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On Modeling the Effects of Inflation Shocks

Ray C. Fair

Abstract

A popular model in the literature postulates an interest rate rule, a NAIRU price equation, and
an aggregate demand equation in which aggregate demand depends on the real interest rate. In this
model a positive inflation shock with the nominal interest rate held constant is explosive because
it increases aggregate demand (because the real interest rate is lower), which increases inflation
through the price equation, which further increases aggregate demand, and so on. In order for the
model to be stable, the nominal interest rate must rise more than inflation, which means that the
coefficient on inflation in the interest rate rule must be greater than one.

The results in this paper suggest, however, that an inflation shock with the nominal interest rate
held constant has a negative effect on real output. There are three reasons. First, the data support
the use of nominal rather than real interest rates in aggregate expenditure equations. Second, the
evidence suggests that the percentage increase in nominal household wealth from a positive infla-
tion shock is less than the percentage increase in the price level, which is contractionary because
of the fall in real wealth. Third, there is evidence that wages lag prices, and so a positive inflation
shock results in an initial fall in real wage rates and thus real labor income, which is contrac-
tionary. If these three features are true, they imply that a positive inflation shock has a negative
effect on aggregate demand even if the nominal interest rate is held constant. Not only does the
Fed not have to increase the nominal interest rate more than the increase in inflation for there to
be a contraction, it does not have to increase the nominal rate at all!
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1 Introduction

At leastsinceLucas’s(1976)critique of macroeconometricmodels,macroeco-
nomicshasbeenin a stateof flux. Beginning in the 1970’s, macroeconomic
researchscatteredin anumberof directions,andmanyhavepuzzledasto whether
the field is going anywhere.Recently,however,a particularview of macroeco-
nomicshasemergedthat someseeasa convergence.Taylor (2000,p. 90), for
example,states:

…at the practicallevel, a commonview of macroeconomicsis now
pervasivein policy-researchprojectsatuniversitiesandcentralbanks
aroundthe world. This view evolvedgraduallysincethe rational-
expectationsrevolution of the 1970’s and hassolidified during the
1990’s. It differs from pastviews, and it explainsthe growth and
fluctuationsof themoderneconomy;it canthusbesaidto representa
modernview of macroeconomics.

Thisview is nicelysummarizedin Clarida,Galí,andGertler(1999),andit is used
in Clarida, Galí, and Gertler (2000) to examinemonetarypolicy rules. Taylor
(2000,p. 91) pointsout that virtually all the papersin Taylor (1999a)usethis
view andthattheview is widely usedfor policy evaluationin manycentralbanks.
Romer(2000)proposesawayof teachingthis view at theintroductorylevel.

Theview is basedon thefollowing threeequations:

1. Interest Rate Rule: TheFedadjuststhenominalinterestratein response
to inflation andthe outputgap(deviationof output from potential).1 The
nominalinterestraterespondspositivelyto inflationandtheoutputgap.The
coefficienton inflation is greaterthanone,andsotherealinterestraterises
wheninflation rises.

2. Price Equation: Inflation dependson the output gap, cost shocks,and
expectedfutureinflation.

3. Aggregate Demand Equation: Aggregatedemand(real) dependson the
real interestrate,expectedfuturedemand,andexogenousshocks.Thereal
interestrateeffectis negative.

1In empiricalwork the laggedinterestrateis often includedasanexplanatoryvariablein the
interestraterule. Thispicksuppossibleinterestratesmoothingbehaviorof theFed.
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This basicmodelis, of course,a highly simplified view of the way the macroe-
conomyworks, aseveryonewould admit. Many detailshavebeenleft out. If,
however,themodelcapturesthebroadfeaturesof theeconomyin afairly accurate
way,thelackof detailis not likely to beseriousfor manypurposes;thedetailscan
befilled in whenneeded.The‘modern’view of macroeconomicsis thatthebroad
featuresof theeconomyhavebeenadequatelycapturedby thismodel.

It is arguedin this paperthatthemodern-viewmodelhasnot adequatelycap-
turedtheeffectsof inflationshocksontheeconomy.Theaggregatedemandequa-
tion impliesthatanincreasein inflationwith thenominalinterestrateheldconstant
is expansionary(becausethereal interestratefalls). Themodelis in fact not sta-
ble in this casebecauseanincreasein outputincreasesinflation throughtheprice
equation,which furtherincreasesoutputthroughtheaggregatedemandequation,
andsoon. In orderfor themodelto bestable,thenominalinterestratemustrise
morethaninflation, which meansthat the coefficienton inflation in the interest
raterule mustbegreaterthanone. Becauseof this feature,somehavecriticized
Fedbehaviorin the1960sand1970sasfollowing in effectarulewith acoefficient
oninflationlessthanone—see,for example,Clarida,Galí,andGertler(1999)and
Taylor (1999b).

Theargumentin this paperis in threeparts.First, it will beseenthatthedata
supporttheuseof nominalratherthanreal interestratesin aggregateexpenditure
equations.This implies that if inflation increasesmorethanthenominalinterest
rate, this is not necessarilyexpansionary.Second,if the percentageincreasein
nominalhouseholdwealthfromapositiveinflationshockislessthanthepercentage
increasein theprice level, which theevidencesuggestsis thecase,thereis a fall
in realhouseholdwealth. A fall in realhouseholdwealthhas,otherthingsbeing
equal,a negativeeffecton realhouseholdexpenditures.Third, thereis evidence
thatwageslag prices,andsoa positiveinflation shockresultsin an initial fall in
realwageratesandthusreal labor income.A fall in real labor incomehas,other
thingsbeingequal,anegativeeffecton realhouseholdexpenditures.

If thesethreefeaturesaretrue, they imply that a positiveinflation shockhas
a negativeeffect on aggregatedemandevenif the nominal interestrate is held
constant. Not only doesthe Fednot haveto increasethe nominal interestrate
morethanthe increasein inflation for thereto bea contraction,it doesnot have
to increasethe nominal rate at all! The inflation shockitself will contractthe
economythroughtherealwealthandrealincomeeffects.

Section2discussestheevidencein favorof theuseof nominaloverrealinterest
ratesin expenditureequations.Section3 discussestherealwealtheffect,andSec-
tion 4 discussestherealincomeeffect. Section5 usesamulticountryeconometric
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model(theMC model2) to estimatetheoveralleffectof aninflation shockon the
economy.It will beseenthata positiveinflation shockwith thenominalinterest
rateheldconstantis contractionaryin thismodel.

