1954-99
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Figures 5 and 6 plot the estimated coefficients on expected inflation for the
variously specified wage and price regressions, respectively. As with the
results using adaptiveexpectations, the coefficients on expected inflation are
substantially different in the low- and high-inflation periods. For 288 wage
equations the low- and high-period means are 0.29 and 0.85, respectively.
For 144 price equations the means are 0.25 and 1.00, respectively.
These results support our general hypothesis even more convincingly
than do the results with adaptive expectations. Not only do they address
the point that the relevant coefficient for natural rate theory is not necessarily the coefficient estimated with adaptive expectations, but the results
are as clear about price inflation as they are about wage inflation.
One possible objection to the results presented here and in the next section is that the lower coefficients on inflationary expectations during peri-
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Figure 5. Wage Equations:Coefficientson Price ExpectationsVariablesin Low- and
High-InflationSamples, 1954-99
High-inflationsamples
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ods of low inflation are an artifactof measurementerror.For example, if the
variance of measurement error is constant whereas the variance of true
inflationary expectations is higher in times of high inflation, thpenthe
coefficient on expectations could be biased toward zero more in
times of low inflation than in times of high inflation. We investigated
this possibility. Although it is true that the variance of expectations
is higher in periods of high inflation, it is also true that the sampling
errorin both the Survey of Consumers and the Livingston Survey is higher.
In fact, the sampling error is so much higher that the computed bias is
higher in the low-inflation periods, impartinga bias against our finding that
the coefficient on expectations is lower in periods of low inflation.
Sampling erTormay not be the only source of errorin the survey expectations. Neither survey may be asking the right people with the right
weights. In an attempt to approximate how much error this problem might
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Figure 6. Price Equations:Coefficientson Price ExpectationsVariablesin Low- and
High-InflationSamples, 1954-99
High-inflationsamples

1.25
0.75

.6

0.50

~~~~~~~~Means:
CPI
GDP deflatorTotal
0.25
0.56
0.00
1.00
1.16
0.94
~~~~~~~~~~High
Low

_

-0.25

0

0.25
0.50
0.75
Low-inflation samples

1.00

PCE deflatot0.20
.
0.91

1.25

Source:Coefficientestimates from 144 regressionspecificationsas describedin the text.

introduce, we computed the bias that would be caused if the measurement effor variance in expectations were equal to the variance of the residual of a regression of one of our survey expectations on the other. Again
we found that the measurement effor variance grew faster than the conditional varianlceof the expectations, so that the bias caused thereby would
work against our finding that the coefficient on expectations was lower
when inflation was low.

Estimating the Model
Previously we showed how a Phillips curve-type relation can be
derived from our theoretical model (equation 15). In this section we
present estimates of the model and of the rate of inflation that permits the
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lowest sustainable level of unemployment. We also show the gain in
employment compared with operating at the natural rate. This section
will first discuss the specification of the model we estimate, then our
benchmark results, and finally, an analysis of their robustness.
Specifications

In theory, with a large enough sample, it would be possible to estimate
the full model presented above. The elasticity of demand (3), the parameter for the curvatureof the unit cost function (cx),and the parametersof the
distribution of rationality thresholds (V and u) all have different effects
on the objective function. However, in practice it was impossible to estimate more than the mean of the distribution of rationality thresholds and
one of the other parameters. The reason is that all three of them-the elasticity of demand, the curvature of the productivity function, and the standard deviation of the distribution of rationality thresholds-act in much
the same way to determine the impact of past rates of inflation on the
cumulative normal term (see equation 15).
This lack of identification in practice can be understood if we consider
a Taylor series approximation to the argument of the cumulative normal in
equation 15, expanded around a value of zero inflation. There is no reason
to expect that the argumentwill be exactly zero at zero inflation, so the constant term will likely be present. As noted, the first derivative of the firm's
loss function with respect to inflation is zero at zero inflation and very small
at most rates of inflation less than 10 percent. Thus the first-orderterm of
the Taylor series expansion of the argument of the cumulative normal will
also be zero. Second- and higher-orderterms will be present, but our analysis of the loss function suggests that, with inflation between zero and 10
percent, and with reasonable values for the elasticity of demand, the
curvatureof the unit cost function, and the standarddeviation of the distribution of rationality thresholds, the third-orderand higher terms are unimportant.An approximation of the loss function of the form E22, where the
constant E was chosen so that the approximation was exactly equal to the
loss at 5 percent inflation, was never off by more than 3 percent of the loss.
One parameteris all that is necessary to capturethe effects of all three parameters from the model (a, P, and v) on the derivativeof the argumentof the
cumulative normal with respect to inflation.
We thus estimate a Phillips curve of the form
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-eu, +gX, +E,.

where X is the rate of inflation, 'F is the cumulative standardnormal density function, ne is inflationary expectations, u is a term capturing the
effects of current and lagged unemployment on inflation, X is a vector of
dummy variables for oil shocks and price controls, E is the error term,
and d, D, E, e, and g are parameters to be estimated.38
The term XL represents the effects of past inflation on the likelihood that
people will act rationally toward inflation. Our theory tells us nothing about
the way in which inflationshould matterotherthanthe sign of E, so we proxy
XL with several different, parsimonious specifications. The first is a geometrically declining, weighted moving average of past values of inflation:

(18)

2tL

=

(1 -6)L-1

+ 62L-1

,

where 8 is a parameterto be estimated.
Alternatively we estimate XL as
24

(19)

Xt
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X(1 -i)
i=1
ik<l

where the parameterA is estimated. Our final two specifications for XL treat
it as a four-year moving average of past inflation with equal weights, or
with the relative weights of quartersfrom each year estimated (three additional parameters).
It is standardpractice in Phillips curve estimation to proxy inflationary
expectations with lagged values of inflation. In many specifications discussed below we follow that tradition. When we do, we use either a
twelve-quarter unrestricted lag or one of the methods used to construct XTL
to construct 2te. However, we also want to rule out the possibility that
38. This specification ignores the parameter a from the theoretical model. In theory that
parameter could be estimated, but we do not take the theoretical model that literally. Instead
we imagine that there is a continuum of reactions to increasing inflation, with people putting
more and more weight on it until their behavior resembles that of the rational economic
actor in the standardmodel. The model we estimate here can be thought of as a model where
a fraction (1 - <I))of people are ignoring inflation. Or the <I)function can be thought of as
approximating a more general function that reflects how much weight the average person
is putting on inflation in making economic decisions.
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changes in the coefficient on Wemight reflect changes in the process by
whichexpectationsareformedratherthanhow theyareused.Thuswe also
use direct survey measures of inflationary expectations for

