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A bstract

T his pgper usss panel dala 1o estimate preference sped. catias that
are nasgparabke in asumption and Hsure. B ecause the ecaonanetric
anabysis usess parel datg, itdio s flan exdsting econanetric studies that
use a represartative agpnt fiamenork B ecause the pepar foausss an the
nonlinear implicatias of the theary, itis dic et flan most exdsting
parel data studies that investicgate inearizatias. T he evdenae shons
thatwe oy dotain intuitively plausibke estimates when wsing samples
that aatain haussholds wWho onn riskless and risky assets. For those
sampks, estimated parametervales are redically dio erentfian exdsting
studies. T he ..ndings are tharefore ofinterest toan extasive eratue in
maaosaonamics and .. nance.

JB Ckkssi.catiat § 12, B2, D91

Keyworcs:

1 Introductian

T he estimatian ofpreferance paranetass is ofintersst to an extiarsi e Heratue
in ecnanics ad ..nene. T he size and sign of these parametess is often usd
10 address impartant policy questias and 1o judee the empirical perfomance
of a cartain madel ara methadologcal gppraadn. Forinstance the esse with
which econamic agents trace @ asumption or Hsure oer time determines
the e edivaness ofagven goermmentdesign ofsodal seaunty pragrams. A Bg
olloning the work by Kydliend and P rescott (19 82), an extarsive erature hes
debated the abi ity of ’real business o/ce mackk” b epln ttedatla For
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this debate the bel oftre intertempaal rate of substitutian is aartial issue.

A va BbE estimates of the rate ofintertempaal substitution, and tharekoe ss

sessmants of the uselubhess of these model, are determined by the ddae of
preference spad...catian and the eaonametric methodology used in estimation.

W heress the debate ebautreal business oycdemaodels hes sanenhatrsubsided
the use ofdynamicmaodels hes beaome acomerstone ofmadern maarosaonamics.
I any ofthese dyremicstudies evalate thearetical madek by aomparingactual
data with data simulaied fian the madel understudy. T hese Simulalias re
quire estimaties ofawide \ariety ofparameters, inclding preference parameters.
Forthis Ierature relisbE estimates of paramneters that desaibe intertempaal
behaviar are thereiore vary \valbebE.  Sudh estimates are alko of interest Tor
more trediticnal eananetric tests ofdynemicmodek. T reditianal eaonametric
testing usss usss sane mackel implicatios for testing aoditiaal an e esti-
mated parametars. [ Tthe paameterestimatess are unrelicb ke the resuling tests
arenctilely obeinfomative. 1N assstpriangapgubraliermative gopraach
1O testing is often uised (eg seell dwraand P resaott (19 85) and H ansen ad
Jagamathan (1991)). T heimplicatias ofthe theary are evalated Tordic erait
\abes ofthe behaviaral paraneterss. [ fparameterales can be found thatean
ephln te thaaetical implictias, the researder asks himself the questian
iTthoe parametervaless are intuitinvely plausible. W heress the judgmenit of
plusibility is presumably besed an awide range ofFava bk sourass, induding
iNrogpectian, exXdisting paraneter estimates are uselul ss relberanae pdnts.

T his pgper aattributes 1O this Ferature by presanting estimates ad test
statistics dotained using nanlinear Euler ecuatias. T his estimation and st
straleyy is quite pqouler in the Ipresattative egat Ferature. H ansan ad
Singketn (19 82) piaearad the gopraedh using a time separebke astant ek
e risk aasian (TS-CRRA ) utiity funcian. T he gopraach wes Eter usd
10 analyze other preferance sped.. catias, and il ankivw R otlemberg and Sum-
mers (1985) (hencsforth il R S) and Eidhenbaum, H ansen and Singletan (19 88)
(haceiarth H S) proade an analysis ofinasgparabi kities betineen aasumptian
and Bsure in a ripresantative agataatiext T his pgper divars fion those
studies because it provdss an analysis of nasgparable preferanass using parel
cala T he ada Ebk panel datla erature an preBrene estimatian is exéen
sive. H onever; many parel data studies analyze ssparabke preerancss. T hose
that analyze nosgparabe preBrancs alinast alnays investicaie inearizatias
of the nmiinear Euler equatias, and therefore parameter estimaties in those
papers may be di¢ aultto ielie O the aes in this pgper: B ecase thare are so
many studies thatuse inearizatias, | proide an analysis ofthe nearized Euler
equatias bebwusing the sane datasets.  |F..nd that for the same dateset, the
din erence betnean parameter estimates frfan the Inearized and the nionlinear
equatias is alnays substatial

For eech spad. calion, estimation and st resuls are rparted for three
dneatsanpks. T he ..istsampk attars all haussholks who Tl 1l cerain
selction atteria T he seaond and third ssmp ks aatains hausaholds whopartic
ipate in assetmarkets with the selbection atteria orthese thwo samplkes sightly
dinerat | ..nd thatwherees paraneter sstimates are alhays intuitively plaus-



bk o the sscod ad third ssmpks, this is aincst never the e Tor the .. 1st
sampk. Forthoe sampkes that yvied intutitively plausibke estimates, the re

suls indicate that Bsure eness the uti ity TUnction in astatistially Sgnii.cait
way Gasting doubtan studies thatuse separcb e preBrae sped..catias. T he
parametenalbes are sgi. catly dic erentfiom thase dotained by other panel
data studies, and filan the aes presatied inll RS (1985) and EH S (21988).

A Bg pantestimates are dic erait fram the estimates tpically used in simu

Htion studies in dynamic maaoecoamics. T he gpedal e of koarittmic
preErencs, vwhidh is abo often usad in this Ferature is igjecied by the data

T he rgjection of separabi ity is akbko of interest Tor the asset priang Herature

which aimcstwithautexaption uses sparabk preberacs.  Statistical tests of
owridatifing restrictias indcate ks eddanae agairst the madel aampared
o smibrtests dotained usingaTS-CRRA sped..cation in Jaados (1999). It
is therefore tEempting 1 aondlce that the assetpriang Ferature shaud adgot
nasgarcbE preBrenass.  H onever; itwil be argued that additiaal anabysis
is neaded 1o determine whether nassparabe preferenass can solhe a numberof
well knonn assstpridng puzzks.

T he pgper proagsacs as Dlbns. Sedtian 2 proJdess a detal lBd maotivation Tor
this study and an extarsive disassion ofrelated researdh. Sectian 3disassss the
data and Sectian 4 disasses the estimatian and testing methodology. Sectian
5 presais the enpircal results. Sectian 6GproJdes a rdoustness analysis ofthe
resuls dotaned inSecian 5. Sectian 7 reliss the ..ndings ofthe pgper o the
relied FHerature and Sectian 8 provides ashartandusian.

2 I otivatian

Estimatian and testingare carried autwith aminimum ofauxd kary sssumptias.
W e assume the exdstence ofa lrge number ofindividuak with an iderttical per
peariad uti ity functian, sped..ed e

UG hO=5 4ok ®

where G ¢ is the aasumption ofindividual i in periad t ad k. is the Hsure
ofindvidual i in periad t W e presart estimates of the paranetars wsing the
.. Istaderanditiacnwith respectio arsumptian (assumingan interiorsolutian)

UGk .ix=0: @

where _ ¢ is thel agrange muliplierassodated with individual i s time thudgst
astrant 0 nevay ogaaraie tstebE restrictias fron themaodelis tosped
the assets that the individual an investin. | any exdsting parel data studies
assume that the individual anly hes a riskkess asset (abad) toinestin. H ere



we assume that the individual can investin risky assets (stods) as well a5 In
bak. T his yieks the Dlbning tho Eukberequatias

1= B (q.lxqt. lt. ek @
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where py is the price of the risky assetin paiad t; d is the dividend an the
risky assetin paiad t; ¢ is the (namalized) price ofthe riskless assetin periad
t is the discouttctor; adE ¢ is the mathematical eqpectatian anditianal
an infbomation asa Bbke attime t
T wo importantadvantages offoasingan the estimation of (3) and (4) hae
10 be emphesized at this pant First itis dear that the derivation of (3) and
(4 assumes that the hasghold is at an interior sulbion wrrt the holdings
of the riskless ad the risky assst and writ aasumption. H onever; no es
sumptian hes bean made ebaut the exdstence of camer solutias or igdities
in the Bbormarket T his is importait for an enpircal study, because many
individuak are dearly ata camner solition Tor Bsure ddae and itis di¢ ault
1o Ell from asd EbE datavhether an individual is ata comer solutian ornot
Itwould of aurse be preferabE 1 induce information ebaut Hsure ddce in
the econanetric analysls, because the extra infomation would generaie more
pradse paraneter estimates and mare ponerful teststatistics. H onever; gven
that the extra poner ames ata higer risk of clessl..cation enorand inaosis
Tentestimatiaon, the 1oas in this paperis an () and (4) inisolation. Secod ©
derne (3) ad (4 noassumptias ebautthe structure of.. nendal markets hae
1O be madke beyad the exdstence of a riskless and a risky asset. |In partiaubar;
we donothave to make the aomplete markets assumptian whidh underdies all of
the ipresatative egantstudies ofcasumptian and Bsureddae (eg seeHH S
(L988) andll RS (1985). Inueworthe o.ermheimingevidana aganstampEete
martets in the Merature (see Cadhrare (1991), I ace (1991) andH ayeshi, A |}
1ji and Kotk (199 6), the absence ofthis assumptian is reessuring. Jacdos
Q998b, 1999) shons that in the absence of a ampkete markets assumptian,
parameter sstimates and test resuls are vary dic erent firom the ripresantative
agit ierature Tora time separcbke astant reltive riskaerisian (T S-CRRA )
T he importance of estimating preferance parameters using ebmentary im-
plicatias of dynamic equilibrium madek can hardly be oerstated. W heress
eaamists antinue 1 disagee sbaut many issues, the st o decadss have
withessed the energenae of dynamic aspects of human bdavior ss ae of the
cmastonss of ecoamics.  Estimates of parametars dnaradieyizing intertam-
paal bdaviorare thereiore of interest 1 alncst every theory bassd eaonamic
study, because often sudh parameters are of tindemental importance 1o essess

the theay’s policy implicatias arits enpirical perfamanca

4



B esides pdriting aut the general rebvance of this eerdse, itis abkoinstiuc
e 10 provice a mare detai led motivaetion of its impartence by disassing its
impactan dic erant researdh aress. Sudh amare detal ked disassian is necsssary
bacause the astersibly Smplke issue of estimating behaviaal parameters sudh as
theassin (3) ad (4) hes bean tad<ed using dic eraitaud lary assumptias in
din erentaress ofthe eanamics and .. nence erature, eech motiveted by div e
entousstias and anaars. P erhgps unsuprisingly, these din erant gpproaches
hae gven rise todiz eratparanetass estimates and wicely varyingassssanaits
ofFtrar ebvance ad pdicy implicatias.

| disass the impartence of preference sped.. catian in three dis erenit (but
relbied) arees 1St the Ferature an dynemicmaaoeoonanics; ssaad the ke
eratiure that unites maaoscoamics and assetpriang; and thild the Ferature
anasumptian, ssvings and Boareconamics. T his soanenhatarbitrary dvsian
iNto researdh arees is motivated by the ot thatwithin eech gaup, the ecao
metric and methodologcal 1ok used in the arnalysis are Eirly similr: - First,
iN maaoecoamics an extasive erature hes develped that investigales the
implicatias of gneral equi ibrium madek by way ofsmulation. In prindpke
this erature doss notdgpad an estimates ofbehavioral parametars, but the
empirical impkEmattatian used in many studies reguires estimates ofbehavioal
parameters eas macel inputs. T harefore gped...c\abes Tar behaiaal parame
ters ae mastly assumead as part of the primitives of the madel  Forinstancg
Kydiend and P resaott (19 82) use the CdobD audies preferance spaed...catian

UG kD= %(c%ﬁ,{“ ¥ ©)

Kydiand and P resaott (19 82) arge that itis straigitiarward 1o parame
terize (6§ by interpreting° as the peraatage of the agenit’s time allocated
aosumption activities. 4 g by inteipreting G|} s a gneralized version of
auntofasumptian, they interpret! j | a6 the rate of arstant reltive risk
aearsion. T hey thereire set® equal 1©'1/3, basad an the et that hauseholds”
allbcation oftime 1o namarketactivities is ebaut thice es loe as e alloca
o bmarketadtivities, and they use thiree dic eratvalles ofthe parameter
in tharsmulAtias:. -1, -0.5 and-0.1.