2 Nominal versus Real Interest Rate Effects

This sectionusesconsumptionandinvestmentequationsin theMC modelto test
for nominal versusreal interestrateeffects. It is importantto stressthat these
are not testsusing the aggregatedemandequationof the modern-viewmodel.
Theargumenthereis that if in consumptionandinvestmentequations,equations
explainingthe two majorcomponentsof aggregatedemand,nominalratherthan
realinterestratesmatter,thenit seemsunlikely thattheuseof therealinterestrate
in theaggregatedemandequationis agoodspecification.

It shouldalsobestressedthatthisisnotanatheoreticalexercise:thereis theory
behindtheconsumptionandinvestmentequations.TheCowlesCommissionap-
proachtomacroeconometricmodelbuilding,whichis followedfor theMCmodel,
is to estimatedecisionequations,or at leastapproximationsto decisionequations.
Theoryis usedto determineleft andright handsidevariables,i.e., to guidethe
specificationof theequationsto beestimated,andthentechniqueslike two stage
leastsquares(2SLS) areusedto estimatetheequations.Partof thespecification
concernsexpectationformation,andoneoptionis to assumethatexpectationsare
rational(i.e.,modelconsistent).

Thetheorybehindtheconsumptionandinvestmentequationsin theMCmodel
is that householdsmaximizeexpectedlifetime utility and that firms maximize
thepresentdiscountedvalueof expectedfutureprofits. The theoreticalmodelis
discussedin detailin Fair(1994),andthisdiscussionwill notberepeatedhere.The
variablesthatdeterminetheoptimalcurrentperiodconsumptiondecisioninclude
the laggedvalueof wealth,currentandexpectedfuture income,andcurrentand
expectedfutureinterestrates.Fortheempiricalspecificationexpectationsof future
valuesareassumedto be a geometricallydecliningfunction of currentandpast
values,which introducesthelaggeddependentvariableasanexplanatoryvariable
in theequations.In addition,theequationsareestimatedby2SLS, andonecan,for
example,think of thepredictedvaluesof incomefrom thefirst stageregressions
asrepresentingthepredictionsof thehouseholds.In otherwords,householdscan

2TheMC modelis describedin Fair (1994),andthe latestversionis on thewebsitelisted in
thecolophon.All theequationsin themodel,includingthoseusedfor theresultsin Tables1 and
2 below,arepresentedon thewebsite.
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beassumedto usethefirst stageregressionsto predictincome.3 Thevariablesthat
determinetheoptimalcurrentperiodinvestmentdecisionincludethelaggedvalue
of thecapitalstock,currentandexpectedfuturevaluesof output,andcurrentand
expectedfutureinterestrates.Expectationsaretreatedin asimilarwayastheyare
for consumption.Theaim of thetestsin this sectionis to seeif the interestrates
thathouseholdsandfirms usearebetterapproximatedby nominalor realrates.

In the processof arriving at the final specificationsof the consumptionand
investmentequationsin theMC modelthe following testof nominalversusreal
interestrateeffectswasmade.Let for time t it denotethenominalinterestrate,
rt the real interestrate, and ṗe

t the expectedfuture rate of inflation, wherethe
horizonfor ṗe

t matchesthehorizonfor it . By definition rt = it − ṗe
t . Consider

thespecificationof a consumptionor investmentequationin which thefollowing
appearson theright handside:

αit + βṗe
t

For the real interestratespecificationα = −β, andfor thenominalinterestrate
specificationβ = 0. Therealinterestratespecificationcanbetestedby addingṗe

t

to anequationwith it − ṗe
t included,andthenominalinterestratespecificationcan

betestedby addingṗe
t to anequationwith it included.Theaddedvariableshould

haveacoefficientof zeroif thespecificationis correct,andonecantestfor this.
Four measuresof ṗe

t were tried for countrieswith quarterly data: ṗe
t =

(Pt/Pt−1)
4 − 1, ṗe

t = Pt/Pt−4 − 1, ṗe
t = (Pt/Pt−8)

.5 − 1, and ṗe
t =

(Pt+1/Pt−1)
2 − 1, wherePt denotesthe price level for quartert . Threemea-

sureswere tried for countrieswith only annual data: ṗe
t = Pt/Pt−1 − 1,

ṗe
t = (Pt/Pt−2)

.5 − 1, andṗe
t = (Pt+1/Pt−1)

.5 − 1, wherePt denotestheprice
level for yeart .

Theresultsof thetestsarepresentedin Tables1 and2. In Table1 thep-value
is presentedfor eachequationandeachmeasureof ṗe

t . Table2 presentsestimates
of bothα andβ for eachcase.It alsopresentstheestimateof α whennomeasure
of ṗe

t is included,which is thespecificationusedin theMC model.
As mentionedabove,othervariablesin the householdexpenditureequations

include real income,laggedreal wealth,and laggedexpenditures.In the three
consumptionequationsfor theUnitedStatesagedistributionvariablesareadded,
andin thedurableconsumptionequationfor theUnitedStatesthelaggedstockof
durablegoodsis added.In thehousinginvestmentequationfor theUnitedStates

3Theseexpectations,however,arenot rational. SeeSection6 for a discussionof the rational
expectationsassumption.
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Table 1
Nominal Versus Real Interest Rates: αit + βṗe

t

realtest(α = −β) nominaltest(β = 0)
p-value p-value Sample

Variable a b c d a b c d Period

Countries with Quarterly Data
1. US:CS .000 .000 .000 .000 .438 .378 .163 .379 1954.1-2001.4
2. US:CN .000 .000 .000 .000 .016 .008 .007 .015 1954.1-2001.4
3. US:CD .001 .000 .002 .290 .357 .112 .482 .948 1954.1-2001.4
4. US: IH .000 .000 .000 .000 .604 .016 .049 .796 1954.1-2001.4
5. CA: C .000 .001 .002 .003 .845 .446 .039 .721 1966.1-1999.4
6. CA: I .042 .035 .067 .016 .139 .116 .204 .108 1966.1-1999.4
7. JA: C .000 .001 .007 .000 .002 .033 .174 .003 1966.1-199.4
8. JA: I .004 .001 .000 .005 .348 .001 .012 .566 1966.1-1999.4
9. AU: I .416 .962 .790 .525 .023 .007 .030 .087 1970.1-1999.2

