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A bstract
T his paperuses paneldatatoestimatepreferencespeci…cations that

arenonseparable in consumption and leisure. B ecausetheeconometric
analysisusespaneldata, itdi¤ersfrom existingeconometricstudiesthat
usearepresentativeagentframework. B ecausethepaperfocuses onthe
nonlinearimplications ofthe theory, it is di¤erentfrom mostexisting
paneldata studies thatinvestigatelinearizations. T heevidence shows
thatweonly obtain intuitively plausible estimates when usingsamples
thatcontain households whoown riskless and risky assets. Forthose
samples, estimatedparametervalues areradicallydi¤erentfrom existing
studies. T he…ndingsarethereforeofinteresttoanextensiveliteraturein
macroeconomicsand…nance.
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1 Introduction
T heestimationofpreferenceparametersisofinteresttoanextensiveliterature
ineconomicsand…nance. T hesizeandsignoftheseparameters isoftenused
toaddress importantpolicyquestionsandtojudgetheempiricalperformance
ofacertainmodeloramethodologicalapproach. Forinstance, theeasewith
whicheconomicagents tradeo¤ consumptionorleisureovertimedetermines
thee¤ectivenessofagivengovernmentdesignofsocialsecurityprograms. A lso,
followingtheworkbyKydlandandPrescott(19 82), anextensiveliteraturehas
debatedtheabilityof”realbusiness cyclemodels” toexplainthedata. For
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thisdebate, theleveloftheintertemporalrateofsubstitutionisacriticalissue.
A vailableestimatesoftherateofintertemporalsubstitution, andthereforeas-
sessments oftheusefulness ofthesemodels, aredeterminedbythechoiceof
preferencespeci…cationandtheeconometricmethodologyusedinestimation.

W hereasthedebateaboutrealbusinesscyclemodelshassomewhatsubsided,
theuseofdynamicmodelshasbecomeacornerstoneofmodernmacroeconomics.
M anyofthesedynamicstudiesevaluatetheoreticalmodelsbycomparingactual
datawithdatasimulatedfrom themodelunderstudy. T hesesimulations re-
quireestimatesofawidevarietyofparameters, includingpreferenceparameters.
Forthisliterature, reliableestimatesofparametersthatdescribeintertemporal
behaviorarethereforeveryvaluable. Such estimates arealsoofinterestfor
moretraditionaleconometrictestsofdynamicmodels. Traditionaleconometric
testinguses uses somemodelimplications fortesting, conditionalontheesti-
matedparameters. Iftheparameterestimatesareunreliable, theresultingtests
arenotlikelytobeinformative. Inassetpricingapopularalternativeapproach
totestingis oftenused(e.g. see M ehraand Prescott(19 85) andH ansenand
Jagannathan(19 9 1)). T heimplicationsofthetheoryareevaluatedfordi¤erent
valuesofthebehavioralparameters. Ifparametervaluescanbefoundthatcan
explain thetheoreticalimplications, theresearcherasks himselfthequestion
ifthoseparametervalues areintuitivelyplausible. W hereas thejudgmentof
plausibilityispresumablybasedonawiderangeofavailablesources, including
introspection, existingparameterestimatesareusefulasreferencepoints.

T his papercontributes tothis literaturebypresentingestimates andtest
statistics obtainedusingnonlinearEulerequations. T his estimationandtest
strategy is quitepopularin therepresentativeagentliterature. H ansen and
Singleton(19 82) pioneeredtheapproachusingatime-separableconstantrela-
tiveriskaversion (T S-CR R A ) utilityfunction. T heapproachwas laterused
toanalyzeotherpreferencespeci…cations, and M ankiw, R otembergandSum-
mers (19 85) (henceforthM R S) andEichenbaum, H ansenandSingleton(19 88)
(henceforthEH S)provideananalysisofnonseparabilitiesbetweenconsumption
and leisure in arepresentativeagentcontext. T his paperdi¤ers from those
studiesbecauseitprovidesananalysisofnonseparablepreferencesusingpanel
data. T heavailablepaneldataliteratureon preferenceestimation is exten-
sive. H owever, manypaneldatastudiesanalyzeseparablepreferences. T hose
thatanalyzenonseparablepreferences almostalways investigatelinearizations
ofthenonlinearEulerequations, andthereforeparameterestimates in those
papersmaybedi¢culttorelatetotheonesinthispaper. B ecausethereareso
manystudiesthatuselinearizations, I provideananalysisofthelinearizedEuler
equationsbelowusingthesamedatasets. If…ndthatforthesamedataset, the
di¤erencebetweenparameterestimates from thelinearizedandthenonlinear
equations isalwayssubstantial.

Foreach speci…cation, estimation and testresults are reported forthree
di¤erentsamples. T he…rstsamplecontains allhouseholds whoful…llcertain
selectioncriteria. T hesecondandthirdsamplescontainshouseholdswhopartic-
ipateinassetmarkets, withtheselectioncriteriaforthesetwosamplesslightly
di¤erent. I …ndthatwhereasparameterestimatesarealwaysintuitivelyplausi-
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bleforthesecondandthirdsamples, this isalmostneverthecaseforthe…rst
sample. Forthosesamples thatyield intutitivelyplausibleestimates, there-
sults indicatethatleisureenterstheutilityfunctioninastatisticallysigni…cant
way, castingdoubtonstudiesthatuseseparablepreferencespeci…cations. T he
parametervaluesaresigni…cantlydi¤erentfrom thoseobtainedbyotherpanel
data studies, and from theones presented in M R S (19 85) and EH S (19 88).
A lso, pointestimates aredi¤erentfrom theestimates typicallyused in simu-
lation studies in dynamicmacroeconomics. T he specialcase oflogarithmic
preferences, which is alsooftenused inthis literature, is rejectedbythedata.
T herejectionofseparabilityis alsoofinterestfortheassetpricingliterature,
whichalmostwithoutexceptionusesseparablepreferences. Statisticaltestsof
overidentifyingrestrictions indicateless evidenceagainstthemodelcompared
tosimilartestsobtainedusingaT S-CR R A speci…cationinJacobs (19 9 9 ). It
isthereforetemptingtoconcludethattheassetpricingliteratureshouldadopt
nonseparablepreferences. H owever, itwilbearguedthatadditionalanalysis
isneededtodeterminewhethernonseparablepreferencescansolveanumberof
well-knownasset-pricingpuzzles.

T hepaperproceedsasfollows. Section2 providesadetailedmotivationfor
thisstudyandanextensivediscussionofrelatedresearch. Section3discussesthe
dataandSection4discusses theestimationandtestingmethodology. Section
5 presentstheempiricalresults. Section6providesarobustnessanalysisofthe
resultsobtainedinSection5. Section 7 relatesthe…ndingsofthepapertothe
relatedliteratureandSection8 providesashortconclusion.

2 M otivation
Estimationandtestingarecarriedoutwithaminimumofauxiliaryassumptions.
W eassumetheexistenceofalargenumberofindividualswithanidenticalper
periodutilityfunction, speci…edas

u(ci;t;lit)=
1
Ã
cÃi;tl

·
i;t: (1)

whereci;t is theconsumptionofindividuali inperiodtandli;t is theleisure
ofindividuali in period t. W epresentestimates oftheparameters usingthe
…rst-orderconditionwithrespecttoconsumption(assuminganinteriorsolution)

uc(ci;t;lit)¡¸i;t=0 : (2)

where¸i;t istheL agrangemultiplierassociatedwithindividuali’stimetbudget
constraint. O newaytogeneratetestablerestrictionsfromthemodelistospecify
theassets thattheindividualcan investin. M anyexistingpaneldatastudies
assumethattheindividualonlyhasarisklessasset(abond) toinvestin. H ere
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weassumethattheindividualcan investinriskyassets (stocks) aswellas in
bonds. T hisyieldsthefollowingtwoEulerequations

1 =¯E t¡1 (
1

qt¡1
)(

ci;t
ci;t¡1

)Ã¡1(
li;t
li;t¡1

)·: (3)

1 =¯E t¡1(
pt+ dt
pt¡1

)(
ci;t
ci;t¡1

)Ã¡1 (
li;t
li;t¡1

)·: (4)

wherept is thepriceoftheriskyassetin period t;dt is thedividendonthe
riskyassetinperiodt;qt isthe(normalized)priceoftherisklessassetinperiod
t;¯ is thediscountfactor, andE t is themathematicalexpectationconditional
oninformationavailableattimet.

Twoimportantadvantagesoffocusingontheestimationof(3)and(4)have
tobeemphasizedatthispoint. First, itisclearthatthederivationof(3) and
(4) assumes thatthehousehold is atan interiorsulutionw.r.t. theholdings
oftheriskless andtheriskyassetandw.r.t. consumption. H owever, noas-
sumption has beenmadeabouttheexistenceofcornersolutions orrigidities
in thelabormarket. T his is importantforanempiricalstudy, becausemany
individuals areclearlyatacornersolutionforleisurechoice, anditis di¢cult
totellfrom availabledatawhetheranindividualisatacornersolutionornot.
Itwouldofcoursebepreferabletoincludeinformationaboutleisurechoicein
theeconometricanalysis, becausetheextrainformationwouldgeneratemore
preciseparameterestimatesandmorepowerfulteststatistics. H owever, given
thattheextrapowercomesatahigherriskofclassi…cationerrorandinconsis-
tentestimation, thefocusinthispaperison(3)and(4) inisolation. Second, to
derive(3)and(4)noassumptionsaboutthestructureof…nancialmarketshave
tobemadebeyondtheexistenceofariskless andariskyasset. Inparticular,
wedonothavetomakethecompletemarketsassumptionwhichunderliesallof
therepresentativeagentstudiesofconsumptionandleisurechoice(e.g. seeEH S
(19 88)andM R S (19 85). Inviewoftheoverwhelmingevidenceagainstcomplete
markets intheliterature(seeCochrane(19 9 1), M ace(19 9 1) andH ayashi, A l-
tonji andKotliko¤ (19 9 6)), theabsenceofthisassumptionisreassuring. Jacobs
(19 9 8b, 19 9 9 ) shows thatin the absenceofacompletemarkets assumption,
parameterestimatesandtestresultsareverydi¤erentfrom therepresentative
agentliteratureforatime-separableconstantrelativeriskaversion(T S-CR R A )
speci…cation.

T heimportanceofestimatingpreferenceparameters usingelementary im-
plications ofdynamicequilibrium models canhardlybeoverstated. W hereas
economists continuetodisagreeaboutmanyissues, thelasttwodecades have
witnessedtheemergenceofdynamicaspects ofhumanbehavioras oneofthe
cornerstones ofeconomics. Estimates ofparameters characterizingintertem-
poralbehaviorarethereforeofinteresttoalmosteverytheory-basedeconomic
study, becauseoftensuchparametersareoffundamentalimportancetoassess
thetheory’spolicyimplicationsoritsempiricalperformance.
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B esidespointingoutthegeneralrelevanceofthisexercise, itisalsoinstruc-
tivetoprovideamoredetailedmotivationofits importancebydiscussingits
impactondi¤erentresearchareas. Suchamoredetaileddiscussionisnecessary
becausetheostensiblysimpleissueofestimatingbehavioralparameterssuchas
theonesin(3)and(4)hasbeentackledusingdi¤erentauxiliaryassumptionsin
di¤erentareasoftheeconomicsand…nanceliterature, eachmotivatedbydi¤er-
entquestionsandconcerns. Perhapsunsurprisingly, thesedi¤erentapproaches
havegivenrisetodi¤erentparametersestimatesandwidelyvaryingassessments
oftheirrelevanceandpolicyimplications.

I discuss theimportanceofpreferencespeci…cation inthreedi¤erent(but
related)areas: …rst, theliteratureondynamicmacroeconomics;second, thelit-
eraturethatunitesmacroeconomicsandassetpricing;andthird, theliterature
onconsumption, savingsandlaboreconomics. T hissomewhatarbitrarydivision
intoresearchareas ismotivatedbythefactthatwithineachgroup, theecono-
metricandmethodologicaltools usedintheanalysis arefairlysimilar. First,
inmacroeconomics anextensiveliteraturehasdevelopedthatinvestigates the
implicationsofgeneralequilibrium models bywayofsimulation. Inprinciple,
this literaturedoesnotdependonestimatesofbehavioralparameters, butthe
empiricalimplementationusedinmanystudiesrequiresestimatesofbehavioral
parametersasmodelinputs. T herefore, speci…cvalues forbehavioralparame-
ters aremostlyassumedas partoftheprimitives ofthemodel. Forinstance,
KydlandandPrescott(19 82) usetheCobb-D ouglaspreferencespeci…cation

u(ci;t;lit)=
1
° µ
(c°i;tl

1¡°
i;t )µ: (5)

Kydland and Prescott(19 82) arguethatitis straightforward toparame-
terize(6) by interpreting ° as thepercentageoftheagent’s timeallocatedto
consumptionactivities. A lso, byinterpretingc°i;tl

1¡°
i;t asageneralizedversionof

aunitofconsumption, theyinterpret1 ¡µ astherateofconstantrelativerisk
aversion. T heythereforeset° equalto1/3, basedonthefactthathouseholds’
allocationoftimetononmarketactivities isabouttwiceaslargeasthealloca-
tiontomarketactivities, andtheyusethreedi¤erentvaluesoftheparameterµ
intheirsimulations: -1, -0.5 and-0.1.

Itisclearthat(7 ) issimplyarede…nitionof(1)withµ=Ã + · and° =Ã=µ.
Forourpurposes, itisconvenienttoreportontheparameters inequation(1),
becauseinspectionofthestandarderroron · allowsus todeterminewhether
leisureenterstheutilityfunctioninasigni…cantmannerandwhethertheunder-
lyingoptimizationproblem isconcave. H owever, forreasonsofcomparisonwith
therealbusinesscycleliterature, alltablesalsolistthepointestimatesof ° and
µ thatareimpliedbyourestimatesofÃ and·. Inthiscontext, theparameter
1 ¡µ willbereferredtoastherateofrelativeriskaversioninaccordancewith
theterminologyproposedbyKydlandandPrescott(19 82).