I'tis dearthat(7) issimply arece. niicn of () withp =A + - and® =A=p.
Foraur pupcsss, itis anveniatt o rpart an the parameters in equatian (1),
bacause ingpection of the standard erroran - allbas us 1o determine whether
Bsure aiters the utiiity Undian in asigni.. aritmannerand vwhetherthe under-
Mng qotimization prcblEm is aaae. H onever; Torreesas ofamparison with
the rmal business o/cke erature all t8bks ako st the pantestimates of ° ad
u thatare implied by aurestimates of A and - . In this aoext, the parameter
1 §j 1 willbe referred 10 s the rate of reltive sk aarsian in acoordance with
the terminology pragpased by Kydlbnd and P rescott (19 82).

Seweral studies in dynamic maaoteaonanics enpby the uti kity sped..catian
(7) used in Kydiand and P resaott (19 82) (eg seeB adus, Kehoe and Kydiad



1992)1 4 cntral guestian is therefore whether the range of estimaties Tor
prapcsed by Kydiand and P resacott (19 82) aontairs the paraneterestimate fran
thedaia | asower, many edsting studies use a lbhoaittmic sped..catian that
is agpedal cse of (7) Torp =0 (see Christiano and Eidhabaum (199 2)).2 Itis
tharete ofintarest o \axify ifthis restriction hols in the data®

T he sacod area of interest that hes studied the importance of Bsure is
the assst priang Merature. Folloning the warkk of L ucss (19 78) and B resdan
1979), the assstpriang erature hes Toased an estimating and testing gent
eral equi ibrium madek of sssetpridng P arameter estimatian is articallly im-
partantin this antext because the theary is usually evalbated aoditiaal an
parameter estimates dotained under the maintained hypothesis that the the
ay hdck. A fiersaveral studies danastiated the inedeouecy ofFhe T S-CRRA
spad.. cation toeplan the volti bty oF asset retums (seeH ansen and Singetn
(1982,19831984), I ehraand P rescott (19 85)), several authors pragposed the in
cLeion of Bsure in the uti ity TUnction © ramedy the prdolem (seell RS (1985)
adE S (1988)). H onever; the represaiative egant ierature hes aondudd
that the presence oF Hsure in the uti ity Tnctian is not ikely to solhe notorias
assetpridng puzzks. U sing the intuition Gptured by the wark of arsen and
Jagpathaen (199 1), the prdblEm with arnsumptian based assetpridng is that
the csumption series is notvolti E enauch to garnerate sut derntvolti ity in
asset returrs, gven the ava BbE parameterizatian of the utiity fUncion. For
theTS-CRRA spad..catian, ae nesck an ”implasibly Ergg’ risk aersion pa
raneter O gererate sud datariabi ity in the interiempaal margnal rate of
substitution. B ecause the time saries ofmanthly, quarterly aryearly agpecaie
Hsure is abo vary smaoth, itis notsurprising that the parameters nesded 1©
gererake sue dataniabiity in the Il RS are judoed implausible as well (see
aboCampbell L oandll aKinby (1997, p.326).

I areingenaral the relatiaship betineen nasgparab ke preerenass and asset
pricss hes not attracted ebundant interestin the .nence erature® | ayers

1T he merits and aitidsms of this kterature are not the foas of this paper. W heress the
term real business g/ckes” has been hotly debated, and the ariginal methodology in K ydiend
and P resaott (19 82) has albo aome under sautiny (eg refer to the debate betnween Kydliend
and P resoott () and H ansen and H eddman (), the analysis of dynamic modek has beaame
the state of the artin macroeaonamics. W hereas mucdh ofthis research in eaonamic dynamics
has ttle in comman with the ideolbgical battieground of real business oycles, many of these
studies (but not all) use a simulation setup where paraneter values fran other studies are
used as inputs iNto the analysis.

2 Folloning the analysis in Kydiend and P rescott (19 82), many of the studies that use
the Cdob-D ouglss sped..catian (7) speafy time nanseparabikties in Eisure. Strictly speaking
tharefore, aur estimates caannotbe aompared with the calibrated values used in these studies.

3T he terature an dynamic ganeral equilibrium modek has reaognized the importance of
heterogeneity. T he framenwark used in R ogerson (1988) and H ansen (1985) allons for the
preferencss of the representative agat o die er fram those of the individual agents papulating
the econamy. | everthekess, estimates of the preferenass of individual agants remain valueble.

4B esides the poar performance of Eisure in an intertemporal pridng aontext;, there are
othereplbnatians forthis. First, the emergence ofarbitrage priang tedniques R css (19 79)
does not necessitate an elbBborate desaription of the econamicervironment  Second, econamic
priang Bctors sudh as aansumption have not performed well in acss sectional asset priadng
(B reeden, ¢ ibbos and L itzerbercer (19 89)).




72, 1973) emphesizes the impatance of BHsure and human pital acou
mulatiaon att an early stace in the atiext of the Cepital A ssetP ndngll adel
Codrareandt asan (199 2) anrd Fama (199 1, p. 180) makeaforcsiul pantior
esteblishing a theaetial and empirical aanectian betnwen asset retunms ad
intuitively plaLsibE priang ctars enanating fran general e ibrium modekl
such ess Hsure. In the theaetical erature the impatence of Bsure daaee
hes been analyzed anang others by B adie | ertan and Samuebon (199 2) ad
Basak(1999).° T hewakoflaganathen andW ang (199 6 suggestthathuman
pital acamubtion aul be ofinterestin atss sedtianal sssstpriding

T his pgpar agues that the parcaved filure of nasgparebe utikity spec
i.catias 1O solhe asset pridng puzzes may be due 1o the aampkete markets
asumptian that underfies these studies. [ Fthis assumptian doss nothold, it
is the properties of the individual egants aarsumption and Hsure irnsteed of
aggacpte asumption and Hsure that determine asset pricss. | ankiw and
L eldes (1991) and Jaados (1998b,1999) show that these agprecation iIsSUEs are
artially importarit when esabating the TS-CRRA - gped..catliaon. T his paper
investicaies ifsimi braguments goply Tarthe evalation ofpreferencss thatare
nansgparebke in asumption and Hsure

W heress the exdstence ofFnaseparabi kities betneen asumption and Hsure
hes not recavad a bt of attention reantly the sped.. cation of preerencss hes
raEved ever mae atientian in the assetpriang iterature. || st notebly, the
spad.. catian of preferanass with time nasgparabi kies hes become quite pa
ublr (eg se= A bel (1990), Campbell ad Cadrare (1995), Castantinides
(1990), D etempk ad ! gpateyo (199 1) and Sundaresan (1989)). W heress this
paper doss not dany that this tpe of ped..catian is intuitinvely plalsibE it
ephrxes howvmudh Iverage can be dotained fram a spad... cation withaut time
nasgoarcbi iities axe the ampkete markets assumptian is releed.

T his study is abo relied 1o a thild impatant area of reseerdh.  Empin-
al analyses of aasumption ddae ssvings and Hsure dxdae are treated a5
ae gap manly because this Herature aattairs a brge number ofFempirical
studies that use parel data® Far purpasss of aamparison with this study, a

5T he stodhestic properties of Eisure are ako of interest in the Fterature on norraded
assets, even thoudh Eisure does not erter the uti ity functian in many of the studies in that
Iterature (eg seeD etempk (1999 ) and Svensson and W emer (199 3)).

SForpanel data studies in the aonsumptian kerature, seel ttanasio and B roaning (199 5),
A ttanasio and W eber (1995), Keane and R unkle (1992), R unkke (1991), 7 eldes (1989) and
the reerancss in the excellent overview pgper by B ronning and L usardi (199 6. For parel
data studies in the Bbor supply terature see h Honji (1986, H am (1986, H edkman and
I aCurdy (1980) and Il aCurdy (1981). W hereas many studies in this Ferature use parel
data there is an equally extensive Iterature that relies on aggregate data (see H all (1988)
and the referenass in D eaton (199 2) in the consumption and savings kterature and A Honji
(1982) and A Honji and H am (199 0) in the Eborsupply Iterature). Itis hard to determine
why this partiaular empirical terature has started relying relatively mae on parel data
aompared 1o the other research aress disaussed in this section. Several authors maintain that
agprecation prablems make it tenuous 1o use time series of aansumptian and Eisure to draw
aonclusians abaut individual preferencss (eg see B ronning and L usardi (199 6p1799) ).
P erhaps another resson forthe foaus on panel data in this kterature is the extersive terature

on static demand systems which predates most dynamic studies. T his Ferature relies almost
excusively an panel data (see D eaton and Il uelbauer (1980) , D eaton (199 2)).




poterttial prcdblam is that most exdsting studies analyze neavized versias of
Eukreguatias (3) and (4) as well ss Inearized versias of otherinterteanparal
Eukr eguatias sudh as those implied by gotimal Hsure ddae’ T he main
motivatian for ising nearizalias is prdoebly that messuremant enor is an
impartant prablem with parel data (seef i (1986 and A Monji and Siow
(1987)), ad itis esser 1 deal With messuramait enor pradblans in a near
antext W hile this study does not dany the impartance ofmessurement ernrar;
itEss the gpaite view tat itis warth investigating the aignal nanlinear
Eukrequatias (3) ad (4) directh?  Ifmessuremantencris aserias prablm
in tis camextand for s pupose, itwill lkely ed 1o implusible parameter
estimates and a bdk of rdoustness. [tiurs autthatr formaostsped.. catias this
is notthe =

T hare are other reesas Why itis notnecsssar ly straigitiowvard to aaompare
parameter sstimates dotained fran the analysis ofthe niaonlinear Eulereguatias
B ad (49) with the paaneter sstimates in the panel data studies mentianed
aboe First the Iinkwith the Ebarsupply Heralure is thatwe foas an the
pdnt estimate and the statistical sigi..cance of the parameter - . H oneer;
wherees we dotain sstimates of this parameter tsing the .. Ist adaer caoditian
with respect foraasumptian, mudh ofthe Boarsupply Herature usss the . i1st
aderanditicnwith respectio Bsure (eg seell aCurdy (1981), A Hanyji (198 6,
Ham (1986). |lLstratingthis methodology Toraurpreerenae sped.. catian (1),
axrsidarthe Eukbrequation dotained by ambining the intertempaal qotimali ty
adton ad te .. istaderadta wrrt Hsure

—- Wit Gt v, bt < a1
1l =" =E¢uR - : : i
FE th,tnXG:qu\(l,tal) ©
where R ¢ is the retum an the riskless or the risky asset. T he intertemparal
rate of substitution 1Tor Ebor supply Gan then be dotained fram the olloning
g Inearization of (5)

T he intertemparal rate of substitution for Bbarsupply in this rigessianis de
.nedas jA,: Itan beessily vari..ed that this quartity can be related 1o aur

70 ne can estimate and test a near estimating equation withaut any extra assumptians,
by aombining the ..rst order conditions for aonsumption and Eisure and neglecting the in
tertemporal gptimality aondition. T his type of anabysis is reenred to as estimation of the
intratemporal gptimality condition (e.g seell aCurdy (1983), A Honji (1986 andEH S (1988)).