10. FR: I .000 .000 .000 .000 .290 .028 .068 .047 1971.1-1999.4
11. GE:C .000 .002 .007 .000 .008 .885 .822 .007 1971.1-1999.4
12. GE: I .175 .085 .251 .393 .258 .656 .853 .165 1971.1-1999.4
13. IT: C .086 .024 .062 .077 .972 .085 .537 .991 1971.1-1999.4
14. IT: I .000 .000 .000 .000 .001 .185 .736 .004 1971.1-1999.4
15. NE: C .019 .034 .429 .028 .013 .173 .094 .006 1978.1-1999.2
16. NE: I .002 .002 .003 .002 .292 .786 .772 .395 1978.1-1999.2
17. ST: C .004 .006 .032 .008 .505 .046 .293 .528 1983.1-1998.4
18. UK: C .006 .001 .001 .002 .038 .575 .990 .187 1966.1-1999.3
19. UK: I .000 .000 .000 .000 .039 .564 .894 .007 1966.1-1999.3
20. AS: I .009 .002 .002 .008 .472 .193 .285 .668 1966.1-1999.4
21. SO:I .000 .002 .047 .000 .378 .087 .001 .345 1961.1-1999.4
22. KO: C .022 .019 .028 .024 .615 .506 .118 .221 1974.1-1999.3

Countries with Annual Data
23. BE: I .000 .000 .000 .086 .259 .111 1962-1996
24. DE: I .219 .249 .759 .305 .072 .008 1967-1998
25. IR: C .086 .344 .020 .063 .047 .093 1968-1997
26. PO:I .001 .002 .001 .736 .952 .706 1962-1996
27. SP:I .006 .009 .023 .192 .086 .331 1962-1998
28. NZ: C .078 .042 .185 .302 .052 .744 1962-1997
29. NZ: I .097 .084 .163 .267 .208 .801 1962-1997
30. VE: I .000 .000 .000 .000 .003 .003 1962-1998
31. CO: C .001 .006 .008 .136 .506 .462 1971-1997
32. ID: C .002 .021 .000 .688 .472 .015 1962-1997
33. PH: I .000 .000 .000 .972 .825 .105 1962-1999

• Quarterlycountries:Pt = pricelevel for quartert
aṗe

t = (Pt/Pt−1)
4 − 1, bṗe

t = Pt/Pt−4 − 1,cṗe
t = (Pt/Pt−8)

.5 − 1, d ṗe
t = (Pt+1/Pt−1)

2 − 1
• Annualcountries:Pt = pricelevel for yeart

bṗe
t = Pt/Pt−1 − 1, cṗe

t = (Pt/Pt−2)
.5 − 1, d ṗe

t = (Pt+1/Pt−1)
.5 − 1

• Countries:US= UnitedStates,CA = Canada,JA = Japan,AU = Austria,FR = France,
GE= Germany,IT = Italy, NE = Netherlands,ST = Switzerland,UK = UnitedKingdom,
AS = Australia,SO= SouthAfrica, KO = Korea,BE = Belgium,DE = Denmark,IR = Ireland,
SP= Spain,NZ = NewZealand,VE = Venezuela,CO = Colombia,ID = India,PH= Philippines

• Variables:CS= Consumptionof Services,CN = Consumptionof NonDurables,CD =
Consumptionof Durables,IH = HousingInvestment,C = TotalConsumption,I = Total Investment

5

Fair: On Modeling the Effects of Inflation Shocks

Brought to you by | Yale University Library New Haven (Yale University Library New Haven)
Authenticated | 172.16.1.226

Download Date | 3/29/12 4:25 PM



Table 2
Estimates of α and β: αit + βṗe

t

a b c d

Variable α β α β α β α β α

Countries with Quarterly Data
1. US:CS -.129 -.022 -.125 -.026 -.111 -.055 -.136 -.025 -.144

(-4.41) (-0.80) (-4.05) (-0.91) (-3.57) (-1.44) (-4.77) (-0.90) (-6.32)
2. US:CN -.142 -.084 -.110 -.093 -.092 -.116 -.147 -.088 -.160

(-3.49) (-2.47) (-2.79) (-2.74) (-1.93) (-2.78) (-3.62) (-2.50) (-3.88)
3. US:CD -.548 -.172 -.464 -.350 -.577 -.245 -.226 -.012 -.611

(-2.81) (-0.95) (-2.33) (-1.63) (-2.32) (-0.72) (-1.30) (-0.07) (-3.33)
4. US: IH -2.606 .079 -2.483 -.917 -2.686 -1.428 -2.590 -.082 -2.611

(-5.30) (0.53) (-4.78) (-2.61) (-5.01) (-2.44) (-5.08) (-0.27) (-5.35)
5 CA: C -.139 .005 -.149 .023 -.190 .076 -.141 .010 -.138

(-3.90) (0.20) (-3.95) (0.76) (-4.72) (2.06) (-3.89) (0.36) (-3.97)
6 CA: I -.261 .089 -.292 .115 -.266 .109 -.269 .109 -.202

(-2.86) (1.48) (-2.92) (1.57) (-2.40) (1.27) (-2.93) (1.61) (-.245)
7. JA: C -.077 -.065 -.083 -.049 -.078 -.041 -.089 -.064 -.129

(-1.90) (-3.22) (-1.87) (-2.19) (-1.59) (-1.40) (-2.13) (-2.96) (-3.15)
8. JA: I -.269 -.066 -.127 -.233 -.189 -.206 -.288 -.047 -.309

(-2.25) (-0.94) (-1.03) (-3.21) (-1.48) (-2.51) (-2.37) (-0.57) (-2.77)
9. AU: I -.722 .402 -1.224 1.243 -1.142 1.024 -.777 .509 -.586

(-1.90) (2.27) (-2.86) (2.71) (-2.70) (2.17) (-1.97) (1.71) (-1.67)
10. FR: I -.200 -.064 -.126 -.184 -.118 -.199 -.123 -.182 -.244

(-2.78) (-1.06) (-1.56) (-2.20) (-1.36) (-1.82) (-1.44) (-1.98) (-4.15)
11. GE:C -.115 -.151 -.204 -.206 -.216 -.014 -.107 -.178 -.206

