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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 macroeconometricnodels,macroeco-
nomics hasbeenin a stateof flux. Beginningin the 1970’s, macroeconomic
researclscatteredn anumberof directionsandmanyhavepuzzledasto whether
thefield is going anywhere. Recently,however,a particularview of macroeco-
nomicshasemergedhat someseeasa convergence.Taylor (2000,p. 90), for
example states:

...at the practicallevel, a commonview of macroeconomicg now
pervasivan policy-researclprojectsat universitiesandcentralbanks
aroundthe world. This view evolved gradually sincethe rational-
expectationgevolution of the 1970’s and has solidified during the
1990's. It differs from pastviews, andit explainsthe growth and
fluctuationsof themoderneconomyjt canthusbesaidto represena
modernview of macroeconomics.

Thisview s nicely summarizedn Clarida,Gali,andGertler(1999),andit is used

in Clarida, Gali, 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 evaluationn manycentralbanks.

Romer(2000)proposes way of teachingthis view attheintroductorylevel.
Theview is basedn thefollowing threeequations:

1. Interest Rate Rule: The Fedadjuststhe nominalinterestratein response
to inflation andthe outputgap (deviationof outputfrom potential)l The
nominalinterestraterespondpositivelyto inflationandtheoutputgap. The
coefficientoninflationis greatethanone,andsotherealinterestraterises
wheninflationrises.

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

3. Aggregate Demand Equation: Aggregatedemand(real) dependson the
realinterestrate,expecteduture demandandexogenoushocks.Thereal
interestrateeffectis negative.

1in empiricalwork the laggedinterestrateis oftenincludedasan explanatoryvariablein the
interestraterule. This picksup possibleinterestratesmoothingoehaviorof the Fed.

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



Contributions to Macroeconomics, Vol. 2[2002], Iss. 1, Art. 3

This basicmodelis, of course,a highly simplified view of the way the macroe-
conomyworks, as everyonewould admit. Many detailshavebeenleft out. If,
howeverthemodelcaptureshe broadfeaturesof theeconomyin afairly accurate
way, thelack of detailis notlikely to be seriousor manypurposesthedetailscan
befilled in whenneededThe‘modern’view of macroeconomics thatthebroad
featuresf theeconomyhavebeenadequatelyxapturedoy this model.

It is arguedin this paperthatthe modern-viewmodelhasnot adequatelyap-
turedtheeffectsof inflation shocksontheeconomy.Theaggregatelemandcequa
tionimpliesthatanincreasen inflationwith thenominalinterestrateheldconstant
is expansionarybecauséherealinterestratefalls). Themodelis in fact not sta
ble in this casebecaus@anincreasean outputincreasesflation throughthe price
equationwhich furtherincreasesutputthroughthe aggregatelemandequation,
andsoon. In orderfor the modelto be stable the nominalinterestratemustrise
morethaninflation, which meansthat the coefficienton inflation in the interest
raterule mustbe greaterthanone. Becauseof this feature,somehavecriticized
Fedbehaviornn the1960sand1970sasfollowing in effectarule with acoefficient
oninflationlessthanone—seefor example Clarida,Gali,andGertler(1999)and
Taylor (1999b).

Theargumenin this paperis in threeparts. First, it will be seenthatthe data
supportthe useof nominalratherthanrealinterestratesin aggregatexpenditure
equations.This impliesthatif inflation increasesnorethanthe nominalinterest
rate, this is not necessarilyexpansionary.Second,f the percentagencreasen
nominalhouseholdvealthfromapositiveinflationshockis lessthanthepercentage
increasan the price level, which the evidencesuggestss the case thereis a fall
in realhouseholdvealth. A fall in realhouseholdvealthhas,otherthingsbeing
equal,a negativeeffecton real householdexpenditures.Third, thereis evidence
thatwageslag prices,andso a positiveinflation shockresultsin aninitial fall in
realwageratesandthusreallaborincome. A fall in reallaborincomehas,other
thingsbeingequal,a negativeeffecton realhouseholdexpenditures.

If thesethreefeaturesaretrue, theyimply thata positiveinflation shockhas
a negativeeffect on aggregatedemandevenif the nominalinterestrateis held
constant. Not only doesthe Fed not haveto increasethe nominalinterestrate
morethantheincreasen inflation for thereto be a contraction,it doesnot have
to increasethe nominalrate at all! The inflation shockitself will contractthe
economythroughtherealwealthandrealincomeeffects.