Severalstudies indynamicmacroeconomicsemploytheutilityspeci…cation
(7 ) usedinKydlandandPrescott(19 82) (e.g. seeB ackus, KehoeandKydland
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(19 9 2)).1 A centralquestion is thereforewhethertherangeofestimates forµ
proposedbyKydlandandPrescott(19 82)containstheparameterestimatefrom
thedata. M oreover, manyexistingstudiesusealogarithmicspeci…cationthat
isaspecialcaseof(7 ) forµ=0 (seeChristianoandEichenbaum (19 9 2)).2 Itis
thereforeofinteresttoverifyifthisrestrictionholds inthedata.3

T he second areaofinterestthathas studied the importance ofleisure is
theassetpricingliterature. FollowingtheworkofL ucas (19 7 8) and B reeden
(19 7 9 ), theassetpricingliteraturehas focusedonestimatingandtestinggen-
eralequilibrium modelsofassetpricing. Parameterestimationiscriticallyim-
portantinthis contextbecausethetheoryis usuallyevaluatedconditionalon
parameterestimates obtainedunderthemaintainedhypothesis thatthethe-
oryholds. A fterseveralstudiesdemonstratedtheinadequacyoftheT S-CR R A
speci…cationtoexplainthevolatilityofassetreturns(seeH ansenandSingleton
(19 82,19 83,19 84), M ehraandPrescott(19 85)), severalauthorsproposedthein-
clusionofleisureintheutilityfunctiontoremedytheproblem(seeM R S (19 85)
andEH S (19 88)). H owever, therepresentativeagentliteraturehas concluded
thatthepresenceofleisureintheutilityfunctionisnotlikelytosolvenotorious
assetpricingpuzzles. U singtheintuitioncapturedbytheworkofH ansenand
Jagannathan(19 9 1), theproblem withconsumptionbasedassetpricingisthat
theconsumptionseries isnotvolatileenoughtogeneratesu¢cientvolatilityin
assetreturns, giventheavailableparameterizationoftheutilityfunction. For
theT S-CR R A speci…cation, oneneedsan”implausiblylarge” riskaversionpa-
rametertogeneratesu¢cientvariabilityintheintertemporalmarginalrateof
substitution. B ecausethetimeseriesofmonthly, quarterlyoryearlyaggregate
leisureis alsoverysmooth, itis notsurprisingthattheparametersneededto
generatesu¢cientvariabilityintheIM R S arejudged implausibleaswell(see
alsoCampbell, L oandM acKinlay(19 9 7 , p.326)).

M oreingeneral, therelationshipbetweennonseparablepreferencesandasset
prices has notattractedabundantinterestinthe…nanceliterature.4 M ayers

1T hemerits andcriticisms ofthis literaturearenotthefocus ofthis paper. W hereas the
term ”realbusinesscycles” hasbeenhotlydebated, andtheoriginalmethodologyinKydland
andP rescott(19 8 2) has alsocomeunderscrutiny(e.g. refertothedebatebetweenKydland
and P rescott( ) and H ansen and H eckman ( )), theanalysis ofdynamicmodels has become
thestateoftheartinmacroeconomics. W hereasmuchofthisresearch ineconomicdynamics
has little in commonwith the ideologicalbattlegroundofrealbusiness cycles, manyofthese
studies (butnotall) use a simulation setup where parametervalues from otherstudies are
usedas inputs intotheanalysis.

2Following the analysis in Kydland and P rescott (19 82), many ofthe studies thatuse
theCobb-D ouglas speci…cation (7 ) specifytime-nonseparabilities in leisure. Strictlyspeaking
therefore, ourestimatescannotbecomparedwiththecalibratedvaluesused inthesestudies.

3T he literatureon dynamicgeneralequilibrium models has recognized the importanceof
heterogeneity. T he framework used in R ogerson (19 8 8 ) and H ansen (19 85) allows forthe
preferencesoftherepresentativeagenttodi¤ erfrom thoseoftheindividualagentspopulating
theeconomy. N evertheless, estimatesofthepreferencesofindividualagentsremainvaluable.

4B esides the poorperformance ofleisure in an intertemporalpricing context, there are
otherexplanationsforthis. First, theemergenceofarbitragepricingtechniques (R oss (19 7 6))
doesnotnecessitateanelaboratedescriptionoftheeconomicenvironment. Second, economic
pricingfactors such as consumption havenotperformedwellin cross-sectionalassetpricing
(B reeden, G ibbons and L itzenberger(19 8 9 )).
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(19 7 2, 19 7 3) emphasizes the importance ofleisure and human capitalaccu-
mulationatanearlystageinthecontextoftheCapitalA ssetPricingM odel.
CochraneandH ansen(19 9 2)andFama(19 9 1, p. 1610)makeaforcefulpointfor
establishingatheoreticalandempiricalconnectionbetweenassetreturns and
intuitivelyplausiblepricingfactorsemanatingfromgeneralequilibriummodels,
suchas leisure. In thetheoreticalliterature, theimportanceofleisurechoice
has beenanalyzedamongothersbyB odie, M ertonandSamuelson(19 9 2) and
B asak(19 9 9 ).5 T heworkofJagannathanandW ang(19 96)suggestthathuman
capitalaccumulationcouldbeofinterestincross-sectionalassetpricing.

T his paperargues thattheperceived failureofnonseparableutility spec-
i…cations tosolveassetpricingpuzzles maybeduetothecompletemarkets
assumptionthatunderlies thesestudies. Ifthis assumption does nothold, it
is theproperties ofthe individualagent’s consumptionandleisureinsteadof
aggregateconsumption and leisurethatdetermineassetprices. M ankiwand
Z eldes (19 9 1) andJacobs (19 9 8b,19 9 9 ) showthattheseaggregation issues are
criticallyimportantwhenevaluatingtheT S-CR R A speci…cation. T his paper
investigatesifsimilarargumentsapplyfortheevaluationofpreferencesthatare
nonseparableinconsumptionandleisure.

W hereastheexistenceofnonseparabilitiesbetweenconsumptionandleisure
hasnotreceivedalotofattentionrecently, thespeci…cationofpreferenceshas
receivedevermoreattentionintheassetpricingliterature. M ostnotably, the
speci…cationofpreferenceswithtime-nonseparabilities has becomequitepop-
ular(e.g. see A bel(19 9 0), Campbelland Cochrane (19 9 5), Constantinides
(19 9 0), D etempleand Z apatero(19 9 1) andSundaresan(19 8 9 )). W hereas this
paperdoes notdenythatthis typeofspeci…cation is intuitivelyplausible, it
exploreshowmuchleveragecanbeobtainedfromaspeci…cationwithouttime-
nonseparabilitiesoncethecompletemarketsassumptionisrelaxed.

T his study is alsorelatedtoathird importantareaofresearch. Empiri-
calanalyses ofconsumption choice, savings, andleisurechoicearetreatedas
onegroup mainlybecausethis literaturecontains alargenumberofempirical
studies thatusepaneldata.6 Forpurposes ofcomparisonwith this study, a

5T he stochastic properties ofleisure are also of interest in the literature on nontraded
assets, even though leisuredoes notentertheutilityfunction inmanyofthestudies in that
literature(e.g. seeD etemple(19 9 9 ) andSvenssonandW erner(19 9 3)).

6Forpaneldatastudies intheconsumptionliterature, seeA ttanasioandB rowning(19 9 5),
A ttanasioand W eber(19 9 5), Keane and R unkle (19 9 2), R unkle (19 9 1), Z eldes (19 8 9 ) and
the references in the excellentoverviewpaperby B rowningand L usardi (19 9 6). Forpanel
data studies in the labor supply literature see A ltonji (19 86), H am (19 86), H eckman and
M aCurdy (19 8 0) and M aCurdy (19 8 1). W hereas many studies in this literature use panel
data, there is an equally extensive literature thatrelies on aggregate data (see H all(19 8 8 )
and the references in D eaton (19 9 2) in the consumption and savings literature and A ltonji
(19 8 2) and A ltonji and H am (19 9 0) in the laborsupply literature). Itis hard todetermine
why this particularempirical literature has started relying relatively more on paneldata
comparedtotheotherresearchareasdiscussed inthis section. Severalauthorsmaintainthat
aggregation problemsmake ittenuous tousetimeseries ofconsumption and leisuretodraw
conclusions about individualpreferences (e.g. see B rowning and L usardi (19 9 6p.17 9 9 ) ).
P erhapsanotherreasonforthefocusonpaneldatainthisliteratureistheextensiveliterature
onstaticdemandsystemswhichpredatesmostdynamicstudies. T his literaturerelies almost
exclusivelyonpaneldata(seeD eatonand M uellbauer(19 80) , D eaton (19 9 2)).
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potentialproblem is thatmostexistingstudies analyzelinearizedversions of
Eulerequations(3)and(4)aswellaslinearizedversionsofotherintertemporal
Eulerequations such as those implied byoptimalleisurechoice.7 T hemain
motivation forusinglinearizations is probably thatmeasurementerroris an
importantproblem withpaneldata(see A ltonji (19 86) and A ltonji and Siow
(19 8 7 )), and itis easiertodealwithmeasurementerrorproblems inalinear
context. W hilethisstudydoesnotdenytheimportanceofmeasurementerror,
ittakes theoppositeviewthatitisworth investigatingtheoriginalnonlinear
Eulerequations(3)and(4)directly.8 Ifmeasurementerrorisaseriousproblem
inthis contextandforthis purpose, itwilllikelyleadtoimplausibleparameter
estimatesandalackofrobustness. Itturnsoutthatformostspeci…cationsthis
isnotthecase.

T hereareotherreasonswhyitisnotnecessarilystraightforwardtocompare
parameterestimatesobtainedfromtheanalysisofthenonlinearEulerequations
(3) and(4)withtheparameterestimates inthepaneldatastudiesmentioned
above. First, thelinkwiththelaborsupplyliteratureis thatwefocusonthe
pointestimateand the statisticalsigni…canceoftheparameter·. H owever,
whereasweobtain estimates ofthis parameterusingthe…rstordercondition
withrespectforconsumption, muchofthelaborsupplyliteratureusesthe…rst
orderconditionwithrespecttoleisure(e.g. seeM aCurdy(19 81), A ltonji (19 86),
H am(19 86)). Illustratingthismethodologyforourpreferencespeci…cation(1),
considertheEulerequationobtainedbycombiningtheintertemporaloptimality
conditionandthe…rstorderconditionw.r.t. leisure

1 =¯
·
Ã
E t¡1 R t(

wi;t
wi;t¡1

)(
ci;t
ci;t¡1

)Ã(
li;t
li;t¡1

)·¡1 : (6)

where R t is thereturnontheriskless ortheriskyasset. T he intertemporal
rateofsubstitutionforlaborsupplycanthenbeobtainedfrom thefollowing
log-linearizationof(5)

¢ lnli;t=Â 1 + Â2 lnR t+ Â3¢ lnci;t+ Â4¢ lnwi;t+ ui;t: (7 )

T heintertemporalrateofsubstitutionforlaborsupplyinthisregressionisde-
…nedas¡Â4: Itcanbeeasilyveri…edthatthisquantitycanberelatedtoour

7 O necan estimateand testalinearestimatingequationwithoutany extraassumptions,
by combiningthe …rstorderconditions forconsumption and leisure, and neglectingthe in-
tertemporaloptimality condition. T his type ofanalysis is referred toas estimation ofthe
intratemporaloptimalitycondition(e.g. seeM aCurdy(19 83), A ltonji (19 86)andEH S (19 8 8)).

8 T here are a fewpapers in the paneldata literature thatprovide an analysis ofnonlin-
earEulerequations. H otz, Kydlandand Sedlacek(19 8 8) analyzeatranslogutilityfunction.
B ecausethis utilityspeci…cation is quitedi¤ erentfrom theonestraditionallyanalyzed in the
literature, itis notstraightforward tocompare theirresults with otherstudies. A ltugand
M iller(19 9 0) analyze autility function thatcontains severalnonseparabilities between con-
sumptionandtheleisureofdi¤erentmembersofthehousehold. H owever, theirestimatesare
obtainedunderthehypothesisofmarketcompleteness. M oreover, theeconometricframework
they use results in some instances in fairly imprecise estimates. T he results in this paper
thereforedi¤erquitestronglyfrom theones inthesetwostudies.
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parameterizationin(1)becauseÂ4 =1 =(·¡1 ):W hereasouranalysisfocuseson
di¤erentimplicationsofthetheory, wecanthereforederivetheintertemporal
rateofsubstitutionbecauseourestimates identifypreferences, ifalltheimpli-
cationsofthetheoryarecorrect. Itmaybethatbyfocusingonimplicationsof
thetheorythatcontainlessinterestinginformationonleisurechoice, weendup
withlesspreciseestimatesoftheintertemporalrateofsubstitution. H owever, I
wanttoemphasizeagainthatanargumentinfavoroftheanalysis inthispaper
isthatthe…rstorderconditionswithrespecttoconsumptionaremorelikelyto
holdthanthosewithrespecttoleisure. Sofrom theperspecticeofconsistent
parameterestimation acomparisonwith parameterestimates from thelabor
supplyliteraturecanbeveryinstructive.

