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Estimated Tradeoffs Between Unemployment
and Inflation

Ray C. Fair

An important question in macroeconomicsis the Sze d the tradeoff
between unemploymentand inflation. | have been asked by theorganizers
o thissymposium to consider thisquestion, and so thisis yet another pa
per on the tradeoff issue. Given an econometric modd of priceand wage
behavior, it isstraightforwardto computethe tradeoff. The key problemis
finding the modd that best approximatesthe unknownstructure, and this
problem isthefocusadf this paper.

Three models o price and wage behavior are considered. The first,
Modéd 1, is the one contained in my macroeconomic mode of the United
States(Fair,1984). Thesecond, Modd 2, isonethat iscloser to what might
be considered the standard modd in the literature. The third, Modd 3, is
one in which thereis no long-run tradeoff between unemployment and
inflation. Modd 3isModel 2 with acertain restriction on the coefficients.

The paper isorganized asfollows. Some methodological issuesare dis
cussedfirst. The modelsare then presented, estimated, and tested. The
unemployment-inflation tradeoffsimplied by each model are then pre
sented, and thefinal section containsa general evaluation of theresults
and adiscussionof their consequencesfor macroeconomic policy and
research.

Some methodology

[t will be useful to present afew of my viewsabout macroeconomic re
search beforelaunchinginto the specification d the equations. The first
issue concerns how much information one expects to get out of macro
timeseriesdata. Consder,for example, the questiond which demand var-
iableto usein a priceor wageequation. My experienceisthat macrodata
are not capable of discriminating among many different measures of
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demand. Similar results are obtained using such variables as the overdl
unemployment rate, the unemployment rate of married men, various
weighted unemployment rates, variousoutput gaps, and various nonlin-
ear functionsd these variables.' It isalso difficult to discriminateamong
alternativelag distributionsfor theexplanatory variables,a point made by
Griliches(1968)many yearsago and onethat till seemsvalid.

If onefeds, as| do, that macro data containafairly limited amount of
information, the obvious procedure to follow in econometric work is to
keep the specificationssmple. F the data cannot discriminateamong a-
ternativedetail ed specifications, thereisno sensein making detailed speci-
ficationsin thefirst place. Oneshould a soavoid making strong inferences
from results that are senditive to alternativespecifications among which
thedatamay not beabletodiscriminate. Thisisan obviouspoint, butitis
perhapsworth emphasizing. In particular, note that one should be wary
about making strong conclusionsregarding the vdidity of a modd's long-
run properties. Thisisbecauselong-run propertiesarelikdy to besenstive
to dternativelag distributions, which arein turn likely to be difficult to
discriminateamong.

The approach of keeping macro specificationsfairly smpleisat odds
with theapproach of Robert Gordonand GeorgePerry, twodf theleading
figuresin thefield of priceand wage behavior. Gordon's specificationsare
characterized by the use of high-order polynomia distributed lags with
long lag lengths, the use of detailed dummy variables, and considerable
workin theconstructionaof many of theexplanatory variables. Onereason
that Gordon's specificationschangeso much from year to year is probably
that they aretoo detailed to be supported by the data. New data seem to
imply a change in specificationwhen in fact no specificationfor a given
year isredly supported.? Parry's specificationsare a so usualy somewhat
involved, especidly with respect to the choicedf the demand variableand
the useof dummy variables® It will beclear inwhat followsthat my speci-
ficationsaresmpler than thosedf Gordonand Perry, and oneshould keep
in mind my reasonfor thisdifference.

Another view | have about macroeconomic researchisthat there have
been too few attemptsto test one mode against another. One reason there

1. See, for example, thediscussionin Fair (1978), pp. 176-80,and in Fair (1984), p. 128-29.
2. A minor but illugtrativeexampleof Gordon's changing specificationsconcer nsthe use
of dummy variablesfor the Nixon control period. In Gordon (1980)one dummy variableis
used, which is0.67 for 1971:111-1972:1V, — 1.0for 1974:11-1975:1, and 0.0 otherwise.In Gor-
donandKing(1982)twovariablesareused.Oneis0.8for 1971:111-1972:11 and 0.0otherwise,
and.the other is0.4for 1974:11 and 1975:1, 1.6for 1974:11T and 1974:1V, and 0.0otherwise.
3. See for example, thespecificationsin Perry (1980).
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is currently so much disagreement in macroeconomics is probably that
there has been so little testing of aternativespecifications.| developed a
few years ago a method for testing alternative models (Fair [1980)), and
this is the method that | have used in this paper to compare the three
modelsdf priceand wage behavior. Oned the premises upon which this
method is based isthat dl modelsareat least somewhat misspecified. An
important featuredf the method isthat it accountsfor the effectsof mis-
specificationin making the comparisonsacrossmodels.

Finally, my approach in examining macroeconomic issuesis to specify
and estimatestructural equations. A few yearsago thiswasstandard oper-
ating procedure, but it isnow somewhat out of fashion. Some have turned
to vector autoregressive equations, while others have turned to reduced
formeguations. In hisrecent work, for example, Gordon has switchedto
estimating reduced form priceequations.* The reduced form approach ig-
nores potentially important restrictionson the reduced form coefficients,
and in thissenseit isinefficient. Also, it isnot possiblein Gordon’s recent
work to know whether a variablethat isadded to the reduced form price
equation belongs in the structural price equation, in the structural wage
equation, or in both. Important questionsabout the wage-priceprocessare
smply left unanswered when only reduced form equationsare estimated.
For example, one important question with respect to a particular set of
structural wageand priceequationsiswhether theimplied behavior of the
real wageissensible, and thisquestion cannot beanswered by the reduced
form approach. Red wage behavior isconsdered bdow.

Thethreemodeds

Modd /

Model 1isthemodel of priceand wage behaviorin my U.S model. The
followingisa brief discusson o it. A more complete discussion is con-
tained in Fair (1984). Firmsin the theoretical mode are assumed to set
pricesand wagesin a profit-maximizing context. They have some monop-
oly power in theshort runin their price- and wage setting behavior. Rais
ing their pricesabove prices charged by other firmsdoes not result in an
immediate loss of dl their customers, and lowering their prices below
pricescharged by other firms doesnot resultin animmediategain of every-
onedses customers. Thereis, however, atendency for high-pricefirmsto
losecustomersover timeand for low-pricefirmsto gain customers.Similar
statementshold for wages. Firmsexpect that the future pricesand wages

4. See for example, Gordon (1980)and Gordonand King (1982).
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o other firms arein part afunction o their own past pricesand wages
Sinceafirm's market shareisafunctiond itspricerelaiveto the pricesof
other firms, itsoptimal pricestrategy dependson this relationship. Expecta
tionsd firmsarein some casesdeterminedin fairly sophisticated ways but
noned theexpectationsare rational in the M uth sense. Firmsdo not know
thecomplete model, and their expectationscan turn out to beincorrect.