Section2 discussetheevidencan favorof theuseof nominaloverrealinterest
ratesin expenditureequations Section3 discussetherealwealtheffect,andSec
tion 4 discussetherealincomeeffect. Section5 usesa multicountryeconometric
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model(the MC modeP) to estimatethe overall effectof aninflation shockon the
economy.lt will be seenthata positiveinflation shockwith the nominalinterest
rateheld constanis contractionaryn this model.

2 Nominal versus Real Interest Rate Effects

This sectionusesconsumptiorandinvestmentquationsn the MC modelto test
for nominal versusreal interestrate effects. It is importantto stressthat these
are not testsusing the aggregatedemandequationof the modern-viewmodel.
Theargumentereis thatif in consumptiorandinvestmeniequationsgquations
explainingthe two major component®f aggregatelemandnominalratherthan
realinterestratesmatterthenit seemauinlikely thattheuseof therealinterestrate
in theaggregatelemandequations agoodspecification.

It shouldalsobestressedthatthisis notanatheoreticaéxercisethereistheory
behindthe consumptiorandinvestmeniequations.The CowlesCommissionap-
proachto macroeconometrimodelbuilding, whichis followedfor theMCmodel,
is to estimatadecisionequationsor atleastapproximationgo decisionequations.
Theoryis usedto determineleft andright handsidevariables,i.e., to guidethe
specificationof the equationdo be estimatedandthentechniquesike two stage
leastsquareg2SLS) areusedto estimatethe equations.Partof the specification
concernexpectatiorformation,andoneoptionis to assumehatexpectationgre
rational(i.e., modelconsistent).

Thetheorybehindtheconsumptiorandinvestmentquationsn theMC model
is that householdsmaximize expectedifetime utility and that firms maximize
the presentdiscountedvalue of expecteduture profits. Thetheoreticalmodelis
discusseth detailin Fair(1994),andthisdiscussiomwill notberepeatedhere.The
variablesthatdeterminghe optimal currentperiodconsumptiordecisioninclude
the laggedvalue of wealth,currentandexpecteduture income,andcurrentand
expectedutureinterestrates.Fortheempiricalspecificatiorexpectationsf future
valuesare assumedo be a geometricallydecliningfunction of currentand past
valueswhichintroduceghelaggeddependentariableasanexplanatoryariable
in theequationsIn addition,theequationareestimatedy 2SL S, andonecan,for
example think of the predictedvaluesof incomefrom thefirst stageregressions
asrepresentinghe predictionsof the householdsin otherwords,householdgan

2The MC modelis describedn Fair (1994),andthe latestversionis on the websitelisted in
the colophon.All the equationsn the model,including thoseusedfor the resultsin Tablesl and
2 below,arepresentean thewebsite.
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beassumedo usethefirst stageregressionso predictincome® Thevariableghat
determindheoptimalcurrentperiodinvestmentlecisionincludethelaggedvalue
of the capitalstock,currentandexpecteduture valuesof output,andcurrentand
expectedutureinterestrates.Expectationaretreatedn asimilarway astheyare
for consumption.The aim of thetestsin this sectionis to seeif theinterestrates
thathouseholdsindfirms usearebetterapproximatedy nominalor realrates.

In the processof arriving at the final specificationsof the consumptiorand
investmentequationsn the MC modelthe following testof nominalversusreal
interestrate effectswasmade. Let for time ¢ i; denotethe nominalinterestrate,
r; the real interestrate, and p; the expectedfuture rate of inflation, wherethe
horizonfor p; matchedghe horizonfor i;. By definitionr, = i; — py. Consider
the specificatiorof a consumptioror investmentequationin which thefollowing
appear®ntheright handside:

Oli[ + ,Blbte

For the realinterestrate specificationrn = — g, andfor the nominalinterestrate
specificatiorng = 0. Therealinterestratespecificatiorcanbetestedoy addingpy
to anequatiorwith i, — p¢ included,andthenominalinterestratespecificatiorcan
betestedby addingp¢ to anequatiorwith i; included. Theaddedvariableshould
havea coefficientof zeroif the specifications correct,andonecantestfor this.

Four measuref pf were tried for countrieswith quarterly data: p; =
(P/P_)* — 1, pi = P/Pi_4a — 1, pf = (P/Pi—g)® — 1, and pi =
(Piy1/Pi—1)% — 1, where P, denotesthe price level for quarters. Threemea-
sureswere tried for countrieswith only annualdata: pf = P,/Pi_1 — 1,
p¢ = (P/P_2)° —1,andp¢ = (P,+1/Pi—1)° — 1, where P, denoteghe price
levelfor year:.

Theresultsof thetestsarepresentedn Tablesl and2. In Tablel the p-value
is presentedor eachequatiorandeachmeasuref p¢. Table2 presentestimates
of botha andpg for eachcase.It alsopresentshe estimateof « whenno measure
of py isincluded,whichis the specificatiorusedin the MC model.