A …naldi¢cultyincomparingparametersestimatedinthispaperwiththose
obtainedinthelaborsupplyliteratureisthetestingmethodusedinthosestud-
ies. W hereas the laborsupply literature is interested in theparameterthat
determines theintertemporalrateofsubstitutionforlaborsupplyinorderto
commenton its policyimplications, thefocus ofthosestudies is primarilyon
testsoftheunderlyingtheorythatagentstradeo¤ utilityovertime. W hereas
thetheorycanbetestedbyfocusingonoveridentifyingrestrictions, oftentests
areexecutedbyinspectingthesigni…canceofextracoe¢cientsthatareinserted
intotheEulerequation(seeH am(19 86)). Presumablysuchtestsaremorepow-
erfulthantests ofoveridentifyingconditions. W iththis approach, behavioral
parametersareestimatedconsistentlyunderthenullthatthetheoryiscorrect.
H owever, whenusingthistechnique, rejectionistheruleratherthantheexcep-
tion. T herelevantquestionisthereforehowtointerprettheparameters ifthe
extravariablesentersigni…cantlyandthetheoryisrejected.9

T hesamecaveatapplies tothecomparison betweentheestimates in this
paperandtheestimates ofpreferenceparameters obtainedbyseveralstudies
intheconsumptionliterature. T heobjectofinterestinthis literatureis the
intertemporalrateofsubstitutionforconsumption, whichisusuallyobtainedin
paneldatastudies byestimatingalog-linearizationoftheEulerequations (3)
and(4). T hisgives

¢ lnci;t=!1 + !2 lnR t+ !3¢ lnli;t+ ui;t (8)

wheretheparameter!2 is theintertemporalrateofsubstitutionforconsump-
tion, whichcanberelatedtothepreferencespeci…cation(1)as!2 =1 =(1 ¡Ã):

9 N otethatacceptingthis argumenthas far-reachingimplications. Ifthetheoryis rejected
bythepresenceofextravariables intheEulerequation, theresultingestimates ofpreference
parametersareuninterpretable. Sois theestimatefrom theEulerequationwithouttheextra
variables, because we knowthatthe orthogonality conditions used in estimation are false.
T hetemptation is toalways interpretestimates from studies thatsimply testorthogonality
conditionsasvaluable. H owever, usingasimilarargument, iftheorthogonalityconditionsare
rejected, estimates ofpreferenceparameters arenomorevaluablethanthoseobtained in the
studies thatinsertextravariables intheEulerequation. T hedi¢cultywithmaintainingthis
argumentis ofcourse thatgiven thatthe implications ofthetheory aremostly rejected, it
would suggestthatweknownothingabouttherateofintertemporalsubstitution. Itseems
thenthatimplicitly, manyeconomistsacceptthelegitimacyofavailableparameterestimates,
even iftheyareobtainedusingorthogonalityconditions thatarestatisticallyrejected.
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H owever, insteadoftestingtheoveridentifyingconditions, Eulerequationsare
alsooftentested inthis literaturewithextravariables included inthespeci…-
cation, toimprovethepowerofthetests. T hepaneldataliteratureoncon-
sumption and savings decisions su¤ers from anotherproblem, becausemany
studiesestimatemodelsthatareadditivelyseparablebetweenconsumptionand
leisure.10 Itisclearfrom (7 ) thatiftheseparabilityassmptionis incorrect, the
estimateof!2 willbebiased. D ynamicstudiesofdemandsystems(seeB rown-
ing, D eaton and Irish (19 85)) donotmakesuchassumptions, buttheyoften
focusonmoredetailedcomponentsofconsumption. T heworkinthispaperis
ofinteresttotheliteratureonconsumptionandsavingsbecauseastatistically
signi…cantestimateoftheparameter· wouldcallintoquestionsomeofitstest
results. Togiveanexample, thelife-cyclemodelis often questionedbecause
severalstudies havedocumentedarelationship betweenconsumptionpatterns
and variables such as age. T his factis often illustrated usingregressions or
astraightforwardgraphicalanalysis. H owever, ifolderpeoplecompensatefor
lowerconsumptionbyenjoyingmoreleisurethisrejectionofthelife-cyclemodel
wouldbecalledintoquestion. W ithoutknowledgeoftherelativeweightsplaced
onconsumptionandleisureitishardtoappreciatetheimportanceofthisargu-
ment. Ifleisureenterstheutilityfunctionsigni…cantly, thisislikelytoin‡uence
thepointestimateoftherateofintertemporalsubstitutioninconsumption.

3 D ata
T heempiricalinvestigationusesdatafromthePanelStudyofIncomeD ynamics
(P SID ) fortheperiod19 7 4-19 8 7 . T hedatasetis thesameas theoneused in
Jacobs (19 9 8b, 19 9 9 ) and is described inthe A ppendix. T he P SID does not
contain a satisfactorymeasureoftotalconsumption. T herefore, I followex-
istingstudies thatusetheP SID byusinghouseholdfoodconsumptionas the
consumptionmeasure. A lternativelyonecouldusetheConsumerExpenditure
Survey(CEX )toinvestigatethepreferencespeci…cationsin(1)and(7 ). U nlike
theP SID , theCEX containsdataontotalhouseholdconsumption, andthefre-
quencyofthedataisquarterly, thereforeyieldingmoretimeseriesobservations
than theP SID . H owever, in theCEX dataonleisureareonlyavailableona
yearlybasis. M oreover, theCEX isnotagenuinepaneldatasetbecausehouse-
holdsareonlyfollowedfor…veconsecutivetimeperiods. O nethereforehas to
resorttotheconstructionofsyntheticcohorts, andtoinvestigatetheimpactof
aggregationproblems this approach is notnecessarilyappealing. In contrast,
theP SID is agenuinepaneldataset, eventhoughnotobservationsonagiven
householdarenotavailableinanygivenyear.

10Table 5.1 in B rowningand L usardi (19 9 6) presents an overviewofavailable paneldata
studies in the consumption and savings literature. T his table also indicates which studies
controlforleisurewhenanalyzingtheproblem athand. Itcan beseen from this tablethat
therearenottoomany studies thatdo. M oreover, mostofthese followtheapproachofA t-
tanasioandW eber(19 9 5), wherevariablesareinsertedtocontrolforleisurewithoutformally
modelingleisurechoice. A s aresultestimates in these studies arealsohard torelatetothe
ones obtained inthis paper.
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T heP SID allowstheconstructionofsamplesofhouseholdswhoareatinte-
riorsolutionswithrespecttoassetchoice. T hisallowsustoassessthequanti-
tativeimportanceofincludinghouseholdsatcornersinthesample. Toidentify
households atinteriorsolutions, I usea 19 84 question from the P SID which
askshouseholdsfortheirholdingsofliquidassetsandstocks. T hisquestionis
thesameasthatusedbyM ankiwandZ eldes (19 9 1) andJacobs (19 9 8b,19 9 9 ).
Itis discussed inmoredetailin the A ppendix. T hequestionallows thecon-
structionof…vesuccessivelysmallersamples: asampleincludingallhouseholds
thatsatisfytheselectioncriteria;asampleincludingonlyhouseholdswhoful…ll
theselectioncriteriaandwhohavenonzeroholdingsoftherelevantasset;and
samplesincludingonlyhouseholdswhoful…lltheselectioncritariaandwhohave
holdingsoftherelevantassetlargerthan$1,000, $10,000, and$100,000 respec-
tively. U nfortunatelythetwosmallestsamples aretoosmalltoyieldreliable
econometricresults. Parameterestimates are impreciseandnotveryrobust.
R esultsarethereforeonlyreportedusingthe…rstthreesamples.

R eturnsonstockandbondmarketsareconstructedasfollows: yearlyreturns
arecomputedas theaverageoftwelvereturns onone-yearinvestmentswhich
expireattheendofeverymonthoftheyear. T his construction is motivated
bytheinterpretationofconsumptionasyearlytotals (‡ows) andnotstocksat
onepointintime. T hebondreturns arereturns on rollingoverthree-month
treasurybillsandareobtainedfrom M oody’s. T hestockreturnsarereturnson
theStandardandPoor’s500 composite.

4 EstimationandTesting
A swithmostotheravailablepaneldatasets, thehouseholdandnottheindivid-
ualis theunitofobservation intheP SID . T his complicates empiricaltesting
becausepreferences arede…nedattheleveloftheindividual. Toresolvethis
issue, I includeanexponentialfunctionofhouseholdsize inperiods t-1 andt
intheEulerequation. A notherissueofinterestis thatmanyavailablepanel
datastudies, especiallythose inthelaboreconomics andconsumption litera-
ture, estimatepreferencesconditionalondemographicvariablessuchasageand
maritalstatusandsomeoftheagent’sdecisionvariablessuchaseducation. For
purposesofcomparisonwiththeseearlierstudies, I thereforeestimatetheEuler
equationswithandwithoutanexponentialfunctionofsuchvariables included
aspreferenceshifters. T hemostgeneralspeci…cationoftheEulerequations is
thereforegivenby

1 =¯E t¡1 R t(
ci;t
ci;t¡1

)Ã¡1 (
li;t
li;t¡1

)· exp[¼1 fami;t+ ¼2 fami;t¡1]exp[¾ demoi;t]:

(9 )

wherefami;t stands forfamilysize in period t, demoi;t stands foravectorof
preferenceshiftersattimet, ¼1and¼2 arescalarparametersand¾ isavectorof
parameters. A smentionedbefore, manystudies intheconsumptionandlabor
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economics literatureusepaneldatatoinvestigatelinearizations of(8). T he
mostgenerallinearizationinvestigatedinthispaperis

¢ lnci;t=!1 + !2 lnR t+ !3¢ lnli;t+ ¼1 fami;t+ ¼2 fami;t¡1 + ¾ demoi;t+ ui;t:
(10)

B yestimatingtheparameters in (9 ), wecanretrievetheparameters Ã and ·
thatcharacterizetheutilityfunction(1).11

Parameterestimates and teststatistics are obtained usinga generalized
method ofmoments (G M M ) framework (see H ansen (19 82)). R egardless of
whetherone is estimatingthenonlinearEulerequation (8) orthe linearized
equation (9 ), parameterestimates and teststatistics can beobtained byex-
ploitingtheorthogonalitybetweentheEulerequation errors andvariables in
theagent’s information set. Considertheerrorassociatedwiththenonlinear
Eulerequation(8) orwiththelinearizedEulerequation(9 ) andforsimplicity
labeliteit , wheret is thetimeindexand i is thehousehold index. T heory
speci…esE t¡1eit=0 . ConsideramaximumofT observationsonHhouseholds,
andconsiderM instrumentsperhouseholdz1i;t¡1 ;:::;zni;t¡1 ;:::;zMi;t¡1 . T hencon-
sidervni;t = eit zni;t¡1 . U singthe lawofiterated expectations weknowthat
E vni;t= 0 , forallnand i. R atherthanusingallM xH orthogonalitycondi-
tions inestimation, wesum overtheorthogonalityconditionstoobtainamore
powerfulteststatistic. D enotethenumberofhouseholds inthesampleattime
tasHt andconsiderthe M orthogonalityconditions E vnt;n= 1 ;:::;M where
vnt = 1

Ht

PHt
i=1 v

n
i;t. T heG M M estimatorexploitsthefactthatifthetheoryis

correct
P T

1 v
n
t shouldbeclosetozero. D e…netheM x1 vectorvt=(v1t;:::;vMt )0

andconsiderminimizing

[
1
T

TX

t=1

vt(Á)0]W [
1
T

TX

t=1

vt(Á)]: (11)

foranarbitraryM xM weightingmatrixW . FromH ansen(19 82)weknowthat

JT =T [
1
T

TX

t=1

bv0t(Á)0]bQ ¡ [
1
T

TX

t=1

bvt(Á)]: (12)

isdistributedÂ2M ¡K, where bQ = bP bcP 0;bP =I¡bH(cH0W bH)¡1 cH0W , and bQ ¡ is
thegeneralizedinverseofQ . A llmatrices in(11) areevaluatedatbÁ, thevalue

11 H ansenandSingleton(19 83)usetimeseriesdataandalognormalityargumenttoestimate
alinearizedversionoftheEulerequationinstructuralasopposedtoreducedform. T hisallows
them toidentifyadditionalpreferenceparameters suchasthediscountfactor¯. Inthispaper
wefollowthepapersinthepaneldataliteratureandestimatethereducedform (9 )toillustrate
thedi¤erences inparameterestimatesobtainedfrom thenonlinearEulerequation(8 ) andthe
linearizedequation (9 ).
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oftheparameters thatminimizes (10). T hecovariancematrix b is computed
as

b =
1
T

TX

t=1

[bvt¡(
1
T

TX

t=1

bvt)][bvt¡(
1
T

TX

t=1

bvt)]0: (13)

T hecovariancematrixofT 1 =2(Á¡bÁ)canbecomputedas

(cH0W bH)¡1(cH0W b W bH)(cH0W bH)0¡1 : (14)

T hesmall-samplereliabilityofparameterestimatesandteststatisticsdepends
on theweightingmatrix W . D e…ne foragiven 1xM vectorofinstruments
Z t=( 1

Ht
)(z1i;t¡1 ;:::;zMi;t¡1). T heinverseof

P T
t=1 Z

0
tZ t isusedastheweighting

matrix W . T his choiceofW e¤ectivelyreduces theminimization in (10) to
N L 2SL S.

Estimationandtestresults arereported for…vedi¤erentinstrumentsets.
Family size in periods tand t¡1 is included in every instrumentset. T he
…rstinstrumentsetusedcontains seven instruments: besides thefamilyvari-
ables, itcontains aconstant, theriskless rateofreturnlaggedonce, therisky
rateofreturn lagged once, theoccupationalunemploymentrate lagged once
andtheoccupationalunemploymentratelaggedonceinteractedwithageand
educationofthehouseholdhead. T hesecondinstrumentsetcontains eleven
instruments: besides thefamilyvariables thereis aconstant, theriskless rate
ofreturnlaggedonceandtwice, theriskyrateofreturnlaggedonceandtwice,
theoccupationalunemploymentratelaggedonceinteractedwithageandedu-
cationofthehouseholdhead, theoccupationalunemploymentratelaggedtwice
interactedwithageandeducationofthehouseholdhead, theindustryunem-
ploymentratelaggedonceinteractedwithageandeducationofthehousehold
headandtheindustryunemploymentratelaggedtwiceinteractedwithageand
educationofthehouseholdhead. T hethirdinstrumentsetcontainsnineinstru-
ments: itincludesfamilysizeinperiodstandt¡1 , aconstant, therisklessand
riskyrates ofreturnlaggedonce, theoccupationalunemploymentratelagged
once, theoccupationalunemploymentratelaggedonceinteractedwithageand
educationofthehouseholdhead, theindustryunemploymentratelaggedonce
andtheindustryunemploymentratelaggedonceinteractedwithageanded-
ucationofthehouseholdhead. T hefourthand…fthinstrumentsets areused
toinvestigatetherobustnessofestimationandtestresultsw.r.t. theinclusion
ofpreferenceshifters. B othincludeeleveninstruments: thenineinstruments
includedin instrumentsetthree, andthetwodemographicvariables includede
intheEulerequation. In instrumentsetfourthesedemographicvariablesare
ageand age squared. In instrumentset…vethedemographicvariables are
educationandeducationsquared.
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5 EmpiricalR esults
Tables 1 through9 presentresultsobtainedusingthe…vedi¤erentinstrument
sets. Eachtablecontains twoparts, withthe…rstpartpresentingestimation
andtestresultsfortherisklessassetandthesecondpartpresentingestimation
andtestresultsfortheriskyasset. I …rstdiscusstheresultsintables1 through
3, whichcontainestimationandtestresultsusinginstrumentsetsone, twoand
three. SubsequentlyI discuss theresults intables 4through 9 , whichanalyze
a numberofrobustness issues, such as the speci…cation ofleisure time, the
importance oflinearization and the importance ofpreference shifters in the
Eulerequation.