Therearefivemain decison variablesdf afirmin thetheoretical modd.
In addition to the firm's priceleve and wage rate, the varigblesare the
firm's production, investment, and demand for employment. These deci-
sion variablesaredetermined by solvingamulti periodmaximization prob-
lem. The predetermined variablesthat affect the solution to this problem
include(1)theinitial stocksof excesscapital, excesslabor, and inventories,
(2)the current and expected future valuesof the interest rate, (3)the cur-
rent and expected future demand schedulesfor the firm’s output, (4)the
current and expectedfuture supply schedulesof |abor facing thefirm, and
(5)expectationsaf other firms future priceand wage decisions.

The transition in macroeconomicsfrom theoretical models to econo-
metric specificationsis usudly difficult,and the present caseis no excep-
tion. The aim of the econometric work is to try to approximate the
decisionequationsaf thefirmsthat result from the solutionsof the maxi-
mization problems. The empirica work for the priceand wage equations
conssted of trying the variableslisted above, directly or indirectly, as ex-
planatory variables. Observed variables were usad directly, and unob-
served variables were used indirectly by trying observed variables that
seemed likely to affect the unobserved variables. The main unobserved
variablesareexpectations.

I will not review herethework that led to thefinal estimated equations;
thisisdiscussedin Fair (1984, pp. 126-31). Thefinal estimated equations
are presented in Table 1. The equationsare in log form. The explanatory
variablesin the price equation include the price leve lagged once, the
wagerateinclusived employer Socid Security taxes, the priced imports,
and the unemployment ratelagged once. The unemployment rateistaken
to bea proxy for thecurrent and expectedfuture demand schedul esfor the
firms output. For the work in Fair (1984)an aternative measure of de-
mand was used, which was a measure of the red output gap. As noted
above, avariety of demand variableswork about equally wel. The unem-
ployment ratewas used in this paper in order to makethetradeoff calcula
tions below somewhat smpler. The other three variables in the price
equationaretaken to be proxiesfor expectationsof other firms' pricedeci-
sions. Increasesin the lagged price leve, the wage rate, and the price of
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TABLE1
ThePriceand Wage Models
Sample Period is1954:1-1984:1 (121 obser vations)

Dependent Explanatory Variables
Variable Model |
log P, const. log P._, log Wi(1 +dy logPIM, UR,.; SE DW
2SLS 159 937 .0268 ,0335 -.205 00377 175
(7.32 (107.02) (6.33) (11.05) (6.19)
3SLS 160 936 0271 0336 -.205  .00377 1.74
(7.42) (107.99) (6.43) (11.24) {6.26)
3SLs® 164 .934 0279 .0340 -.201  .00377 1.74
(7.66} (109.60) (6.68) (11.53) 6.15)
log W, const. log Wy, log P, log P,_; t UR,
2818 - 477 921 .503 - 456 .000754  -.0753 .00578 1.99
(1.69 {20.13) (3.47) (3.49) (1.93) (1.22)
3SLS -.293 951 514 -.485 000493  -.0716 .00581 2.04
(1.08) 21.77) (3.64) (3.80) (1.32) (1.18)
3SLs® -.291 951 515 -.485 000479  -.0799 .00581 2.04
2.73) (52.50) (5.35) (3.61) (1.62)
Models2and 3
log P, — log Py, const. logPr; — logP,;  logW,./(1+d,) log PIM,_;
- log W.s(1+di.y — log PIM,.;
Model 2. OLS -,00260 .293 146 0582 ,00404 2.04
(2.07) (373 (5.27) (5.78)
Model 2: 3SLS -.00264 292 147 0578 ,00404 2.04
(2.11) (372 (5.31) (5.74)
Model 3399 -.00536 323 191 .0461 00415 204
(548) (414 (7.77) (4.87)
log W, — log Wiy const. log Py = log Py_s UR,
Modd 2 2SLS .0142 175 -.114 ,00565 1.96
(7.48) (8.69) 327
Model 2: 3SLS 0142 175 -.116 00565 1.96
(7.52) (8.68) (3.30)
Moddl 3: 3SLS® .0144 221 -.151 ,00578 1.87
(7.60) (450)

Notes: t-statisticsin absolutevauearein parentheses.

#Coefficient constraint (4)in text imposedon the equations.
bCoefficient constraint (10)in text imposedon the equations.
OLS = ordinary least squares

25LS = two stageleast squares

38LS = threestageleast squares

Fint stageregressors:

A = secondbasicset of variablesin Fair (1984), Table6-1, p. 228.
Modd 1, 2SLS, log P, eg. :
Moddl 1, 2SLS, IogW &
Model 1, 3SLS

Model 2, 2SLS
Models2and 3, 3SLS

A pluslog PX-;. (PXisa price
: Apluslog (1+dy) pluslog PX:...
A pluslog PX,., pluslog P,

M - |Og P(_s.
A pluslog (1+dy) pluslog PX-; pluslog Py - log Pi_s plus log

A minusZZ,, pluslog {1 +dy). éélzaltsademand pressurevariable.)
or.)

PIM,, - logPIM,; pluslog W,_(1 +d.;) = log W _s(l +d,.5) plus
logPy; = log Py,
Variable Notation in Fair (1984) Description
d dsg + dss Employer social security tax rate
P, P Pricedeflator for private nonfarmoutput
PIM, PIM Price deflator for imports
UR, UR Civilian unemploymentrate
W, W,

in the private sector

Averagehourly earningsexcluding overtimeof workers
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imports are assumed to lead to expectations o future price increases,
which in the theoretical mode lead to an increasein current prices.

Theexplanatory variablesin thewageequationincludethe wagelagged
once, the current priceleve, the priceleve lagged once, atimetrend, and
the unemploymentrate. The unemployment rateistaken to bea proxy for
thecurrent and expectedfuture supply schedulesd Iabor facing thefirms.
The lagged wage variable and the current and lagged price varidblesare
taken to be proxies for expectationsdf other firms wage decisions. In-
creases in these variables are assumed to lead to expectationsd future
wageincreases, which in the theoretical mode lead to an increasein cur-
rent wages. The time trend wasadded to account for trend changesin the
wage rate relativeto the pricelevd. Theincluson of thetimetrend isim
portant, sinceit helpsidentify the priceequation. Asdefrom thedifferent
lagsfor the unemployment rate, the time trend and the lagged wage rate
aretheonly two variables not included in the priceequation that arein-
cluded in the wageequation.’

Before discussing the estimates, a constraint that was imposed on the
red wage rate needsto beexplained. It does not seem sensiblefor the redl
wagerate (W /Py tobeafunctiond either W, or P, separately,and in order
toensurethat thisnot betrue, aconstrainton the coefficientsd the price
and wage equationsmust beimposed. The relevant partsdf thetwoequa
tionsare

(1) logP, =8logP.; + B2 logW, + ...