8T here are a few papers in the panel data Herature that provide an analysis of nonlin
ear Eubreguatians. H otz, Kydibnd and Sedlaaek (19 88) analyze a transhog uti ity function.
B ecause this uti ity sped..cation is quite div erent fram the ones traditionally analyzed in the
Iterature itis not straightforvard to aompare their resulis with other studies. A Rug and
I iller (1990) analyze a uti ity function that comtains several nanseparabi ities between aonr
sumption and the Eisure of dic erant members of the household. H onever; their estimates are
dbtained under the hypaothesis ofmarket aompeteness. ||l aeover; the econametric framework
they use resullts in sane instances in firly impredse estimates. T he results in this paper
thearefore dic er quite strongly fram the anes in these two studies.



parameterization in (1) becauseA, =1=C j1 XW heress auranalysis Toases an
dinerentimpliicatias of the theary, we can therefore dave the intertamporal
rate of substitLitiaon because aurestimates identify preferanass, ifall the impk-

catias ofthe theory are anrect. |tmay be thatby Toasing an implicatias of
the theory thataotain Ess interesting information an Bsure dyacs wead up

with Ess pradse estimates of the intertanporal rate of substitution. H onever; |

wvantto emphesize acain thatan argumentin favorofthe analysis in this pgper
is that the .. istader aanditias with respectto asumptian are mare ikely
hold than those with respect © Hsure: So firan the pagpedtice of axrsistait
parameter estimatian a amparison with parameter estimates fram the Boar
supply Herature can be very instructive.

A ..naldi¢ aulty in aamparing parametars estimated in this pgperwith those
dotained in the Boarsupply eratue is the testingmethaod usad in those stud
ies. W heress the Boar supply eratue is interested in the paraneter that
detamines the intertamporal rate of substitution for Ebar supply in ader o
anmaitan its pdicy implicatias, the foas of thase studies is primarily an
1tests ofthe underlying theary thatagats tracke o utiiity oertime. W heress
are eaauted by ingpecting the signi. cance ofextracccet dents thatare inserted
intothe Eulberequatian (seel am (198 §). P resumably sudh tests are mare povv
erful then st ofF oeridatifing aoditias. W ith this gopraadh, behavioal
parameters are estimated aasistaTtly underthe null that the theory is aarect
H onever; when using this tednigue rejectian is the ruke rather then the exap
tion. T he rbantguestian is thereiore how 1o inepiet the parametess ifthe
extra\aabks enter signi..cantly and the theory is rejected”

T he same caveat gpplies 10 the amparisan betneen the esimatss in this
paper and the estimates of prerae parameters dotained by several studies
in the csumptian Ferature. T he doject of interest in this FHerature is the
intertamporal rate of substitution Torasumption, Which is usually dotained in
parel data studies by estimating a log ineaxization of the Euler equatias (3)
ad @. T hisgwes

¢ hq1= L+ 6 IhR t+ I3 hl;t+ Uit (8)
wvhere the parameter 1, is the intertemporal rate of substitution foraasump
tian, whidh can be related O the preferance sped.cation (1) as 1, =1=C jAX

'\ ote that acoepting this argumenthas Br reaching implicatias. 1Fthe theory is rgjected
by the presence ofextra variabkes in the Euler equation, the resulting estimattes of preference
parameters are unintermpretzbke. Sois the estimate fran the Euler equation withaut the extra
variablkes, because we know that the orthaogonality aconditians used in estimation are fake.
T he teEmptation is 1© alays interpret estimates fran studies that simply test orthogmality
aonditians as valuebe. H onever; using asimi braroument; ifthe orthagonality anditians are
rejected, estimates of preference parameters are no more valueble than those dotained in the
studies thatinsertextra variablkes in the Eulerequation. T he di¢ aulty with mairtaining this
argument is of course that gven that the implicatians of the theory are mostly rgjected, it
would sugoest that we know nothing about the rate of intertemporal substitution. I€tseams
then thatimpliatly, many econamists aooeptthe kegtimacy of avai Bbke parameter estimates,
even ifthey are dotained using arthogmality conditions that are statistically rejected.



H onever; irsteed of tssting the overidentifing aaditias, Eukbrequatias ae
ako dften sted in this Ferature with extravariebks induded in the sped.. -

catian, 1o improe the poner of the tsts. T he parel data Ferature an an

sumption and ssvings dedsias srears fram another prdblan, because many
studies estimate modek thatare additively separab e betneen casumptian ad
Hsure!® Itis dearfiom (7) thatifthe sgparebi ity assmptian is inconect; the
estimate of 1, willbebissed. D ynamicstudies oFdemand systams (sseB ronn

ing D ealtn ad Irish (1985)) do not make sudh assumptias, but they often
1oas an mae detai liBd ampaats of aasumption. T he work in this pgper-is
ofinerest 1 the Maralure o) asumptian and ssMings because a statistically
sioni..cantestimate of the parameter - would calll into gquestion same ofi'ts test
resuls. Togwe an eanpk the e ok madel is often questianed because
savaral studies have doaumeatied a relatiaship betnween aasumption patierms
ad variablks sudh as acgp. T his Bt is often illstrated using regressias ar
a stradgitionmard gephical anabysis. H onever; if older paplke ampersaie Tor
bwnerasumptian by enjoyingmare Bsure this rigection ofthe e o/ce madel
wauld be called intoquestion. W ithautknonriedoe ofthe relative wadgts plecd
an asumption ad Hsureitis hard to gppradate the impartence of this arg +

mat IFlEsure aters the uti ity Enction sign..catly, this is lkely ointuence
the pdntestimate of the rate of intertemparal substitutian in aasumption.

3 Dama

T heampircalinvesticgatian uses datafran theP arel Study oflnaomeD ynaemics
(PSID) Trthe paricd 19 74-1987. T he datesctis the same as the ae used in
Jaados (1998b, 1999) ad is desaibed in the A ppendix. ThePSID does not
antain a satisiectory messure of total arsumptian. T herefore | Olbw ex
isting studies that use the P SID by wsing hausahod Tood arsumptian as the
asumption messure. A Hamatively ae auld wse the Casumer BEpaditure
Suney (CEX ) oinesticate the preBrence sped..catias in (1) ad (7). U nlike
thePSID, the CEX aotains data an total hausehold arsumption, and the fie
quency ofthe datais quarterly; tharefare yiekding mare time saries dosenatias
then e PSID . H oneer; in the CEX data an Hsure are only aaBbE an a
yearly besis. | aeover; the CEX is nota ganuine panel datesetbecause hause
holds are anly Dlloned Tor .. \e arsaautive time periads. 0 ne therefore hes 1O
resort 1o the aanstruction of synthetic ahorts, and o investigaie the impactof
agpecatian pradolams this gppraadh is not necsssari ly gppealing. |n aorast,
thePSID is agauire panel datasst even thaudgh not dosenatias an agven
hausehod are notava Bbke in any gven year:

10Tabk 5.1 in B roaning and L usardi (199 © presents an oerview of aval Ebk parel data
studies in the aconsumption and samvings terature. T his @bk ako indicates whidh studies
aontrol for Eisure when analyzing the prablem athand. 1€t can be seen fram this tebke that
there are not too many studies thatdo. || oreover; most of these follow the approech ofh €
tanassioand W eber (199 5), where variabkes are inserted to aontrol for Esure withoutformally
maodeling kEisure dhdice. 4 s a resullt estimates in these studies are ako hard 1O rekate o the
ones dotained in this pgper:
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T hePSID allons the arstrudtiaon ofsamples ofhausagholds who are atinte
riarsolutias with repect to assetdxdc T his albns s 10 assess the guanti-
tative impartance ofinduding hausehoks ataomers in the sampke. Toidantify
hausehols at interiar solutias, | use a 1984 question fian e PSID whidh
asks hauseholcs Tor thar holdings of Equid assets and stodss. T his guestian is
the same as thatused by Il ankivwand ! ebdes (199 1) and Jaados (1998b,1999).
Itis disassed in mae detal in theh ppadix T he guestian allons the an
struction of . ve suaessively smaller samplkes. asampe induding alll hausshoks
that satisty the selection afteria; asamp ke incduding anly hauseholds who1ul. Il
the sebction aiteria and who have nazero holdings ofthe ebvant asset; ad
samp ks induding anlly hausshalcs whoful. i the selbedion aftariaand whohave
holdings of the relevent asset larger then $1,000, $10,000, and $100,000 respec
tely U nortunately the tho smalkst samplkes are 1o small 1o yvied relisbe
eaonanetric results. P arameter estimates are impradse and not very rdoust
R esuls are therelae anly reparted using the . ist three samplkes.

R eturms aonstodkand bad markets are aastructed as Dllons. yearly retums
are amputed as the aarace of thebe retums an ae year investments vwhnidh
ejpire at the end of every math of the year: T his arstructian is motiveted
by the inexpretation of aasumptian as yearly olak (fons) ad notstodss at
ae pantin time T he bad eturs ae retums an roling oer three matth
treesury bilk and are dotained fram Il ocady’s. T he stodk retunms are rieturs an
the Standard and P oor’s 500 acompasite.