Tables1, 2 and3presentestimationandtestresultsforinstrumentsetsone,
twoandthree. Instrumentsetoneintable1 contains 7 instruments, instrument
settwointable2 contains 11 instruments, andinstrumentsetthreeintable3
contains 9 instruments. Eachtablepresentsresultsforthreedi¤erentsamples:
the…rstcolumnpresentsresultsfora…rstsample, whichcontainsallhouseholds
whoful…lltheselectioncriteriaspeci…edintheA ppendix. T hisyieldsasample
withH = 3555 households. Itmustbenotedthatthepanelis unbalanced,
and thatthenumberofobservations weactually endup with in the sample
is N = 1 881 3. T hesecondcolumn in everytablepresents results forsmaller
samples: they includethosehouseholds presentinthe…rstsamplewhohave
nonzeroholdings oftheriskless assetandnonzeroholdings oftheriskyasset.
T his samplecontainsH = 740 households and N = 50 29 observations. T he
thirdcolumncontainsonlythosehouseholdswhohaveholdingsoftheriskless
and the risky assetlargerthan $1000, H = 41 3 households and N = 2990
observationsrespectively. Foreachsamplewepresentparameterestimatesand
standarderrorsfortheparametersbasedontheutilityspeci…cation(1), aswell
astheimpliedpointestimatesoftheparametersinutilityspeci…cation(7 )that
canbederivedbyusingµ=Ã + · and ° =Ã=µ.

A …rstimportantobservation intable1A is thattheresults in columns 2
and3areremarkablysimilar. T heestimates ofthediscountrate¯ are0.824
and 0.823, respectively, which are intuitively plausiblemagnitudes. Forthe
optimization problem understudy tobewellde…ned, the estimateofÃ ¡1
hastobenegative. T his isthecaseinbothsamplesandtheestimatesarenot
verydi¤erent. N otethatwedonotinvestigatetheconsumer’s decisionwith
respecttoleisure, and thereforewedonotneed the estimate of· to imply
concavity inorderfortheseestimates tomakesense. H owever, theestimates
of· of-1.363and-1.602 wouldguaranteethatweweredealingwithaconcave
problem, ifweweretoanalyzeleisurechoice. N otealsothattheestimatesof
¼ 1 and ¼2, indicatingthe importanceoffamily size, havetheexpected sign.
Finally, thesigni…cancelevelfortheJstatistics indicates thatthestatistical
evidenceagainstthetheoryis notverystrong. Finally, eachcolumnlists the
implicationoftheestimates ofÃ and · fortheparameters ° and µ in utility
speci…cation(7 ). W eobtainestimatesof° of0.353and0.364incolumns2 and
3respectivelyandestimatesofµof-2.109 and-2.520 respectively. T heestimate
for° isveryclosetothecalibrated1/3…rstproposedbyKydlandandPrescott
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andcommonlyusedintherealbusinesscycleliterature. H owever, thevaluefor
µ, whichdeterminestherateofrelativeriskaversion, isverydi¤erentfrom the
parametervaluesusedinmanysimulationstudies.

Ifcornersolutionsareimportant, onewouldexpecttheestimatesincolumn
1 todi¤erfromthoseincolumns2 and3. A …rstobservationisthatthediscount
rate¯ incolumn1 issigni…cantlylowerthantheestimatesreportedincolumns
2 and3. H owever, mostimportantly, whereas theestimateofÃ is alsoquite
di¤erent, thesignof· isdi¤erentfromthatoftheestimatesincolumns2 and3,
eventhoughtheparameterisfairlypreciselyestimated. Itmustbeemphasized
thatthis is notnecessarily a problem, becausewe are notanalyzingleisure
choice, butifweobtainedasimilarestimatefrom the…rstorderconditionfor
leisureitwould indicatethatouroptimizationproblem was notwellde…ned.
Itisperhapsmoreintuitivelyappealingtoinvestigatetheimplicationsofthese
parameterestimates forthe values ofthe parameters ° and µ in the utility
speci…cation (7 ). W e seethattheweightplacedon consumption ° is 0.09 7 ,
much smallerthan in columns 2 and 3. M oreover, theparameterµ, which
determinestherateofrelativeriskaversion, hasthewrongsign. Insummary, the
parameterestimatesforthelargesampleseemmuchlessplausiblethatthosefor
thesmallersamples, whichisreinforcedbytheobservationthattheparameters
¼ 1 and¼2 alsohavethewrongsign. A …nalimportantobservationisthatthe
teststatisticindicateslittleevidenceagainstthetheoreticalspeci…cation. T his
isproblematic, becausewedonotexpectthetheorytoholdforhouseholdswho
areatcorners andtheparameterestimates indicatethe importanceofthese
cornersolutions. Itmustthereforebeconcludedthattheinterpretationofthese
teststatistics is likelytobeproblematicinthiscontext.

Table1B presentsestimationandtestresultsfortheEulerequationassoci-
atedwiththeriskyasset, obtainedusinginstrumentset1. T hemostimportant
observation is thatestimation andtestresults largelycon…rm theresults re-
ported intable1A . Parameterestimates in columns 2 and3aredramatically
di¤erentfrom thoseincolumn1. O nceagain, theparameterestimatefor· in
column1 wouldplaceusinthenonconcaveregionoftheparameterspaceifwe
weretoanalyzetheoptimalleisuredecision. W hereasparameterestimatesfor
¼ 1 and ¼2 havetheexpectedsign incolumns 2 and3, theydonotincolumn
1. In terms ofthe implied pointestimates forparameters ° and µ in utility
speci…cation(7 ), theestimates incolumn1 implyanegativeweightonleisure
(° =¡0 :0 27) andagaintheparameterµ hasthewrongsign. W hencomparing
theestimatesofandincolumns2 and3withthoseintable1A , itmustbenoted
thattheweight° onconsumptionishigherandthatriskaversionishighertoo.
Finally, teststatistics in columns 2 and3 indicatemoreevidenceagainstthe
modelas comparedtothoseintable1A , buttheteststatisticincolumn1 of
table1A isagainsurprisinglylow.

T heresults in tables 2 and 3 investigatethe robustness ofthe results in
table 1 w.r.t. thechoiceofthe instrumentset. Itis clearthatmostofthe
results obtained in table 1 arevery robust. First, estimates forÃ and · in
tables 2 and3 situateus intheconcaveregionoftheparameterspace, evenif
wewereanalyzingleisurechoice. T heimpliedvaluesof° andµarefairlyrobust
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across estimationexercises, eventhough itmustbenotedthatthevalues for
° obtained intable2A (0.17 4 and0.137 ) aremuchlowerthanthoseobtained
in theothertables. Finally, in alltables theestimates of· in column 1 are
implausible, leadingtoimplausiblevaluesof° andµ. W hereastheestimatesof
¼ 1and¼2 havetheexpectedsigninallinstancesincolumns2 and3, thisisnever
thecaseincolumn1. O neaspectoftheresults thatis notnecessarilyrobust
is the signi…cance levels oftheteststatistics. W hereas weobtain statistical
nonrejections in many cases, there are severalexceptions. A lso, the …nding
from table1 thatteststatisticsarelowerincolumn1 isnotalwayscon…rmed.
T heseresults areindicativeoftheresults forthelargenumberofinstrument
setsthatI haveinvestigatedandthatarenotreported: parameterestimatesare
veryrobust, teststatisticsarenot.

Itis instructiveatthis pointtorelatetheseparameterestimates andtest
statistics totheresults forthetime separableconstantrelativeriskaversion
(T S-CR R A ) speci…cationstudiedinJacobs (19 9 9 ). T herearesomeinteresting
parallels. First, thedi¤erencesbetweentheparameterestimatesobtainedfrom
theEulerequation fortheriskless andtherisky assetare in acertain sense
similartotheonesinJacobs(19 9 9 ). Forexample, theestimatesofthediscount
rate ¯ obtainedfrom theEulerequation fortheriskyassetin Jacobs (19 9 9 )
arealsosmallerthanthoseobtainedfrom theEulerequation fortheriskless
asset. Second, ifoneinterprets 1 ¡µ astherateofrelativeriskaversionforthe
compositegoodas inKydlandand Prescott(19 82), thenthe…ndingthatthe
rateofriskaversionis largerwhenestimatingtheEulerequationfortherisky
assetalsoobtainsinJacobs(19 9 9 ). H owever, therearemarkeddi¤erenceswhen
estimatingnonseparablepreferences. First, thediscountrate¯ estimatedinthis
studyisalmostalwayslowerthantheoneestimatedinJacobs(19 9 9 ). Second,
theteststatisticsinthisstudyaremarkedlylowerthanthoseinJacobs(19 9 9 ). It
mustofcourseberememberedthatweknowverylittleabouttheperformance
ofthese teststatistics in smallsamples in apaneldatacontext. H owever,
systematicoverrejections orunderrejections areequallylikelytoin‡uencethe
results in a similarfashion in Jacobs (19 9 9 ). T he results therefore suggest
thatleisure is an importantdeterminantin theutilityfunction, aconclusion
which is ofcourse reinforced by the …ndingthattheparameter· is usually
signi…cantlyestimatedincolumns2 and3ofthetables. T hird, estimationand
testresults in Jacobs (19 9 9 ) donotvarymarkedly across di¤erentcolumns,
seeminglyimplyingthatcornersolutionsarenotveryimportant. W hentaking
thepresenceofleisureintheutilityfunctionintoaccount, theresultsintables1
through3clearlyshowthatcornersolutionsarecriticallyimportantandcause
signi…cantbiases inestimatedparameters.

6 Robustness
Inspectionoftables1 through3revealedthatestimationresultsarerobustwith
respecttothechoiceofinstrumentset. Inthissectionweinvestigaterobustness
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ofestimationandtestresults inotherdimensions. T heunifyingthemeofthis
sectionisthattheresultsarenotrobusttoanumberofimportantassumptions.

T he …rst issuewe investigate is the speci…cation ofleisure time. T here
is acertainarbitrariness thatenters thesetup, becausewehavetoconstruct
theleisuretimethatenters theutilityfunction from availabledataon hours
worked, . T heresults in tables 1 through 3 areobtainedbyspecifyingtotal
timeavailabletotheconsumerin theyearas 5840 hours (16hours perday
multipliedby365). L eisuretimeisthencomputedas5840 hoursminushoursof
workreportedforthatyear. T hisconstructionfollowstheworkofEH S (19 88)
and M R S (19 85). H owever, onecanalsojustifyincludingsleepingtimeinthe
availableleisuretime, orspecifyingthatan individualhas less than 16hours
availableeverydaytodividebetweenconsumptionandleisure. Toinvestigate
thedependenceofparameterestimatesandteststatisticsonthisconstruction,
table 4 presents results obtained usingthe second instrumentset, wherethe
totaltimeendowmentforayearis setat8 7 60 hours (24 hours x365 days).
W hen comparingthe results totable 2, itis clearthatthemain impactof
thischangeisthattheestimatedabsolutevalueoftheparameter· islargerin
columns2 and3. A saconsequencetheimpliedpointestimatesof° andµ inthe
utilityspeci…cation(7 ) aredi¤erentfrom theones intable2: ° is smallerand
therateofriskaversion µ is muchlarger. T hereis asecondandless obvious
di¤erencewhich is nevertheless interesting. T he impactofthechange in the
speci…cation ofleisuretimeon theresults in column 1 is largerthan on the
results incolumns 2 and3. Fortheresults intable4A (therisklessasset), not
onlyis theestimate· ofverydi¤erentfrom theoneintable2A , butalsothe
estimateofÃ . M oreover, theteststatisticismuchhigher. T his suggests that
theeconometricanalysisoftheresults incolumn1 is perhapslessrobustthan
theoneforthesamplesthatcontainonlyhouseholdsatinteriorconditions.

Table5 investigateshowestimationandtestresultsarea¤ectedbyestimat-
inglinearizations oftheoriginalnonlinearEulerequations. Strictlyspeaking
this is notan investigation oftherobustness oftheresults listed in tables 1
through3, becausewedonotrelaxanyoftheassumptionsusedtoobtainthose
results;onthecontrary, toanalyzethelinearizationsonehastomakeadditional
assumptions. A limitedanalysisoftheselinearizedequations isneverthelessof
interestforseveralreasons. First, manyavailablestudies intheconsumption,
savings andlaboreconomics literaturethatusepaneldataanalyzelinearized
Eulerequations.12 A lso, tothebestofmyknowledge, analysis oflinearized
EulerequationshasonlybeenperformedfortheEulerequationassociatedwith
theriskless asset. G iventhatestimationandtestresults intables 1, 2 and3
di¤erbetweentherikless andtheriskyasset, itis worth investigatingifthis
is alsothecasewhen analyzingtheselinearized equations. Finally, itis well
knownthatmeasurementerrorproblems canbesolved inalinearcontextby
anappropriatechoiceofinstruments. W henestimatingnonlinearEulerequa-
tions, dealingwithmeasurementerrorproblems ismuchmoreproblematic. To

12 Itiswellknownthatestimationandtestresultsfortheseanalysescandi¤ erdramatically
dependentonthesampleunderinvestigation, andthereforeitisdi¢culttocomparetheresults
in tables 1 through3withexistingparameterestimates.
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someextent, analysis ofthelinearizedEulerequations canthereforebeinter-
pretedas ananalysis ofrobustness ofthenonlinearanalysis tomeasurement
errorproblems.13

Table 5A presents estimation and testresults forthe linearization ofthe
Eulerequation(9 )associatedwiththerisklessasset, obtainedusinginstrument
setthree. Comparingtheresults tothoseintable3A , itisclearthattheyare
dramaticallydi¤erent. First, theteststatistics indicatedramaticallystronger
evidenceagainstthemodel. Second, whenusingtheestimatesof!2 and!3 to
deriveimpliedparameters Ã and ·, itis clearthattheabsolutevalueofboth
parameters is muchlargerincolumns 2 and3 intable 5A comparedtotable
3A . Translatingtheseparameterstothemoreintuitivelyappealingparameters
° and µ ofutilityspeci…cation(7 ), itis seenthattheshareofconsumptionin
theutility function is roughlycomparabletotheoneestimated in table3A .
H owever, theparameterµ, whichindicatesahigherrateofrelativeriskaversion
isdramaticallyhigher. A thirdinterestingobservationisthattheimpliedesti-
mates oftheparameters ° and µ incolumn1 aremuchmoresimilartothose
incolumns2 and3thanisthecaseintable3A . A lso, theestimatesfor¼1 and
¼2 incolumn1 havetheexpectedsign, justas incolumns 2 and3. Table5B
providesasimilaranalysisfortheriskyasset. T hesameobservationsasintable
5A apply. Interestingly, itisalsothecasethattheestimatesfortheparameter
ofrelativeriskaversionaremuchlargerthanthoseobtainedintable5A , justas
theestimatesobtainedintable3B arehigherthanthoseobtainedintable3A .