(2) logW, =~ logW,_, + v2logP, + v;logP,_ +....
From these two equations, the equationfor the red wageis
1
logW, - logP, _1——62‘)'271(1 - B) log W,

‘T‘:;Tyz[ﬂl(l - v) = vl = BllogP; +....

5. Thereisonedlight differencebetween thewageequation hereand theonein Fair (1984).
The same price deflator is used in both equations here (the private nonfarm deflator),
whereasa different price deflator is used in the wage equation in Fair (1984) (theprivate
deflator, both farm and nonfar m).Thisdifferenceisnot important in the sensethat thedata
cannot discriminatebetween the two, and thesmpler specificationwasused herefor easeof
inter pretation.
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Inorder for the red wage not to beafunctionof thewageand pricelevels,
the coefficient of log W,_; in (3)must equal the negatived the coefficient
o logP,.;. Thisrequiresthat

@ 0={y+ 7)1 - B) = Bl = 7).

Threesetsof estimatesof Model 1 are presentedin Table L Theestima
tion techniquefor thefirst set is two-stage least squares (2SLS), and the
estimation techniquefor the second and third sets is three-stage least
squares(3SLS).° Restriction (4)isimposedfor the third set, but not for the
firstand second. Theendogenousvariablesin the priceequationarelog P,
andlog W,, and theendogenousvariablesin thewageequationarelog\W,,
log P,, and UR,. UR, istakento bean endogenousvariableeventhough no
equationisspecifiedfor it in this pgper. It isan endogenousvariablein my
U.S modd. Thefirgt-stageregressorsthat were used for the estimatesare
discussedin thenotesto Table 1. The basicset of variablesreferred tointhe
notesconsistsof 34 variables. Thesearethe main predetermined variables
in my U.S. model. The 2SLS estimated residual swere ussd for theestima
tionaf thecovariancematrix of theerror termsthat isneededfor the 3SLS
estimates. The correlation coefficientfor the error termsin the two equa
tionswas - 0.299.

The data base used in Fair (1984)was updated through 1984:1 for the
resultsin this paper. Theestimation periodfor dl theequationsin Table 1
iS1954:1-1984:1, which isatotal of 121 observations.

Thethreesetsof estimatesof Model 1 arequiteclose, and thereislittle
to chooseamong them. The coefficient restriction (4)isclearly supported
by thedata. Thevalued the 3SLS objectivefunctionwas - 96.471for the
unrestricted estimatesand — 96.567 for the restricted estimates, for a dif-
ference of only 0.096. This difference is asymptotically distributed as x?
with onedegreedf freedom, and the0.096 valueisfar below thecritical x?
valueat the 95 percent confidenceleve of 3.84.

Mode 1 differsfrom traditional modelsof wageand pricebehaviorina
number of ways, and it will be useful to discusstwo of these differences.
First, most price and wage equations are specified in terms of rates of
changedf pricesand wagesrather than in termsaf levels. Given thetheory
behind Modd 1, the natural decision variablesseemed to be the levels of

6.All calculationdor thispaper, except for thosein thesectionon propertiesof themodels,
were doneusing the Fair-Parke program. The Parke (1982)algorithm was used to compute
the 3SLS estimates.
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pricesand wagesrather than the ratesaf change, and <0 thiswasthe speci-
fication used. For example, the market share equationsin the theoretical
model have a firm’s market share asafunction o theratio o thefirm's
price to the average price of other firms. These pricesaredl priceleves,
and the objective o thefirmisto choosethe priceleve path (alongwith
the pathsdf the other decision variables) that maximizes the multiperiod
objectivefunction. A firm decideswhat its priceleve should berelativeto
the pricelevesd other firms. The use of levelsingtead of ratesaof change
hasimportant consequencesfor thelong-run propertiesof themodel. This
isdiscussed beow.

Second, most price equationsare postulated to be markup equations,
wherelittleor no demand effectsare expected. Wageequati onsare postu-
lated to be the oneswhere demand effectsaremost likely toexist. Model 1
isto someextent thereversed this. The unemployment rate hasalarger
coefficient estimate (inabsol ute value) and is moresignificant in the price
equation than in the wage equation. Also, the coefficient estimate of the
wage rate in the price equation istoo small to be interpreted asa markup
coefficient. The theory behind the price and wage equations is not a
markuptheory, and so thereisno reason to expect theestimated equations
to have propertiesdf markup equations. The equationsdo not appear to
havesuch properties.

Modd 2

Asjust noted, priceand wage equationsare typically specified in terms
o ratesdf changed pricesand wages rather than in termsof levels and
priceequationsare typicaly specified to be markup equations. Thi sspeci-
fication has been used for Modd 2. | tried a number of equationsthat
seemed consistent with this specification. The final equations are pre-
sentedin Teble 1.

The eguationsfor Moddl 2 are in log form. The quarterly change in
priceisafunction o the quarterly changein price lagged once, thefour-
quarter changein the wage ratelagged once, and the two-quarter change
intheimport pricedeflator laggedonce. Thequarterly changein thewage
isafunctiondf thefour-quarterchangein the priceleve lagged once, and
d the unemployment rate. These equationsare consistent with the inter-
pretation of the price equation as a markup equation and of the wage
equation as theone in which demand effectsappear. The unemployment
rate appearsin the wage equation but not in the priceeguation. It wasd
the wrong sgn and not significant when included in the price equation
(both the current rate and the rate lagged one quarter were separately
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tried). Thefollowingisadiscussonaf somed theexperimentationbehind
thechoiced thefinal equations.

The data seemed to support the use of the four-quarter changein the
wage lagged once in the price equation. When the four one-quarter
changes, logW,(1 + d.) - logW;i(1 +dii),i = 1,2, 3, 4, were used
in place of the four-quarter change, the coefficient estimates and t-
statistics were: 0.139 (2.33), 0.144 (2.41), 0181 (3.00), and 0.120 (1.97).
These coefficientsseemed closeenough to warrant smply using thefour-
quarter change. When the one-quarter change unlagged was included
with theother four one-quarter changes, it was not significant (coefficient
estimatedf 0.071, with t-statisticof 1.17). Similarly when the one-quarter
change lagged five quarters was included with the other four, it was not
significant (coefficientestimated — 0.001, with t-statisticaf — 0.02). The
data seemed to support the use of the two-quarter changein the price of
imports lagged once. When the one-quarter changes lagged once and
twicewereused in placed the two-quarter change, the coefficient esimta-
tesand t-statisticswere 0.0674 (3.20)and 0.0477 (2.03).