21e

in some

specifications.
Ourdifferentspecificationsincludeseveraldifferentmeasuresof unemploymentand differentnumbersof lags. The unemploymentterm, u, is
constructedusing one of threedataseries. The firstis the aggregateU.S.
unemploymentratefromthe CurrentPopulationSurveyof the Bureauof
LaborStatistics. Because this variablemay be influenced by changing
demographics,we have also considered two alternativemeasures:the
unemploymentrate for prime-agemales and Shimer'sdemographically
correctedseries.39We also vary the numberof unemploymentlags from
zero to eleven quarters.
For the dependentvariablewe variouslyuse fourdifferentmeasuresof
inflation:the annualizedpercentagechange in the urbanconsumerprice
index,the GDPdeflator,the PCEdeflator,andthe indexof wage andsalary
compensationconstructedby BrainardandPerry.40
Whenwe use the percentagechange in the compensationindex as the dependentvariable,we
subtractoff a measureof trendproductivitygrowth.The threespecifications of this trendare a measurebased on Gordon,the measurewe constructedfor our 1996paper,anda sixteen-quarter
movingaverage.41
The form of the Phillips curve here is similarin some respects to the
one in our 1996paperthatmodeledthe implicationsof downwardnominal
wage rigidity.Thereforewe also examine whetherwe can successfully
estimate a Phillips curve that embodies the insights from that model as
well as the currentone. Below we estimate a numberof specifications
that augmentequation 17 with the term for nominal rigidity from that
previouspaper.42
Whenwe nest thatmodel, we must also estimateits key
parameter-the standarddeviationof desiredwage changes-along with
the otherparametersfromthe currentmodel.43
39. Shimer(1998).
40. BrainardandPerry(2000).
41. Gordon(1998);Akerlof,Dickens,andPerry(1996).
42. The inclusionof the termfor nominalrigiditycouldbe motivatedif we includedfirm
profitabilityor firm-specificlabormarketconsiderationsin the productivityfunction.That
wouldproduceheterogeneityin desiredwage setting,withfirmsconstrained
by thefloorof no
nominalwage decreaseforcedto pay a higherwage as in themodelin ourpreviouspaper.
43. See Akerlof,Dickens,and Perry(1996, appendixA) for its specification.We leave
out the termfor the changein profits,whichcouldnot be robustlyestimated.
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The model was estimated with quarterly U.S. data from the first quarter of 1954 through the last quarter of 1999, although we vary the end
date in some specifications to check the extent to which our results depend
on the experience of the 1990s. Data sources and the specification of the
dummy variables for price controls and oil shocks can be found in table Al
in the appendix.44All the parameters of the model were estimated simultaneously by nonlinear least squares.
Results
Table 2 presents results for four different estimates with five types of
variation: in the dependent variable, in the method of constructing lte and
tL, in the unemployment measure and its lags, in the sample period, and
in the inclusion of the term for nominal rigidity.
Our first focus of attention is the estimated value of the cumulative
normal multiplying inflationary expectations when inflation is zero. In
the theoretical model this corresponds to the fraction of firms behaving in
a fully rational fashion at zero inflation. The model predicts that this fraction will be less than unity, and that as inflation increases above zero, the
fraction of rational filrmswill rise. Both of these predictions yield tests of
the model.
The NAIRU specification for the Phillips curve is nested in our model
and can be obtained if the value of D is sufficiently high. For example, if D
were 2 or higher, the coefficient on inflationary expectations would never
fall below 0.97, and there would be little room for changing experience
with inflation to affect the coefficient on inflationary expectations. All of
the four estimated values of D imply coefficients on expected inflation of
0.5 or less at zero inflation. The lowest implies a coefficient of 0.19. In all
four cases a value of D that would imply a coefficient of 0.9 or greater
(1.28) can be rejected at conventional levels of significance.
The instantaneous effect of increasing inflation above zero can be computed as one minus the cumulative normal evaluated at D, divided by the
sum of the coefficients on unemployment and its lags. Those values are
about -1.2 or larger (in absolute value) in the specifications presented here.
Thus, to a first-orderapproximation,raising inflation from zero to 1 percent
will cause a reduction in unemployment of 1.2 percentage points or more.
44. Weuse dummyvariablesratherthanan importpriceor energypricemeasurebecause
we believe thatthese were atypicaleventsthathad atypicaleffects on the economy.
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The term that most distinguishes our model from that of the textbooks
is the coefficient of the square of lagged inflation in the cumulative normal
multiplying inflationary expectations (E). If E is zero, the coefficient on
expectations will not vary with past rates of inflation. Our theory says it
should, and that is what we find in each of the specifications we have estimated. In all four specifications presented above, E is large, and more than
1.65 times its estimated standarderror.Going from zero to 5 percent inflation would increase the argument of the cumulative normal by 1.2 to 7.0,
depending on the specification. Except in specifications with CPI inflation
as the dependent variable, the coefficient on inflationary expectations is
above 0.95 by the time inflation has reached 4 percent. For the CPI specification the coefficient is 0.6 at 4 percent inflation and rises above 0.95 at
about 6.5 percent.
Besides allowing us to estimate the effect of inflation on the use of
inflationary expectations, estimating our model also allows us to calculate
the lowest sustainable rate of unemployment and the accompanying rate
of inflation. We have computed these rates of inflation for each of the four
models in table 2 from the estimated parameters numerically. We have
also computed the natural rate in each model and the lowest sustainable
rate of unemployment. Inflation at that unemployment rate ranges from
1.6 to 3.4 percent. The difference between the natural rate and the lowest
sustainable rate of unemployment ranges from 1.5 to 3.1 percentage
points. Figure 7 shows the long-run relationship between inflation and
unemployment implied by each of the four specifications estimated in
table 2.
The values of the coefficient of inflationary expectations implied by
our parameter estimates are plotted in figure 8 for each of our four specifications. In all cases the coefficient values vary considerably over the
sample. In all four specifications the coefficient on inflation reaches a
maximum value of one for at least a year at some point during the sample period in the early to mid-1970s. The four specifications differ in the
exact timing of the increase in the 1970s, in how the 1950s and the 1990s
are treated, and in the date of the end of the period of a coefficient of
one on inflation.
These figures can be compared with the time path Brainard and Perry
estimated for the coefficient on inflation.45Our estimates imply consider45. Brainard and Perry (2000).
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ably more abrupt changes and more persistence. They also imply more
variation. However, it must be remembered that the method Brainard and
Perry used to estimate their values for the coefficient on inflation imposes
smoothness on the changes. When we smooth our estimates (results not
shown), they begin to resemble the time path that Brainard and Perry
found, with one major difference. The Brainard-Perry estimates peak
earlier and fall off more abruptly than our smoothed estimates.
We have varied the specifications presented above to anticipate possible
objections to our results. The specification with the CPI as the dependent
variable, which is estimated using only data through 1989:4, shows that
our results do not depend on the experience of the 1990s, which may be
atypical. Since nonlinear estimation is difficult when many parameters
are being estimated, we have generally used very parsimonious specifications for the lags on past price inflation when constructing inflationary
expectations. One might object that this parsimony forces the coefficient
on inflation to do the work that a richer lag structurewould do. The specification where the GDP deflator is the dependent variable answers this
by matching the richest possible lag structure for price expectations
(twelve-quarter unrestricted) with the most parsimonious specification of
the term in the coefficient of expectations (a sixteen-quarter equally
weighted moving average with no free parameters). Likewise, in most
specifications, the inclusion of lagged unemployment, or our term for
nominal rigidity, or both does not change our fundamental results.
Our Durbin-Watson statistics for the two specifications using survey
expectations show considerable serial correlation. We have not attempted
to correct for this problem because we lack a credible instrument for price
expectations, which are endogenous with respect to the errorin the Phillips
curve. We are unhappy with this drawback of the analysis, but estimates of
our model that we have tried using simulated data suggest that the bias from
ignoring the serial correlationin the parameterswe care about is minor.
Robustness of the Results
As noted above, there are many aspects of the specification that are not
dictated by the theory. Our approach to this problem has been to estimate
a wide array of different specifications to determine whether our primary
results are sensitive to changes in the specification.
Because both the estimation of the model and the numerical analysis
of the results currently require human intervention, we have not been able
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to mechanize the process of sensitivity testing. Thus we have not been able
to do an exhaustive specification search. Instead we estimated 218 different specifications, many of which were run to test specific concerns.
However, most were chosen randomly.46Our survey of the results of these
specifications yields the following generalizations.
The most important is that nearly all the point estimates imply that significant gains in employment are possible by increasing inflation from zero
to a rate above 1.5 percent. This can be seen in figure 9, which plots for
each specification the rate of inflation at the lowest sustainable unemployment rate and the reduction in unemployment that one obtains from
increasing inflation from zero to that rate. In only twelve specifications
was the estimated gain less than 1 percentage point, and in only one was
it negligible. This specification was a wage Phillips curve with a rich lag
structure for price expectations in which the inflation term in the coefficient on expectations was constrained to be an equally weighted, sixteenquarter moving average of past inflation. Allowing a richer specification
for the impact of inflation on the use of expectations eliminates this result.
Of the other eleven specifications where the estimated impact is less than
1 percent, all are at least a half a percentage point. Most of the specifications are wage equations, and none use the PCE deflator as the dependent
variable. Only one uses survey expectations. In no case are the parameters of the inflation coefficient very precisely estimated, so that values
more typical of other specifications cannot be ruled out.
A second generalization is that it is not possible to robustly distinguish
the relative importance of the effects of nominal rigidity and those of near
rationality. The majority of specifications that included our term for the
effects of nominal rigidity give results like those for the PCE in table 2.
These do suggest a role for both nominal rigidity and near rationality.
However, in many specifications that include both effects, the effect of past
inflation on the coefficient of expectations is not measured precisely, being
about the same size as its estimated standard error.47In other cases, the
46. We set a goal of 200 specifications, met that goal, and then estimated a few more to
check specific concerns that arose in the process of evaluating the original 200 specifications. In randomly choosing specifications we allowed all options with equal probability,
except that we found that the twelve-quarter unrestricted lag on inflation for the price expectations term was always computationally burdensome, so we did not include those specifications in those that were randomly chosen.
47. In contrast, when the term for nominal rigidity was not included, the coefficient on
the square of past inflation was nearly always at least 1.7 times its estimated standard error
or more.
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Figure 9. RobustnessAnalysis for the NonlinearModel
Rate of inflation at the lowest sustainableunemploymentrate (percentper year)
A Total or Shimer-unemployment
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optimization routine was trying to drive estimates of the standarddeviation
of desired wage changes to zero. In six specifications not represented in
figure 9, we obtained converged estimates for the parameters, but the
estimated values for crwere sufficiently large that there was no single rate
of inflation at which the unemployment rate was minimized. It simply
fell to the natural rate asymptotically as in the models estimated for our
1996 paper.48
We encountered few problems with applying nonlinear estimation. We
did look for and find a few cases where there were multiple local minimums, but these reflected minor differences in the lag structuresthat were
not substantive. Of the 218 specifications we estimated, we were unable to
obtain converged values for about 30. This might be a serious concern
because, under the hypothesis of fully rational behavior, the model's
parametersare not identified. It might be that the nonlinear estimation program is trying to drive the constant term in the coefficient on inflationary
expectations to infinity in order to drive the coefficient on expectations to