A …nalimportantrobustnessanalysisisperformedwithrespecttotheinclu-
sionofdemographicsintheEulerequation. M ostoftheliteratureonconsump-
tion, savingsandlaboreconomicsestimates (linearizationsof) Eulerequations
ordemandsystemsbyconditioningonanumberofdemographicvariables(pref-
erenceshifters)suchasage, education, maritalstatus, raceandothers(seetable
5.1. inBrowningandL usardi (19 9 6)). M otivationforsuchanalysesseemsobvi-
ous, forinstancebyplottingconsumptionoverthelifecycleasafunctionofage.
H owever, onceoneconsidersnonseparablepreferencesitisclearthatsuchtech-
niquesmaybemisleadingbecauseothercomponentsoftheutilityfunctionmay
changetoo. Forinstance, as peoplegetoldertheymayconsumeless butstill
con…rm tointertemporaloptimizationtheorybecausetheyenjoymoreleisure.
Exactlyhowmuchmoreleisuretheyhavetoenjoytomakethetheoryworkis
anopenquestion, becauseitdeterminesontheparameterizationoftheutility
function, whichshouldbedeterminedfrom thedatainthe…rstplace. Itcould

13Itisclearthoughthatthis interpretationispotentiallytroublesome: ifonecaninvestigate
therobustnesstomeasurementerrorbyinvestigatinglinearizations, therewouldbenomotiva-
tionforinvestigatingthenonlinearEulerequations inthe…rstplace. Justastherearecoststo
analyzingthenonlinearequations (higherprobabilityofmeasurementerrorproblems), there
arecosts toanalyzingthelinearizedequations (is thelinearizationvalid?). M oreover, thereis
noevidence indicatingthatlinearization solves allpotentialmeasurementerrorproblems in
this context, northatmeasurementerrorstronglybiasesparameterestimatesforthisparticu-
larestimationproblem. T heonlythingweknowforsureis thatmeasurementerrorproblems
are potentially serious in these datasets (see A ltonji (19 86) and A ltonji and Siow (19 8 7 ))
and thatthe e¤ects ofthese errors are much more likely tocause problems in a nonlinear
environment.
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thenbethecasethatageenters signi…cantlyintheutilityfunctionbecauseit
proxiesforleisure, withwhichitishighlycorrelated. T herefore, hispapertakes
adi¤erentapproachfrommuchoftheliteratureby…rstinvestigatingthetheory
withoutpreferenceshifters included, andthen investigatingtherobustness of
theresults totheinclusionofdemographics. O urresults showthatthis may
beaworthwhileapproach, as theinclusionofdemographics canseriouslybias
estimationandtestresults.

Table6presentsresultsfortheEulerequationsaugmentedwithtworegres-
sors: theageofthehouseholdheadandtheageofthehouseholdheadsquared.
Table7 augmentstheEulerequationswiththeeducationofthehouseholdhead
andtheeducationofthehouseholdheadsquared. Inbothcasestheinstrument
setusedis instrumentsetthreeaugmentedwithbothregressors;theseinstru-
mentsetsarereferredtoasinstrumentsetsfourand…ve, respectively. Table6A
presentsresultsusinginstrumentsetfourfortheEulerequationassociatedwith
therisklessasset. Comparingtheresultstotable3A , itisclearthatthepoint
estimatesofÃ and· areverydi¤erent. Translatingthis intotheparameters °
andµ , itisseenthattheshareofleisureisverysmallincolumn2 andnegative
incolumn3. T heestimates incolumn1 arenotverydi¤erentfromtheones in
table3A , buttheywerenotintuitivelyplausibletostartwith. W hydothese
di¤erences occur? A serious problem withtheestimates incolumn2 and3 is
thattheparameter· is estimatedveryimprecisely. Furtherinspectionshows
thatd1 andd2 arealsoveryimpreciselyestimated.14 A lso, theparameters ¼1
and ¼2 aremoreimpreciselyestimatedthan intable3A andtheydi¤ermore
betweencolumns2 and3thanisthecaseintable3A .Itcanthereforebeargued
thatthepointestimatesforÃ and· andtheresultingpointestimatesfor° and
µ havetobeinterpretedwithcaution. Itistemptingtoconcludethatalikely
reasonfortheseimpreciseestimatesisthatageandleisurearehighlycorrelated.
H owever, comparisonoftables6B and3B showsthattheproblem ismorecom-
plex: whenanalyzingtheEulerequationfortheriskyasset, includingageand
agesquaredintheEulerequationdoesnotsigni…cantlybiastheestimatesofÃ
and·. T hisis interestingbecausejustasintable6A , theparametersd1 , d2, ¼1
and¼2 arenotverypreciselyestimated.

Inspectionoftable7 neverthelessshowsthatthepropertiesoftheagevari-
ablearepartoftheproblem. W henincludingeducationandeducationsquared
intheEulerequation, pointestimatesofÃ and·, andresultingpointestimates
of° andµarenotdramaticallya¤ected. T his…ndingcanpartiallybeexplained
bythefactthattheparameter· is estimatedwithsimilarstandarderrorsas
intable3. N evertheless, itmustonceagainbenoticedthattheparametersd1
andd2 areveryimpreciselyestimatedandthattheJstatisticsintable7 arein
manycaseshigherthanthecorrespondingones intable3.

T he…nalquestionaddressediswhethertheproblemswithestimatingutility
parameters inthepresenceofpreferenceshiftersarespeci…ctotheanalysis of
nonlinearEulerequations. A fterall, almostallavailablestudiesestimateprefer-

14T his …ndings is notduetothe inclusionoftoomanyregressors. Identicalresults obtain
whenonlyageandnotagesquared is included intheregression.
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enceparametersinthepresenceofpreferenceshiftersfromlinearizedequations.
B ecausethesestudiestypicallyreportestimatesinthepresenceofdi¤erentsets
ofpreferenceshifters, butnotwhileexcludingpreferenceshifters, itisdi¢cult
toverifyfrom thosestudieswhethertheyalsoincursimilardi¢culties. Tables
8 and 9 investigatethis issuebyincludingageandagesquaredandeducation
andeducationsquaredrespectivelyinthelinearizedEulerequations. Toensure
thattheresults arecomparablewiththoseforthenonlinearEulerequations,
theinstrumentsetsusedarethesame, namelyinstrumentsetthreeaugmented
withtheregressors. T heseinstrumentsetsarereferredtoas instrumentsets4
and5 respectively. Table8A showsthatjustasinthenonlinearcase, problems
occurwhen includingtheagevariables in theEulerequationassociatedwith
theriskless asset. T heparameter!3 is veryimpreciselyestimatedandthere-
sultingpointestimates forarenotintuitivelyplausible. Table8B shows that
problemsalsoobtainwhenanalyzingtheEulerequationfortheriskyasset, but
theyareless serious, justas inthenonlinearcase. Finally, table9 showsthat
theproblems aremuchless serious when includingtheeducationvariables in
theEulerequationaspreferenceshifters.

7 ComparisonW ithExistingL iterature
T his sectionpresentsadiscussionoftherelevanceoftheparameterestimates
obtainedinsections5 and6fortheexistingliterature. First, theimplications
fordynamicmacroeconomics arediscussed, withparticularattentiontothose
studiesthatemploythemethodologyinKydlandandPrescott(19 82), anduse
parameterestimatesasinputsintothemodel. Itisclearthatalloftheestimates
oftheparameterµ incolumns2 and3oftables1,2 and3falloutsidetherange
ofparametervaluesusedbyKydlandandPrescott(-1, -0.5 and-0.1). Itmay
bearguedthatthedi¤erenceswiththeparameterrangeobtained intables 1,
2 and 3 (from -1.9 80 to -4.515) are insigni…cant. Indeed, when interpreting
1 ¡µ astherateofrelativeriskaversion, itisclearthatthedi¤erencesbetween
theparameterestimatesinthispaperandsomeoftheparametersestimatedor
proposedintherepresentativeagentliteraturearesmall. H owever, bythevery
natureofthesemodelsandthemethodologyused, itisoftennotclearhoweven
modestchanges inparametervalues in‡uencetheresults.

M anyofthestudies inthe”realbusiness cycle” literatureandindynamic
macroeconomics ingeneralusethepreferencespeci…cation(7 ) ofKydlandand
Prescott(19 82) andseveralstudies usesimilarparameterestimates. Forin-
stance, B ackus, Kehoeand Kydland (19 9 2) use µ = ¡1 : A notherpotential
problem formanystudies in this literatureis thatseveralauthors usealoga-
rithmicpreferencespeci…cation, whichmaintainsadditiveseparabilitybetween
consumptionandleisure(e.g. seeChristianoandEichenbaum (19 9 2)). Itis
clearfrominspectingthestandarderroron· intables1 through3thatthedata
donotsupportthishypothesis. M oreprecisely, thelogarithmicutilityfunction
used in those studies can beformulatedas aspecialcaseof(7 ) with µ = 0 :
T his hypothesis cannotbetestedusingthetables becauseweonlyreporton
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thepointestimatesof° andµ thatareimpliedbythepreferencespeci…cation
(1). H owever, foralimitednumberofspeci…cationswerepeatedtheestimation
using(7 ). W hereas ° is sometimes impreciselyestimated, estimates forµ are
alwayshighlysigni…cant. O ur…ndingsthereforeindicatethatthelogarithmic
speci…cationusedinseveralstudies isnotsupportedbythedata.

T heparameterestimatesandteststatisticsreportedinthispaperhave
importantimplicationsforfortheassetpricingliterature, yettheydonotallow
forade…nitiveconclusiononthis topic. FollowingtheworkofL ucas (19 7 8)
andBreeden(19 7 9 ), avoluminousliteraturehasinvestigatedtheempiricalper-
formanceofconsumption-basedassetpricingmodels, …rstusingaT S-CR R A
speci…cation(seeH ansenandSingleton(19 82,19 83,19 84), M ehraandPrescott
(19 85) and G rossman, M elinoand Shiller(19 8 7 )), and laterusingmoregen-
eraltime-nonseparablespeci…cations(seeA bel(19 9 0), CampbellandCochrane
(19 9 5), Constantinides (19 9 0), H eaton (19 9 5)). T he implication ofoures-
timates forthese studies, which all(implicitly) assume additive separability
between consumption and leisure, seems tobethatsincetheparameter· is
signi…cantlydi¤erentfrom zero, testresultsinthosepapersareseverelybiased.
T hisconclusionisreinforcedbythe…ndingthattheteststatisticsinthispaper
are lowerthan thecorrespondingones in Jacobs (19 9 9 ). H owever, whereas
therepresentativeagentliterature attaches greatimportance tothis type of
teststatistics (seeH ansenand Singleton(19 82) andEpsteinand Z in (19 9 1)),
recentlyattention has been focusedononeparticulardimensionofthedata,
theso-called”unconditionalrestrictions” ofthemodel. T hisdimensionofthe
modeliscloselyassociatedwiththesocalledassetpricingpuzzles, suchasthe
equitypremium puzzleandtheriskfreeratepuzzle.15 T hequestion is there-
foretowhatextentthestatisticallysigni…cantpresenceofleisureintheutility
functiontranslates intodi¤erentpropertiesofthemodelinthedimensionthat
mattersforassetpricingpuzzles.

T his questioncannotbereadilyansweredusingthetestresults inthis pa-
per.16 H owever, attheveryleast, thestatisticallysigni…cantand intuitively

15B ecause toacertain extentthis terminology is amisnomer, itis instructivetoindicate
exactlywhatis meantwith unconditionalinformation. In a G M M setup suchas theone in
this paper, this information can be thoughtofas exploitingthe orthogonality between the
Eulerequation errorand aconstant. In contrast, the estimation and testingin this paper
exploits orthogonality between theEulerequation and aconstantas wellas othervariables
in theagent’s information set. T oappreciatethatthis di¤erencecan be important, with a
T S-CR R A speci…cation unconditionalinformation yields large estimates ofthe rate ofrisk
aversion, whereas conditional information such as the one used in this paperyields much
smallerestimates (see H ansen and Singleton (19 82, 19 83) and G rossman, M elinoandShiller
(19 8 7 )).

16Fornonseparablepreferencessuchatestisless straightforwardthanintheseparablecase.
In the T S-CR R A case, one can simply use the orthogonality condition associated with the
riskless assetandaconstantand theorthogonality condition associatedwith therisky asset
andaconstanttodeterminethetwoparametersofinterest, thediscountrateandtherateof
relative riskaversion. In thenonseparable caseweneed todeterminethreeparameters, so
weneed toadd anorthogonality condition involvingathird asset. Ifoneadds athird asset
thathas di¤erenttimeseries properties from theriskless andrisky asset, thedangeris that
testresults willbe impacted by the choice ofthis asset. T he bestsolution is probably to
workwiththerisklessassetandtworiskyassetswithproperties similartothemarketreturn.
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plausiblevaluesof· suggestthatnonseparableutilityfunctionsareworthlook-
ingintotosolveassetpricingpuzzles. A lso, itwasmentionedpreviouslythat
therepresentativeagent…nanceliteraturehasnotfocusedonleisureintheutil-
ityfunctionbecauseaggregateleisureis toosmoothtosigni…cantlya¤ectthe
intertemporalrateofsubstitution, eventhoughitenterstheutilityfunctionsig-
ni…cantlywhenestimatingEulerequationsforaggregatedata(SeeEH S (19 88)).
U nlikeaggregateleisure, householdleisure is veryvariableovertime. T hese
…ndings, togetherwiththoseofJagannathanandW ang(19 9 5), whoshowthat
humancapitalvariablescanplayanimportantroleincross-sectionalassetpric-
ing, suggestthatnonseparableutilityfunctionsareworthlookingintotosolve
assetpricingpuzzles.