As mentionedabove,othervariablesin the householdexpenditureequations
include real income,laggedreal wealth, and laggedexpenditures.In the three
consumptiorequationdor the United Statesagedistributionvariablesareadded,
andin thedurableconsumptiorequatiorfor the United Stateghelaggedstockof
durablegoodsis added.In the housinginvestmenequationfor the United States

3Theseexpectationshowever,arenot rational. SeeSection6 for a discussiorof the rational
expectationgssumption.
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Tablel
Nominal Versus Real Interest Rates: «i; + Bpf
realtest(a = —B) nominaltest(8 = 0)
p-value p-value Sample
Variable a b c d a b c d Period
Countrieswith Quarterly Data

1. US:CsS | .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:l .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:l .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: 1 .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: | .000 .000 .000 .000| .039 .564 .894 .007 1966.1-1999.3
20. ASs:| .009 .002 .002 .008| .472 .193 .285 .668 1966.1-1999.4
21. SOl .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

Countrieswith Annual Data

23. BE:I .000 .000 .000 .086 .259 .111 1962-1996
24. DE:| 219 .249 759 .305 .072 .008 1967-1998
25. IR:C .086 .344 .020 .063 .047 .093 1968-1997
26. PO:l .001 .002 .001 736 .952 .706 1962-1996
27. SPl .006 .009 .023 192 .086 .331 1962-1998
28. Nz:C .078 .042 .185 302 .052 .744 1962-1997
29. Nz: 1 .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

e Quarterlycountries: P, = pricelevelfor quarters
“pf = (P /P)* = 1,7p¢ = P /P_a—15pf = (P/Pi_g)® — 1,9p¢ = (Py1/P-1)? — 1

e Annualcountries: P, = pricelevelfor yeart
bp¢ = Pi/Pii1—1,°pf = (Pi/Pi2)® = 1,9 p¢ = (Pya/Pr-1)® — 1

e Countries:US = United StatesCA = CanadaJA = JapanAU = Austria,FR = France,
GE = Germany|T = Italy, NE = NetherlandsST = Switzerland UK = UnitedKingdom,
AS = Australia,SO = SouthAfrica, KO = Korea,BE = Belgium,DE = DenmarkIR = Ireland,
SP=Spain,NZ = New ZealandVE = VenezuelaCO = Colombia,|D = India, PH = Philippines

e Variables:CS = Consumptiorof ServicesCN = Consumptiorof Non DurablesCD =
Consumptiorof DurablesJH = HousinglnvestmentC = Total Consumption| = Total Investment
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Table2

Estimatesof & and 8: ai; + B p¢

b c
Variable o B o B o B o B o
Countrieswith Quarterly Data
1. USs: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. USs: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 -2483 -917 -2.686 -1.428 -2590 -.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:l -.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 1243 -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:l -.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: 1 -.270 105 -.235 .0568 -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:| -.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:l -.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
Variable o B o B o B o
Countrieswith 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:|l -2.287 1.490 -2.589 1947 -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:l -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:l -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. NzZ:1 -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)

e Seenotesto Tablel.
t-statisticsarein parentheses.

thelaggedstockof housingis added.Outputandlaggedinvestmentarethe other
main explanatoryvariablesin the investmentequationgfor the other countries?
The U.S. householdexpenditureequationsandthe consumptiorequationsof the
othercountriesarein percapitaterms.All theequationsrein log form exceptfor
the U.S. durableconsumptiorandhousinginvestmentequations.For theselatter
two equationgheinterestratesandexpectednflation measuresremultiplied by
anexogenouscalevariablebeforebeingincludedin the equation.

The equationsareestimatedy 2SL S, wherethefirst stageregressorarethe
main predeterminedariablesfor the given country. For example theright hand
sideendogenousariablesin the consumptiorof servicesquationfor the United

4No significantinterestrateeffects,realor nominal,could befoundin the nonresidentiafixed

investmenequatiorfor the United States.This equationis thusnotincludedin Tablel.
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Statesareincome,theinterestrate,and,whenadded the expectednflation mea-
sure. The coefficientsin this equationare identified by the assumptiorthat the
predeterminedariablesaffectincomeandthe interestrate and are uncorrelated
with the error termin the equation. The predetermined/ariablesthat are used
asfirst stageregressorsor this equationincludethe currentvaluesof threegov-
ernmentvariableg(purchasesf goods purchasesf labor,andtransferpayments
excludingunemploymenbenefits)thelaggedvalueof atax ratevariable,andthe
laggedvaluesof income, the interestrate, the unemploymentate, the inflation
rate,wealth,andthe inventory salesratio. Therearea total of 22 first stagere-
gressordor this equation. The otherequationshaveroughly this numberof first
stageregressorsTestsof overidentifyingrestrictionshavebeenperformedfor all
theU.S. stochastieequationsandfor noneof the equationss the hypothesighat
thefirst stageregressorsreuncorrelatedvith the structuralerrortermrejectedat
the 95 percentconfidencdevel. Also, the testresultsin Table1 arenot sensitive
to the choiceof first stageregressorsaddingor subtractinga few predetermined
variablesmakedlittle difference.