(-1.70) (-2.68) (-3.54) (-0.15) (-3.67) (-0.22) (-1.62) (-2.71) (-3.65)
12. GE: I -.602 .204 -.486 -.087 -.411 -.048 -.703 .429 -.498

(-2.04) (1.13) (-1.74) (-0.45) (-1.41) (-0.19) (-2.26) (1.39) (-1.79)
13. IT: C -.062 -.001 -.029 -.089 -.054 -.044 -.064 -.000 -.062

(-1.52) (-0.03) (-0.57) (-1.95) (-1.08) (-0.69) (-1.63) (-0.01) (-1.74)
14. IT: I -.270 .105 -.235 .058 -.173 -.021 -.270 .108 -.181

(-5.57) (3.19) (-4.01) (1.33) (-2.47) (-0.34) (-5.43) (2.86) (-4.42)
15. NE: C -.352 .136 -.351 .144 -.298 .218 -.409 .195 -.257

(-3.41) (2.48) (-2.76) (1.36) (-2.27) (1.68) (-3.67) (2.74) (-2.68)
16. NE: I -.715 -.217 -.989 .067 -.868 -.097 -1.093 .162 -.933

(-1.97) (-1.05) (-2.68) (0.27) (-2.18) (-0.29) (-3.09) (0.85) (-3.12)
17. ST: C -.217 -.036 -.329 .112 -.318 .116 -.200 -.040 -.225

(-2.12) (-0.83) (-4.15) (2.29) (-2.40) (1.16) (-1.89) (-0.78) (-2.55)
18. UK: C -.062 -.051 -.122 -.015 -.151 .000 -.093 -.034 -.148

(-1.10) (-2.07) (-2.06) (-0.56) (2.15) (0.01) (-1.61) (-1.32) (-3.89)
19. UK: I -.665 .107 -.522 .041 -.523 .011 -.928 .196 -.442

(-4.44) (2.07) (-2.99) (0.58) (-2.76) (0.13) (-4.81) (2.71) (-4.21)
20. AS: I -.267 .037 -.175 -.095 -.179 -.090 -.271 .030 -.245

(-2.91) (0.72) (-1.76) (-1.30) (-1.71) (-1.07) (-2.82) (0.43) (-2.87)
21. SO:I -.753 .029 -.759 .122 -.749 .321 -.716 -.059 -.748

(-3.78) (0.88) (-3.84) (1.71) (-3.68) (3.24) (-3.62) (-0.94) (-3.80)
22. KO: C -.132 -.024 -.199 .039 -.248 .093 -.216 .053 -.154

(-1.63) (-0.50) (-2.10) (0.67) (-2.71) (1.56) (-2.56) (1.22) (-2.28)
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Table 2 (continued)

b c d

Variable α β α β α β α

Countries with Annual Data
23. BE: I -3.184 .831 -2.769 .496 -3.132 .725 -2.454

(-4.45) (1.71) (-4.27) (1.13) (-4.72) (1.59) (-4.47)
24. DE: I -2.287 1.490 -2.589 1.947 -3.644 3.861 -1.313

(-2.21) (1.02) (-3.25) (1.80) (-3.77) (2.66) (-3.19)
25. IR: C .017 -.355 .269 -.473 -.029 -.400 -.406

(0.06) (-1.86) (0.69) (-1.99) (-0.10) (-1.68) (-2.32)
26. PO:I -1.178 .088 -1.113 .017 -1.359 .097 -1.055

(-2.41) (0.34) (-2.08) (0.06) (-2.68) (0.38) (-3.33)
27. SP:I -.443 -.372 -.233 -.497 -.482 -.271 -.802

(-1.10) (-1.31) (-0.55) (-1.72) (-1.14) (-0.97) (-2.65)
28. NZ: C -.355 .083 -.509 .206 -.240 .030 -.254

(-1.95) (1.03) (-2.58) (1.95) (-1.40) (0.33) (-1.65)
29. NZ: I -1.057 .268 -1.210 .392 -.787 .072 -.784

(-1.98) (1.11) (-2.08) (1.26) (-1.46) (0.25) (-1.64)
30. VE: I -.276 -.425 -.332 -.547 -.217 -.545 -.533

(-1.43) (-3.76) (-1.62) (-2.95) (-0.95) (-3.02) (-2.49)
31. CO: C -.152 -.100 -.183 -.064 -.217 -.067 -.210

(-1.91) (-1.49) (-2.22) (-0.67) (-2.57) (-0.74) (-2.96)
32. ID: C -.568 -.047 -.608 .109 -.534 -.340 -.583

(-3.06) (-0.40) (-3.30) (0.72) (-2.97) (-2.43) (-3.25)
33. PH: I -1.680 -.008 -1.615 -.074 -2.273 .430 -1.688

(-3.25) (-0.04) (-2.87) (-0.22) (-5.01) (1.62) (-3.77)

• Seenotesto Table1.
t-statisticsarein parentheses.

thelaggedstockof housingis added.Outputandlaggedinvestmentaretheother
main explanatoryvariablesin the investmentequationsfor the othercountries.4

TheU.S.householdexpenditureequationsandtheconsumptionequationsof the
othercountriesarein percapitaterms.All theequationsarein log form exceptfor
theU.S.durableconsumptionandhousinginvestmentequations.For theselatter
two equationstheinterestratesandexpectedinflationmeasuresaremultipliedby
anexogenousscalevariablebeforebeingincludedin theequation.