48. Akerlof, Dickens, and Perry (1996).
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one.49 However, this is not what was happening in any of the cases of
convergence problems that we encountered.50
Overall, the results from estimating our model support the theory
we have laid out. They suggest that macroeconomic policy should
aim for a rate of inflation in the range of 1.5 to 4 percent. Either higher or
lower rates seem likely to result in lower output and employment.

Conclusion
This paper offers an alternative to natural rate models of unemployment. Natural rate models provide a wonderful economics "just-so" story,
based on the idea that firms and workers take full account of expected
inflation in setting current wages and prices. This behavior produces a
unique long-run unemployment rate, the natural rate, that is consistent
with any steady rate of inflation, and a short-run Phillips curve in which
unemployment above or below the natural rate causes inflation to decelerate or accelerate.
Our model of the macroeconomy rests on different behavioral underpinnings, which are supported by a range of related evidence, including
the psychological literature on decisionmaking and perception, direct survey evidence on how people react to inflation, and the advice of compensation professionals. We propose that when inflation is low it is not
especially salient, and wage and price setting will respond less than proportionally to expected inflation. At sufficiently high rates of inflation, by
contrast, anticipating inflation becomes important, and wage and price
setting responds fully to expected inflation. This behavioral difference
between our model and the natural rate model has significant implications
both for estimating the relation between inflation and real activity in the
macroeconomy and for informing the conduct of macroeconomic policy.