4 EBEstmatianadTesting

A swith mostotherava Bbe panel datesets, the hausehold and notthe individ
ual is the unitof dosernvatian in the P SID . T his complicates empirical testing
becaLse prebrencs are de.ned at the bwel of the individual T o resobe this
isste | indude an epaatial Tundian of hausdod size in periacs €1 and t
in the BEubreguation. A nother issue of interest is that many ad bk panel
data studies, espedally thae in the Ebar ecaamics and aarsumptian era
e estimate prerenas anditicnal an demagrephicvariebles sudh as age ad
maxrttal stalLs and same of the ageit’s dedsiaon variebes sudh as educatian. Far
purpasss ofFcamparison with these earfierstudies | thaefoe estimate the Euler
equatias with and withaut an epaantial fundtion of sudh variebles induded
&s preferance shifiers. T he most ganeral spad..cation of the Euler eouatians is
tharefore gven by

1 =_Eti1Rt(qq’t Yilc LE: ) el Famj + Y%y Famie; % damq ]
il ki
®)

where m; ¢ stands Tor mily size in pariad t danqg ;. stands for a vector of
preference shifiers attime t ¥, andY:, are scalbrparameters and¥ is avectarof
parameters. A s maitianed befarg many studies in the arsumptian and Boor
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eaxamics eature use parel dala o inestigate neaxrizatias of ). The
mastgreral inearizatiaon investigated in this pgperis

¢ hq1= L+ L IhR t+ I3¢ hl;t"' Y femi;t+ Yin femi;til + Y% chnq1+ Uj-¢:

10

B y estimating the parametars in (0), we can ietrieve the parameters A and -
that daracterize the uti ity onctian (1) 1!

P arameter estimaies and st statistics are dotained wsing a genevalized
methad of manats G Il | ) framenork (see H arnsen (1982)). R egardiess of
whether ae is estimating the nonlinear Euler equatian ) ar the nearized
equatian (0), paraneter estimates and st statistics an be dotained by ex
plating the arthagoality betneen the Euler equation enars and variabkes in
the agenits infamatian set Casider the enar assadated with the nonlinear
Eukreguatian 8) arwth the nearized BEulbrequatian () and forsimpliaty
Boel itg¢ , Whare tis the time index and 1 is the hasdod index. T heay
soad..6sE ;1 §¢ =10 . Casideramadamum of T dosenatias an H hausaholds,

sider vily = ¢ Z;; - Using the bw of iterated epedatias we know that
Evie =10, orallnadi. Ratherthen ussingallll >H arthogmality aondi-
tias in esimatian, we sum oer the arthagoality anditias 1o dotain amae
poneriul teststatistic. D enote the number of haussholds in the ssmpke attime
tas He zf;d asider tell  athogality aondiias EvP;n=1;:351  where
V=L Tevno Thet il Il esimatorepls te Borthatifthe theary is
anect | VP shaidbedoezea De.retrell X veotorve = @55V ¥
and aasiderminimizing

X X
[+ Vi@ Y ERD) @an
=l =l

Toranabittaryll ¥ wadgitingmatyixW . FanH ansen (19 82) we knowvthat

P X X
3=Tr WP =dl 12
=1 =1
is distributed A? ., whereP=oo= 1; REW [V , andPi is
the geeralized inverse ofQ . A matriass in (11) are ealated atR thevale

11 ansen and Singleton (19 8 3) use time series dataand a loghomality argument toestimate
a Inearized version ofthe Eulerequiation in structural as gppased 1o reduced form. T his allbons
them to identify additional preference parameters sudh as the discountfactor™ . In this paper
we follonv the papers in the panel data kterature and estimate the reduced form () oilustiate
the dir erenass in parameter estimates dotained fram the nanlinear Eulerequation (8) and the
nearized equation ().

12



of the parametars that minimizes (10). T he coariance matiix bis amnmputed
&

X _ X _ X _
b=""i¢ wlkic P @3

=l =l =l

T he cwariane matix of T2 @ j ) can be aamputed as

@V B @Y by @ ey 14

T he smallsampkke reliabi ity oF parameter estimates and teststatistics dgpands
a the weigtting matrix W . De.ne iraFg\,en X vedtor of insrumants

matrix W . This ddce of e ectively reduass the minimizatiaon in (10) ©
NL2SLS.

Estimatian and st resuls are reparted o . \e dic erent irstumait ssts.
Family size in periads tad t § ! is induded in ety insttumaitset T he
~Istinttunait set used aritairs saven irsttumants. besides the mily \an-
abks, itatanrns a astatt the risksss rate of retum bgoed o the risky
rate of retum booed e the caapaticnal unempbyment rate lboped e
and the cooupaticnal unemplymeant rate lbegoed ance interacted with age ad
educatiaon of the hausdhold heed. T he sscod insttumenit set aatairs eleven
instrumants  besides the mily variebks thare is a astant, the riskess raie
of retum boped onee and thice, the risky rate of retum bgpsd ance and e
the coupaticnal unemplbyment rate lboped ance interacted with age and edur
cation ofthe hausehold heed, the aaoupaticnal unemploymant rate lbegoed thice
interacted with age and education of the hausahold heed, the industry unem-
pymant rate bogopd ance interacted with age and education of the hausehod
heed and the industry unemploymant rate bogoped thice interacted with ege and
educatian of the hausehold heed. T he third instrtumentsetaatiains nire insttu
meats. itindudess Bmilysizeinperiaks tad t j !, acstatt the riskless ad
risky rates of retum bogped axe the aoapaticnal uremployment rate lbbeopged
ae the coupaticnal unemplbyment rate bgpsd ance interacted with ece and
education of the hausehold heed, the industry unemplymeant rate bgoed ance
ad the indstry unemplbyment rate boged o interacted with age and ed
ucatian of the hausehold heed. T he Tourth ad .. fth inslumant sets are usd
1O inesticate the rdoustness of estimation and test resuls wrrt the indbsian
of preerace shiftars. B ath indude eleven instiumantts. the nine insttumeants
incdudd in insttumantsetthree and the tho demagrgphic variabkes incdudede
in the Bubreguation.  In insttument sstfour these danagrephic varieblks are
ape ad age squaed. In insttumant set ..\e the demagrgphic \ariebks are
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5 BEmpinalR esults

Tabks 1 through ) presant resuls dotained Lsing the .. \e dic ergitinstlumatt
sets. Eadh bk atains o parts, wWith the .. 1st part presaiting estimatian
and testresults Torthe riskiess assetand the seaod part presanting estimatian
and tesstresuls T the risky asset | . istdisass the results in t2bks 1 thraudh
3 vhich antain estimation and test resuls Lsing insttumantsets ae twoad
three. Subsaqpently | disass the resullss in tebks 4 thrauch 9, whidh analyze
a number of rdoustness issues, sudh as the spad..cation of Hsure ime the
impartance of inearization and the impartance of prefarence shifiers in the
Eubrequation.

Tabks 1, 2 and 3 presaitestimation and testresults Torinsttunaitsets ae
twwoad three. Instunmaitsstaeintebkel aatarns 7 insttumants, insttumeantc
ssttwoin &bk 2 atars 11 insttumatts, and insttumentset three in tebke 3
ariarnsd intunaits. Eadh bk presatts resuls Torthiree dic erertsanpkes
the ... iIstalumn presents resulls Tora.. rstsample whidh aatains all hauseholos
who Tul. ll the selbection afteriaged..ed in ek ppadix T his yields asampke
with H = 3555 hasdols. It must be noled that the panel is unbalbnced
ad that the number of dosenatias we actually ad up with in the sampke
isN =18813. T he seaaod colmn in evary bk presats results Tor smalker
samplks they indlde thase hausahols presaitin the . istsamplke who hae
narzero holdings of the riskiess asset and narzero holdings ofF the risky asset
T his sampk aatairs H = 740 hausssholds and N = 5029 dosenatias. T he
third cobmn antars anly those hauseholcs who have holdings of the riskiess
ad the risky asset brger then $1000, H = 413 haseholks and N = 2990
dosenatias respectively. Fareadh sample we presant parameter estimates and
standard enars Torthe parametars based an the utiity sped. catian (1), as well
as the implied pantestimates of the parametars in uti ity sped..catian (7) that
canbedaived by tsingu=A + - and°® =A=p.

A astimpatant doservation in B8bke 14 is that the results in columns 2
and 3 are emarkably simibr: T he estimates of the discountratle™ are 0824
ad 0823 repectively Whidh are intuithvely plausible magnitudes.  For the
qotimization pradblem under study 1 be well de.ned, the estimate of A j 1
hes tobe necative. T his is the e in both samples and the estimates are not
vary doerat | ofe that we do not inesticgee the aasumer’s daasian with
repect © Haure and thereiore we do not nesd the estimate of - imply
aaity in ader Tor these estimates 1 make sa 2. H oneer; the estimates
of - of-1.36 ad-1.62 waud garatee thatwe ware dealingwith acaoxae
prdolEm, ifwe ware 1 analyze Hsure ddce | ole alko that the estimates of
% and %,, indicating the importance of Emily size hae the epedted sion.
Finally te sigi.cane bel orte J statistics indicaies that the statistical
evidenee egarst the theary is notbvery strag. Finallly, eedh colbmn ists the
implication of the estimates of A and - Tor the parameters © and |1 in utifity
spad..cation (7). W edotain estimates of° of0.353 and 0.36l in alumns 2 and
3 respeciively and estimaties ofu of-2.109 and -2 520 respectinvely. T he estimate
o isvary doe othe @alibrated 1/ 3 .. istprgpased by Kydiand and P rescote
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and commanly used in the real business ocke erature. H onever; thevale or
4, which determines the rate of ieltive risk aarsian is \very dic erentfiom the
parametenalbes used in many simulation studies.

IfaanersolLitias are impartant, aewould expact the estimaties in acollmn
1 odirerfion thoeinmbumns2 and 3. 4 .. istdoseration is thattthe discount
rake inoblmnl is sign. cantly onaerthan the estimates rigported in colmins
2 and 3. H onever; mostimportantly Wheress the estimate of A is ako aLite
dinerant, thesighof - is diz erentfiran thatofthe estimates incoblmns 2 and 3,
aen thouch the parameteris Eirly pradsely estimated. | tmustbe enphesized
that this is not necsssarily a prdblem, because we are not analyzing Hsure
dde butifwe dotained a similbrestimate from the .. iIst ader andition for
Bsure itwauld indicate that aur gotimizatian prdblkem wes notwell de.ned.
Itis perhgps mae intuitively gppealing  investicaie the implicatias ofthese
parameter estimates for the \alles of the parametars ° ad | in the utility
spad..catian (7). W e see that the wadght pleced an asumptian ° is 0.09 7,
mudh smaller then in colmns 2 and 3. 1| aeower; the parameter |, whidh
detamines the rate ofireltive riskaarsian, hes thevwangsion. Insummary, the
parameter estimates Torthe brge sampleseam mudh ks plalsible thatrthose tor
the smalkersamples, whidh is reinfaraed by the doservation thatt the parameters
Yy and ¥, abohave thevwagsion. 4 ..nal impartant dosernatian is that the
teststatistic indctss Itttk evdane agairst the theaetical sped..catian. T his
is prablEmatic because we do notexpect the theary 1O hold Tarhausaholds who
are at amars ad the paraneter estimates indicate the impartance of these
camarsdutias. Itmustthareiore be anduded thatthe interpretation of these
teststatistics is lkely o be prdblmatic in this aatiext