Theequationsareestimatedby 2SLS, wherethefirst stageregressorsarethe
mainpredeterminedvariablesfor thegivencountry. For example,theright hand
sideendogenousvariablesin theconsumptionof servicesequationfor theUnited

4No significantinterestrateeffects,realor nominal,couldbefoundin thenonresidentialfixed
investmentequationfor theUnitedStates.Thisequationis thusnot includedin Table1.
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Statesareincome,theinterestrate,and,whenadded,theexpectedinflation mea-
sure. The coefficientsin this equationare identifiedby the assumptionthat the
predeterminedvariablesaffect incomeandthe interestrateandareuncorrelated
with the error term in the equation. The predeterminedvariablesthat areused
asfirst stageregressorsfor this equationincludethecurrentvaluesof threegov-
ernmentvariables(purchasesof goods,purchasesof labor,andtransferpayments
excludingunemploymentbenefits),thelaggedvalueof a taxratevariable,andthe
laggedvaluesof income,the interestrate, the unemploymentrate, the inflation
rate,wealth,andthe inventorysalesratio. Therearea total of 22 first stagere-
gressorsfor this equation.Theotherequationshaveroughly this numberof first
stageregressors.Testsof overidentifyingrestrictionshavebeenperformedfor all
theU.S.stochasticequations,andfor noneof theequationsis thehypothesisthat
thefirst stageregressorsareuncorrelatedwith thestructuralerrortermrejectedat
the95 percentconfidencelevel. Also, thetestresultsin Table1 arenot sensitive
to thechoiceof first stageregressors:addingor subtractinga few predetermined
variablesmakeslittle difference.

Understandardassumptionsthe2SLS estimatesareconsistent.Also, asdis-
cussedabove,thepredictedvaluesfromthefirststageregressionscanbeinterpreted
aspredictionsof theagentsin theeconomy.Forexample,bothit andṗe

t aretreated
asendogenousin the2SLS estimation,andtheagentscanbeassumedto haveused
thefirst stageregressionsfor it andṗe

t for theirpredictions.Thesepredictionsuse
theinformationin thepredeterminedvariablesin themodel.This interpretationis
importantwhenconsideringtheuseof Pt+1 in oneof themeasuresof ṗe

t . Agents
in effectareassumedto formpredictionsof Pt+1 by runningfirst stageregressions.

In mostcasesa long term interestrate is used,althoughfor a few countries
only ashortterminterestrateis available.Thelong terminterestrateusedfor the
UnitedStatesis amortgageratefor thehouseholdexpenditureequations.A short
termrateis usedfor theU.S.consumptionof servicesequation.

Theresultsfor therealinterestratespecificationarein theleft half of Table1.
Theystronglyrejectthespecification.For theUnitedStates15of the16p-values
arelessthan.05. For theotherquarterlycountries59 of 72 arelessthan.05,and
for theannualcountries23of 33arelessthan.05.

The resultsfor the nominal interestratespecification,which arein the right
half of Table1, aremuchstronger.For theUnitedStatesonly 6 of the16p-values
arelessthan.05. For theotherquarterlycountriesonly 22of 72arelessthan.05,
andfor theannualcountriesonly 6 of 33arelessthan.05.

Table2presentstheestimatesof α andβ. It alsopresentsin thelastcolumnthe
estimateof α whenṗe

t is not included(i.e.,whenβ is constrainedto bezero).An
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interestingquestionis whethermostof theestimatesof β arepositive. Theright
half of Table1 showsthatmostestimatesarenotsignificant,but if mostestimates
arepositive,this would besomeevidencein favor of a real interestrateeffect(or
at leastof expectedinflationhavingapositiveeffectondemand).

Table2 showsthat for the United Statesonly 1 of the 16 estimatesof β is
positive. For the other quarterlycountries38 of the 72 estimatesare positive,
andfor the annualcountries17 of the 33 estimatesarepositive. Of the positive
coefficients,13havet-statisticsgreaterthan2.0,andof thenegativecoefficients,18
havet-statisticslessthan-2.0. Thereisthusmoreor lessanevenmix of positiveand
negativeestimatesof β exceptfor theUnitedStates,wherethenegativeestimates
dominate.

Overall,thenominalinterestratespecificationclearlydominatestherealinter-
estratespecification.Whythisisthecaseisaninterestingquestion.Onepossibility
is thatṗe

t is simplyaconstant,sothatthenominalinterestratespecificationis also
therealinterestratespecification(with theconstantabsorbedin theconstantterm
of theequation).If, for example,agentsthink themonetaryauthorityis targeting
a fixed inflation rate,this might bea reasonfor ṗe

t beingconstant.5 Whateverthe
case,theempiricalresultsdonot favor theuseof it − ṗe

t in aggregateexpenditure
equationswhenṗe

t dependsoncurrentandrecentvaluesof inflation.

3 Real Wealth Effects

A secondpossibleproblemwith the aggregatedemandequationof the modern-
view modelis theomissionof realwealth.Householdwealthis achannelthrough
which an inflation shockmayhavea negativeeffecton aggregatedemand.This
channelexistsif real householdwealthaffectsreal householdexpendituresand
nominalhouseholdwealthdoesnot changein percentagetermsonefor onewith
thepricelevel.

In manystructuralmacroeconometricmodelsrealhouseholdwealthis anex-
planatoryvariable in householdexpenditureequations. In the MC model, for
example,real householdwealthappearsin the four U.S. householdexpenditure
equationsdiscussedin theprevioussection.

5As mentionedin Section1, somepeoplehavecriticizedFedbehaviorin the1960sand1970s
asbeingtoo cautiousin controlling inflation. If this is true, thenit maybe thatagents’expecta-
tionsaboutinflation weredifferent in the1960sand1970sthanlater(in particular,not constant).
However,thehypothesisthatFedbehaviorwasthesamebefore1979:3asafter1982:4wastested
in Fair (2001),andit wasnot rejected.
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Nominalhouseholdwealthin theMC modeldoesnot increasein percentage
termsonefor onewith theprice level. U.S.householdwealthchangeswhenthe
savingof theU.S.householdsectorchangesandwhenthereisachangein thevalue
of corporateequitiesheld. Mostof thevariationof wealthis from thevariationin
equityvalues(stockprices),not from thevariationin saving.Thekeyquestionin
thepresentcontextis thushow inflation shocksaffectstockprices.If thepriceof
astockis assumedto bethepresentdiscountedvalueof expectedfutureearnings,
oneneedstoestimatehowstockpriceschangewhenexpectedfuturediscountrates
andearningschange.

In theMC modelthecapitalgains(+) or losses(-) on theequityholdingsof
U.S. households(denotedCGt ) is constructedfrom datafrom the U.S. Flow of
Fundsaccounts.CGt is highly correlatedwith thechangein theS&P 500stock
priceindex.WhenCGt/GDPt−1 is regressedon(SPt −SPt−1)/GDPt−1, where
SPt is thevalueof theS&P 500indexat theendof quartert andGDPt−1 is the
valueof nominalGDPin quartert − 1, theresultsare:

CGt

GDPt−1
= .0438

(5.20)
+ 9.69

(30.88)

SPt − SPt−1

GDPt−1
, R2 = .832, 1954.1 − 2001.4 (1)

(GDPt−1 is usedfor scalepurposesto lessenthechancesof heteroscedasticity.)
Thefit of thisequationis veryhigh,reflectingthehighcorrelationof CGt andthe
changein theS&P 500index.