49. When we generated simulated data with a standard Phillips curve model and
attempted to estimate our model on it, this is what happened.
50. Instead we had one of three other problems. Either the program was trying to drive
cr to zero. Or the program was driving the constant term in the coefficient of expectations
to negative infinity, and the coefficient on the square of past inflation to infinity, to eliminate
coefficient values between one and the lower floor. Or, in some very rich specifications, the
first derivatives of a group of unrelated parameters became so close to collinear that it was
impossible to invert the approximation to the Hessian used in the maximization routine.
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Our model is supported by the evidence. In a conventional Phillips
curve, estimates of coefficients on expected inflation, whether measured by
lagged inflation or by direct surveys of expectations, are greater when
inflation is high than when it is low. Estimates of our model provide further
support. Rather than a naturalrate of unemployment that is invariantto the
rate of inflation, our model traces out a range of equilibrium unemployment rates associated with different ongoing inflation rates. The lowest
sustainable unemployment rate is the minimum of this range. The natural
unemployment rate is a special case: it is the equilibrium unemployment
rate at high inflation rates (and, ignoring downward wage rigidity, at zero
inflation). The natural rate is noticeably higher than the lowest sustainable unemployment rate. The rate of inflation that accompanies the lowest sustainable unemployment rate is low, perhaps not far from current
values, but not zero. Operating with inflation either higher or lower leads
to a higher rate of unemployment in the long run.
The distinctive feature of our model is especially important for estimation. In recent years, as low inflation rates have come to be the norm,
NAIRUs estimated from the empirical counterpart of the natural rate
model have proved to be misleading guides to policymakers and economic
analysts. In the mid-1990s these models typically projected 6 percent as
the lowest sustainable unemployment rate, yet real output has grown at a
4 percent annual rate since then, and the unemployment rate has fallen as
low as 3.9 percent. The NAIRUs estimated for the early 1960s, the previous period of moderate inflation, also appearunrealistic. When adapted for
estimation, the model we have developed should provide more useful estimates of the attainable levels of employment to serve as a guide for stabilization policy and as an anchor to longer-run projections.
Not only does our model fit the data better than NAIRU models, it is
also more cogent theoretically. NAIRU models serve well as what Irving
Fisher might call "the first approximation." They are derived from the
assumption that all people behave according to what economists call economic rationality, or else their deviations from that behavior are totally
random. This paper relies, as a first approximation, on exactly such economic thinking. But Fisher also made "a Second [and even a Third]
Approximation.""5With aggregate Phillips curves, such further approximations involve departures from perfectly rational decisionmaking. The
51. Fisher (1930).
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evidence available on the subject suggests that, in setting wages and prices,
the lay public do not use the same model of the economy as economists.
Given the complexity of their decisions and, for the most part, their lack of
training as economists, it would, indeed, be surprising if they did. It is thus
highly unlikely that the welter of interdependent, intuitively based decisions of a real economy will produce a coefficient of inflationary expectations on wage and price inflation that is always exactly one. This paper has
offered a theory for such a departure as price and wage setters underadjust for inflation when it is not very salient and when the cost of such
behavior is low. This theory yields a lowest sustainable rate of unemployment and an accompanying rate of inflation. It also fits the facts.
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APPENDIX

A

Table Al. Data Sources and Variable Construction
Data series

Sour-ceand description

Consumer price index
(CPI)

Bureau of Labor Statistics (BLS) official data on the seasonally adjusted average of the CPI-U, 1982-84 = 100. An experimental CPI calculated using geometric means, CPI-U-XG,
was used for the period 1990:1 to 1998:4. The CPI-U-XG was
seasonally adjusted using quarterly dummies. Data were
extracted from the BLS website's Selective Access page,
www.bls.gov/sahome.html. We used quarterly averages of the
change in the logarithms of monthly data. (The CPI-U-XG
data were not used for some of the specifications in the robustness check.)

Gross domestic product
(GDP) deflator

Bureau of Economic Analysis (BEA) official data reflecting
the October 1999 benchmark revision for data back to 1959:2.
We used unrevised data before 1959:2 by necessity. Data were
extracted from the BEA website, www.bea.doc.gov. We used
quarterly averages of the change in the logarithms of monthly
data.

Personal consumption
expenditure (PCE)
deflator

BEA official data reflecting the October 1999 benchmark
revision for data back to 1959:2. We used unrevised data
before 1959:2 by necessity. Data were extracted from the BEA
website. We used quarterly averages of the change in the logarithms of monthly data.

Wage inflation

This series comprises the best available BLS series for each
time period: employment cost index (ECI) wages and salaries
for 1980:2 through 1999:4, the adjusted hourly earnings index
for the nonfarm economy for 1964:2 through 1980:1, and
adjusted hourly earnings in manufacturing for 1954:1 through
1964:1. We use the change in the logarithm of quarterly data.

ECI wages and salaries

BLS official data on seasonally adjusted, private industry
wages and salaries of all workers, extracted from the BLS
website's Selective Access page.

Adjusted hourly earnings
index

BLS official data on seasonally adjusted, current dollar
average hourly earnings (1977 weights) in the nonfarm economy. Data were extracted from the BLS website's Selective
Access page.

Adjusted hourly earnings
in manufacturing

BLS official data on seasonally adjusted, current dollar
average hourly earnings (1977 weights) in the manufacturing
sector. Data were extracted from an unpublished BLS series.

(continued)
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Table Al. (continued)
Data ser-ies

Source and description

Gordon productivity trend We constructed this variable using estimates of trend productivity over several time periods provided by Robert Gordon,
Northwestern University. We smoothed the transitions so that
the variable is equal to 0.0263 from the start of the sample
through 1971:2, after which it changes over nine quarters to a
value of 0.0124, which is maintained through 1986:2, after
which it drops to 0.0094 over eight quarters. From 1988:2
through 1994:4 it is constant and then rises over seven quarters to 0.0153, where it remains until the end of our sample.
The exact series is available from the authors by request.
Akerlof-Dickens-Perry
productivity trend

This variable is equal to 0.0230 from the beginning of our
sample through 1973:4, then declines over nine quarters to a
value of 0.0100, where it remains through the rest of the sample. The values for the quarters 1974:1 through 1975:4 are
0.0216, 0.0201, 0.0187, 0.0172, 0.0158, 0.0144, 0.0129, and
0.0115.

Surveys of Consumers
Inflation Expectations
series

The University of Michigan's Survey Research Center, which
conducts the Surveys of Consumers, asks its respondents how
much they expect prices to go up or down on average during
the next twelve months. We use the median response to the
survey in the last month of the previous quarter as a measure
of inflationary expectations. Studies of this series suggest that
it provides the most accurate forecast of inflation one quarter
ahead. A complete survey description can be found at
http://athena.sca.isr.umich.edu/scripts/contents.asp.

Livingston Survey of
Inflation Expectations

This survey was originally conducted by Joseph Livingston, a
journalist with the Philadelphia Inquirer, and has been continued by the Philadelphia Federal Reserve Bank since his death
in 1990. The survey is conducted every January and June and
asks respondents, who are professional economists, their forecast for the level of the CPI six months hence. We use the
forecast of the inflation rate made in January for the second
and third quarters and the forecast made in June for the fourth
and following first quarters. See http://www.phil.frb.
org/files/liv/document.html for a complete description of the
survey.

Unemployment rate

BLS official data on the total unemployment rate among the
nation's labor force. Data were extracted from the BLS website's Selective Access page at http://www.bls.gov/webapps/
legacy/cpsatab9.htm.