Understandardassumptionshe 2SL S estimatesare consistent.Also, asdis-
cussedbovethepredictedraluedromthefirststagaegressionsanbeinterpreted
aspredictionsof theagentsn theeconomy.Forexamplepothi, andp{ aretreated
asendogenous the2SL S estimationandtheagentsanbeassumedo haveused
thefirst stageregression$or i; and p; for their predictions.Thesepredictionsuse
theinformationin the predeterminedariablesn themodel. Thisinterpretations
importantwhenconsideringheuseof P;1 in oneof themeasuresf py. Agents
in effectareassumedb form predictionof P, 1 by runningfirst stageregressions.

In mostcasesa long term interestrateis used,althoughfor a few countries
only ashortterminterestrateis available.Thelong terminterestrateusedfor the
United Statess a mortgageratefor the householdexpenditureequationsA short
termrateis usedfor theU.S.consumptiorof servicessquation.

Theresultsfor therealinterestratespecificatiorarein theleft half of Tablel.
Theystronglyrejectthe specification Forthe United Statesl5 of the 16 p-values
arelessthan.05. For the otherquarterlycountriess9 of 72 arelessthan.05,and
for theannualcountries23 of 33 arelessthan.05.

The resultsfor the nominalinterestrate specificationwhich arein the right
half of Tablel, aremuchstronger.For the United Statesonly 6 of the 16 p-values
arelessthan.05. Fortheotherquarterlycountriesonly 22 of 72 arelessthan.05,
andfor theannualcountriesonly 6 of 33 arelessthan.05.

Table2 presentsheestimate®f o andp. It alsopresentsn thelastcolumnthe
estimateof « whenp¢ is notincluded(i.e.,wheng is constrainedo be zero).An

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



Fair: On Modeling the Effects of Inflation Shocks

interestingquestionis whethermostof the estimatef g arepositive. Theright
half of Table1 showsthatmostestimatesrenotsignificant,butif mostestimates
arepositive,this would be someevidencen favor of arealinterestrateeffect(or
atleastof expectednflation havinga positiveeffecton demand).

Table 2 showsthat for the United Statesonly 1 of the 16 estimatef g is
positive. For the other quarterly countries38 of the 72 estimatesare positive,
andfor the annualcountries17 of the 33 estimatesare positive. Of the positive
coefficients 13haver-statisticgreatethan2.0,andof thenegativecoefficients 18
haver-statisticdessthan-2.0. Thereisthusmoreorlessanevenmix of positiveand
negativeestimate®f g exceptfor the United Stateswherethe negativeestimates
dominate.

Overall,thenominalinterestratespecificatiorclearlydominatesherealinter-
estratespecification Why thisisthecasds aninterestingjuestion.Onepossibility
isthat p¢ is simply aconstantsothatthenominalinterestratespecifications also
therealinterestratespecification(with the constantabsorbedn the constanterm
of theequation).If, for example agentghink the monetaryauthorityis targeting
afixed inflation rate,this might be areasorfor py beingconstanf, Whateverthe
casetheempiricalresultsdo notfavortheuseof i; — p¢ in aggregat@xpenditure
equationsvhen p¢ depend®n currentandrecentvaluesof inflation.

3 Real Wealth Effects

A secondpossibleproblemwith the aggregatealemandequationof the modern-
view modelis theomissionof realwealth. Householdvealthis achannethrough
which aninflation shockmay havea negativeeffect on aggregatelemand.This
channelexistsif real householdvealth affectsreal householdexpendituresand
nominalhouseholdvealthdoesnot changen percentageéermsonefor onewith
thepricelevel.

In manystructuralmacroeconometrimodelsrealhouseholdvealthis anex-
planatoryvariablein householdexpenditureequations. In the MC model, for
example real householdvealthappearsn the four U.S. householdexpenditure
equationgliscussedn the previoussection.