The quarterly change in the wage rate lagged once was not significant
when added to the wageequation. Thet-statisticwasonly —0.49. Theuse
of thefour-quarterchangein the pricein the wageequation wassupported
lessthan wasthe use of thefour-quarter change in the wage in the price
equation, but the four-quarter change in the price was used in the wage
equation anyway. When thefour one-quarter changeswere used in place
of the four-quarter change, the coefficient estimatesand t-statisticswere
0.249 (2.22), 0.126 (1.07), —0.017 (- 0.14), and 0.352 (2.94). When the
one-quarter change unlagged was included with the other four one-
quarter changes, it was not significant (coefficientestimatedf 0.110, with
t-statistic of 0.72). Smilarly, when the one-quarter change lagged five
quarters was included with the other four, it was not significant (coeffi-
cientestimateof - 0.120, witht-statisticdf - 1.05). When theone-quarter
changeslaggedfiveand sx quarterswereincluded with theother four, the
coefficient estimates and t-statistics were —0.099 (0.84) and - 0.079
(0.72).Thereisthus no evidencethat pricechangeslagged morethan four
quartersbelongin the wageequation.

Two setsof estimatesof Model 2 are presented in Table 1. Theestima
tion techniques for the first set are ordinary least squaresfor the price
equation and 2SLS for the wage equation. The estimation techniquefor
thesecond et is 3SLS. Thereare no endogenousexplanatory variablesin
the price equation. The unemployment rate in the wage equation was
taken to be an endogenous variable. The two sets of estimates are very
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close. The correlation coefficient for the error termsin the two eguations
wasonly 0.030, and so very littlewas gained by using 3SLS. Comparing
the single-equation fits with thosefor Modd 1, the price equation hasa
larger standard error (0.00404versus0.00377)and the wage equation has
asmaller standard error (0.00565versus0.00581).

Modd 3

Aswill beseen in alater section, thereisatradeoff betweenthe unemploy-
ment rateand inflationimplicitin Model 2.” Thereis, however, a restriction
that can be placed on the coefficientsof Modd 2 that implies no long-run
tradeoff. Mode 3isMode 2 with this regtrictionimposed. Therestrictionisas
follows Letp,, = logP,; — logP.i;andw; = logW,, = logW,,,i =0,
1,...,4. Writethe priceand wage equationsof Modd 2as

() D= Zi + Bibet + BoWey + Wip + W3 + Wid),
6) W=7+ vi(Pe1 + Dz + D3 + Died) + 72UR,,

whereZ, = By * Ballog(l + d.)) — log(l + di_s)] + Bs(log PIM_, - log

PIM, ;). Consider now asteady statewherep=p, = pr.y = ... ,W =W, =
Wo=..,2=2,=2_=...,andUR =UR, =UR_,....Inthiscase
(5 and (6)can bewritten

(1) p=7Z+Bid + 46w,
(8) W =g+ 4y,p + y2UR.
Substituting (8)into (7)and rearrangingtermsyields

9 (1 -8, = 168y) P =Z + 4By + 4Bv;,UR.

7. Thereisa tradeoff in the sensethat given the two estimated equations of Model 2, a
change in the unemployment rate leads to a finite long-run change in the rate of inflation.
Thisassumesthat thestructure of the wageand priceequationsisstableover time. For exam-
ple, part of what the equations are picking up are effects of expectationsof future wageand
price behavior on current behavior. If the expectation mechanismthat is approximated by
the equations changes, for whatever reason, the stability assumption is violated. Sargent
(1971)hasstressed thefact that estimated coefficientsdf lagged dependent variablesin wage
and priceequationsare picking up both the effectsof laggedval ueson expectedfuturevalues
and theeffectsof expected future valueson current vaues. Without extraassumptions, it is
not possibleto separate thetwo kindsdf effects. For present purposesit is unnecessary todo
thisif oneiswillingto make the abovestability assumption, asisdone here.
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(100 1 -8 =168y, =0.

thereis no long-run tradeoff, and thisis the restriction that wasimposed
onModd 3.

Theestimateswith thisrestrictionimposed are presentedin Table 1 The
equations wereestimated by 3SLS, where UR, was treated asan endoge
nousvariable. Thevalued the 3SLS objectivefunctionwas - 116.669 for
the unrestrictedestimatesand — 128.525 for the restricted estimates, for a
differenced 11.856. Again, thisdifferenceisasymptoticallydistributedas
x*withonedegreed freedom. The 11.856 valueisconsiderably abovethe
critical x2 valueat the 95 percent confidenceleve o 3.84, and s0there
strictionis not supported by thedata. Thesingleequation fitsfor the price
and wage equationsare 0.00415 and 0.00578 for the restricted estimates,
which compareto 0.00404 and 0.00565 for the unrestricted estimates.

Given the coefficient esimatesd Modd 3 and given an assumption about
thelong-runvalued Z, onecan computethevaued the unemployment rate
(say UR*)for which inflation neither accelerates nor decelerates Under theas
sumption that the long-run growth rate d d, is zero and that the longrun
growth rate of the import price deflator is 7.0 percent at an annud rate, the
vaued UR* is 6.25 percent. This vaue is Smply computed by solving the
equaion0 = Z + 48y, t 48,1,UR for UR. Thelongrun rated changed
theprice levd that correspondsto thisvaued UR is3.39 percent at an annual
rate Thecorresponding growth ratefor the nomind wegeis 5.06 percent, and
the corresponding growthrae for thered wageis 162 percent.

A comparisond themodels

Althoughthesingle equation fitsare availablefmm Table 1, thesefits are not
the appmpriatecriterionfor comparing the modds Among other things, they
do not test for thedynamic accuracy o themodds,and they do not account in
an explict wey for the possble misspecification of the modds The method in
Far (1980)an be used to comparemodds, and thismethod isused in thissec-
tion to comparethethree modds

Themethod accountsfor thefour main sourcesd uncertainty o aforecast:
uncertainty dueto 1) theerror terms 2) thecoefficient estimates, 3) theexoge
nousvarigbles and 4) the possble misspecification of themodd. Becauseit ac-
countsforthesefour sources, it can be used to makecomparisonsacross modds
In other words it puts each modd on an egua footing for
purposes d comparison. Exogenous varigble uncertainty is not a problem
in the present case because each modd has the same exogenous variadles,
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namely d, and PIM,. Therefore, exogenous variable uncertainty has not
been taken into account: both d; and PIM, have been assumed to be
known with certainty. Thefollowingisabrief outlinedf the methodexcept
for the part pertaining to exogenousvariable uncertainty.

Themethod

Assumethat the model hasm stochasti cequations, p unrestricted coef-
ficientstoestimate, and T observationsfor the estimation. The modd can
be nonlinear, smultaneous, and dynamic. Let S denote the covariance
matrix of the error terms, and let V denote the covariance matrix of the
coefficient estimates.Sism x mandV isp x p. Anestimatedf S, say S, is
(l/T)UQ', whereUisanm x T matrix o estimatederrors. Theestimated
V, say V, dependson the estimation technique used. Let & denotea p-
component vector of the coefficient estimates, and let u, denote an m-
component vector of the error termsfor periodt.