(continued)
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Table Al. (continued)
Data series

Source and descr-iption

Unemployment rate
for males aged 25-54

BLS official data of the unemployment rate among men aged
25-54 in the labor force. Data were extracted from the BLS
website's Selective Access page at http://www.bls.gov/
webapps/legacy/cpsatab9.htm.

Shimer demographically
adjusted unemployment
rate

Robert Shimer's demographically adjusted unemployment
rate. For full details see Shimer (1998). Values for 1998:3
through 1999:4 are too recent to be in his series, so we took
the arithmetic average of the difference between the Shimer
series and the total unemployment rate from 1954 to 1998 and
added that to the total unemployment rate to arrive at values
for the Shimer series.

Guidepost dummy

A dummy variable set equal to one from 1964:1 through
1966:2. This was used only in the split-sample regressions.

Wage and price controls
Phase One dummy

A dummy variable set equal to one from 1971:3 through
1972:4.

Wage and price controls
Phase Two and 1973
supply shocks dummy

A dummy variable set equal to one from 1973:1 through
1974:1.

Wage and price controls
removal dummy

A dummy variable set equal to one from 1974:2 through
1975:1.

1979 oil price shock
dummy

A dummy variable set equal to one from 1979:1 to 1980:1 and
for 1981:1.

Price wedge

The change in the total CPI-U minus the change in the CPI-U
less food and energy. Used as an alternative to the above dummies in some of the split-sample regressions to account for
fluctuations in food and energy prices. Data for both series
were extracted from the BLS website's Selective Access page.
This variable was used only in the split-sample regressions.

Commentsand
Discussion

Truman F. Bewley: I would like to interpretwhat this paper says in terms
of my own experience interviewing employers about wage and employment policies. The paper's main assertion is that the perceived external rate
of wage inflation has less impact on a firm's wage policy when the rate of
inflation is low than when it is high. I will suggest that there may be an
explanation of this phenomenon different from that given by the authors.
The phenomenon itself is, no doubt, real, given their persuasive empirical
results. However, the weak feedback of inflation on wages at low rates of
wage inflation may have an explanation involving the mechanics of wage
setting and may have little to do with near-rationalbehavior.
In order to present my explanation, I have to describe some things I
observed. The authors make the Keynesian assumption that morale
depends on the relationship between a firm's wages and a reference wage,
which is roughly the average of wages of other firms competing in the
same labor market. I do not think this assumption is correct. Most employers that I have talked to say they think their workers have only a very vague
idea about pay rates outside their own firm. External pay rates therefore
have little impact on morale. This is especially true in nonunion companies. Instead workers focus almost entirely on internal comparisons:
the wages they use as references are their own past pay and the pay of
co-workers at the same workplace. Enough employees know each
other's pay that comparisons internal to a firm are an important compensation issue, at least for workers who have long-term, full-time jobs. If pay
rates are internally inequitable, employees complain and morale falls
apart, causing management major problems. Past pay is an obvious reference, since everybody remembers his or her own compensation history.
45
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The importance of this reference wage makes it difficult to cut nominal pay.
Because of the significance of internal pay equity, firms normally have
a strict internal pay structurethat relates pay to tenure on the job, to skill,
and to many other things, such as experience and job level. Internal structures vary in form from firm to firm. They are part of a firm's culture and
must be followed rigorously if a firm is to remain healthy. The structure
may be described explicitly in a booklet, especially if the firm is large. This
document gives instructions to the managers who actually determine the
pay of individual workers.
The relationship between the pay of different firms is the result of labor
marketpressures.That is, the overall level of the pay structureis determined
by the ability to recruit and retain workers. Firms usually adjust the whole
level of their structure,moving pay rates at different levels in concert.
It is very risky for a firm to cut the nominal pay of individual workers,
unless the firm is in danger of closing and its work force clearly understands this danger.It may be possible, however, to reduce the nominal level
of the pay structure without cutting the pay of any worker. There is an
important distinction between the level of a pay structure and the level of
individual workers' pay, a matter to which I will return. It may also be
risky to allow the purchasing power of workers' pay to fall, although
reductions in the real value of pay have less serious consequences than do
nominal pay cuts.
The choice of pay structure level is a strategic business decision discussed at high levels of management. In making this selection, business
leaders make use of labor market surveys and look at their own experience in recruiting and retaining workers. They also take account of the fact
that, if they raise the level of pay today, it will remain high in the future.
I hear a lot about this last point now. I am currently surveying pricing
practices, and so I talk to businesspeople almost every day. Some say that
they are not now increasing pay to ease labor shortages, because they know
they will not be able to reverse the increases during the next economic
downturn.
It is important that, in setting pay levels, businesspeople look at wage
surveys. They buy surveys, make their own surveys, try to project rates of
wage inflation, and look at inflation as measured by the consumer price
index as an indicator of what other firms will do with regard to pay. They
also talk to competitors in the labor market and in the product market.
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They discuss what they themselves are doing with their pay structures,
without giving away information that would help other firms compete with
them in product markets. Employers need this information to be sure they
will pay enough to recruit and retain labor.
Because employers discuss wage setting among themselves, there may
not be a direct and mechanical feedback from projected wage increases
to wage policy, as the paper assumes. Through mutual consultation,
businesspeople can, I believe, coordinate a slowdown of wage increases.
I do not mean conscious coordination and am not implying collusion, but
they may create an atmosphere that decreases the size of the pay increases
perceived as needed. Such an ambience would be beyond the control of
any one firm, but would nevertheless be achieved. It is not clear how much
coordination occurs in this way, but businesses do keep each other
informed as to what they are doing with pay levels.
I now turn to the distinction between the pay of individual workers and
the level of a pay structure. The former tends to increase over time,
because workers rise through the internal pay structure as they acquire
seniority, gain skills and experience, and become more valuable to the
company. Workersin unskilled jobs may hit a pay ceiling after two or three
years. But there are many skilled workers in the U.S. economy, and in
many firms these well-paid workers account for a large share of labor
costs. These workers may continue to rise in the pay structurethroughout
their career.
Because most people are rising in the pay structure, they receive pay
increases every year even if the structure stays constant. If there is only a
little inflation in the cost of living, these increases might exceed that rate
of inflation. A company can even decrease its pay structure while giving
everybody real and nominal increases.
A firm's average cost of labor and its average and marginal cost of output are determined by the level of the pay structure.Hence, if a firm gives
an average wage increase of 5 percent, it does not follow that its average
cost of labor rises by 5 percent. It may even decrease. The impact on the
average cost of labor depends on the steepness of the company's internal
pay structure, on how fast employees rise within it, and on labor turnover.
The increase in the average cost of labor tends to be less than the pay
increase of an average worker because of what are called turnover savings.
These savings result from the fact that the average pay of workers entering a firm is less than the average pay of those leaving.
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Department stores and supermarketsdepend on turnoversavings to control labor costs. Stores offer a schedule of pay increases to floor staff to
provide work incentives, and these increases are paid for, to some extent,
by turnover savings. One of the disadvantages of economic downturns is
that they cause turnover to decrease, making existing staff steadily more
expensive.