A comparisonwithavailableestimatesofpreferenceparameters intherep-
resentativeagentliteraturealsoshowsthatrelaxingtheassumptionsnecessary
foraggregationmaychangetheroleofleisureinassetpricingmodels. M R S
(19 85)andEH S (19 88)providearepresentativeagentanalysisofnonlinearEu-
lerequations.17 H owever, theirsetup di¤ers from ours in severalrespects.
First, bothstudiesuseinformationfrom the…rstorderconditionforleisureas
wellasthe…rstorderconditionforconsumption. Second, whereasM R S (19 85)
studytime-separablepreferences, EH S (19 88)exclusivelystudypreferenceswith
time-nonseparabilitiesmodeledasinKydlandandPrescott(19 82). Conditional
ontheseinterpretationaldi¢culties, thedi¤erencesbetweenestimates inthose
studiesandoursarestriking. W henM R S (19 85) exclusivelyusetheintertem-
poraloptimalityconditionandthe…rstorderconditionwrtconsumption, they
donotobtainstatisticallysigni…cantparameterestimates. Perhapsunsurpris-
ingly, estimationresultsarealsonotrobust. T hiscontrastswiththeestimates
obtainedbyEH S. T heyreporttwoestimates ofµ;0.85 and 0.8 respectively
(theirthirdestimateof-0.16isobtainedafteradjustingfortaxes). W hilethese
estimatesareintheconcaveregionoftheparameterspace, theimpliedvalueof
therateofrelativeriskaversionismuchlowerthantheoneobtainedinthispa-
per. A lso, EH S’sestimateoftheshareparameter° isaround0.15, muchlower
thanours. B esidestheobviousremarkthatthisestimatemaybestronglyaf-
fectedbythetime-nonseparabilities inleisure, itmustalsoagainbenotedthat
this estimate is a¤ectedbythede…nition oftotalavailabletime. U singthe
alternativede…nitionofleisuretimeintable4, ourestimatesaremuchcloserto
thoseofEH S (19 88). EH S alsonote(19 88, p.67 )thatchangesintheirde…nition
ofleisuretimecouldbringtheirestimatesmoreinlinewithourestimate(and

A notherpossibleapproach, followingH ansenandJagannathan(19 9 1), is toevaluatethetwo
orthogonalityconditions obtainedbycombiningEulerequations (3) and (4) with aconstant
fordi¤ erentvaluesof¯;· andÃ : T hequestion isthenifgiventhedata, wecan…ndsolutions
fortheEulerequations forapriori plausiblevaluesofthebehavioralparameters.

1 7 N ote again that for this discussion studies are gouped togethermainly according to
methodology. T hestudies by M R S (19 8 5) andEH S (19 8 8 ) are intimatelyrelatedtoandmo-
tivatedbythe”realbusiness cycle” methodologypioneeredbyKydlandandP rescott(19 82).
H owever, because they provide tests ofEulerequations they are intimately related to the
assetpricingtestsofH ansenandSingleton(19 82) andforthatreasontheyarediscussedhere.
T his goes toproveonceagainthattheresults inthis paperareofinterestin severalresearch
…elds, butthese…elds are intimatelyconnected.
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KydlandandPrescott’s(19 82) calibratedvalue).
Finally, estimatesoftheparameters Ã and · obtained intables 1 through

3 areofinteresttotheconsumption and laborsupply literature. T heesti-
mates areofinteresttotheconsumptionliteraturebecauseofseveralreasons:
…rst, in theconsumption literaturemanytests areconstructedusingadditive
separability. T hestatisticallysigni…cantestimatesof· intables 1 through3
showthatthisassumptionisnotsupportedbythedata. Second, theestimate
of!2 =¡1 =(Ã ¡1 )in (10) is ofinterestbecause itis therateofintertem-
poralsubstitution inconsumption. B ecauseourestimates ofÃ in columns 2
and3 oftables 1 through3 arebetween -1.347 and -2.7 49 , ourresults imply
arateofintertemporalsubstitutionofconsumptionbetween0.266and0.426.
Itisnotstraightforwardtocomparethesepointestimatestotheonesthatare
availableintheliterature, becauseawiderangeofparameterestimates have
beenreported inexistingresearch. A nothercaveatis thatmostavailablees-
timatesoftherateofintertemporalsubstitution inconsumptionareobtained
usinganadditivelyseparablespeci…cationwhichis T S-CR R A inconsumption.
Inthiscontexttheintertemporalrateofsubstitutioninconsumptionis simply
onedividedbytherateofriskaversion. Intherepresentativeagentliterature,
moststudies pointtowards averylargerateofriskaversion andthereforea
smallintertemporalelasticity(e.g. seeH all(19 88), M ehraandPrescott(19 85)
andH ansenandJagannathan(19 9 1)). T heexceptionistheevidenceinH ansen
andSingleton(19 82, 19 83): whenusingconditionalinformation, theirestimates
oftheintertemporalsubstitutionelasticityareinlinewithours. Inthepanel
dataliterature, underadditiveseparabilitydi¤erentstudieshavereportedawide
rangeofpointestimates. Z eldes(19 89 ) reportsestimatesinlinewiththesmall
elasticities intherepresentativeagentliterature. T heresults inR unkle(19 9 1)
andKeaneandR unkle(19 9 2) arelarger, butsmallerthantheestimatesinthis
paper. A ttanasioand W eber(19 9 5), usingsyntheticcohorts, from theCEX
…ndsmallelasticitiesandA ttanasioandBrowning(19 9 5)usingBritishdata…nd
awidevarietyofestimates. Intherepresentativeagentliteraturethatinvesti-
gatesnonseparablepreferences, thestudybyEH S (19 88) isanaturalreference
point, becausetheresults inM R S (19 85) arenotveryrobust. T heirestimates
oftheintertemporalrateofelasticityareactuallylargerthanours. A ltonji and
H am (19 9 0) presentpaneldataevidenceundernonseparabilities andalso…nd
smallelasticities.

Itis nottheobjectiveofthis papertoattempttoreconcilethesedi¤erent
estimates. T hey aredetermined, amongotherthings, by di¤erences in data
selectionandeconometricmethodology. H owever, comparisonofthenonlinear
results in table 3A and the estimation results forthe linearized equation in
table5A suggestsonepotentialexplanatoryfactor. manyelasticitiesestimated
inthepaneldataliteratureareestimatedusinglineraizedEulerequations, and
theyarefarmoreinlinewiththeresults intable5A thanwiththoseintable
3A . W hereas theexistingliteraturedoes notinvestigatetheEulerequation
associatedwiththeriskyasset, inspectionoftheresults in table5B indicates
intertemporalsubstitution elasticities even smallerthan theones reported in
existingliteraturewhenusingtherisklessasset.
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H owdothe results in tables 1 through 3 re‡ecton the laboreconomics
literature? A s outlinedpreviously, theintertemporalelasticityoflaborsupply
can becomputed as¡1 =(· ¡1 ): G iven thattheestimates of· in columns
2 and3 oftables 1 through3 arebetween -1.267 and -3.188, this implies an
elasticity ofsubstitution between 0.238 and 0.441. T his rangeofestimates
is higherthanmostestimatesavailableinthelaborsupplyliterature. T his is
ofcriticalimportancebecausethelowestimates inthelaborsupplyliterature
have traditionally been invoked toargue thatintertemporalmodels did not
standachancetoexplainthedata.18 T hereareseveralpotentialexplanations
forthis di¤erencebetweenourestimatesandthoseavailableintheliterature.
First, note thatonce again the de…nition ofleisure plays a role. Table 4,
withthealternativede…nitionofleisurehasestimatesof· of-5.661 and-4.48 7
respectively, whichleadstolowerelasticityestimates. H owever, onceagain, a
morestrikingdi¤erenceobtainswhenweinvestigatelinearizationsoftheEuler
equations in table 5. In table 5A , wherewe investigatetheEulerequation
associated with the riskless asset, the estimates of· imply estimates ofthe
substitutionelasticityofapproximately0.1, moreinlinewithestimates inthe
literature. Intable5B impliedvaluesofthesubstitutionelasticityareactually
muchsmallerthanmostestimatesavailableintheliterature! (N oteagainthat
theEulerequationsassociatedwiththeriskyassetarenotinvestigatedinthe
laborsupplyliterature). Itthereforeseemsthatsomeofthedi¤erencesbetween
theestimates inthis paperandthoseintheliteratureseem tobedetermined
bythedi¤erenceinestimationmethodology(linearizedversusnonlinearEuler
equation), andnotbywhich…rstorderconditionisbeingstudied(consumption
versusleisure).

Finally, whatis theroleofpreferenceshifters? A smentioned in Section6,
forsomeEulerequationsthepresenceofpreferenceshiftersyieldsimprecisepa-
rameterestimates. Forthosethatareestimatedprecisely, theimpliedestimate
oftheparameter· andÃ intables6and7 arenottoomucha¤ected. T hesame
conslusionholdsfortheestimatesofthelinearizedEulerequations intables 8
and9 . T hedi¤erencesinintertemporalelasticitieswiththeexistingliterature
arethereforemostlikelynotduetothericharrayofpreferenceshiftersthatis
estimatedinmanyavailablestudies.

8 Conclusion
T his paperestimates andtests nonlinearintertemporalEulerequations using
apreferencespeci…cationthatis nonseparableinconsumptionandleisure. It
…nds thatforsamples thatonlycontain households atinteriorsolutions, pa-
rameterestimatesareintuitivelyplausible. Parameterestimates indicatethat
theoptimizationproblemsunderstudyareconcave, whichisreassuring. Fur-
ther, forCobb-D ouglas preferences, the impliedpointestimates fortheshare

1 8 A convexi…cation argumentdevised in R ogerson (19 8 8 ) and used in H ansen (19 85) can
reconcilelowintertemporalsubstitutabilityofindividualagentswithhigh intertemporalsub-
stitutabilityoftherepresentativeagent.
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ofconsumptionintheutilityfunctionandtherateofrelativeriskaversionare
intuitivelyappealing. Forasamplethatalsocontains households atcorner
solutions, parameterestimatesarealmostalwayshardtointerpret. T his…nd-
ingindicatesthatparticipationinassetmarkets isofcriticalimportancewhen
estimatingpreferenceparameters. A s aresultstudies ofrepresentativeagent
modelsarelikelytobeseverelybiased. T his…ndingcontrastswiththe…ndings
in Jacobs (19 9 9 ), whostudies aT S-CR R A preferencespeci…cation. W hereas
estimationresultsdi¤erdependentonwhetheroneanalyzestheEulerequation
associatedwith theriskless ortheriskyasset, thesedi¤erences arerelatively
minor.

A criticaldi¤erencebetween themethodologyused in this paperandthe
approachofmostoftheexistingpaneldataliteratureis thatalmostallavail-
ablepapers investigatelinearizationsoftheoriginalnonlinearEulerequations.
Itisshownthatwheninvestigatinglinearizations, parameterestimatesaredra-
maticallydi¤erent. M ostimportantly, theimpliedrateofrelativeriskaversion
ismuchhigherthantheoneobtainedusingnonlinearanalysis. Interestingly,
this…ndingmatchesthe…ndingsofJacobs(19 9 8) foraT S-CR R A utilityfunc-
tion. Eventhoughitmaybetemptingtoconcludefromthisthatlinearization
biasesparameterestimates, this is notnecessarilythecase. A notherpossible
interpretationisthatparameterestimatesobtainedfromthenonlinearanalysis
arebiasedbecauseofmeasurementerrorproblems. A notherdi¤erencebetween
thispaperandmanyothersisthatbesidescontrolsforfamilysize, nootherpref-
erenceshiftersareincludedintheEulerequations. W henincludingpreference
shifters, itis shownthatthepresenceofagevariables in theEulerequations
leadstoimpreciseestimatesandalackofrobustnesswhenanalyzingtheEuler
equationfortherisklessasset.

B ecausepreferencespeci…cationliesatthebasisofmosteconomicanalysis,
these…ndingsareofsubstantialinterest. I discuss indetailtheimportanceof
the…ndings inthispaperforthreedi¤erentbutinterconnectedresearchareas:
1) intertemporalassetpricing;2) theliteratureon consumption, savings and
intertemporallaborsupply;and3)the”realbusinesscycle” literatureandmore
generallytheintertemporalmacroeconomics literature. Fortheassetpricing
literature, the …ndings in this papersuggestthatnonseparabilities may sub-
stantiallya¤ecttheperformanceofequilibriumassetpricingmodels. H owever,
becauseofthenatureoftherestrictionsthatareinvestigatedinthispaper, es-
timationandtestresultsdonotgiveade…nitiveanswertothepotentialofnon-
separabilitiestosolveassetpricingpuzzles, suchastheequitypremium puzzle
andtherisk-freeratepuzzle. Theresultsareofgreatinterestfortheliterature
onconsumption, savingsandintertemporallaborsupply. Firstandforemost,
theresults indicatethatmany testresults in theconsumption literatureare
invalidbecauseofaseparabilityassumption. M oreover, whenestimatingthe
intertemporalelasticity ofconsumption, ourestimates aremuch higherthan
mostoftheones available intheliterature. A similar…ndingholds forour
estimatesoftheintertemporalelasticityoflaborsupply. Itisshownthatsome
ofthelowerestimates intheliteraturemayobtainbecauseoflog-linearization,
althoughitmustbeemphasizedthatthispaperdoesnoto¤erconvincingargu-
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mentstopreferonetypeofestimationmethodovertheother. Finally, thehigh
estimatesofintertemporalsubstitutionelasticitiesareinprinciplegoodnewsfor
anextensiveliteraturewhich investigatesdynamicgeneralequilibrium models
bysimulation. H owever, ourestimates showthattheparameters calibrations
usedinmanyofthesestudiesaresubjecttocriticism. Itisdi¢culttojudgeto
whatextentthese…ndings invalidatetheconclusionreachedbythosemodels.