SAs mentionedn Sectionl, somepeoplehavecriticized Fedbehaviorin the 1960sand1970s
asbeingtoo cautiousin controllinginflation. If thisis true, thenit may be thatagents’expecta
tions aboutinflation weredifferentin the 1960sand1970sthanlater (in particular,not constant).
However,the hypothesighat Fedbehaviorwasthe samebefore1979:3asafter 1982:4wastested
in Fair (2001),andit wasnotrejected.
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Nominal householdvealthin the MC modeldoesnot increasean percentage
termsonefor onewith the pricelevel. U.S. householdvealthchangesvhenthe
savingof theU.S.householagectorchangesandwhenthereis achangen thevalue
of corporatesquitiesheld. Most of the variationof wealthis from the variationin
equityvalues(stockprices),not from the variationin saving. Thekey questionn
the presentontextis thushow inflation shocksaffectstockprices. If the price of
astockis assumedo bethe presentdiscountedralueof expectedutureearnings,
oneneeddgo estimatenow stockpriceschangevhenexpecteduturediscountates
andearninghange.

In the MC modelthe capitalgains(+) or losseg(-) on the equity holdingsof
U.S. householdgdenotedC G,) is constructedrom datafrom the U.S. Flow of
Fundsaccounts.CG; is highly correlatedwith the changen the S&P 500 stock
priceindex.WhenCG,/GD P,_; isregressedn(SP;, — SP,_1)/GD P;_1, where
S P; is thevalueof the S&P 500index at the endof quarterr andG D P;_1 is the
valueof nominalGDPin quarterr — 1, theresultsare:

SPt—SP[_l

CcG
L — 0438+ 9.69
GDPt_]_

GDP-1 (520 (3088

(G D P;_1 is usedfor scalepurposedo lesserthe chancef heteroscedasticity.)
Thefit of thisequations very high, reflectingthe high correlationof C G, andthe
changdan the S&P 500index.

In the MC modelthe variableC G, is takento be a function of the changen
thenominalAAA bondrate(AR B;) andthe changen aftertax corporateprofits
(ATI;). The changein the bondrateis meantto proxy for changesn expected
future discountrates,and the changein after tax profits is meantto proxy for
changesn expecteduture earnings.The estimatecequationis:

, R? = 83219541 —20014 (1)

CG ATI
cpp - = 105 244 ARB + 671 ———, )
GDP-1 (488 (—257) .56 9P Fi-1

R? = .018 19541 — 20014
If SP, — SP;_1isusedin placeof CG;, theresultsare:
SP,— SP,_ ATI
220l 00625 — 0272 ARB, + 767 — (3)
GDP-1 (290  (-3.04 0.69 P Pi-1

R? = 015 19541 — 20014
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Theseequationsvereestimatedy 2SLS, with thefirst stageregressorbeingthe
main predeterminedariablesfor the United States. The signsof the coefficient
estimatesn thetwo equationsareasexpectedalthoughvery little varianceof the

variableshasbeenexplained,with R?s of only .018 and.015. In addition, the

coefficientestimatedor the profit variableare insignificant. Otherexplanatory
variablesweretried in equation(2), including variousmeasure®f inflation, but

no significantvariablescould be found otherthanthe changein the bondrate.

Equation(2) is usedfor theresultsin Section5.

4 Real Income Effects

A third possibleproblemwith theaggregatelemandequationof themodern-view
modelis theomissionof realincomeeffects.If ashockincreasegricesmorethan
wagesin the shortrun, thereis afall in realwagesandthusrealincome,andthis
hasa negativeeffecton realhouseholdexpenditures.

Theomissionof wagesrom themodern-viewmodelcanbetracedbackto the
late1970swheretherebegaramovementledby Robert). Gordon,awayfromthe
estimatiorof structuralpriceandwageequationgo theestimatiorof reducedorm
priceequationgi.e., priceequationghatdo notincludewageratesasexplanatory
variablesy’ Thisline of researckevolvedto theestimatiorof “NAI RU’ equations,
wheretheinflationratedepend®ntheexpectedutureinflationrate,thedeviation
of theunemploymentatefrom its naturalrate(theNAI RUvalue),andcostshocks.
Theexpectedutureinflationrateis usuallytakento dependn pastinflationrates,
wherethe coefficientson the pastratessumto one. An outputgapmeasurenay
be substitutedfor the deviationof the unemploymentate from its naturalrate.
Equationof thistyperepresenthe modernview.

A morestructuralapproachs to specifya priceequationwith thewagerateas
oneof theexplanatoryariablesandawagerateequatiorwith thepricelevelasone
of theexplanatoryariableswherethetwo equationsreestimatedy atechnique
like 2SLS to accountfor simultaneitybias. In Fair (2000)a structuralprice and
wagemodelwas comparedo the NAI RU model, andthe resultssupportedhe
structuralmodeloverthe NAI RU model!