Firms have considerable latitude in choosing the level of their pay structure, for that choice is not a clear-cut decision but rathera judgment call. A
firm can allow its pay structure to lag behind that of other firms. It may
choose to do so if it is in trouble financially, if it considers that it can tolerate higher labor turnover or lower-quality employees, or if it believes
that its labor recruiters should work harder to find new workers. Social
mood may also affect the level of the pay structure, and I feel that this
mood has changed now from what it was during the recession of the early
1990s. Employers are talking tougher about pay now than they were then.
Whereas in the 1990s they talked about keeping up with other firms, now
they talk about avoiding excessive labor costs. This mood shift may help
explain why we have recently had such low inflation.
Imagine that a firm is holding its pay structure constant. A lot of the
firms whose managers I interviewed were doing just that. There may be
reasons for holding it constant despite recessionary conditions. A pay
structure's level is ultimately tied to starting pay rates, and a firm that has
a reputation as a premier employer may think that potential employees
are aware of changes in starting rates. Such companies imagine that
declines in these rates would look bad. Other firms do not care. For example, fast-food restaurants,supermarkets,and departmentstores allow starting pay and hence the pay structure for floor staff to float up and down
freely with labor market conditions.
Assuming that the pay structureremains constant, let us think about the
feedback from price inflation to the wage-not the feedback from wage
inflation, which is the subject of the paper. I am changing the topic somewhat. If price inflation is small, the finn may not be under any pressure to
raise wages to offset it, because most employees automatically receive
raises large enough to compensate for it.
It might be imagined that, on the contrary, wage increases should equal
normal increases plus the rate of price inflation, no matter how small that
rate is, because inflation reduces the value of the normal increases and
hence reduces their impact on incentives. The incentive effects are, after
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all, an important reason for having the raises that are incorporated in the
internal structure. The reduction in the real value of the increases does
not seem, however, to have much impact on motivation, as long as the
real value of the increases remains positive. Employees think about their
increases relative to those of co-workers, so that the main impact on incentives is achieved simply by rising within the internal pay structure.
In summary, it could be that companies do not have to react at all to low
price inflation by increasing wages, because people are, in any case,
receiving annual increases that offset the inflation. Employees may react if
inflation is so high that living standards decline. But if living standards
do not decline, people do not suffer from the inflation and believe that the
normal increases reward their efforts adequately.
Another reason for increasing the pay structure would be competition
for labor, and a firm may decide not to compete. I have talked to a number of managers lately about this topic in the context of the effects of
capacity constraints on prices. When I ask about capacity, a typical
response is, "Our capacity limitation is labor. We can't operate a third
shift, because we can't get the workers."
"So why don't you raise wages to attractmore labor?"
"Well, sure, we could raise wages, but it wouldn't do much good. There
is not enough labor out there."
That is one argument.Another is, "We don't want to get stuck with high
pay."
This is the kind of strategic thinking that goes into determining the level
of a pay structure.Although in today's low-inflation environment the primary consideration is not the general rate of price inflation, the situation
would probably change if price inflation were high enough to exceed the
rate of pay increase that most people enjoy as a result of rising through
the pay structure.In that case, people's living standardswould decline, and
when living standards fall, people cannot afford the things they have
grown used to, and they become angry with their company. Business executives take such reactions seriously. When wages are increased to compensate for price inflation, the pay structure rises, and with it the firm's
marginal costs of output.
Thus, labor turnover and the internal pay hierarchy create a distinction
between the increase in the average cost of labor to a firm and the increase
in the average pay of individual workers. And the choice of the level of a
firm's pay structure is dominated by competition for labor, except when
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the rate of price inflation is so high that firms have to increase their structures just to protect employee living standards. Living standards tend not
to be an importantfactor at low rates of inflation, because the living standards of many or most workers are protected by the raises that they would
receive even if there were no inflation. These points give another possible
explanation for the paper's observation that the sensitivity of wages to
inflation increases with the rate of inflation.
Alan S. Blinder: This is a throwback paper. I say that without disparagement, however. After all, the Phillips curve was published in the year of my
bar mitzvah. George Akerlof, William Dickens, and George Perry (henceforthADP) offer us a fascinating and skillfully executed paper, and the fact
that it is decidedly old-fashioned does not mean that it is wrong. The
authors' objective is to bring money illusion back to the Phillips curve,
from whence it was banished decades ago. To put their latest effort into
historical perspective, I ask you to remember The Lone Ranger and "return
with me now to those thrilling days of yesteryear." Money illusion rides
again.