Uncertainty from the error termsand coefficient estimatescan be esti-
mated in astraightforwardway by meansdf stochastic ssimulation. Given
assumptionsabout thedistributionsadf theerror termsand coefficient esti-
mates, one can draw valuesdf both error termsand coefficients. For each
set of vauesthemode can besolvedfor theperioddf interest. Given, sy, J
trids, the estimated forecast mean and estimated varianced the forecast
error for each endogenous variablefor each period can be computed. Let
Yix denotetheestimated mean of the k-period-aheadforecast of variablei,
wheret isthefirst period of theforecast, and let 2, denote the estimated
varianced theforecast error. yiy is Smply the averaged the J predicted
valuesfrom the J trids, and &, is the sum of squared deviations of the
predicted valuesfrom the estimated mean divided by J

It isusualy assumed that thedistributionsadf theerror termsand coeffi-
cient estimatesare normal, although the stochastic-simulation procedure
doesnot requirethe normality assumption. The normality assumption has
been used for the resultsin this paper. Let u; be a particular draw of the
error termsfor periodt, and let a* beaparticular draw of the coefficients.
Thedistribution of 111 isassumed to be N(0,S), and thedistribution of a* is
assumed to beN{&, V).

Estimating the uncertainty from the possible misspecification of the
modd isthe most difficultand costly part of the method. It requiressuc-
cessvereestimationand stochastic'smulationof the modd. It isbased on
a comparison of estimated variances computed by means of stochastic
simulation with estimated variances computed from outside-sample
(i.e., outside the estimation period) forecast errors. Assuming no
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stochastic-smulationerror, theexpected vdued thedifferencebetweenthe
twoestimated variancesfor agiven variableand periodiszerofor acorrectly
specified modd. Theexpected vaueisnot in general zerofor a misspecified
model, and thisfact isusad to try to account for misspecification.

Without goinginto details, the basic procedureisto estimate the model
over anumber of different estimation periodsand for each set of estimates
to computethe difference between the two estimated variancesfor each
variableand length ahead of theforecast. The averagedf thesedifferences
for each variableand length ahead provides an estimate o the expected
value. Let d; denotethisaveragefor variablei and length ahead k. Given
d, thefina stepistoadd it to &. Thissum, which will be denoted &, is
thefinal estimated variance. Another way of lookingat dy isthat it isthe
part of the forecast-error variance not accounted for by the stochastic-
simulation estimate.?

Theresults

Table 2 containsthe results. The vaduesin the a rows are stochastic-
simulation estimatesd the forecast standard errorsbased on draws of er-
ror termsonly. The vauesin the b rowsare based on drawsd both error
termsand coefficients. The resultsare based on 500 trialsfor each of the
two stochastic simulations.® The simulation period is 1982:11-1984:1. In
termsadf theabovenotation, theb-row vauesarevauesd &,. Each model
consistsdf threeequations: the priceequation, the wageequation, and an
identity determiningthe red wage, W/P.

For the misspecificationresults, each modd wasestimatedand stochas:
tically simulated 37 times.!® For thefirst set, the estimation period ended

8. Strictly speaking, dy, isnot a measureof the misspecification of the model (for the k-
period-aheadforecastdf variablei). Misspecification can affect the stochasti csimul ationesti-
mate of the variance, (a% , and d, is merdly the effect of misspecification on the total
variancenot reflectedin :‘z?:k. For purposes of comparing the models, it does not matter how
much of the misspecificationisin #. Thevariancethat is used for comparisonisthe total
variance, .

9. The 3SLS estimatesof each model were used for thesesimulations, includingthe 3SLS
estimatesof Sand V. Theerrorsin Table 2arein unitsof percentdf theforecast mean. Seethe
discussion in Chapter 8 in Fair (1984)for the exact way in which the percentageerrors are
computed.

10. Because the OLS-2SLS and 3SLS estimatesof Model 2 wereso closefor the resultsin
Table2, the OLS-2SLS techniqueswere used for thesuccessivereestimationfor Mode 2. Esti-
mating amodel 37 timeshy 3SLS isexpensive, and for Model 2 it seemed unnecessary to do
this. Theestimate of V for the OLS-2SLS techniqueswas assumed to be block diagonal for
purposesof thestochastic simulation draws. Both Models 1 and 3wereestimated 37 timeshy
3SLS.
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TABLE?2
Egimated Sandard Errorsof Forecastsfor 1982:11-1984:1
for theThree Models
1982 1983 1984
/4 /4 v | V/4 m v |
Pricelevel (P)
Mode I:a 37 Sl 61 69 75 .78 .83 .86
b 37 .54 67 .79 87 98 103 115
d .50 .83 11 147 184 221 255 29
Model 2 a 41 66 .88 111 138 1.62 1.90 2.17
b .39 .68 93 1.21 1.51 1.79 2.09 2.42
d .53 99 1.45 1.99 2.59 318 3.80 451
Model 3: a 41 .70 .98 1.27 1.59 1.94 2.33 275
b 43 .73 1.00 131 mm 2.10 2.54 305
d 49 85 1.17 1.59 2.13 2.65 3.09 3.67
Nominal wage(W)
Modd I: a 54 78 96 1.06 L17 126 132 1.40
b .57 .78 98 1.18 1.40 1.51 1.64 1.82
d 52 2 .87 1.00 1.24 147 1.77 2.10
Model 2 a 54 .76 98 1.20 141 1.68 1.90 2.15
b 56 83 1.10 1.38 1.72 2,07 241 2.72
d 54 .80 99 1.21 1.61 2.16 2.54 2.95
Model 3:a 57 .82 1.05 L.30 1.60 1.93 225 2.65
b .60 .37 1.13 141 1.76 2.14 2.57 2.98
d .66 1.08 1.41 1.71 2.13 2.63 2.99 328
Real wage (W/P)
Mode |:a .62 90 110 1.19 1.30 1.38 1.45 1.52
b .66 94 1.15 1.29 1.49 1.63 1.74 1.89
d 0 92 1.07 1.14 1.35 1.55 1.82 2.22
Model 2 a 67 .88 1L.04 1.15 1.20 1.27 1.31 1.40
b .68 97 1.13 1.27 1.39 1.47 1.54 1.59
d .73 1.01 1.22 1.45 1.60 1.69 1.84 1.97
Modd 3 a .66 93 1.08 1.10 1.14 1.20 1.26 1.36
b 1 1.01 1.20 125 1.33 1.35 1.39 1.46
d .78 1.06 1.28 1.47 1.58 1.64 1.81 1.96
Notes a = Uncertaintyduetoerror terms.
b= Un 3 toerror terms and coefficient estimates.