6See for example Gordon(1980)andGordonandKing (1982).

’Anotherdifferencebetweerthe structuralprice andwageequationgestedin Fair (2000)and
the price equationof the modernview concerndong run dynamics. Two dynamicrestrictions
areimposedby themodern-view(NAI RU) specification:1) the coefficientson pastinflation rates
sumto oneand?2) the currentandpastprice levels(in logs) appearnly in first differencedform
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TheMCmodelhasestimategriceandwageequationgor eachcountry. These
equationshavethe propertythata costshock,suchasanincreasean the price of
oil, affectspricesmorethanwagesinitially, sothata positiveshockresultsin an
initial fall in therealwage.Theseequationsareusedin the nextsection.

5 Estimated Effectsin the MC Model of a Positive
| nflation Shock

This sectionexaminesthe effectsof a positive U.S. inflation shockin the MC
model. This modell) usesnominalinterestratesin the expenditureequations2)
accountdor realwealtheffects,3) hasstructurapriceandwageequationsn which
apositiveinflation shocklike anoil priceshockinitially lowerstherealwage,and
4) accountdor realincomeeffects. Giventhediscussionn the previoussections,
one would expecta positive inflation shockwith the nominalinterestrate held
constanto becontractionaryn the model,whichit will beseenis thecase.

To examinethe effectsof an inflation shockin the model, the following ex-
perimentwasrun. The periodusedis 1994:1-1998:420 quarters.Thefirst step
wasto addthe estimatedhistorical) errorsto the modelandtakethemto be ex-
ogenous.This meanghatwhenthe modelis solvedusingthe actualvaluesof all
theexogenouwariables a perfecttrackingsolutionresults. The basepathfor the
experiments thusjustthehistoricalpath. Thentheconstantermin theU.S.price
equationwasincreasedy .005(.50 percentag@oints)from its estimatedsalue®
Also, theestimatednterestaterulefor theFedwasdroppedandthenominalshort
terminterestratewastakento beexogenousor the United States. Themodelwas
thensolved. Thedifferencebetweerthepredictedvalueof eachvariableandeach
periodfrom this solutionandits base(actual)valueis the estimateceffect of the

(i.e.,asinflation rates).Thesetwo restrictionsweretestedfor the United Statesn Fair (2000)and
rejected.Theresultssuggesthatprice equationshouldbe specifiedn termsof pricelevelswith
no restrictionson the coefficientsof the pastprice levels. Thelong run dynamicpropertiesof the
NAI RU specificatiorarethussubjectto somedoubt. For purpose®f the presenpaperhowever,
the main point is thatbecausef its reducedform nature,the NAI RU specificatiorignoreswage
andpriceinteractions.

8Note that this is a shockto the price equation,not to the wageequation. It is similar to an
increasen the price of oil. In the MC modelanincreasen the price of oil (which is exogenous)
increaseghe U.S. price of imports,which is an explanatoryvariablein the U.S. price equation.
Eitheranincreasan theconstantermin the priceequationor anincreasen the priceof oil leads
to aninitial fall in therealwagebecausevageslag prices. If the shockwereinsteadto the wage
equationtherewould beaninitial risein therealwage ,whichwould havemuchdifferenteffects.
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price-equatiorshock. Remembethatthis is an experimentn which thereis no
changen the U.S. shortterm nominalinterestrate becausehe U.S. interestrate
rule wasdropped.Thereis alsono effecton U.S.long termnominalinterestrates
becausdahey dependonly on currentand pastU.S. shortterm nominalinterest
rates.

Selectedesultsfrom thisexperimentrepresentedh Table3. Themainpoint
for presentpurposess in row 1, which showsthatreal GDP falls: the inflation
shockis contractionaryTherestof this sectionis simply a discussiorof someof
thedetails.

Row2 showsheeffectsof thechangen theconstantermin thepriceequation
onthepricelevel. Thepricelevelis .52 percenthigherthanits basevaluein the
first quarter,1.00 percenthigherin the secondquarter,and so on throughthe
twentiethquarterwhereit is 4.44percentigher. (Theshockto thepriceequation
accumulatesvertime becausef thelaggeddependentariablein the equation.)
Row 3 versusrow 2 showsthat the nominalwagerate riseslessthanthe price
level,andsothereis afall in therealwagerate. Row 4 showsthatrealdisposable
incomefalls. (Althoughnot shown,nominaldisposablencomeincreases.Real
disposablencomefalls becausef thefall in therealwagerateandbecaussome
nonlabornominalincome,suchasinterestincome,riseslessin percentagéerms
thanthe pricelevel.