In theMC modelthevariableCGt is takento bea functionof thechangein
thenominalAAA bondrate(�RBt ) andthechangein after tax corporateprofits
(��t ). The changein the bondrateis meantto proxy for changesin expected
future discountrates,and the changein after tax profits is meantto proxy for
changesin expectedfutureearnings.Theestimatedequationis:

CGt

GDPt−1
= .105

(4.58)
− .244

(−2.57)
�RBt + 6.71

(0.56)

��t

GDPt−1
, (2)

R2 = .018, 1954.1 − 2001.4

If SPt − SPt−1 is usedin placeof CGt , theresultsare:

SPt − SPt−1

GDPt−1
= .00625

(2.90)
− .0272

(−3.04)
�RBt + .767

(0.69)

��t

GDPt−1
, (3)

R2 = .015, 1954.1 − 2001.4
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Theseequationswereestimatedby 2SLS, with thefirst stageregressorsbeingthe
mainpredeterminedvariablesfor theUnitedStates.Thesignsof thecoefficient
estimatesin thetwo equationsareasexpected,althoughvery little varianceof the
variableshasbeenexplained,with R2’s of only .018and.015. In addition, the
coefficientestimatesfor the profit variableare insignificant. Otherexplanatory
variablesweretried in equation(2), includingvariousmeasuresof inflation, but
no significantvariablescould be found other than the changein the bond rate.
Equation(2) is usedfor theresultsin Section5.

4 Real Income Effects

A third possibleproblemwith theaggregatedemandequationof themodern-view
modelis theomissionof realincomeeffects.If ashockincreasespricesmorethan
wagesin theshortrun, thereis a fall in realwagesandthusreal income,andthis
hasanegativeeffecton realhouseholdexpenditures.

Theomissionof wagesfrom themodern-viewmodelcanbetracedbackto the
late1970s,wheretherebeganamovement,ledbyRobertJ.Gordon,awayfromthe
estimationof structuralpriceandwageequationsto theestimationof reducedform
priceequations(i.e.,priceequationsthatdonot includewageratesasexplanatory
variables).6 Thisline of researchevolvedto theestimationof “NAIRU” equations,
wheretheinflationratedependsontheexpectedfutureinflationrate,thedeviation
of theunemploymentratefromitsnaturalrate(theNAIRU value),andcostshocks.
Theexpectedfutureinflationrateis usuallytakento dependonpastinflationrates,
wherethecoefficientson thepastratessumto one. An outputgapmeasuremay
be substitutedfor the deviationof the unemploymentrate from its naturalrate.
Equationsof this typerepresentthemodernview.

A morestructuralapproachis to specifyapriceequationwith thewagerateas
oneof theexplanatoryvariablesandawagerateequationwith thepricelevelasone
of theexplanatoryvariables,wherethetwo equationsareestimatedby atechnique
like 2SLS to accountfor simultaneitybias. In Fair (2000)a structuralpriceand
wagemodelwascomparedto the NAIRU model,andthe resultssupportedthe
structuralmodelovertheNAIRU model.7

6See,for example,Gordon(1980)andGordonandKing (1982).
7Anotherdifferencebetweenthestructuralpriceandwageequationstestedin Fair (2000)and

the price equationof the modernview concernslong run dynamics. Two dynamicrestrictions
areimposedby themodern-view(NAIRU) specification:1) thecoefficientsonpastinflation rates
sumto oneand2) thecurrentandpastprice levels(in logs)appearonly in first differencedform
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TheMCmodelhasestimatedpriceandwageequationsfor eachcountry.These
equationshavethepropertythata costshock,suchasan increasein thepriceof
oil, affectspricesmorethanwagesinitially, so thata positiveshockresultsin an
initial fall in therealwage.Theseequationsareusedin thenextsection.

5 Estimated Effects in the MC Model of a Positive
Inflation Shock

This sectionexaminesthe effectsof a positive U.S. inflation shockin the MC
model.This model1) usesnominalinterestratesin theexpenditureequations,2)
accountsfor realwealtheffects,3)hasstructuralpriceandwageequationsin which
apositiveinflationshocklike anoil priceshockinitially lowerstherealwage,and
4) accountsfor realincomeeffects.Giventhediscussionin theprevioussections,
onewould expecta positive inflation shockwith the nominal interestrateheld
constantto becontractionaryin themodel,which it will beseenis thecase.

To examinethe effectsof an inflation shockin the model,the following ex-
perimentwasrun. Theperiodusedis 1994:1–1998:4,20 quarters.Thefirst step
wasto addtheestimated(historical)errorsto themodelandtakethemto beex-
ogenous.This meansthatwhenthemodelis solvedusingtheactualvaluesof all
theexogenousvariables,a perfecttrackingsolutionresults.Thebasepathfor the
experimentis thusjust thehistoricalpath.Thentheconstanttermin theU.S.price
equationwasincreasedby .005(.50percentagepoints)from its estimatedvalue.8

Also, theestimatedinterestraterulefor theFedwasdropped,andthenominalshort
terminterestratewastakento beexogenousfor theUnitedStates.Themodelwas
thensolved.Thedifferencebetweenthepredictedvalueof eachvariableandeach
periodfrom this solutionandits base(actual)valueis theestimatedeffectof the

(i.e.,asinflation rates).Thesetwo restrictionsweretestedfor theUnitedStatesin Fair (2000)and
rejected.Theresultssuggestthatpriceequationsshouldbespecifiedin termsof pricelevelswith
no restrictionson thecoefficientsof thepastpricelevels.Thelong run dynamicpropertiesof the
NAIRU specificationarethussubjectto somedoubt. For purposesof thepresentpaper,however,
themainpoint is thatbecauseof its reducedform nature,theNAIRU specificationignoreswage
andpriceinteractions.