Tabk 1B presaits estimatian and test resuls Torthe Eulberequiatian assod-
ated with the risky asset; dotained usinginsttumaitsetl. T he mastimpartant
dosenvation is that estimation and test resulls lrgely anam te riesuls re
patd in &bk 1) . P arameter estimates in coblmrs 2 and 3 are dramatically
dinerentfion thoe in acbmn 1. 0 nee again, the paraneter estimate Tor - in
aoblmn 1 woul plee s in the nonaoncae regan of the parameterspace ifwne
were 1 analyze the gptimal Hsure dadsion. W heress parameter estimates Tor
Yy and ¥, have the eqoected sign in columins 2 and 3 they do notin acolumn
1. In tams of the implied pant estimates for parameters ° ad | in utility
spad..catian (7), the estimates in cobmn 1 imply a necative waeightan Hsure
¢ = 0 127) ad again the parameter | hes the wwagdsign. W hen aaomparing
theestimates ofand in cobmns 2 and 3with thase intebke 14 | itmustbe noted
thatthenwadit® an asumptian is hidherand that sk aersian is higertoo.
Finally teststatistics in cobmrs 2 ad 3 indicaie mare evidenae acairst the
maodel as ampared 1 those in tebke 14, but the eststatistic in coblmn 1 of
t=bk 1A is again suprisingly by

T he resullts in tebks 2 ad 3 inesticate the rdoustness of the results in
bk 1 wrt the ddc of tre insttunaitset Itis dear that most of the
resuls doteined in bk 1 are very rdoust First, estimates for A and - in
12bks 2 ad 3 situate s In the ancae regan of the parameter pas ean it
wewere analyzing Bsure dhace. T heimpliedvalbes o and ) are Eirly rdoust
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aacss estimation ederdsss, even thaugh rtmust be noted that the valles Tor
° dotained in EbE 24 (0.174 and 0.137) are mudh baer than those dotained
in the other Bbks. Finally in all bk the estimates of - in column 1 are
implusibke bedingoimplsibEevabes of° and . W herees the estimaites of
Yy and¥s, have theepediedsign inallinstanass inacoblbmns 2 and 3, thisisnever
the aee in colmn 1. 0 ne agpect of the resulls thattis not necsssarily ioust
is te sigi.ane bek of the st statistics. W heress we dotain statistical
noigjectias in may asss, thare are sevaral excagptias. A bg the .nding
fian tBbE 1 that teststatistics are baerin aolmn 1 is notalaays an.mmed.
T hese resuls are indicative of the resuls Tor the lrge rumber ofinrslumantt
sets thatl hae inesticated and thatare notreparted. parameter estimates are
vary rdoust; teststatistics are not

I'tis instructive at this pant o relte these parameter estimates and test
statistics 1o the resuls o the time separabke arstatt rehlle risk aersian
(TS-CRRA ) spea..cation studied in Jaados (1999). T hare are same intexesting
paralEk. First, the dic erancess betinean the parameter estimates dotained fram
the BEuber equation Tor the riskisss and the risky esset are in a certain sase
smibrote aess inJacds (1999). Fareanpk the estimates ofthe discount
rale dotained fiom the Euler equatian for the risky assetin Jaados (1999)
are abo smalkr than those dotained fram the Eulber equation Tor the riskess
asset Seaod ifaeintempres! j | as the raie ofielAtive riskaasan torte
ampasite gxd as in Kydiend and P resaott (19 82), then the .. nding that the
rate of risk aersian is gerwhen estimating the Euller egpation Tor the risky
assetabodotars inJaads (1999). H onever; thereare marked div erancss when
estimatingnasgoarebke preferanass. First, thediscountrake estimated in this
study is aimcstalnays nerthen the ae estimated in Jaados (1999 ). Seaod
theteststatistics inthis study aremarkedly brerthen thoseinJaadas (1999). It
must oFaourse be remamberad thattwe knowvvery ittke ebaut the parformance
of thee st statistics in snall ssmpks in a parel data aaitext  H oneer;
systematic ovengectias or udengjedtias are eqally likely o intuence the
results in a simibr Bhion in Jaodos (1999). T he resuls tharefore sugoesst
that Bsue is an impartant determinant in the utiity fundion, a aandlaan
whidh is of course r@nfacad by the . nding that the parameter - is usually
signi..catly estimated in cobmins 2 and 3 ofthe tebks. T hird estimation and
test resuls in Jaaodos (1999) do notvary markedly aacss dis erait coumrs,
seamingly impling that comer solLitias are nobvery impartanit W hen tskiing
the presence of Hsure in the uti ity Tonction intb acoountt, the resulis intebks 1
thrauch 3 diearly showvthat camer soluitias are aitically importantand cause
sioni..cantbiases in estimated parameters.

6 R doustness

Inspectian of tebkes 1 throuch 3 reveald thatestimatian results are rdoustwith
respectitothe ddcee ofirsttumatsst 1n this section we inesticaie rioustness
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of estimation and test resuls in otherdmasias. T he unifing theme of this
section is thatthe resulls are notrdoust o a number ofimportantessumptians.
T he .15t issue we inesticate is the sped..catian of Hsure ime. T here
is a cartain atbitrarness that aters the setup, becase we have 1 astruct
the Hsure time that enters the uti ity TUncdiaon fion aa bk data an haurs
woked . T he results in tebks 1 thrauch 3 are dotained by spedfing total
time aa BbE 1 the asumerin the year as 5840 haurs (L6haurs per day
muliplied by 36). | a@sure timeis then camputed as 5840 haurs minus haurs of
work riegported or thatyear: T his aastruction ollons the work ofF B S (19 88)
adll RS (1985). H onever; ae can ako justify induding sbgping ime in the
aa bbbk Baure time arspaeafing that an individual hes s then 16haurs
ada bBbE eary day 1o divide betneen aasumptian and BHsure. T o investicate
the dgpandenae of parameter estimaties and st siatistics an this arstructian,
12bk 4 presats results dotained using the seaod insttument set where the
1otal time exdonmait ora year is setat 876 haurs (24 haurs X 36 days).
W hen aamparing the resulits © bk 2, itis dear that the main impact of
this dence is that the estimaiied absolute \vale of the parameter - is Ergerin
aobmrs?2 ad 3. 4 sacassguene theimplied pantestimates of° andp inthe
utiity sped.. catian (7) are dreraitfion te aes in ©bE 2: ° is smallerad
the rate of risk aersian | is much ey T here is a seoond ad Ess doviass
din erance vhidh is nevertheksss interesting T he impact of the dhange in the
spad...cation of Hsure time an the resuls in aobumn 1 is bger then an te
results in columns 2 and 3. Farthe reauls in ebke 4 (the riskless asset), not
alyis te sstimate - ohvary drerait fion the aein ©bk 24 , butako the
estimate of A . || areoser; the teststatistic is mudh higher: T his suggssts that
the ecoametric analysis of the resullts in acolumn 1 is perhaps Ess rdoust then
the ae forthe sampks ttat aattain anly haussholbs atinterioraonditias.
Tabk5 inestigates hawvestimatian and test results are an ected by estimak
ing Ineavizatias of the aigral nonlinear Euler equatias. Strictly spesking
this is notan inestigatian of the rdoustness of the results isted in Bbks 1
thrauch 3 because we do notrelx any of the assumptias used to dotain those
resuls; on the antrary, oamalyze the Inearizatias ae hes tomake addtiaal
asumptias. A Imited analysis ofthese nearized equatians is nevertheless of
inersst forseveral reesas. First, may aa Ebk studies in the aasumptian
saings and Bbar econonics Herature that use parel data analyze inearized
Eukregatias!? A bg O the best of my knonkedog, analysis of inearized
Eubrequatias hes anly bean performed forthe Eulereguation assodated with
the riskkss asset § iven that estimation and testresuls intebks 1, 2 ad 3
din er betinen the riklesss and the risky asset. itis worth investigating if this
is abo the e when analyzing these nearized equatias. Firnally, itis well
knonn that messuremeantt enor prdblems can be sobed in a near aantext by
an gpprpriate dhace ofinsttumatts. W hen estimating naonlinear Euler equia
tias dalingwith messuremaitenorprdolams is mudh mare prdolbematic To
121tis well knoan that estimation and test results for these analyses can dic erdramatically

dependentan the sample underinvestication, and thereforeitis di¢ aultto aompare the resulits
in Bbks 1 through 3 with exdsting parameter estimates.
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samne exiart, analysis of the Inearized Euler equatias can therefore be inter
preted as an andlysis of rioustness of the nionlinear analysis 1 messuramatt
enorprdokms 3

TabE 50 presaits estimation and st resuls o the Ineavization of the
Eubreguation (§) assodated with the riskiess asset; dotained usinginstrumeantt
setthree Canparing the resuls o those in t8bke 3 | itis dear that they are
dramatically drerent First, the st statistics indicate dramatically stager
aevidenee against e madel Secod when utsing the estimates of 1, and 13 O
derive implied parameters A and -, itis dear that the absolute \alLe ofbath
parameters is mudh bErgerin columns 2 and 3 in ebke 50 aampared 1o tebke
3 . Trashlting these parametess to the mare intuitively gpopealing parameters
° and y ofutiity sped.. catian (7), itis sen that the share ofF arsumptian in
the utiity Tnctian is roughly aomparebke © the ae estimated in ©bke 3 .
H onever; the parameter ), which indicaties ahiger rate ofrehltive riskaersian
is drematically hider: A third interesting dosenatian is that the implied esti-
mates of the parametars ° and L in coumn 1 are mudh mare similar o those
inaolmns2 ad 3 thenistecaeein BbE 3 .4 B the estimates TrYy, ad
Y1, in aomn 1 have the expected sign, justas in columins 2 and 3. Tabke 5B
proidess asimibranalysis Trthe risky ass=t T hesame dosenatias as intebke
54 gpply. Interestingly itis abo the Gee that the estimates Tor the parameter
of reltie risk aersian are mudch lBrger then those dotained in tebEb) | justes
the estimates dotained in tBbke 3B are hidher then those dotained in tebE 3 .

A ..nalimportantrdoustness analysis is perfomed with respectto the indl
sian ofdamagegphics in the BEukbrecuation. || ostofthe Ferature an arsump
tian, ssMvings and Bbarecoamics estimates (Inearizatias of) Eubreguatias
ordamand systams by aandiianingan anumberofdemagrephicvariabes (pref
erence shifters) sudh as acp, education, marralstatus, race and others (ssetebke
5.1. inB roanningand! usardi (199 ). I otivation Torsudh analyses seamns dov-
as, Trirstance by plotting aasumptian overthe e o/ck as afunction ofece.
H onever; ae ae arsiders nansgparebke preferenass itis dear thatsudh tsch
nigues may be miskbading because other-aampanerts ofthe uti ity Tnctian may
dence ta Farirstene es papk get oder they may arsume kss butstill
an..m t intereampaal gotimization theoary because they enjoy mae Hsure
BExactly hovmudh mare EHsure they hae 1o enjoy to make the theory work is
an goen qusstian, becaLee it determines an the parametarization ofthe uti ity
Tunction, whidh shauld be determined fram the daain tre ..istplece. Itaud

13| tis clearthaugh that this interpretation is poterttially traubkesane: ifane can investicate
the rabustness to messurementenor by inestigating inearizations, there would be nomaotivex
tion Prinvestigating the nonlinear Eulerecuiatians in the .. Istplace. Justas there are asts to
analyzing the nonlinear equatians (higher prdoabi ity of messurement enor prabkems), there
are asts o analyzing the nearized equattians (is the Enearization valid?). || oreower; there is
no evidence indicating thatt Einearization solves all potential messurement enror prablems in
this aontext, nor thatmessuremerntenor strangly biases parameter estimates for this partiar
Brestimation prablem. T he anly thing we know for sure is that messuremerttenror prablems
are potentially sericus in these datasets (see A lonji (19869 and A Honiji and Siow (1987))
and that the en ects of these enors are mudh more kely o cause prabkems in a nonlinear
erviranment
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then be the cse that ace atars signi. cantly in the uti ity Tonction becauese it
prodes Tor Hsure withwhidhitis hichly anelted. T heyefare his pgpertakes
adin erantgppraach fram mudh ofthe ierature by .. istinestigating the theay
withaut preference shifters incdbded ad then investigating the rdoustness of
the results o the indusion of deanagrephics. 0 ur resuls show that this may
be awarthwhi E gpopraadhy, as the indlusian of demaogrgphics aan seviasly biss
estimatian and testresults.