The shape of the Phillips curve. The original Phillips curve, as presented by A. W. Phillips and Richard Lipsey,' took the form w =f(U) + all.
If we give the inflation term on the right-hand side an expectational interpretation and append a fixed markup,this gives rise to the usual price-price
Phillips curve, which is sloping in both the short and the long run.
Subsequently,Milton Friedmanand EdmundPhelps pointed out that such
equations embody money illusion if a < 1: each 1 percent increase in inflation raises 'w by only a percent and hence reduces real wage gains.2 This,
they pointed out, is fundamentallyillogical. The parametera must be exactly
1.0, which makes the long-run Phillips curve vertical at the naturalrate.
In their paper, ADP embody money illusion in the Phillips curve when
inflation is low, but not when it is high; this leads to the curve shown in
their figure 1. Its odd shape comes from the following reasoning.
First, remember that we are looking at a long-run Phillips curve here, so
we are tracing out alternative steady states. Start at zero inflation. Since
there can be no money illusion when inflation is zero, unemployment is
at the natural rate. At modest inflation rates, money illusion kicks in, mak1. Phillips (1958); Lipsey (1960).
2. Friedman (1968); Phelps (1967).
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ing labor in the near-rationalsector cheaper and thereby (as Keynes might
have put it) raising the money supply in wage units. In the negatively
sloped portion of the curve, higher inflation leads to more money illusion
and therefore to lower unemployment, just as in an old-fashioned Phillips
curve. But at even higher inflation rates, more and more workers and firms
shake off their money illusion, and the economy relinquishes these
employment gains. At high enough inflation rates (roughly above 6 percent
in the authors' illustrative figure), all money illusion is gone and the
Phillips curve is vertical for the usual reasons.
Now compare this Phillips curve with the one the authors offered in
their earlier Brookings Paper (henceforth ADP-1).3The two carry quite different empirical and policy implications at low inflation rates. ADP-J
warned us that low inflation could be catastrophic because of the zero floor
on nominal wage increases. Their Phillips curve veered sharply to the
right, toward extremely high unemployment rates, as inflation fell to low
levels. ADP-JJ argues, in stark contrast, that some low, positive inflation
rate will lead to minimal unemployment-that is, unemployment below
the natural rate and, indeed, stunningly below it in some specifications.
At least superficially, U.S. data since 1996 seem far more consistent
with ADP-JJ than with ADP-J, which, I suppose, is why ADP-JJ was written. The authorsare entirely correct to point out that the mechanisms of the
two papers-nominal wage floors in ADP-I and money illusion in
ADP-II-are not inconsistent. In fact, they are first cousins: one can meld
them into a single model. But the contrast between the Phillips curves in
ADP-I and ADP-II raises an important practical question for the Federal
Reserve: should it welcome, or shun, inflation in the range of, say,
2 percent?
To pursue this question, I will concentrate on an important property of
the Phillips curve that ADP emphasize in this paper. The leftmost point in
their figure 1 represents the lowest rate of unemployment that is sustainable and the inflation rate that accompanies it. I would like to raise two
questions about this point: Is it optimal? And is it sustainable?
The answer to the first question is, obviously not. The ADP model
allows for no explicit costs of inflation. Were any such costs of inflation
added to the model, the optimal point would be one with lower inflation
and higher unemployment than the leftmost point in figure 1.
3. Akerlof,Dickens,andPerry(1996).
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And there is a second point. Since we have no hard-core "Chicago
school" critic on the Brookings Panel, let me assume that role for a
moment. We Chicago types hasten to remind the authors that money illusion is an error: reacting to nominal magnitudes as if they were real
magnitudes is a mistake that leads to bad decisions. ADP do not offer any
utility analysis of labor supply. But if they did, it would presumably show
that utility declines because people work too much given the low level of
real wages. (In fairness, this utility loss will be small.)
Who's got the money illusion? What about sustainability? Here, once
again, I find it useful to go back to "those thrilling days of yesteryear"
and remember some old-time Keynesian economics.
We old-timers used to tell our young charges that the distinguishing
theoretical feature of Keynesian economics was nominal wage rigidity.
That assumption, in turn, combined two distinct notions: first, that the
labor market is characterized by downward wage rigidity ratherthan market clearing, and second, that nominal, not real, wages are rigid (because
of money illusion). I used to pose the following question to my students:
Which assumption produces the characteristic Keynesian policy result that
raising aggregate demand will boost employment? The answer is, the
second. If it is real wages that are rigid, the model generates classical
unemployment that cannot be cured by expanding demand. On the other
hand, if the labor market clears, but with money illusion in the labor
supply function, higher aggregate demand raises the price level, shifts the
labor supply curve outward, and boosts employment. This conclusion is so
old that it may seem new to young economists, many of whom have never
been exposed to such archaic musings.
Why did Keynes assume that workers suffered from money illusion?
Although he never lived to read Kahneman and Tversky, Keynes's "evidence" was not so different from ADP's. He wrote:
Now ordinaryexperience tells us, beyond doubt, that a situation where labour
stipulates (within limits) for a money-wage ratherthan a real wage, so far from
being a mere possibility, is the normalcase.... It is sometimes said thatit would
be illogical for labour to resist a reduction on money-wages but not to resist a
reductionof real wages.... But, whetherlogical or illogical, experience shows
that this is in fact how labourbehaves.4

4. Keynes(1936, p. 9).
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I have tortured you through this historical detour for two reasons. The
first is to raise a question: Who has the money illusion? ADP tell their
readers it does not matter: as long as one side of the wage bargain has
money illusion, it all comes out the same. They write, "A whole spectrum
of other models in which various combinations of firms and workers
ignore or underweight inflation in their mental frames will yield similar
results." Their specific model takes up the case in which firms, not workers, are "near rational." But if labor demand is a decreasing function of
the real wage, it seems to me that firms plagued by money illusion would
underdeflate the money wage, and hence behave as if the real wage were
higher than it actually is. If the labor demand schedule is downward sloping,5 such firms will hire less labor than in the neoclassical equilibrium,
not more.6
Second, we old-fashioned Keynesians used to argue that money illusion, being a clear departurefrom rationality, should disappear over time.
Thus the money illusion that characterizes the short run should not persist
into the long run. In Phillips curve terms, this leads to a familiar conclusion: the Phillips curve is negatively sloped in the short run, but vertical
in the long run. ADP, by contrast, offer figure 1 as their long-run Phillips
curve.
These two views carry quite different policy implications. In the ADP
view, money illusion will last forever as long as inflation is modest. Thus
the leftmost point in their figure 1, with its super-low unemployment rate,
can persist indefinitely. In the post-Friedman-Phelps Keynesian view, however, money illusion will not last forever.
ADP use a variety of psychological evidence (including a quote from
me-dirty pool!) to argue instead that higher inflation, not the passage
of time, dissipates money illusion. I have not the slightest objection to
their psychologically based notion that higher inflation rates are more
salient, are less likely to be edited out of the worry lists of harried decisionmakers, and so forth. But doesn't time matter, too? As long as the
economy remains in the range where money illusion is operational, real
wages in the near-rational sector remain lower than in the rational sector.