T hese…ndings suggestanumberofquestions andextensions. First, itis
clearthattheuseoftheP SID , whichforces ustousefoodconsumption, may
beaproblem. T heCEX o¤ersdataontotalconsumption, butisnotapanel.
Perhaps investigationofdatasets from countries otherthantheU nitedStates
willbehelpfulhere, butsuchanalysismaynotbeinstructivetoexplainphe-
nomenathatare typicaltothe U nited States, such as the lowsavings rate.
Second, someofthecomparisonsmadewithotherstudies intheliteratureare
imperfect, becausemanyexistingstudiesusetime-nonseparabilities. T hisob-
servationsuggestsananalysisofthosemoregeneralutilityfunctions. Finally,
thepatternsofthetest-statisticsaresometimesdi¢culttounderstand. A de-
tailedstudyoftheperformanceoftheteststatisticsusedhereinapaneldata
contextisdesirable.

9 A ppendix: D ataSelection

T hisappendixdescribesthedataselectionprocedureforthePanelStudyof
IncomeD ynamics (P SID ) datausedintheempiricalanalysis. I usedatafrom
theP SID fortheyears19 7 4to19 8 7 . T hedataistakenfromthe19 8 7 respondent
andnon-respondent…lesoftheP SID andincludesalldataonfamilies headed
byamale, includingsinglemales. O bservationson individuals inthepoverty
subsampleareincludedinthesampleiftheyful…ltheselectioncriteria.

T hecentralissueistheconstructionoftheconsumptionmeasure. T hemost
importantproblem isthattheP SID allowsonlytheconstructionofameasure
offoodconsumption. I thereforefollowtheexistingliteraturebyusingfood
consumptionas theconsumptionmeasure. A notherproblem is thatthis food
consumption measure is de…nedatthehousehold level, and thetheory is at
thelevelofanindividualagent. T helatterproblem is solvedbyworkingwith
household consumption and includinga function offamily size in theEuler
equation. A llconsumptionmeasures intheP SID areinnominalterms. T hey
areconvertedtorealtermsbyde‡atingbythefoodconsumptionpriceindex,
whichisobtainedfrom theEconomicR eportofthePresident.

T hemeasureofconsumption is constructedbyaggregatingi) moneyspent
onfoodinrestaurants;ii) moneyspentonfoodinthehomewhichisnotpur-
chasedwithfoodstamps;andiii) themonetaryvalueoffoodobtainedthrough
foodstamps. T heexpenditureinformationonfoodinandoutsidethehousein
interviewyeart+ 1 is interpretedasreferringtoyeart. O therauthorshaveas-
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sumedthatexpenditureonfoodconsumedinthehomeandrestaurants inyear
tisaweightedaverageoftheresponsesfrom interviewyeart+ 1 andinterview
yeart, usuallywiththerespectiveweightsbeing.7 5 and.25. Itmustbenoted
thatthisconstructionoftheconsumptionmeasureinterpretstherelevantPSID
questions as referringtoa‡owvariable, as opposedtoastockatapointin
time. T hereasonthatdi¤erentstudies havenottreatedthis informationina
consistentwayisthatthequestionsaskedarenotwithoutambiguity(SeeA ltug
andM iller(19 9 0), H allandM ishkin(19 82), M ankiwandZ eldes(19 9 1), R unkle
(19 9 1)andZ eldes(19 89 )onthisissue). Stockandbondreturnsareconstructed
tomatchtheconstructionoftheconsumptionseries.

ForeachEulerequation, resultsarereportedforthreedi¤erentsamples. A
…rstsample is the sameregardless oftheEulerequation underinvestigation
andincludesallobservationsforwhichthefollowingdataselectioncriteriaare
satis…ed:

²thehouseholdheadhastobebetween25 and60 yearsofage.

²yearlyhoursworkedbythehouseholdheadhavetobebetween100 and
4160.

²totalrealfoodconsumption in 19 8 7 dollars has tobeless than $12,000
perperson andmore than $7 20 perperson and totalrealfamily food
consumptionhastobelessthan$30,000.

²therecanbenomissingdataonthedemographicinformationusedinthe
estimationexercises. T hedi¤erentdemographicvariablesusedasregres-
sorsare: ageofthehead, ageoftheheadsquared, familysizeinperiodt,
familysizeinperiodt-1, dummiesindicatingwhethertheheadismarried
ornotinperiodstandt-1, andtheraceofthehead. A lso, theeducational
achievementofthehouseholdheadisusedasaselectioncriterionbecause
itisusedintheconstructionoftheinstrumentset. Itmustbenotedthat
someestimationexercises usingthesedemographics arenotreported in
thepaper.

T his …rstsample has 18813 observations. ForallEulerequations under
investigation, estimationandtestresults arereported fortwoothersamples,
whicharemeanttoincludeonlyhouseholds with strictlypositiveholdings of
therelevantassets. T hesamplesarecreatedbyincludingonlyhouseholdswho
statethattheyhavenonzeroholdingsoftherelevantasset, orholdings larger
than$1,000. Toselectthesehouseholds, aseriesof19 84questionsfromtheP SID
areused. T hesequestionsessentiallyaskhouseholdswhethertheyhavepositive
holdingsofarelativelyriskless and/orariskyassetatthattime. Speci…cally,
fortherisklessassetthequestions(questions# V 109 17 through# V 109 21)ask:

²”D oyou(oranyoneelseinyourfamilylivingthere) haveanymoneyin
checkingorsavingsaccounts, moneymarketfunds, certi…catesofdeposit,
governmentsavingsbonds, orTreasurybills, includingIR A ’s?”
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²ifa¢rmativeanswertoi)

²”Ifyouaddedupallsuchaccountsforallofyourfamilylivingthere, about
howmuchwouldtheyamounttorightnow?”

²iii) ifnoanswertoii)

²”W oulditamountto$10,000 ormore?” anddependentonthisanswer

²”$1,000 ormore?” or”$100,000 ormore?”
Fortheriskyasset, questions# V 109 12 through# V 109 16are:

²”D oyou(oranyoneinyourfamilylivingthere)haveanysharesofstockin
publiclyheldcorporations, mutualfunds, orinvestmenttrusts, including
stocks inIR A s?”

²ifa¢rmativeanswertoi)

²”Ifyou soldallthatandpaido¤ everythingyouowedon it, howmuch
wouldyouhave?”

²ifnoanswertoii)

²”W oulditamountto$10,000 ormore?” anddependentonthisanswer

²”$1,000 ormore?” or”$100,000 ormore?”

T hemainpurposeofusingthesequestionsisacomparisonofestimationand
testresultsbetween

thesamplethatonlyincludeshouseholdsatinteriorconditionsandthesam-
plethatalsoincludeshouseholdsatcornersolutions. T heanalysisofthesample
thatonlyincludehouseholdswithassetholdingslargerthan$1,000 isinteresting
from twoperspectives. First, this sampleis less likelytocontainclassi…cation
errors(householdsatcornersolutions), andthereforeitisinterestingtocompare
them tothesamplethatalsoincludeshouseholdsatcornersolutions. A lso, a
comparison ofestimationandtestresults betweenthedi¤erentsamples with
positiveassetholdingscanindicatewhethertheyhavedi¤erentcharacteristics.
Itmustbenotedthatthequestions listedabovealsoallowconstructionofa
sample ofhouseholds with assetholdings largerthan $10,000 and $100,000.
H owever, thesesamples arenotusedintheanalysis becausetheydonotyield
robustestimationresults.

Itmustalsobenotedthattheselectioncriterionused inthis paperis po-
tentiallyproblematic. T hemostimportantproblem isthatforeveryyearthat
ahousehold is included in the sample, itis classi…ed as an assetholderora
non-assetholderonthebasisofthis19 84question. T hismayobviouslygiverise
tomisclassi…cations. A lso, apotentialproblem withtheinterpretationofthe
results is thatthedi¤erencebetween thesecondandthe…rstsampleforthe
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analysisofagivenEulerequationisnotnecessarilytotallymadeup byhouse-
holdswhoarenon-assetholdersin19 84. A householdmaysimplynotbepresent
inthesamplein 19 84, yetbeanassetholderineveryotheryear. Foramore
detaileddiscussionofthe19 84P SID questionseeM ankiwandZ eldes(19 9 1).
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Table 1A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set one.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,-1

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.676

(0.095)

0.824

(0.093)

0.823

(0.077)

1−ψ
(Standard Deviation)

-0.428

(0.0.482)

-1.745

(0.468)

-1.602

(0.834)

κ
(Standard Deviation)

5.298

(0.586)

-1.363

(0.624)

-1.602

(0.834)

1π
(Standard Deviation)

-0.020

(0.032)

0.051

(0.035)

0.048

(0.029)

2π
(Standard Deviation)

0.024

(0.027)

-0.038

(0.027)

-0.042

(0.024)

Number of instruments

Degrees of Freedom

7

2

7

2

7

2

J statistic

(Significance Level)

0.247

(0.883)

2.066

(0.355)

1.674

(0.433)

Implied γ 0.097 0.353 0.364

Implied ϑ 5.870 -2.109 -2.520

H
N

3555
18813

740
5029

413
2990
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Table 1B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set one.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.382

(0.053)

0.560

(0.208)

0.679

(0.238)

1−ψ
(Standard Deviation)

-1.176

(0.692)

-2.724

(0.831)

-2.409

(1.086)

κ
(Standard Deviation)

6.672

(0.637)

-1.850

(0.804)

-2.199

(1.239)

1π
(Standard Deviation)

0.010

(0.087)

0.010

(0.067)

0.062

(0.055)

2π
(Standard Deviation)

0.023

(0.067)

-0.058

(0.049)

-0.050

(0.039)

Number of instruments

Degrees of Freedom

7

2

7

2

7

2

J statistic

(Significance Level)

0.451

(0.798)

6.950

(0.030)

6.831

(0.032)

Implied γ -0.027 0.482 0.390

Implied ϑ 6.496 -3.575 -3.608

H
N

3555
18813

740
5029

413
2990
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Table 2A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set two.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,1-

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.760

(0.062)

0.783

(0.085)

0.894

(0.076)

1−ψ
(Standard Deviation)

-2.770

(0.536)

-1.674

(0.495)

-1.347

(0.414)

κ
(Standard Deviation)

4.624

(0.699)

-3.188

(0.633)

-2.182

(1.101)

1π
(Standard Deviation)

-0.019

(0.029)

0.043

(0.030)

0.033

(0.025)

2π
(Standard Deviation)

0.021

(0.025)

-0.033

(0.026)

-0.035

(0.021)

Number of instruments

Degrees of Freedom

11

6

11

6

11

6

J statistic

(Significance Level)

6.509

(0.368)

2.450

(0.874)

4.561

(0.601)

Implied γ -0.620 0.174 0.137

Implied ϑ 2.854 -3.863 -2.530

H
N

3555
18813

740
5029

413
2990
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Table 2B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set two.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.536

(0.139)

0.592

(0.156)

0.649

(0.240)

1−ψ
(Standard Deviation)

-1.410

(0.762)

-2.538

(0.626)

-2.483

(1.009)

κ
(Standard Deviation)

5.181

(0.833)

-2.270

(1.213)

-3.032

(1.887)

1π
(Standard Deviation)

0.015

(0.059)

0.089

(0.053)

0.069

(0.051)

2π
(Standard Deviation)

0.009

(0.033)

-0.051

(0.043)

-0.059

(0.079)

Number of instruments

Degrees of Freedom

11

6

11

6

11

6

J statistic

(Significance Level)

15.610

(0.016)

8.605

(0.197)

19.470

(0.003)

Implied γ -0.086 0.403 0.328

Implied ϑ 4.770 -3.809 -4.515

H
N

3555
18813

740
5029

413
2990
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Table 3A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set three.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,1-

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.790

(0.098)

0.828

(0.084)

0.869

(0.057)

1−ψ
(Standard Deviation)

-0.437

(0.421)

-1.731

(0.420)

-1.645

(0.374)

κ
(Standard Deviation)

4.245

(1.045)

-1.267

(0.670)

-1.436

(0.735)

1π
(Standard Deviation)

-0.011

(0.022)

0.050

(0.034)

0.038

(0.022)

2π
(Standard Deviation)

0.013

(0.018)

-0.038

(0.027)

-0.035

(0.019)

Number of instruments

Degrees of Freedom

9

4

9

4

9

4

J statistic

(Significance Level)

3.091

(0.542)

13.235

(0.010)

6.768

(0.148)

Implied γ 0.117 0.360 0.309

Implied ϑ 4.808 -1.980 -2.081

H
N

3555
18813

740
5029

413
2990
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Table 3B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set three.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.404

(0.068)

0.555

(0.191)

0.720

(0.225)

1−ψ
(Standard Deviation)

-1.253

(0.707)

-2.749

(0.767)

-2.193

(1.103)

κ
(Standard Deviation)

6.445

(0.667)

-1.815

(1.213)

-2.085

(1.085)

1π
(Standard Deviation)

0.013

(0.008)

0.010

(0.069)

0.054

(0.049)

2π
(Standard Deviation)

0.019

(0.006)

-0.059

(0.053)

-0.045

(0.035)

Number of instruments

Degrees of Freedom

9

4

9

4

9

4

J statistic

(Significance Level)

2.456

(0.652)

9.664

(0.046)

13.228

(0.010)

Implied γ -0.040 0.490 0.363

Implied ϑ 6.192 -3.564 -3.278

H
N

3555
18813

740
5029

413
2990
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Table 4A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set two. 
Time endowment set to 8760 hours.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,1-

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.758

(0.090)

0.793

(0.079)

0.882

(0.075)

1−ψ
(Standard Deviation)

-0.125

(0.656)

-1.644

(0.472)

-1.379

(0.391)

κ
(Standard Deviation)

8.642

(1.780)

-5.661

(1.265)

-4.487

(1.870)

1π
(Standard Deviation)

-0.022

(0.032)

0.040

(0.028)

0.034

(0.025)

2π
(Standard Deviation)

0.028

(0.031)

-0.029

(0.024)

-0.034

(0.020)

Number of instruments

Degrees of Freedom

11

6

11

6

11

6

J statistic

(Significance Level)

17.455

(0.007)

3.096

(0.796)

4.019

(0.674)

Implied γ -0.014 0.102 0.077

Implied ϑ 8.517 -6.306 -4.866

H
N

3555
18813

740
5029

413
2990
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Table 4B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set two. 
Time endowment set to 8760 hours.