T abke 6presats results Torthe Bulereguatias augmented with ®h0 rieges:
sas the age ofthe hausehold heed and the age ofthe hausshold heed souared.
T abke7 augnerts the Eulerecuatians with the education ofthe hausehold heed
and the educatiaon of the hausahod heed souared. 1n both Gesss the insttument
setusd is instrtument setthree augnatied with both riegessars; these instru
matsets are reerred toas insttumantsets Tourand .\ respectinvely. TabEe 6
presarts results using instrtumantsetiourforthe Eulbrequation assodated with
the riskless asset Canparing the resullis o bk 3 | itis dearthat the pant
estimates of A and - are very dir erent T rarshting this into the parameters °
ady, itis seen thatthe share of Hsure is \ery smallin column 2 and necative
in cbmn 3. T he estimaties in column 1 are notvery dic ereritfion the aes in
t=bk 3 , butthey were notinuitively plausibE o startwith. W hy do these
dinerencs aoaur? A serias prdolem with the estimaties in coumn 2 and 3 is
that the parameter - is estimated vary impredsely. Further ingpectian shons
thatd and d are abko ety impredsely estimated.!* 4 g the parametars ¥
ad ¥, are mare impredsely estimated then in bk 31 ad they dcermare
betneen aObmns 2 and 3 thenis tecaein BbE 3 | I'tean thaekrebe argued
that the pdntestimates TorA and - and the resuling pantestimates Tr° and
U have o be intaxpreted with cautiaon.  Itis tampting 1 aonducke thata lkely
reeson Torthese impredse estimatiss is thatage and Hsure are hichly aonrelatied.
H onever; amparison oftebkes @ and 3  shons that the prdblam is mae am-
pkex when analyzing the Euler equatian o the risky asset; indudingage ad
age sopared in the Eulerecuation does notsigni...cantly biss the estimates of A
ad -. T hisis inlerestingbacause justss in bk 6 |, the parametersd, A, ¥y
ad Y, are nobt\ery pradsely estimated.

Ingpectiaon of teble 7 nievertheless shons that the properties of the aoe \ani-
abke are partofthe prdolem. W hen induding educatiaon and education souared
in the Eulereguatian, pantestimates ofA and -, and resulling pdntestimates
of° andp are notdramatically & ected. T his ...nding can partially be eqplanad
by the ct that the parameter - is estimated with simi lar standard enrars es
in &bk 3. | eerttelss itmust ae again be noticd that the parametars d
ad d arevary impradsely estimated ad that the Jstatistics in tebke 7 arein
many cess higerthan the anespading aes in tebe 3.

T he...nal guestian addressed is whetherthe prdolems with estimating uti ity
parametess in the presance of preferance shifters are gpad..c 1o the analysis of
nonlinearEukerequatias. 4 fierall aimcstall aa BbE studies estimate prekr-

147 his ..ndings is not due 1o the inclusion of too many regressars. | dertical results dotain
when only age and not ace squared is included in the regressian.
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ence paanetass in the presance ofpreferacee shifiers fron nearized equatias.
B ecause these studies typically repartestimates in the presence of dic eranitsets
of preerance shifiers but notwhi e ecluding preBrence shifers itis di¢ aulit
o \aify fiim thoe studies whether they abko inaursimilar di¢ aulies. Tabkes
8 ad! inesticake this issue by induding age and age squared and educatian
and education souared respectinvely in the Enearized Eukbereouatias. Toasue
that the resuls are amparebke with thoe Tor the nanlinear Euber eLalias,
the instrumentsets ussd are the same namely insttument set thiree augmaied
with the igessars. T hese insttumant sets are relenad to as insrumant sets 4
and 5 repectively. TabE8h shons that justas in the nanlinear aase prdblams
ooaur when induding the age variabes in the BEuler equation assodatied with
the riskless asset T he parameter 1; is vary impradsely estimated and the re
suling pant estimates Tor are notintuitively plusibke. Tabke 8B shons that
prdolams ako dotain when anallyzing the Eulbereguation 1orthe risky asset. butt
they are s sarias Justas in the noninear e, Firally, tBbE ! shons that
the pradblams are mudh ks serias wnaen induding the education \ariabkes in
the BEuler eguation as preference shifiers.

7 CanparisnWl 1ith BEdstirgl iterature

T his section presats a disassian of the relbvance of the parameter estimates
dotained in secias 5 and 6 the exdisting erature.  Firist, the implicatias
Tor dynamic maaosaoamics are disassed, with particular atientian o those
studies thatemplby the methodology in Kydiand and P resaott (19 82), and use
parameterestimates as inputs imnothemadel  1tis dearthatall ofthe estimates
ofthe parameter in cblmins 2 and 3 ofteblks 1,2 and 3 all autsice the range
of parametervales used by Kydlbnd and P resaott (-1, -05 and-0.1). Itmay
be argued that the div erencss with the parameter range dotained in tebks 1,
2 ad 3 (fram -1980 1©-4515) are irnsigi.cait  Indesd when intapreting
1 ju asthe raie oficl|tive risk aersa, itis dearthat the diz eranass betinean
the paraneter sstimates in this pgperand sane of the parametars estimated ar
propased in the iepresatative agat erature aresmall  H onever; by thevery
nature of these modek and the methodology used itis often notdearbhoveven
madsstdances in parametenales intuence the results.

I any ofthe studies in the real business o/’ Terature and in dyramic
maaoeaoamics in ganeral use the preeraee spaed.. cation (7) of Kydlind and
P rescott (19 82) and several studies use simibr parameter estimates.  Forin
stane B adws, Kaoe and Kydliad (1992) use i = jl: A nother potential
prdblam formany studiss in this Herature is that several authors e a loog
rittmic prefrence gped.. catian, whidh maintains additive separabi ity betinean
asumption and Hsure (eg  see Christiano and Eidherbaum (199 2)).  Itis
clbarfrom ingpedting the standard enoran - intebks 1 throuch 3 thatthe data
donotsuppartthis hypaothesis. Il ae praasely, the logaitmicuti ity nctian
wusd in those studies can be Tomulated as a spedal e of (7)) with g =0
T his hypaothesis cannot be tested using the tBbks because we anly riepart an
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the pantestimates of° and | thatare implied by the preference sped..catian
(1). H onever; Tora imited numberofsped.. catias we riepeaied the estimatian
wing (7). W haress ° is sometimes impradsely estimated estimates Torj are
alnays hidhly sigi.cait 0 ur..ndings tharefare indicaie that the logaritmic
spad.. catian ueed in saveral studies is notsupparted by the data
T he parameter estimates and teststalistics reported in this paperhae

impartantimplicatias orforthe assetpriang erature yet they donotallow
Torace. nitive andiaian an this tpic Folbning the wark of L ucss (19 78)
and B reeden (19 79), avoluminas ierature hes investigated the empirical per
Tomance of aasumptiatbased asset pridng macek, ..istusing aT S-CRRA
spad..cation (seeH ansen and Singketon (1982,19831984), | enraad P resaott
(1985) ad (6 rssman Il elino and Shiller (1987)), and Eter using mae gent
eral ime naosgparebke soad...catias (seeh bel (199 0), Campbell and Cadrare
(1995), Castattinides (1990), H eatan (1995)). T he implcation of aur es
timatss Tor these studies whidh all (impliatly) assume additive separcbi ity
betneen arsumption and Hsure seams 1o be that sinee the parameter - is
sign..catly dic erertfion zaq testresuls in those pgpers are savarely bissaed.
T his aodusian is rEnfarcd by the ..nding that the teststatistics in this pgper
are bner then the conespading aes in Jaocdos (1999).  H onever; wheress
the mpresantative agat Herature atitadhes greait impartence o this tpe of
teststatistics (sseH asan ad Singketn (1982) and Epstein and 7 in (199 1)),
ractly atientian hes been Toasad an ae partiacular dmasian of the dala,
the socalld "unaonditical restricias” ofttemacel T his dmersian ofthe
maodel is cosely essodated with the so called asset priding puzzks, sudh as the
equity premium puzzk ad the riskfiee rate puzE!® T he guestian is there
foe o vwhat exiant the statistically sgi. cattpresence of Bsure in the utiity
TUnction trarsliss into dic erattproperties ofthe madel in the dmesian that
mattiers Torassetpridng puzzEs.

T his question ot be reedily arsnered Lsing the testriesullts in this pa
perl® H onever;, atthe vay bsst the statistically sigii. cant and intuitively

158 ecause 10 a certain extent this terminology is a misnamer; itis instructive 1 indicate
exactly what is meantwith unconditional information. Ina6 Il | setup sudh as the ane in
this paper; this information can be thought of as expliiting the arthagmality betneen the
Euler equation enor and a aonstant N aatiast, the estimation and testing in this pgper
eplits orthogmalty betneen the Euler equation and a aonstant as well as other variables
in the agent’s information set T 0 gppredate that this dic erence can be important, with a
TS-CRRA sped..cation unconditional irformation yields brge estimates of the rate of risk
aersian, wheress conditional informattion such as the ane used in this pgper yields mudh
smallker estimates (seeH ansen and Singketon (1982, 1983) and 6 rssman, Il elino and Shiller
987)).

1 Sror nanseparab ke preferences such a testis kess straigtfornard than in the separsble case.
IntheTS-CRRA casg ane can simply use the arthogmality andition assodated with the
riskless asset and a anstarit and the orthogonality aconditian assodated with the risky asset
and a anstant to determmine the o parameters of interest, the discount rate and the rate of
rel|tive risk aersian.  1n the nansegparabe Gase we need 1o determine three parameters, so
we need 1o add an orthogonality aondition imlvolving a third asset 1T one adds a third asset
that has dic erant time series properties fram the riskless and risky asset, the dangeris that
st resuls willl be impacted by the dhaae of this asset T he best solution is prabably o
work with the riskless assetand tho risky assets with properties similbarto the market retum.
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plusibkevalles of - suggsstthat naosgparcsbke uti ity TUndias are warth bdk

ing into O sole essetpridng puzzks. A B itwses mattiaed previasly that
the ripresantative agait.. nence erature hes notfoaused an Hsure in the utib

ity Tundian because aggregaie Hsure is 100 snaoth o sigii..catly e ect the
intertampaal rake ofsuostitutian, even thaudh itatiers the uti ity Enctian sig

ni.. cantly when estimating Eulkereguatias Toraggecaie data(See | S (1988)).