C = Uncertainty ¢ toerror terms. coefficient estimates, dth possible misspecification o the model.
Errorsarein percentage points.

in 1974:1V and the simulation period began in 1975:1. For the second
set, the estimation period ended in 1975:1 and the smulation period
began in 1975:I1. For the final set, the estimation period ended in
1983:1V and the simulation period began in 1984:1. The beginning
quarter was 1954:1 for al estimation periods. Thelength of thefirst 30
simulation periods was eight quarters. Since the data set ended in
1984:1, the length of the 31st simulation period, which began in
1982111, wasonly seven quarters. Smilarly, thelength of the 32nd per-
iod wassix, and soon through thelength o the 37th period, whichwas
only onequarter. For each of the 37 setsaf estimates, new estimatesof



Estimated Tradeoffs Between Unemployment and Inflation 71

V and Swereobtained. Eachof the 37 stochasti csimulationswasbased on
200trials.

Theresultsproduced for the one-quarter-ahead forecast for each of the
three endogenous variables 37 valuesdof the difference between the esti-
mated forecast-error variance based on outside-sampleerrors (i.e., the
squared forecast errors)and the estimatedforecast-errorvariancebased on
stochasticsmulation. The average o these 37 valueswas taken for each
variable. In termsof theabovenotation, thisaverageisd;, wherei refersto
variablei and the 1 refersto theone-quarter-aheadforecast. Thetotal vari-
ancefor the one-quarter-aheadforecast of variableiis@, + d,;, whichin
termsof the above notation is &,. For theresultsin Table 2, t is 1982:11,
and thedrow valuefor 1982:11 for each variableisthe square root of &,
The calculationsfor the two-quarter-ahead forecastsare the same except
that thereare only 36 valuesdf the difference between the two estimated
variances for each variable. Smilarly, there are only 35 valuesfor the
three-quarter-aheadforecast, and soon.

Thed-row valuesin Table 2 can becompared acrossmodels. For both
the pricelevel and thenominal wage, Model 1istheclear winner. It has
thelowest standard errorsfor all the periodsexcept for the one-quarter-
ahead forecast of the price level, where the standard error is 0.50 for
Model 1and 0.49 for Model 3. By theend o theeight-quarter horizon,
thedifferencesin thestandard errorsarefairly large: For the priceleve,
the eight-quarter standard errorsare 2.94 for Model 1, 4.51 for Model
2,and 3.67 for Model 3. For the nominal wage, theerrorsare 2.10 for
Model 1,2.95for Model 2,and 3.28 for Model 3. With respect toModel
2versusModel 3, Model 3doesbetter for pricesand Model 2 does bet-
ter for wages.

The resultsfor the red wage are closer. Model 1 is the best for the
first x quarters, themodelsessentially tiefor the seventh quarter, and
Models2 and 3 are better than Model 1for theeighth quarter. In gen-
eral theresultsarefairly close, and thereis no clearcut winner.

Propertiesof themodels

For each model, it is straightforward to compute the tradeoff be
tween the unemployment rate and inflation. A simulation isfirst run
using a particular value of the unemployment rate, and then another
simulation isrun using another value. Thedifferencesin the predicted
valuesfrom the two simulations are the estimated tradeoffs. Beforedo-
ingthis, however, it will be useful to consider someissuesregardingthe
behavior of the red wage.
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Real wageissues

Thereappear to beconstraintson thelong-run behavior o the real wage
that are not necessarily captured by equationslike thosefor Models|, 2,
and 3. Condder, for example, a profit share variable, denoted SHRa,
which isdefined to betheratioof after-tax profitsof thefirm sector tothe
wage bill of the firm sector net of employer Socid Security taxes'" The
mean o thisvariablefor the 1954:1-1984:1 period is 0.109, with a maxi-
mum valuedf 0.136in 1979:11I and a minimum vauedf 0.066in 1983:1.
Thevariable hasessentidly no trend throughout this period. A regression
o SHRaon aconstant term and timetrend for this period yieldsa coeffi-
cient estimatecof thetimetrendof —0.000084, withat-statisticof — 1.91
This coefficient multiplied by 121, the number of observations, yieds
- 0.010, which is the estimated trend change in SHR . Thisisafairly
small change over the 30-year period.

Now, afdl in the levd of the red wage of 1 percent leadsto arisein
SHRadf gpproximately 0.0075. If a given experiment with the priceand
wage equationsresultsin alarge changein thelong-runleve o thered
wage, this may imply valuesof SHRa that are considerably beyond the
historical range. If so, thismay call into question the long-run properties,
since there may beforcesat work (not captured by the equations)keeping
SHRa at roughly a constant leve in the long run. It is thus important
when examining the following resultsto look carefully at thelong-run be-
havior of the red wage.

Unemployment-inflation tradeoffs

Resultsfor thefirst set of experimentsare presentedin Table 3. Thefirst
simulation for each modd began in 1984:11, which meansthat theinitial
conditionsthrough 1984:I were used. The simulation wasalowed to run
for 140 quarters. An unemployment rate of 7.8 percent was used for all
future periods. Theannual rated growth d theimport pricedeflator was
takentobe7.0 percent. Theratedf growthadf theemployer Social Security
tax rate (d,)wastaken to bezero throughout the period. The second smu-
lationfor each modd differedfromthefirst only in the unemploymentrate
that was used. Unemployment was lowered to 6.8 percent for al future
periodsfor this simulation. The resultsin Table 3 are the differencesbe
tween the twosimulations.

Ascan beseen, the models havequitedifferent long-run properties. For
Mode 1, the 1 percentage pointdropin the unemploymentrateleadstoan
eventual risein the priceleve of 5.15 percent and in the wageleve of 4.81

11. SHR = isavariablein my US model. See Fair (1984)for the precisedefinitiond it.
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percent. The real wagefalsdightly (by 0.32 percent). At theend d the
firstyear thepriceleve is0.60 percent higher;at theend of thesecond year
itis1.30 percent higher;and at theend of thefourth yeer itis2.38 percent
higher, which is about hafway to the fina increase of 5.15 percent. Not
counting thefirst quarter, the increasein the rated growth of the price
level fallsfrom 0.88in the second quarter, to 0.80 in thefourth quarter, to
0.68intheeighth quarter, t00.48in thesixteenthquarter,and to zeroafter
140 quarters. A similar pattern holdsfor the nomina wage.

For Moddl 2, the 1 percentage point drop in the unemployment rate
leadsto an eventua increasein therated changed thepriceleve of 0.95
percent. Theeventual increaseintheratedf changed thenominal wageis
116 percent, and the eventual increase in the rate of change of the redl
wage is 0.19 percent. The price and wage levels are, of course, ever-
increasing. After 140 quartersthe priceleve is 34.74 percent higher, the
nominal wage is 44.35 percent higher, and the real wageis 7.14 percent
higher. At somewherebetween 30and 40 quarters, the priceleve becomes
515 percent higher, whichisthe long-run total for Mode 1

Itisinterestingto comparethefirstfew quartersfor Models1and 2. The
rated inflationisinitialy much larger for Model 1 thanfor Modd 2. Af-
ter eight quartersthe priceleve is 1.30 percent higher for Model 1, com-
paredto 0.53 percent higher for Modd 2. Therated inflationfor Model 1
fadlsfrom 0.88 in the second quarter to 0.68 in the eighth quarter. For
Mode 2 theratedf inflation risesfrom 0.07 in the second quarter to 0.48
in theeighth quarter. Thereisthus much moredf ashort-run tradeoff for
Mode 1thanfor Modd 2. Theratesd inflationcrossat quarter 11, where
they are0.60for Model 1and 0.61for Modd 2 After quarter 11 theratedf
inflation risesto 0.95 for Model 2 and fdlsto zerofor Modd 1 The price
level scrosssomewhere between quarters 20 and 30.