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.556

(0.159)

0.589

(0.158)

0.638

(0.222)

1−ψ
(Standard Deviation)

-1.490

(0.790)

-2.555

(0.653)

-2.514

(0.924)

κ
(Standard Deviation)

9.065

(1.756)

-4.146

(2.558)

-5.930

(3.398)

1π
(Standard Deviation)

0.019

(0.052)

0.090

(0.054)

0.069

(0.046)

2π
(Standard Deviation)

0.010

(0.028)

-0.051

(0.043)

-0.057

(0.034)

Number of instruments

Degrees of Freedom

11

6

11

6

11

6

J statistic

(Significance Level)

14.151

(0.027)

8.115

(0.229)

21.848

(0.001)

Implied γ -0.057 0.272 0.203

Implied ϑ 8.575 -5.702 -7.445

H
N

3555
18813

740
5029

413
2990
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Table 5A

Estimation and test results for the linearized Euler equation associated with the riskless asset. Results obtained using instrument set
three.

Estimation and test results obtained by GMM estimation of

u +fam + fam  l )
q

 = c 1+ti,ti,1+ti,ti

t

ti 211,3211, )ln(1ln()ln( ππωωω +∆++∆ ++

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

0.035

(0.012)

0.032

(0.010)

0.038

(0.018)

2ω
(Standard Deviation)

0.148

(0.212)

0.224

(0.193)

0.178

(0.209)

3ω
(Standard Deviation)

-0.877

(0.549)

-1.659

(0.426)

-1.722

(0.885)

1π
(Standard Deviation)

0.018

(0.005)

0.010

(0.006)

0.011

(0.012)

2π
(Standard Deviation)

-0.027

(0.005)

-0.017

(0.007)

-0.020

(0.011)

Number of instruments

Degrees of Freedom

9

4

9

4

9

4

J statistic

(Significance Level)

43.187

(0.000)

53.327

(0.000)

16.724

(0.002)

Implied ψ -5.756 -3.464 -4.617

Implied κ -5.925 -7.406 -9.674

Implied γ 0.492 0.318 0.323

Implied ϑ -11.682 -10.870 -14.292

H
N

3555
18813

740
5029

413
2990
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Table 5B

Estimation and test results for the linearized Euler equation associated with the risky asset. Results obtained using instrument set three.

Estimation and test results obtained by GMM estimation of

u + fam + fam  l )
p

dp = c 1+ti,ti,1+ti,ti

t

tt
ti 211,3

11
211, )ln(ln()ln( ππωωω +∆+++∆ +

++
+

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

0.032

(0.011)

0.033

(0.010)

0.039

(0.017)

2ω
(Standard Deviation)

0.071

(0.061)

0.059

(0.059)

0.036

(0.076)

3ω
(Standard Deviation)

-1.052

(0.446)

-1.797

(0.470)

-1.795

(0.847)

1π
(Standard Deviation)

0.018

(0.005)

0.010

(0.006)

0.011

(0.012)

2π
(Standard Deviation)

-0.028

(0.005)

-0.017

(0.007)

-0.020

(0.011)

Number of instruments

Degrees of Freedom

9

4

9

4

9

4

J statistic

(Significance Level)

481.434

(0.000)

41.537

(0.000)

16.375

(0.002)

Implied ψ -13.084 -15.949 -26.777

Implied κ -14.816 -30.457 -49.861

Implied γ 0.468 0.343 0.349

Implied ϑ -27.901 -46.406 -76.638

H
N

3555
18813

740
5029

413
2990
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Table 6A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set four.
  

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,1-

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.895

(0.141)

0.953

(0.095)

1.014

(0.119)

1−ψ
(Standard Deviation)

-0.376

(0.371)

-1.163

(0.233)

-0.942

(0.339)

κ
(Standard Deviation)

3.984

(1.085)

-0.202

(1.201)

-0.362

(1.533)

1π
(Standard Deviation)

-0.010

(0.021)

0.021

(0.018)

0.009

(0.017)

2π
(Standard Deviation)

0.013

(0.017)

-0.014

(0.015)

-0.008

(0.018)

1d
(Standard Deviation)

-0.005

(0.010)

0.0003

(0.0040)

-0.001

(0.005)

2d
(Standard Deviation)

0.0006

(0.0013)

-0.00003

(0.00006)

-0.067

(0.785)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

5.521

(0.237)

10.049

(0.039)

27.387

(0.000)

Implied γ 0.135 0.039 -0.190

Implied ϑ 4.608 -4.179 -0.304

H
N

3555
18813

740
5029

413
2990
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Table 6B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set four. 

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

1.472

(1.006)

0.442

(0.361)

0.758

(0.476)

1−ψ
(Standard Deviation)

-1.191

(0.734)

-2.540

(0.946)

-1.925

(1.315)

κ
(Standard Deviation)

6.496

(0.668)

-1.030

(2.558)

-1.471

(1.418)

1π
(Standard Deviation)

0.003

(0.077)

0.084

(0.075)

0.034

(0.047)

2π
(Standard Deviation)

0.041

(0.054)

-0.051

(0.055)

-0.028

(0.039)

1d
(Standard Deviation)

-0.071

(0.046)

0.021

(0.029)

0.003

(0.021)

2d
(Standard Deviation)

0.090

(0.056)

-0.00029

(0.00038)

-0.00007

(0.00020)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

6.133

(0.189)

11.754

(0.019)

16.639

(0.002)

Implied γ -0.030 0.599 0.386

Implied ϑ 6.305 -2.570 -2.396

H
N

3555
18813

740
5029

413
2990
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Table 7A

Estimation and test results for the nonlinear Euler equation associated with the riskless asset. Results obtained using instrument set five. 
 

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
q
1()

l
l( )

c
c( = 1 1+ti,ti,1+ti,

tti,

1+ti,1-

ti,

1+ti,
21exp ππβ κψ

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, qt  is the (normalized) price of the riskless asset in

period t, fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.892

(0.087)

0.430

(0.337)

0.615

(0.303)

1−ψ
(Standard Deviation)

-0.994

(0.560)

-2.342

(0.813)

-1.972

(0.548)

κ
(Standard Deviation)

0.146

(1.064)

-2.211

(0.796)

-2.225

(0.714)

1π
(Standard Deviation)

0.027

(0.024)

0.079

(0.062)

0.053

(0.030)

2π
(Standard Deviation)

-0.022

(0.016)

-0.047

(0.042)

-0.046

(0.025)

1d
(Standard Deviation)

0.0018

(0.0040)

0.050

(0.078)

0.024

(0.091)

2d
(Standard Deviation)

0.0007

(0.0019)

-0.0012

(0.0026)

-0.0004

(0.0033)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

29.695

(0.000)

0.881

(0.927)

5.809

(0.213)

Implied γ 0.039 0.377 0.304

Implied ϑ 0.152 -3.553 -3.197

H
N

3555
18813

740
5029

413
2990
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Table 7B

Estimation and test results for the nonlinear Euler equation associated with the risky asset. Results obtained using instrument set five. 

Estimation and test results obtained by GMM estimation of the Euler equation

e + ]fam + fam[ )
p

dp()
l

l( )
c

c( = 1 1+ti,ti,1+ti,
t

tt

ti,

1+ti,1-

ti,

1+ti,
21

11 exp ππβ κψ ++ +

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

β
(Standard Deviation)

0.458

(0.178)

1.006

(0.257)

0.567

(0.509)

1−ψ
(Standard Deviation)

-1.228

(0.631)

-3.556

(0.900)

-2.826

(1.394)

κ
(Standard Deviation)

6.649

(0.737)

-2.777

(1.416)

-2.630

(1.359)

1π
(Standard Deviation)

0.012

(0.077)

0.155

(0.101)

0.083

(0.076)

2π
(Standard Deviation)

0.020

(0.062)

-0.064

(0.089)

-0.061

(0.049)

1d
(Standard Deviation)

-0.020

(0.049)

0.153

(0.299)

-0.016

(0.192)

2d
(Standard Deviation)

0.005

(0.023)

-0.0043

(0.0102)

0.0012

(0.0072)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

1.964

(0.742)

2.543

(0.636)

11.063

(0.025)

Implied γ -0.035 0.479 0.409

Implied ϑ 6.421 -5.333 -4.456

H
N

3555
18813

740
5029

413
2990
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Table 8A

Estimation and test results for the linearized Euler equation associated with the riskless asset. Results obtained using instrument set four.

Estimation and test results obtained by GMM estimation of

u +fam + fam  l )
q

 = c 1+ti,ti,1+ti,ti

t

ti 211,3211, )ln(1ln()ln( ππωωω +∆++∆ ++

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

0.091

(0.038)

0.079

(0.073)

0.101

(0.115)

2ω
(Standard Deviation)

0.301

(0.295)

0.301

(0.211)

0.243

(0.243)

3ω
(Standard Deviation)

0.167

(0.893)

-0.155

(0.867)

-1.020

(2.251)

1π
(Standard Deviation)

0.012

(0.004)

0.004

(0.008)

0.003

(0.020)

2π
(Standard Deviation)

-0.019

(0.004)

-0.008

(0.008)

-0.009

(0.021)

1d
(Standard Deviation)

-0.0014

(0.0020)

-0.001

(0.003)

-0.0019

(0.0054)

2d
(Standard Deviation)

-0.000008

(0.000026)

-0.000012

(0.000043)

0.000002

(0.000068)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

27.339

(0.000)

2.989

(0.559)

3.951

(0.412)

Implied ψ -2.322 -2.322 -3.115

Implied κ 0.544 -0.514 -4.197

Implied γ 1.313 0.818 0.425

Implied ϑ -1.767 -2.837 -7.312

H
N

3555
18813

740
5029

413
2990
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Table 8B

Estimation and test results for the linearized Euler equation associated with the risky asset. Results obtained using instrument set four.

Estimation and test results obtained by GMM estimation of

u + fam + fam  l )
p

dp = c 1+ti,ti,1+ti,ti

t

tt
ti 211,3

11
211, )ln(ln()ln( ππωωω +∆+++∆ +

++
+

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

0.070

(0.040)

0.063

(0.075)

0.094

(0.118)

2ω
(Standard Deviation)

0.088

(0.068)

0.068

(0.061)

0.050

(0.072)

3ω
(Standard Deviation)

-0.435

(0.525)

-0.611

(0.780)

-1.503

(1.974)

1π
(Standard Deviation)

0.013

(0.004)

0.004

(0.007)

0.006

(0.020)

2π
(Standard Deviation)

-0.021

(0.004)

-0.009

(0.008)

-0.013

(0.020)

Number of instruments

Degrees of Freedom

11

6

11

6

11

4

J statistic

(Significance Level)

20.212

(0.000)

16.620

(0.000)

30.239

(0.000)

Implied ψ -10.363 -13.705 -19.000

Implied κ -4.943 -8.905 -30.060

Implied γ 0.677 0.604 0.387

Implied ϑ -15.306 -22.691 -49.060

H
N

3555
18813

740
5029

413
2990
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Table 9A

Estimation and test results for the linearized Euler equation associated with the riskless asset. Results obtained using instrument set five.

Estimation and test results obtained by GMM estimation of

u +fam + fam  l )
q

 = c 1+ti,ti,1+ti,ti

t

ti 211,3211, )ln(1ln()ln( ππωωω +∆++∆ ++

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

0.001

(0.029)

-0.186

(0.138)

-0.055

(0.325)

2ω
(Standard Deviation)

0.045

(0.187)

0.191

(0.198)

0.166

(0.230)

3ω
(Standard Deviation)

-1.672

(0.556)

-2.413

(0.489)

-2.484

(0.581)

1π
(Standard Deviation)

0.019

(0.006)

0.009

(0.007)

0.014

(0.014)

2π
(Standard Deviation)

-0.028

(0.006)

-0.016

(0.008)

-0.023

(0.013)

1d
(Standard Deviation)

0.002

(0.004)

0.029

(0.020)

0.011

(0.046)

2d
(Standard Deviation)

0.00002

(0.00016)

-0.0009

(0.0007)

-0.0003

(0.0016)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

29.002

(0.000)

71.707

(0.000)

231.738

(0.000)

Implied ψ -21.222 -4.235 -5.024

Implied κ -37.155 -12.633 -14.963

Implied γ 0.363 0.251 0.251

Implied ϑ -58.377 -16.869 -19.987

H
N

3555
18813

740
5029

413
2990
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Table 9B

Estimation and test results for the linearized Euler equation associated with the risky asset. Results obtained using instrument set five.

Estimation and test results obtained by GMM estimation of

u + fam + fam  l )
p

dp = c 1+ti,ti,1+ti,ti

t

tt
ti 211,3

11
211, )ln(ln()ln( ππωωω +∆+++∆ +

++
+

where c ti,  is consumption of household i at date t, l ti,  is the leisure time of household head i at date t, pt  is the price of the risky asset in period t, d t  is

the dividend of the risky asset in period t , fs ti,  is the size of household i in period t and e 1+ti,  is an econometric error term. Results for f 1  and f 2  are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

1ω
(Standard Deviation)

-0.001

(0.030)

-0.192

(0.145)

-0.055

(0.329)

2ω
(Standard Deviation)

0.062

(0.057)

0.059

(0.063)

0.039

(0.089)

3ω
(Standard Deviation)

-1.658

(0.501)

-2.510

(0.587)

-2.530

(0.582)

1π
(Standard Deviation)

0.019

(0.006)

0.009

(0.007)

0.014

(0.014)

2π
(Standard Deviation)

-0.027

(0.006)

-0.016

(0.008)

-0.023

(0.013)

Number of instruments

Degrees of Freedom

11

4

11

4

11

4

J statistic

(Significance Level)

32.623

(0.000)

12.393

(0.014)

25.492

(0.000)

Implied ψ -15.129 -15.949 -24.641

Implied κ -26.741 -42.524 -64.871

Implied γ 0.361 0.272 0.275

Implied ϑ -41.870 -58.491 -89.512

H
N

3555
18813

740
5029

413
2990
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