The changein nominal profitsis higher (row 5), andthis in turn leadsto a
smallincreasean capitalgains(CG) for the householdsector(row 6). (This is
equation(2) in Section3 at work.) For example,the increasein capital gains
in thefirst quarteris $16.4billion. (CG is not affectedby any nominalinterest
rate changedecausdherearenone.) Theincreasen CG leadsto anincrease
in nominalhouseholdwealth (not shown),but row 7 showsthat real household
wealthis lower. This meansthat the percentageéncreasen nominalhousehold
wealthis smallerthanthe percentagécreasean the pricelevel. Putanothemvay,
equation(2) in Section3 doesnotleadto a largeenoughincreasan CG to have
realhouseholdvealthrise.

Thefall in realincomeandreal wealthleadsto a fall in the four categories
of householdexpendituregrows 8—11). Nonresidentiafixed investmentis lower
(row 12),whichis aresponséo thelower valuesof output.

Rows 13 and 14 presentthe Japanesand Germannominal exchangerates
relativeto theU.S.dollar. (An increasen arateis adepreciatiorof thecurrency.)
Thetwo currenciesppreciateelativeto thedollar. Thisis becaus¢heU.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 1.00 143 181 299 3.72 418 4.44
3. Wagerate 42 80 115 145 235 287 317 331
4. RealDPI -21 -42 -63 -84 -1.65 -2.25 -2.73 -3.07
5. Al 24 17 15 13 15 13 10 14
6. CG 16.4 11.1 122 10.1 17.7 275 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. H -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. Priceofimports .13 .18 24 30 .70 .94 102 .68
16. Priceofexports .47 .88 126 160 264 331 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 .93 112 132

e All variablesbut 13 and14 arefor the United States.

¢ Notation: DPI = DisposabléPersonalncome,
ATI = Changen After Tax CorporateProfits,
CG = CapitalGainsor Losseson StocksHeld by the HouseholdSector,
CS= Consumptiorof ServicesCN = Consumptiorof Non Durables,
CD = Consumptiorof Durables)H = Housinglnvestment,
IK = NonresidentiaFixed Investment,

Cur. Act. = U.S.NominalCurrentAccountasa percentof Nominal GDP.

e Changearein percentag@ointsexceptfor ATT andCG, whichare
in billions of dollars.
e Simulationperiodis 1994.1-1998.4.
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level risesrelative to the Japanesand Germanprice levels, which leads,other
thingsbeingequal,to an appreciatiorof the yen anddeutschemark throughthe
estimatecequationgor two exchangeates.

Row 15 showsthattheU.S.importpricelevelrises,whichis dueto thedepre-
ciationof thedollar,androw 16 showsthattheU.S.exportpricelevelrises,which
is dueto theincreasen theoverallU.S. pricelevel.

Therealvalueof importsin the modelrespondsiegativelyto theimport price
level relative to the domesticprice level and positively to realincome. Row 17
showsthat the real income effect dominates. The negativeeffect from the fall
in realincomedominateghe positive effectfrom thefall in the price of imports
relativeto the domesticprice level. Therealvalueof U.S. exportsis lower (row
18), which is dueto a higherrelative U.S. exportprice level. (The exportprice
levelincreasesnorethanthedollardepreciatesandsoU.S. exportpricesin other
countries’currenciesincrease.) Eventhoughthe real value of U.S. exportsis
lower, thereis animprovementin thenominalU.S.currentaccounirow 19). This
improvements initially dueto thehigherU.S.exportpricelevel(aJcurvetypeof
effect)andlaterto thefactthattherealvalueof U.S.importsfalls morethandoes
therealvalueof U.S. exports. In otherwords, the contractionaryJ.S. economy
helpsimprovethe U.S. currentaccountoecaus®f thefall in imports.

TheMCmodelis notconstrainedo havelongrun steadystatevalues.Regard
ing long run effects,the presenexperimenis somewhatrtificial becausef the
droppingof the estimatednterestraterule of the Fed. Therule hasthe property
that, otherthingsbeingequal,the Fedwill lower the nominalinterestratewhen
the U.S. economycontracts. This will then help bring the economyout of the
contraction.The presenexperimenis merelymeantto showwhatwould be the
casef therule weredropped.In practiceof coursethe Fedwould react.

6 Rational Expectations

Expectationsrenotrationalin theversionof theMCmodelusedor theexperiment
in theprevioussection.Therationalexpectation$RE) assumptiomasbeentested
for many of the equationsof the MC model? and very little supporthasbeen
found. NeverthelessRE versionsof the MC model have beenanalyzedusing

the extendedpathsolutionmethodin FairandTaylor (1983,1990),andfor many
experimentgheseversionshavesimilar propertiesto thoseof non RE versions.