Consider now the resultsfor Model 3. The unemployment rates of 6.8
and 7.8 percent areabovethe non-decel eratingratedt 6.25,andsofor both
smulations the rate of inflation is decelerating. Although not shown in
Table3, therated inflation becomesnegativein quarter 18for thesmula
tion in which the unemployment rateis 7.8 percent. By quarter 140 the
ratedf inflationis — 20.96 percent. Thedifferencesin Table3for Modd 3
are thus differences between two decelerating paths. It is interesting to
note that the differencesfor thefirst few quartersfor Modd 3 arenot all
that different from the differencesfor Mode 2, although they are some-
what higher for Moddl 3.

With respect to the behavior of the real wage, the resultsfor Model 1
show little change in the long-run leve of the redl wage. Thefal in the
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Regponse of Pricesand Wagesto a One Per centagePoint Increasein the Rate o Changeof the Import Price Deflator
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NoxsIoheho-soo~wounbwn —

Notes?Predicted valuefor an annual rate of changed theimport pricedeflator d 7.0 percent. Imtial conditions were theactual values through 19841,
Predicted vauefor anannud rate d changed theimport pricedeflatord 80 percent. The unemployment rate w: 3 assumed to be 7 8 percent throughout the period.
‘Percentage changeat an annud rate. Therated gronthd d, wa assumed to bezero throughout the period.
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unemployment rate lowered the long-run leve of the red wage by only
0.32 percent. The resultsfor Model 2, on the other hand, show that the
level o the red wageisever increasing. After 140 quarterstheleve of the
red wageis 7.14 percent higher, which impliesafal in SHR « of gpproxi-
mately 0.0075 x 7.14 = 0.054. Thisis about five timeslarger than the
trend change over the last 121 quarters between 1954:1 and 1984:1. The
long-run propertiesaf Model 2 with respect to the red wagearethusques
tionable.

Effectsof achangein import prices

One can aso examine how the models respond to achangein import
prices. Again, two simulationscan be run, one using oneset of vauesfor
futureimport pricesand one usinganother. Theresultsof thisexerciseare
presented in Table4. Thefirst smulation usedan annual ratedf changedof
import pricesd 7.0 percent,and thesecond used arated 8.0 percent. The
initial conditionswerethesameasthosefor thesimulationsin Table 3. An
unemployment ratedf 7.8 percent wasused for these resullts.

Theincreasein theratedf change of import pricesled toan increasein
theratedf changed pricesand wagesfor both Models1 and 2. For prices,
the long-run effect is 0.69 for Model 1 and 0.38 for Moddl 2. For wages,
thetwo numbersare0.43and 0.27. Thelong-runratedf changein thered
weagefdl in both cases. Thefal waslarger for Mode 1 than for Model 2
(-0.25 vs. -0.11). Although the long-run properties differ somewhat, the
short-run propertiesd the two modelsare quiteclose, asan beseen from
examining, sy, thefirst eight quartersin Table4. The short-run resultsfor
Mode 3 are dsofairly close to thosefor Models 1 and 2 The long-run
resultsfor Mode 3are, of course, vadtly different.

All three modds haveever faling rea wagelevels, whichisnot sensible.
All three moddsarethusat fault in thisregard. Thisproblem is discussed
in the next section.

General remarks
Longrun tradeoffs

The two key questionsregarding the long-run tradeoff between unem-
ployment and inflation are 1) whether there isany tradeoff and 2)if there
isone, whether it isin termsdf the levd o prices or the rate o change
of prices. The results of comparing the three models above indicate
that Modd 1 is more accurate than Models 2 and 3, and so from these
resultsonewould concludethat thereisatradeoff and that it isin termsaf
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the levd of prices. If the choiceis merely between Models 2 and 3, the
resultsareinconclusive.?

AlthoughModd 1 doesseem to bethe best approximationd thethree,
theresults must beinterpreted with considerablecaution. As noted in the
first section, macro data have a difficult timediscriminatingamong alter-
nativelag distributions, and aternativelag distributionscan havelargeef-
fectson the long-run propertiesaf a model. One should clearly put much
lessweight on thelong-run propertiesof the modelsthan on the short-run
properties(say,up to eight or twelvequartersahead).

Onemay at first besurprisedto think that the tradeoff between unem-
ployment and inflation may bein termsaf theleve of pricesrather than
theratedf change, but thereis no theoretically compelling reason to rule
out theleve tradeoff without testingthe two possibilities. As noted above,
it seemsnatural, given my theoretica model, to specify the priceand wage
equationsin leve terms. In general, thereseemsno reason to expect that a
permanent shift in demand will necessarily lead to a permanently higher
ratedf changedf pricesand thusto an ever-increasing pricelevel. At the
least, this issue seems open to empirical test, and the testsin this paper
provide supportfor the proposition that the tradeoff isin termsdf levels

Another point that should be kept in mind about Modd 1 isthefollow-
ing. One might argue—I think correctly —that it is not sensibleto expect
that the unemployment rate could be driven to, sy, 1.0 percent without
having any moreeffect on pricesthan on their levels. (Thesameargument
could even be madefor Mode 2 regarding the rates of change of prices.)
Thereareclearly unemployment ratesbelow whichit isnot sensibletoas
sume that any o the three modes provides a good approximation. Any
attempt toextrapol atea modd beyond theextremesd the dataisdangerous,
and thisssemsparticularly trueinthecased priceand wageequations.

| sometimestry to account for the nonlinearitiesin priceresponsesthat
oneexpectsto exist asthe unemployment rate approachesvery low levels
by using, as the demand variablein the price and wage equations, some
functiondf the unemployment rate (or other measure of demand). These
functionsapproach infinity or minusinfinity as the unemployment rate
approachessomesmall vaue. Thismeansthat asthe unemployment rate

12. In future work it may be possibleto providea better test of Mode 2 versusModd 3.
The comparisonsin this paper were only for forecastsup to eight quartersahead. It can be
seen from Table 3 that the main differences between the two modelsoccur after eight quar-
ters It may thusbe possibleto get moreconclusiveresultsby usingaforecast horizon longer
than eight quarters.Noattempt wasmadetodo thisin thisstudy.
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approachesthisvalue, pricesapproach infinity. Inacompletemodd of the
economy, pricescan never by driven toinfinity, and so thisapproach effec-
tively boundsthe unemployment rate from beow. The problem with this
approach isthat the datageneraly cannot discriminateamongaternative
functional forms, and so any choiceissomewhat arbitrary. The approach
that | have taken in this paper isto keep the specificationsmpleby merely
usingtheleve of the unemployment rate asan explanatory variable. The
consequenced thisisthat oneshould not extrapol atetheequationsmuch
beyond the ranged the historical data.