8Note that this is a shockto the price equation,not to the wageequation. It is similar to an
increasein thepriceof oil. In theMC modelanincreasein thepriceof oil (which is exogenous)
increasesthe U.S. price of imports,which is an explanatoryvariablein the U.S. price equation.
Eitheranincreasein theconstanttermin thepriceequationor anincreasein thepriceof oil leads
to aninitial fall in therealwagebecausewageslag prices. If theshockwereinsteadto thewage
equation,therewouldbeaninitial risein therealwage,whichwouldhavemuchdifferenteffects.
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price-equationshock. Rememberthat this is anexperimentin which thereis no
changein theU.S.shorttermnominalinterestratebecausetheU.S. interestrate
rulewasdropped.Thereis alsonoeffectonU.S.long termnominalinterestrates
becausethey dependonly on currentandpastU.S. short term nominal interest
rates.

Selectedresultsfrom thisexperimentarepresentedin Table3. Themainpoint
for presentpurposesis in row 1, which showsthat real GDP falls: the inflation
shockis contractionary.Therestof this sectionis simply a discussionof someof
thedetails.

Row2showstheeffectsof thechangein theconstanttermin thepriceequation
on theprice level. Theprice level is .52 percenthigherthanits basevaluein the
first quarter,1.00 percenthigher in the secondquarter,and so on throughthe
twentiethquarter,whereit is 4.44percenthigher.(Theshockto thepriceequation
accumulatesovertime becauseof thelaggeddependentvariablein theequation.)
Row 3 versusrow 2 showsthat the nominalwagerate riseslessthan the price
level,andsothereis a fall in therealwagerate.Row4 showsthatrealdisposable
incomefalls. (Althoughnot shown,nominaldisposableincomeincreases.)Real
disposableincomefalls becauseof thefall in therealwagerateandbecausesome
nonlabornominalincome,suchasinterestincome,riseslessin percentageterms
thanthepricelevel.

The changein nominalprofits is higher (row 5), and this in turn leadsto a
small increasein capitalgains(CG) for the householdsector(row 6). (This is
equation(2) in Section3 at work.) For example,the increasein capital gains
in the first quarteris $16.4billion. (CG is not affectedby any nominal interest
ratechangesbecausetherearenone.) The increasein CG leadsto an increase
in nominalhouseholdwealth(not shown),but row 7 showsthat real household
wealth is lower. This meansthat the percentageincreasein nominalhousehold
wealthis smallerthanthepercentageincreasein thepricelevel. Putanotherway,
equation(2) in Section3 doesnot leadto a largeenoughincreasein CG to have
realhouseholdwealthrise.

The fall in real incomeandreal wealth leadsto a fall in the four categories
of householdexpenditures(rows8–11). Nonresidentialfixed investmentis lower
(row 12),which is a responseto thelowervaluesof output.

Rows 13 and 14 presentthe Japaneseand Germannominal exchangerates
relativeto theU.S.dollar. (An increasein arateis adepreciationof thecurrency.)
Thetwo currenciesappreciaterelativeto thedollar. This is becausetheU.S.price
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Table 3
Effects of a Positive Shock to the U.S. Price Equation
Nominal Interest Rate Unchanged from Base Values

Changes from Base Values
QuartersAhead

Variable 1 2 3 4 8 12 16 20

1. RealGDP -.04 -.12 -.23 -.36 -.91 -1.32 -1.58 -1.76
2. Pricelevel .52 1.00 1.43 1.81 2.99 3.72 4.18 4.44
3. Wagerate .42 .80 1.15 1.45 2.35 2.87 3.17 3.31
4. RealDPI -.21 -.42 -.63 -.84 -1.65 -2.25 -2.73 -3.07
5. �� 2.4 1.7 1.5 1.3 1.5 1.3 1.0 1.4
6. CG 16.4 11.1 12.2 10.1 17.7 27.5 19.8 65.6
7. RealWealth -.26 -.51 -.74 -.95 -1.62 -2.04 -2.28 -2.42
8. CS -.02 -.07 -.13 -.21 -.60 -.99 -1.31 -1.57
9. CN -.02 -.07 -.15 -.25 -.74 -1.18 -1.52 -1.76

10. CD -.16 -.46 -.85 -1.29 -3.41 -5.27 -6.46 -7.03
11. IH -.41 -.99 -1.71 -2.49 -5.67 -7.22 -7.92 -7.80
12. IK -.06 -.21 -.44 -.74 -2.33 -3.41 -3.92 -4.10
13. yen/$rate -.03 -.07 -.14 -.21 -.61 -1.05 -1.44 -1.76
14. DM/$ rate -.05 -.13 -.25 -.39 -1.03 -1.64 -2.09 -2.36
15. Priceof imports .13 .18 .24 .30 .70 .94 1.02 .68
16. Priceof exports .47 .88 1.26 1.60 2.64 3.31 3.73 3.98
17. Realimports -.03 -.15 -.37 -.66 -2.27 -3.72 -4.73 -5.34
18. Realexports -.04 -.09 -.14 -.20 -.46 -.77 -1.19 -1.33
19. Cur. Act. .06 .13 .22 .31 .62 .93 1.12 1.32

• All variablesbut13and14arefor theUnitedStates.
• Notation:DPI = DisposablePersonalIncome,

�� = Changein After TaxCorporateProfits,
CG = CapitalGainsor LossesonStocksHeldby theHouseholdSector,
CS= Consumptionof Services,CN = Consumptionof NonDurables,
CD = Consumptionof Durables,IH = HousingInvestment,
IK = NonresidentialFixedInvestment,
Cur. Act. = U.S.NominalCurrentAccountasapercentof NominalGDP.

• Changesarein percentagepointsexceptfor �� andCG, whichare
in billions of dollars.

• Simulationperiodis 1994.1–1998.4.
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level risesrelative to the JapaneseandGermanprice levels,which leads,other
thingsbeingequal,to anappreciationof theyenanddeutschemark throughthe
estimatedequationsfor two exchangerates.

Row15showsthattheU.S.importpricelevel rises,which is dueto thedepre-
ciationof thedollar,androw 16showsthattheU.S.exportpricelevelrises,which
is dueto theincreasein theoverallU.S.pricelevel.