U niike aggregate Hsure hausshod Bisure is vary varicbke oertme. T hese
ndingp, tTaoetherwith those of Jegannathen and W ang (199 5), who showvthate
human gpital variebkes can ply an impartant ok in acss sectiaal assetpric

ing sugosst that nasgpareble uti ity Tinctias are warth Ibddng into © sobe
assetpridng puzzEs.

A aaomparison with aval BbE estimates of preerence parametess in the riep
resartative egant Ferature albko shons thatt relexing the sssumptias necesssary
Tor aggrecation may dnance the ok of Hsure in assetpridngmacek. Il RS
(1985) and 1 S (1988) provice a represatiative agaitanalysis ofnoninear Eu
kr eqatias!’ H oneer, thar setp dicers fran aurs in several respects.
First; both studies use information fraon the .. 1Istader andiion or |Hsure as
well ss the .. iIstadarandition forasumption. Seaad wheressll RS (1985)
study time separabkepreerencs | S (19 88) exdusively study preferanas with
time nasgparabi Iities madeld as in Kydiend and P resaot (19 82). Caditiaal
an thexe interpretaticnal dic aulies the dic erencss betinean estimaties in those
studiss and aurs arestriking W henll RS (1985) excleinely use the intertan
paal gotimality aanditian and the .. iIst ader andition wt arsumptian, they
do notdotain statistically signi.. cantparameter estimates. P exhgps unsumpis
ingly estimatian resulls are abonotrdoust T his antrasts with the estimates
dotained by 1 S. T hey ripart tho estimates of 1; 085 and 08 respectively
(tharthid estimate of-0.16is dotained after edjusting Tortaes). W hile these
sstimales are in the ancae regan of the parameter spae the implied valbe of
the rate of relti\e risk aarsian is mudh bnerthen the ae dotainad in this pa
per: A BQ Hi S estimate of the share parameter’® is araund 0.15, mudh baer
then as. B esides the dovias emark that this estimate may be stragly af
cted by the time nasgparabi kties in Bsure, itmustalo again be noted that
this estimate is ar ected by the de.nition of total adaEbke time. U sing the
altermative de. nition of Hsure time in tebk 4, aurestimates are mudh closer to
thoseofH S (1988). EH S abonoke (1988, p.6) thatdengs in thairde.niian
of BHsure time acaud bring thair estimaties mare in ine with aurestimate (ad

A nother passible spproadch, TolloningH ansen and Jagannathan (199 1), is to evaluate the tho
orthogmality conditians dotained by aambining Euler equations (3) and (4) with a anstat
fordic ereritvalues of ;- and A 1 T he question is then ifgiven the daita, we can ..nd solutions
for the Euker equatians Tora priori plbusible values of the behavioral parameters.

17} ote again that for this disassion studies are gouped together mainly acoording 1©
methodolbgy. T hestudies byl RS (1985) and EH S (1988) are intimately related t and mo
tivated by the ” real business o/cE’ methodology pioneered by Kydiand and P resaott (19 82).
H onever; because they provide tests of Euler equations they are intimately related to the
assetpridng tests offf ansen and Singketon (19 82) and forthat reeson they are disaussed here.
T his goes 1o prove once again that the resullts in this pgper are of interestin several research
..elds, butthese ..elds are intimately connected.
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Kydiend and P resaott’s (19 82) calibrated valle).

Finally, estimates of the parametars A and - dotained in tebks 1 throuch
3 are of intlarsst o the asumptian and Ebar supply erature. T he esti-
mates are ofintersst to the aansumptian Ferature because of several ressa s
ISt In the asumptian Heralure may st are aarstruded using additive
sgparcbiity. T he statistially sgi.cantestimates of - in &bk 1 through 3
showv that this sssumptian is notsupported by e data. Secod  the estimate
of I, = ji1=@ j1)in (10) is ofinterest becaLee itis the rate of intertem-
paal substitutian in asumption. B ecause aur estimates of A in collmrs 2
ad 3 of tebks 1 thraudh 3 are betinean -1.347 and -2.74), aur resuls imply
a rake of inferempaal substitution of casumption betneen 0265ad 0.26
I'tis notstragitionard O ampare these pant estimates 1o the aes thatare
aa bBbE in the Meralurg because a wide range of paraneter estimates have
ben reparted in edsting researdh. A nother aveatis that most ada Bbke es
timates of the rate of intertemparal substituition in carsumption are dotained
wsing an additively ssparabke ped..catian whnidn isTS-CRR A in aasumption.
In this amextthe intertemparal rate of substitLtion in asumptian is Simply
ae divided by the rate ofriskaersan.  In the ipresantative egant iterature
mcst studies pant tonards a very l|rce rate of risk aarsian and thaefae a
small intertemparal ebstiaty (eg seeH all (1988), I ehraand P resaott (19 85)
adi arsanand Jagamathen (199 1)). T heedxagptianis theevidaxeind ansan
and Singketan (1982, 1983): when usinganditiaal informatian, thelrestimates
of the intertampaoal substitution ebstiaty are in inewth aurs.  1n the panel
cata ierature underadditive separabi ity div erertstudies have reparted awnide
rance ofpantestimates. 1 eldes (19 89) rigparts estimates in inewth the small
ebstiaties in the ripresaniative ageit teyature. T he resuls inR unkie (199 1)
and Keare and R unkie (199 2) are laoey; butsmallerthan the estimaties in this
paper: A tanssio and W eber (199 5), wsing syrithetic aharts fran the CEX
ndsmallebstidties and/ anesioand B ronning (199 5) usingB ritishdata..nd
awice \ariety ofesstimaies.  |n the representative agat ierature thatinvest-
cates nasgparabke prefrencss, thestudy by HH S (19 88) is a natural reerence
pdnt; because the results inll RS (1985) are notvery rdoust T harestimates
oftre intertemparal rate ofebstiaty are actually brger then aurs. A onji and
H am (1990) presait parel data evidance under nasgparabifities ad ako ..nd
small ebstigties.

Itis not the dojective of this pgper 1o atleampt o read ke these draait
sstimaies. T hey are determined anang other things by dicerancss in daia
selbction and econanetric methadology: H onever; acomparisan ofthe nonlinear
resuls in Bbke 3 ad the estimation resuls or the neavized equatian in
1=bkb sugyssts ae polential eplbnatary Boior: many ebstidties estimated
in the parel data Ierature are estimated using ineraized Eulerequatias, and
they are rmae in inewth the resullis in ebke bl then with those in &bk
3 . W haress the exsting eralure doss not investicgaite the BEuler epuatian
assadated with the risky asset; ingpectian of the resuls in ©bke 5B indicates
intertamporal substitution ebstidties even snaller then the aes rparted in
edsting Ierature when using the riskless asset
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H anv do the results in tebks 1 thraudh 3 iefect an the Bbor eaonamics
tevatue? A s autined previasly, the intertempaal ebstiaty of Bbor supply
&an be amputed a5 j1=C §lX § iven that the estimates of - in coblmrs
2 and 3 of tebks 1 thrauch 3 are betnemn -1.26 ad -3.188, this implies an
ebstiaty of substitution betneen 0238 and 0.441. T his range of estimates
is highar then most estimates ava Ebk in the Bbar supply Ferature. T his is
of attical impartance because the b estimates in the Bbarsupply Ferature
hae tradtically been ilided 1© argee that interteanpaal macek did not
stand a dnance  epln the data’® T here are several polertial explbratias
1o this dir erance betneen aur estimaties and those ada Bbk in the Feralure
Fist, nole that e again the de.niian of Hsure plys a ok Tabke 4,
with the allematinve de. nitian of Eisure hes estimates of - of-5.68 ad-4.437
respectively whidh eds 1o brerebstidty estimates. H onever;, axe again, a
mare striking dic exrence dotairns when we investicate inearizatias of the Eulker
equatias in BbE 5. In tBbke 5h , whare we inestigaie the BEuler ecuatian
assodated with the riskkess asset; the estimates of - imply estimates of the
substitution elstiaty of gpprodmately 0.1, mare in ine with estimatss in the
evature. IntEbe5B impliad vales ofthe substitution ebstiaty are actually
much smaller then mast estimates avda Ebke in the erature ! (| ole again that
the Eubrequatias assodated with the risky assetare notinvesticaied in the
Ebarsupply eratue). [ttharere ssamss thattsame ofthe dis erancss betnemn
the estimatss in this pgper and thcese in the Ferature sean o be determined
by the dic erence in estimatian methoadology (neaxized versus nanlinear Eulker
equatian), and notby whidh .. istaderaaditian is bang studied (Gasumptian
varsus Haure).

Finally what is the ok of prerenae shifters? A s maetianaed in Section 6
Torsane Bulerequatias the presance ofpreference shifiers yiels impredse pa
raneterestimates.  Farthose thatare estimated preasely the implied esimate
ofthe parameter - andA inteblks 6and 7 are nottoomudh ec ected. T hesame
arsbsan holds Tor the estimates of the nearized Euler equatias in ©bks 8
ad!. T hedreaenas inintertanpaal ebstiaties with the edsting erature
are therefore most ikely not due 1o the rich anay of preference shifiers thatis
estimated in many aa Bok studies.