9SeeFair (1993)for a discussiorof thetestingprocedureandFair (1994)andthe websitefor
resultsof thetests.
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The RE assumptiormostly changeghe timing of the effects. If, for example,
it is assumedn the MC modelthat U.S. householdaverational expectations
regardingfuturerealincome,it is still the casethata positiveinflation shockhas
a negativeeffect on currenthouseholdexpenditures.The effectis in fact larger
underthe RE assumptionsincerealincomeis lower in the future aswell asthe
presentindhousehold&nowthisandthuscutbackexpendituresnorenow. None
of themainpointsaboutthe MC model'spropertiesn Section5 hingeonwhether
or not expectationgrerational.

7 TheFRB/USM odd

The FRB/ US model—FederaReserveBoard (2000)—is sometimescited as a
macroeconometrimodelthatis consistentvith themoderrview (seefor example,
Taylor (2000),p. 91). This modelhasstrongrealinterestrateeffects. In fact, if
governmenspendings increasedn the FRB/ US modelwith thenominalinterest
rateheld constantreal outputeventuallyexpandso muchthatthe modelwill no
longersolvel® Theincreaseén governmenspendingaisesinflation, which with
nominalinterestratesheld constaniowersreal interestrates,which leadsto an
unlimitedexpansionThemodelis notstableunlesghereis anominalinterestrate
rule thatleadsto anincreasen therealinterestratewheninflation increases.

It may seempuzzling that two macroeconometriecnodelscould have such
different properties. Giventhe empiricalresultsin Sections2 and 3, how canit
bethatthe FRB/ US modelfindssuchstrongrealinterestrateeffects?Theanswer
is thatmanyrestrictionshavebeenimposedon the modelthat havethe effect of
imposinglargerealinterestrateeffects.In mostof theexpenditurezquationseal
interestrate effectsare imposedratherthan estimated. Direct testsof nominal
versusrealinterestrateslike the oneusedin Section2 arenotdone,andsothere
is no way of knowing whatthe dataactuallysupportin the FRB/ US expenditure
equations.

Largestockmarketeffectsarealsoimposedin the FRB/ US model. Contrary
to the estimateof equation(2) in Section3, which showsfairly small effectsof
nominalinterestratesand nominalearningson stock prices,the FRB/ US model
hasextremelylarge effects. A onepercentaggoint decreasen therealinterest
rateleadsto a 20 percenincreasen the valueof corporateequity (Reifschneider,
Tetlow,andWilliams (1999),p. 5). At theendof 1999thevalueof corporateequity

10privatecorrespondenceith AndrewLevin andDavid Reifschneider.
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wasabout$20trillion (usingdatafrom the U.S. Flow of Fundsaccounts)and20
percentof thisis $4 trillion. Thereis thusa hugeincreasdan nominalhousehold
wealthfor evenaonepercentag@ointdecrease therealinterestrate. A positive
inflation shockwith the nominalinterestrateheld constantwhich lowersthereal
interestrate, thusresultsin a largeincreasan both nominalandreal wealthin
the model. Theincreasen real wealththenleadsthroughthe wealth effectin
thehouseholdexpenditureequationgo alargeincreasean realexpendituresThis
channeis animportantcontributorto the modelnot beingstablewhenthereis an
increasan inflation greatethanthe nominalinterestrate. Again, this stockprice
effectis imposedratherthanestimatedandso it is not necessarilythe casethat
thedataareconsistentvith this restriction. Theempiricalwork in Section3 does
notfind largeincreases stockpricesin responséo changesn interestratesand
earningscertainlynothingcloseto whatis imposedn the FRB/ US model.

Thereis thusno puzzleaboutthevastlydifferentpropertieof thetwo models.
It is simply thatimportantrealinterestraterestrictionshavebeenimposedn the
FRB/ US modelandnotin the MC model. Oneof the mainpointsof this paperis
thatthe datado notappeato supporttheserestrictions.

8 Conclusion

The resultsin this papersuggesthat a positive inflation shockwith the nomi-
nal interestrate held constants contractionarycontraryto the propertiesof the
modern-viewmodel. If this is true, it hasimportantimplicationsfor monetary
policy. If apositiveinflation shockis contractionaryvith thenominalinterestrate
heldconstantthe coefficienton inflation in thenominalinterestraterule neednot
be greatetthanonefor the economyto be stable.Or if oneis concernedvith op-
timal policies,the optimalresponséy the Fedto aninflation shockis likely to be
muchsmallerif inflation shocksarecontractionarythanif theyareexpansionary.
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