Thereal wage and the price of imports

Oned the most serious problems with the models considered in this
paper is that the long-run behavior of the red wageisafunctiond the
priced imports. Ineach modd the pricedf importsisin the priceequation
but not in the wage equation, and the reduced form equation for the redl
wagehasthe priced importson the right hand sidewith a negative coeffi-
cient. In order to constrain the pricedf importsnot to havealong-run ef-
fect on the red wage, one would have to add it to the wageequation (with
perhapsa different lag from the onein the price equation)and constrain
the coefficientsin the two equations to imply no long-run effect of the
pricedf importson thereal wage.

Another possbleway to look at this problem isthefollowing. Over the
sample period there has been a certain trend changein the price of im-
ports. The coefficient estimatesdf the priceand wageeguationsare based
on thistrend. In the case of Mode 1, the key coefficient estimateis the
estimatedt thetimetrend in the wageequation. Given that the coefficient
estimates are based on this trend, it is not necessarily sensibleto run an
experiment in which the rate df change of the pricedf importsis perma
nently changed without also changing the coefficientestimatedt thetime
trend in the wage equation to adjust for thistrend change. A similar ad-
justment should be made to oneor both of theconstant termsin Model 2.
With these adjustments, the models would still show an increasein the
ratedf changedt pricesand wagesin responseto theincreasein the rateof
change o the price of imports, but the coefficient adjustmentscould be
made to show no change in the red wage in the long run. This type of
adjustment would imply no changes in the estimated equations, only
changesin the coefficientsat the time of a particular experiment.

It should be noted that an answer to the red wage problemisnot to use
asthe priced importsvariablein the price equation the pricedf imports
relative to the domestic priceleve (i.e., PIM relative to P).Consider, for
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example, the price equationfor Model 1 in Table 1, and assume that the
priced importsvariablewerelog PIM, — log P_, rather than log PIM,.
Sincelog P,_; isdready in the equation, thischange merdly hasthe effect
of making the new coefficient o log P,., equal to the old coefficient plus
the coefficient of log PIM,. The reduced form equationfor the red wage
would till bethesame.

Thequestion o the nomind priced importsversusthe relative pricedf
imports brings up an important issue about the experimentsin Table 4.
Consider Model 1 Theincreasein the rateof changein the priced im-
portsaf 1.0 percent led to along-run increasein theratedf changein the
domestic price of 0.69 percent, which impliesa long-run increasein the
rated changein the reaive price of importsof about 0.31 percent. Al-
though the relative price of importsfluctuatesconsiderably in the short-
run and even in the intermediate run, it is not necessarily sensible to
assumethat it will continually riseor fdl in the very long run. One may
thuswant todesign experimentsin which thereativepriced importsdoes
not changein thelong run. Again, however, thisissueisseparatefrom the
problem df the red wage beingafunctiond the pricedf imports.

If one believesthat the nominal priced importsshould be constrained
togrow at thesamerateasthedomesticpriceleve inthelong run, thenthe
coefficient constraint imposed on Mode 3 should be changed. The con-
straint (10)shouldread 1 — 8, — 168xy; — 283 = 0, whereB; isthecoeffi-
cient of log PIM,_; - log PIM, 3 in the priceeguation. Thiswasnot done
for the present set of results.

It isclear that more work needs to be done regarding the long-run be
havior of the real wageand the pricedf imports. In some casesalternative
specificationsshould betried, such asthechoicedf constraintimposedon
Mode 3, and in some cases alternativeexperimentsshould be designed.
Thisisan important areafor future research.

Policy options

Thereislittle more to be said about policy optionsthat is not obvious
fromtheresultsin Table 3. If one bdievesthat Modd 1isthe best approxi-
mation, the tradeoffscan be read from the resultsfor Modd 1. The cost of
afdl in the unemploymentrated 1 percentage point isan increasein the
priceleved of 1.30 percentafter 8 quarters. F Model 2ischosen, thecost is
anincreased 0.53 percent after 8 quarters. If one's horizonis20 quarters,
the estimated cogt is about the same for both models. 2.80 percent for
Mode 1 and 2.57 percent for Model 2. After 20 quarters, the estimated
costs from the two modds diverge rapidly, and this is where the most
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uncertainty lies. For Modd 1 thereisan increasein the priceleve of 515
- 2.60 = 255 percent left. For Modd 2thereisan increasein the rate of
changed pricesaf 0.95 - 0.81 = 0.14 left.

Consequencesfor macroeconomicresearch

Oned the important resultsof this paper isthat the no long-run tra-
deoff model, Mode 3, does not appear to beasgoed an approximationto
theeconomy asdoes Mode 1 The comparisonwith Model 2 isinconclu-
sve, athoughit iscertainly not thecasethat Model 3dominatesModel 2.
This result has important consegquences for macroeconomic research.
Economistswith suchdiverseviewsas Tobin and Lucasseem toagreewith
the Friedman-Phelps proposition that there is no long-run tradeoff be
tween unemployment and inflation. (See Tobin [1980], p. 39, and Lucas
[1981], p. 560.) Lucas (1981)pointsout in hisreview o Tobin’s (1980)book
that most of the recent developmentsin macroeconomictheory have been
motivated by the problem o reconciling the natural rate hypothesis of
Friedman and Phelpswith an adequatetreatment of output and employ-
ment fluctuations. | think Lucasisright in arguing that Tobin cannot ac-
cept the proposition of no long-run tradeoff and at the same time accept
short-run propositionsthat do not imply the Friedman-Phel psproposition
in thelong run. Thelong run issmply asequencedt short runs.

Where| think both Tobin and L ucas have missed the mark isin so read-
ily accepting the Friedman-Phel psproposition. Theevidencein this paper
suggeststhat this proposition may not betrue, and at theleast, thevaidity
o thepropositionishighly uncertain. It seems unwiseto meto have based
more than a decade of macroeconomic research on such a proposition.
The present resultssuggest that more thought should begiven to the possi-
bility that the concept of a natural ratedf unemploymentis not a useful
one upon which to basea theory.'> One can arguethat the present results
do not discredit the natural rate hypothesisif one believesthat the struc-
tured the price and wage equationsis not stable because o shiftsin the
mechanism by which expectationsareformed (seefootnote 7). While this
iscertainly true, it again seems unwise to have based so much research on
thisparticular belief.

13. Thetheory upon which my macroeconometric model isbased doesnot usetheconcept
of a natural rateof unemployment. See Fair (1984), in particular pp. 15-16and 90-91.
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