5. The ADP model containsno condition analogousto the neoclassical equilibrium:
real wage = marginalproductof labor.
6. An exception arises if laborsupplyis totally inelastic. In thatcase, employmentis
unaffected.
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Eventually, workers should catch on to the fact that their neighbors are
earning more, even if only a little more.
The evidence for money illusion. Of course, my pretending to be a
Chicago economist was just playacting. In fact, I am persuadable-indeed,
pretty much persuaded-that money illusion is a fact of life. But I do
want to enter a couple of objections to the evidence that ADP offer in its
defense.
They suggest a "decision heuristic" whereby inflation is "averaged
along with other factors to arrive at a nominal wage or price increase."
Maybe I am trapped inside a rationality box, but this does not make sense
to me. What "other factors" are in this average? Productivity improvements? Demand pressures? As determinants of nominal wage increments,
shouldn't these factors be added, not averaged? It seems to me that inflation is a factor unlike any other. Because it is fundamentally about adjusting units of measurement, it is something one adds on to the basic determinants of real wages. Besides, if we are averaging factors that contribute
to higher wages, shouldn't the other factors, like productivity, also be
attenuated?
Second, the authors observe that compensation professionals caution
firms not to grant automatic cost-of-living adjustments. That may be true,
but it is not evidence for money illusion. Suppose the firm raises its salary
pool by inflation plus a small increment for productivity gains. That would
be an illusion-free outcome. Still, the firm would not want to give every
worker the same percentage raise, because that would destroy its ability
to reward superior performance-that is, to adjust relative wages.
Finally, let me suggest a potential cognitive error that cuts in the other
direction. The Bureau of Labor Statistics adjusts various prices for quality improvements, and for good reasons. But ordinary consumers, being
less sophisticated than Jack Triplett or Robert Gordon, may see higher
prices as higher prices. So, for example, most people think automobile
prices have soared over the last two decades. But the BLS disagrees: after
accounting for large quality adjustments, new car prices have risen much
slower than the overall rate of inflation. And everyone knows that computers have fallen in price. But how many people think they now cost only
6 percent of what they did in 1981? Yet that is what Dale Jorgenson and
Kevin Stiroh imply in their paper in this issue. As a final example, is there
anyone who doesn't believe that medical care prices have skyrocketed,
even though some excellent recent research suggests that many quality-
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adjusted prices have actually fallen? Mere mortals who have this kind of
money illusion will overweight inflation, not underweight it.
The last word. I hasten to add that I find much to admire in this paper,
especially the authors' thorough and creative empirical work, which
includes myriad robustness checks. I was especially pleased to find the
Sargent critique addressed by the use of directly observed expectational
data. Such an approach is no panacea, but it is certainly a step in the right
direction.
Finally, even if one harbors doubts about the details of the ADP model,
as I do, the theory calls attention to an interesting hypothesis that is well
worth exploring in its own right, namely, that the coefficient on expected
inflation in the Phillips curve depends on past inflation. The authors could
have skipped all the theory, appealed to the psychological evidence, and
jumped directly to that testable hypothesis. To test it, however, one needs
a way to constrain the coefficient to range between zero and one. Using a
probability distribution function is a clever way to accomplish that. And so
far, the tests look pretty favorable. Now that, kemo sabe, is something the
Fed really should know.
General discussion: Benjamin Friedman expanded on Alan Blinder's
comment about whether the point that maximized the sustainable employment rate should be considered the optimal point at which to operate the
economy. He pointed out that, even if one accepts the standardmacroeconomic argument that zero inflation minimizes various distortion costs and
that the losses from these costs are quadratic, then given the higher
employment that a positive inflation rate makes possible in the authors'
model, the optimal inflation rate is above zero even after accounting for the
associated distortions. Friedman also noted that other recent empirical
work had cast doubt on the idea of a vertical long-run Phillips curve, and
he saw the paper as both confirming those results and providing a theoretical underpinning for them. He observed that the paper is consistent
with the recent literaturethat finds, for the United States and other OECD
countries, that many aspects of the real economy are not invariant to the
inflation rate.
Edmund Phelps interpretedthe paper as showing that declining inflation
accounted for the decline in U.S. unemployment. He noted that he and
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his coauthors, in their study in this volume, had found that real variables,
such as real interest rates and changing productivity trends, were important
in explaining the divergence in unemployment rates across OECD countries in the 1990s. Once these factors were accounted for, inflation was not
important. He wondered whether the model of this paper would hold up
if real variables were given a chance to explain the data. William Dickens
responded that the Brainard-Perryresults suggest that it is the change in
the coefficient on inflation that is driving changes in the sustainable rate of
unemployment, not changes in the intercept, as would be the case if the
factors Phelps cited were responsible for the improvement.
Robert Gordon recalled James Stock's observation that the real puzzle
in today's economy might be low unemployment ratherthan low inflation.
This perspective draws attention to the fact that some alternative measures of resource utilization, such as capacity utilization in manufacturing,
are not tight. It also draws attention to a number of structuralfactors relating to the labor market, such as those examined by Lawrence Katz and
Alan Krueger in the Spring 1999 issue of Brookings Papers, which the
present authors did not consider. Responding to Phelps's and Gordon's
observations that real variables and labor market changes had not been
taken into account, George Perry noted that productivity was in the equations and that demographic changes were allowed for by using alternative
unemployment measures.
William Nordhaus suggested that the issue of the costs of inflation went
beyond tax distortions and shoe leather costs, and involved how people misperceive inflation. He recalled a point made by Henry Wallich at a time
when the division of labor in most households fell along then-traditional
lines. Wallich had observed that inflation was sexist: the husband liked it
because his wages were rising rapidly, but the wife disliked it because the
prices she had to pay at the grocery store were rising rapidly. The persistent irrationality in the conflicting views of economic agents as producers
and the same economic agents as consumers belongs in any analysis of the
cost of inflation. Nordhaus also suggested that the authors test whether
inflationary expectations in fact have responded to experienced inflation in
the nonlinear way suggested by the paper. Such a response would imply
that the elasticity of inflationary expectations to inflation was low at low
inflation rates, then rose above one as inflation rose, and settled at one at
sufficiently high inflation rates. While recognizing that the model underpinning this paper had the response to expectations, ratherthan the expec-
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tations themselves, varying with inflation, he reasoned that the alternative
model was worth examining.
Olivier Blanchard observed that both the changing prevalence of costof-living clauses in wage contracts and the characteristics of such clauses
supported the authors' model of how inflation entered into decisions. Such
clauses typically kick in only above a certain threshold, with no adjustment
made at low inflation rates, and the fraction of contracts that are indexed
varies directly with the inflation rate. During the high-inflation period, two
explanations were offered for this changing fraction. One was that certain
fixed costs associated with understandingthe point of indexation had to be
overcome, and the other was that incentives for indexation are high only
when inflation is high. The fact that that the proportion of indexed contracts declined after inflation fell supports the second explanation, which
is consistent with the model.
Despite being skeptical of the econometrics, Christopher Sims found
the model and its implications plausible. His own work led him to believe
that agents react in nonlinear fashion to shocks, with small shocks eliciting
weak reactions and large shocks eliciting strong ones. He had modeled
the idea that the reactions of individuals to stochastic signals, like prices or
wages, involve a finite rate of information flow, using this as a constraint
on dynamic optimizing behavior. This implies that individuals react sluggishly to market signals, with their reactions delayed and smoothed, or
made at discrete intervals, introducing idiosyncratic error. The extent of
such processing depends on how important the signal is.
Sims suggested that this work provides a furthertheoretical justification
for the kind of results the authors obtain, but in addition provides a rationale for a broader pattern of results that emerges in the literature on vector autoregressive analyses. Its findings contradict the notion that some
variables are inherently costly to move. Shocks typically affect own variables quickly, whereas cross-variable relationships show slow, smooth
reactions. In closing, Sims suggested that this work implies a modification
of the Lucas critique: perhaps what matters is not whether a policy action
is predictable, but how important it is. This would make it possible to
have apparently permanent sluggish responses when policy is stable and
shocks are small.
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