Therealvalueof importsin themodelrespondsnegativelyto theimportprice
level relativeto the domesticprice level andpositively to real income. Row 17
showsthat the real incomeeffect dominates. The negativeeffect from the fall
in real incomedominatesthepositiveeffect from the fall in thepriceof imports
relativeto thedomesticprice level. Therealvalueof U.S.exportsis lower (row
18), which is dueto a higherrelativeU.S. exportprice level. (The exportprice
level increasesmorethanthedollardepreciates,andsoU.S.exportpricesin other
countries’currenciesincrease.) Even thoughthe real value of U.S. exportsis
lower,thereis animprovementin thenominalU.S.currentaccount(row 19). This
improvementis initially dueto thehigherU.S.exportpricelevel (aJcurvetypeof
effect)andlaterto thefact thattherealvalueof U.S.importsfalls morethandoes
the real valueof U.S.exports. In otherwords,thecontractionaryU.S.economy
helpsimprovetheU.S.currentaccountbecauseof thefall in imports.

TheMCmodelis notconstrainedto havelongrunsteadystatevalues.Regard-
ing long run effects,thepresentexperimentis somewhatartificial becauseof the
droppingof theestimatedinterestraterule of theFed. Therule hastheproperty
that,otherthingsbeingequal,theFedwill lower thenominalinterestratewhen
the U.S. economycontracts. This will thenhelp bring the economyout of the
contraction.Thepresentexperimentis merelymeantto showwhatwould bethe
caseif theruleweredropped.In practice,of course,theFedwould react.

6 Rational Expectations

Expectationsarenotrationalin theversionof theMCmodelusedfor theexperiment
in theprevioussection.Therationalexpectations(RE) assumptionhasbeentested
for many of the equationsof the MC model,9 and very little supporthasbeen
found. Nevertheless,RE versionsof the MC modelhavebeenanalyzedusing
theextendedpathsolutionmethodin Fair andTaylor (1983,1990),andfor many
experimentstheseversionshavesimilar propertiesto thoseof nonRE versions.

9SeeFair (1993)for a discussionof thetestingprocedure,andFair (1994)andthewebsitefor
resultsof thetests.
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The RE assumptionmostly changesthe timing of the effects. If, for example,
it is assumedin the MC model that U.S. householdshaverationalexpectations
regardingfuturereal income,it is still thecasethata positiveinflation shockhas
a negativeeffect on currenthouseholdexpenditures.The effect is in fact larger
undertheRE assumption,sincereal incomeis lower in the futureaswell asthe
presentandhouseholdsknowthisandthuscutbackexpendituresmorenow. None
of themainpointsabouttheMC model’spropertiesin Section5 hingeonwhether
or notexpectationsarerational.

7 The FRB/US Model

The FRB/US model—FederalReserveBoard (2000)—issometimescited as a
macroeconometricmodelthatisconsistentwith themodernview(see,for example,
Taylor (2000),p. 91). This modelhasstrongreal interestrateeffects. In fact, if
governmentspendingis increasedin theFRB/US modelwith thenominalinterest
rateheldconstant,realoutputeventuallyexpandssomuchthatthemodelwill no
longersolve.10 Theincreasein governmentspendingraisesinflation,which with
nominal interestratesheld constantlowersreal interestrates,which leadsto an
unlimitedexpansion.Themodelis notstableunlessthereis anominalinterestrate
rule thatleadsto anincreasein therealinterestratewheninflation increases.

It may seempuzzling that two macroeconometricmodelscould havesuch
different properties.Given the empiricalresultsin Sections2 and3, how canit
bethattheFRB/US modelfindssuchstrongrealinterestrateeffects?Theanswer
is thatmanyrestrictionshavebeenimposedon themodelthathavetheeffectof
imposinglargerealinterestrateeffects.In mostof theexpenditureequationsreal
interestrateeffectsare imposedratherthanestimated. Direct testsof nominal
versusreal interestrateslike theoneusedin Section2 arenot done,andsothere
is no way of knowingwhat thedataactuallysupportin theFRB/US expenditure
equations.

Largestockmarketeffectsarealsoimposedin theFRB/US model. Contrary
to the estimateof equation(2) in Section3, which showsfairly small effectsof
nominalinterestratesandnominalearningson stockprices,theFRB/US model
hasextremelylargeeffects. A onepercentagepoint decreasein the real interest
rateleadsto a20percentincreasein thevalueof corporateequity(Reifschneider,
Tetlow,andWilliams(1999),p. 5). At theendof 1999thevalueof corporateequity

10Privatecorrespondencewith AndrewLevin andDavidReifschneider.
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wasabout$20trillion (usingdatafrom theU.S.Flow of Fundsaccounts),and20
percentof this is $4 trillion. Thereis thusa hugeincreasein nominalhousehold
wealthfor evenaonepercentagepointdecreasein therealinterestrate.A positive
inflationshockwith thenominalinterestrateheldconstant,which lowersthereal
interestrate, thusresultsin a large increasein both nominalandreal wealth in
the model. The increasein real wealth then leadsthroughthe wealtheffect in
thehouseholdexpenditureequationsto a largeincreasein realexpenditures.This
channelis animportantcontributorto themodelnotbeingstablewhenthereis an
increasein inflation greaterthanthenominalinterestrate.Again, this stockprice
effect is imposedratherthanestimated,andso it is not necessarilythe casethat
thedataareconsistentwith this restriction.Theempiricalwork in Section3 does
notfind largeincreasesin stockpricesin responseto changesin interestratesand
earnings,certainlynothingcloseto whatis imposedin theFRB/US model.

Thereis thusnopuzzleaboutthevastlydifferentpropertiesof thetwo models.
It is simply that importantreal interestraterestrictionshavebeenimposedin the
FRB/US modelandnot in theMC model.Oneof themainpointsof this paperis
thatthedatadonotappearto supporttheserestrictions.

8 Conclusion

The resultsin this papersuggestthat a positive inflation shockwith the nomi-
nal interestrateheld constantis contractionary,contraryto the propertiesof the
modern-viewmodel. If this is true, it hasimportantimplicationsfor monetary
policy. If apositiveinflationshockis contractionarywith thenominalinterestrate
heldconstant,thecoefficienton inflation in thenominalinterestrateruleneednot
begreaterthanonefor theeconomyto bestable.Or if oneis concernedwith op-
timal policies,theoptimalresponseby theFedto aninflationshockis likely to be
muchsmallerif inflationshocksarecontractionarythanif theyareexpansionary.
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