8§ Caxdsea
T his pgper estimates and tests nonlinear interteampaal Euler equatias using
a preference spad..cation thatis nasgarabke in asumption and Hsure. It
..nok that Tor ssmples that only aattain hausahoks at interiar solutias, pa
raneter sstimates are intuitively plusibke. P arameter estimates indicate that
the gotimization prdblEms under study are ancae whidh is reessuing Fur
ther; ©or Cdob D augs preBrencss, the implied pant estimatss for the share
18)  convexd..cation argument devised in R agerson (1988) and used in H ansen (1985) can

recond ke low intertemporal substituitabi ity ofindividual agernts with high intertemporal sub-
stitLitabi ity of the represertative agent

24



of aarsumptian in the uti ity Tnction and the rate of reltive risk aersian ae
intuitively gppealing Far a sampke that abo aattains hasahols at camer
solutians, parameter estimates are alnacstalnays hard o interpret T his..nd

ing indicatss that partidpatian in assst markests is of artical importance when
estimating preferaxe parametars. 4 s a resultstudies of ripresantative agait
madek are kely tobe savarely bissed. T his..ndingaoiests with the ..ndings
inJaaodos (1999), whostudies aTS-CRRA  preferaxe sped..cation. W heress
estimatian results div er dependatan whether ae analyzes the Eulbereouatian
assadated with the riskess ar the risky asset. these div erancss are reltely
minar:

A artcl dir erene betneen the methadology used in this pgper and the
gopraach ofFmost of the exdsting panel data erature is tatalincst all asaill
abke pgpers inestigate Inearizatias of the aignal nonlinear EulEr equatias.
Itis shoan thatwhen investigating inearizatias, parameter estimates are dia
matically drerait || cstimpoartantly; the implied rate of reltive risk aersian
is mudh higher then the ae dotained tsing nOninear analysis.  INerestingly,
this.. ndingmatdes the ..ndings ofJacdos (1998) foraT S-CRRA utility fUnc
tion. Bven thauch itmay be tampting © anducke fran this that Enearizatian
bissss parameter estimates, this is notnecssarily he a2 A notherpassibe
inEerpretatian is thatparametar estimates dotained from the nonlinearanalysis
are biasad because ofmessuremantenarprdolms. 4 notherdic erence betinean
this pgperand many athers is thatbesides aaroks Torfemi ly size nootherpref
erence shifiers are induded in the Eubreguatias. W hen induding preBrence
shifiers itis shonn that the presenae of age variebks in the Euler eguatias
leds o impredse estimates and a lbedk of ridoustness when analyzing the Euler
equation for the riskess esset

B ecause preferance gpad...catian lies at the basis oFmasteconanic analysis
these ..ndings are of substantial interest | disakss in detall the impartence of
the .. ndings in this paper for three dic erait butineyconected researdh aress
1) inerempaoral asset pridng; 2) the Heralure an aasumptian, ssavings ad
intertampoal Bbarsupply; and 3) the ”real business o/cE’ erature and mare
cgererally the intertempaal magoeanonics iterature.  For the asset priang
evature the ..ndings in this pgper sugosst that nasgparabi kities may sub
statially a¢ ectthe perfamance ofFecpi ibrium assstpriangmadek. H onever;
because ofthe nature of the rIesstridias that are investigatied in this peper; es
timation and testresults donotg\e a ce. nitive answer 1o the poterttial ofnan
separabi Ities 1o sobe assetpriang puzzks, sudh as the equity pramium puzke
and the risk fiee rate puzzk. T he results are of geatintersst o the Feratue
an asumptian, savings and interemparal Bbarsupply.  Firstand faemcst,
e resuls indicate that many test riesulis in the aansumption Herature are
inalid because of a separabi ity assumptian. 1| aeower; when estimating the
intertemporal ebstidty of arsumptian, aur estimates are mudh higher then
mcst of the ass aabBbE in te erature. A similar..nding holcs for aur
estimates of the intertemporal ekstidty of Eborsupply.  1tis shoan thatsame
oftte baerestimaties in the Ferature may dotain because of kg Inearization,
althauch itmustbe emphesized that this pgper does notar er aaMnding argLt
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mats oprelErae tpe ofestimation methad overthe other:  Finally thehich
estimaties ofintertemparal substitution ebstiaties are in prindple good nens Tor
an extersive arature whidh investigaities dynamic geneval e ibrium madek
by smultiaon. H onever, aur estimates show that the paraneters calibratias
wsad in many ofthese studies are subject o aftidsm.  Itis di¢ altto judoe ©
whatextant these ..ndings invalidate the andusian reedhed by those modeks.

T hee ..ndings suggsst a number of questias and exdiansias. First, itis
char that the use ofF the P SID , whidh Taress Ls 10 Lse Tood aasumptian, may
beaprdbbn. The CEX o as dataan total asumptian, butis nota parel
P exhaps investigation of dateessts fran aountries other than the U nited States
will be helpful here  but sudh analysis may not be instructive 1 eplEn phe
nonea that are tpical o the U nited States sudh as the bw saings rate
Seaod sane ofthe comparisas made with other studies in the FHerature are
imperect; becaLse many exdsting studies use time nasgparcbilities. T his d>
senatlion sugssts an analydis ofthose mare gaeral uti ity Tnctias.  Finally
the patterrs of the teststatistics are sametimes d¢ aultoudarstand. 4 de
1a K study of the perfomance of the teststatistics usad here in aparel data
aoextis desireble

9 A ppaxdx D aaSeldtian

T his gppendix desaibes the data selbection procedure Torthe P anel Study of
Inaome D ynamics (P SID ) data usad in the empirical anablysis. | use data fram
tePSID fortheyears 19 74101987. T hedatais @ken fran the 19 87 respadant
and nat respadant.. ks ofFthe PSID and indudes all data an milies heedd
by amak induding singke maks. 0 beenatias an individuak in the poerty
subsample are incuded in the samplke ifthey Tl 1 the sebdion aiteria

T heantralissLe is the aastruciaon of the aasumption messure. T he mast
impartantprdblm is that the PSID alllons anly the aastructian ofa messure
of food asumptian. | tharefare ollow the exdsting ierature by using food
asumptian as the aasumption messure. 4 nother prcdblem is that this foacd
asumption messure is de.ned at the hasdhdd bBel ad te theay is at
the bwel oFan individual egant T he letier prdblem is sohved by warkding with
hasehold casumptian and induding a fonctian of imily size in the Euler
equation. A Il asumption messures in theP SID are in naminal ems. T hey
are anverted 1o real exms by detating by the 1ood aonsumption price index
which is dotained fian the EananicR gportofthe P resident

T he messure of casuMmptian is aastrucied by agprecating i) maey spait
an foad in restauratts; i) maney spattan oad in the hame whidh is notpur
dhesed with 1oad stamps; and i) the manetary \ale ofFfood dotained throuch
food stamps. T he ependiture infomatian an foad in and autsice the hase in
ineriewyear t 1 is interpreted as refenring to year t 0 therauthars hae as
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sumed thatepeaediture an Tood asumead in the hane and resteurants inyear
tis avnadghied asrace of the respasss fran interviewyear & 1 and interview
year t. usually with the respedtive weaidhts baing .75 and .25. Itmustbe noted
that this arstructiaon of the arnsumption messure interprets the relevantp SID
qguestias as reening 1o a fov\vaiebk as goposed o a stok ata pantin
time T he reeson that div erat studies have not treated this infomatian in a
asisiEntwnay is that the ouestias asked are nobwithautambiguity (Seet ltug
andll iller(1990), H allandll ishlkin (1982), I ankiwand!? eldes (1991), R unkie
(V991) and? eldes (1989) anthisissue). Stodkand bad returms are arstructed
1O matdth the astrudction of the arsumption sexies.

Fareech Eubrequatian, resuls are riparted for three dis erantsamples. A
.rstsampke is the same regardess of the BEuler equation under inesticatian
ad indldes all dosenatias Torvwhich the folloning data sebdion afteria are
satis..ect

=the hassehold heed hes o be betnean 25 and & years oface.

=2yearly haurs worked by the hausahad heed have 1o be betneen 100 ad
416.

=21otal real 1ood aasumptian in 1987 dallars hes 1o be kss than $12,000
per pasm and mae then $720 per person and ol real mily fod
aosumption hes 1o be ks than $30,000.

=2there can be no missing data an the danagrgphicinfomatian used in the
sstimatian eerdsss. T he div erat danagegphic variabks used s regres
sas ae age ofthe heed ace ofthe heed squared, tamily size in periad t
fmily sizein paiad €1, dummies indicating whether the heed is manied
ornotin periack tand €1, and the race oftteheed. | bBQ the educatiaal
adhievematofthe hausehold heed is usad as aselkedtian afterian because
itis usd in the aastrudtian of the instrtumentset I'tmustbe noted that
some estimation eerdsss wsing these danagrgphics are not reported in
the peper-

T his ..ist sampk hes 18813 dosenatias. Far all Euber equatias under
inesticatiaon, estimatian and st resuls are reparted or tho other samples,
which are meent 1o incdlude anly hausehols with strictly pasitive holdings of
te ebiantassets. T he sampless are aested by induding anlly hausehols who
staie that they have narzero hodings of the Ilbvant asset arholding lrger
1en$1,000. T osekbctthesehaussholds aseries ofl 84 questias fian theP SID
are usd. T hese guestias essantiallly ask hauseholds whether they have pasitive
holdings of a reltvely riskless and/ ara risky asset at that time. Spea..cally
Torthe riskiesss assetthe ouestias (Questias # V10917 throuch# 'V 109 21) ask

=D oyau (ar anyae eke in yaur Emily iMng ther®) have any maey in

draeddngarsaings aooounts, maey market funds, aarti..cates ofdepasit,
goammaitsaing bads, o T reesury bl indbding IRA 57
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Zifat mative amner o)

=" 1fyou added up all such acoaunts Torall ofyaurEmily Ming there sbaut
howvmud wauld they anaunt o ngitnon?’

=iii) ifnoamswer i)
=2\ aud irtamaut© $10,000 armae?’ and dgpendentan this ansner

=7$1,000 armae? ar”’$100,000 ormae?”’
Forthe risky asset questias # V10912 thraugh# V 109 16are

=D oyau (aranyaein yaur Emily Mngthere) hae any shares ofstodkin
publicly held copaatias mutal inds, arinestmant rusts, incduding
stodsinIRA s?°

Zifat mative amsner o)

=27Ifyau sod all thatad pad o everything yau oned an it hovmuda
wauld you hae?

Zifnoamswnertoii)
=2\ aud itamaut© $10,000 armae?’ and dgpendentan this ansner
=7$1,000 ormae? ar”’$100,000 ormae?”’

T hemain purpcse ofusing these questias is aaomparisan ofestimation and
testresults betneen

the samp thatanly incldes hausaholcs atinterioraandiias and the sam-
pk thataboincludes hausgholks ataxnersolutias. T heanalysis ofthesampke
thatanly indude haussholos with assstholdings Ergerthan $1,000 is interesting
fian o pargectives. First, this sampkis Ess kely b atain dessi.catian
ernars (hausehols atamnersolutians), and tharelare itis interesting toaaompare
than 1o the sampke that abko includes hausehols at comer solutias. A bBg a
aomparismn of estimation and st riesuls betneen the dic erait samples with
paitive assethddings can indicate whether they have dic erat dnaracteristics.
It must be Noted that the guestias isted abowve alko allow arstructian of a
sanplke of hausahoks with asset hodings brger then $10,000 and $100,000.
H onever; these samples are notusad in the analysis bacause they do notyield
rdoustestimatian resullts.

I'tmust ako be noted thatt the selbection aiterian used in this paperis po
tentially prdbkEmatic T he mostimpartantprdblam is that forevery year that
a hasghod is induded in the sample itis dessi.aed a5 an essetholder ar a
non assetholderan the besis of this 19 84 question. T his may doasly gve rise
o miscessi.catias. A bg apotattial pradbEn with the interpretation of the
results is that the dic erence betinean the secod and the .. iIst sampke T the

28



analysis ofa gven Eulkerequation is not necsssari by totally made up by hase
holds whoare non essetholbers in 19 84. A hausehold may sSimply notbe presait
in the sampke in 1984, yet be an assetholder in every other year: Faramore
detabd disassan ofFthe 1984 P SID guestian seell ankiwand? ebes (199 1).
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Table 1A
Estimation and test resultsfor 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

i t+ - |i+ 1
1= b(SE1 Y (D) el pa fam,,,+p2 fam,] + e

Cit it i
where C;; isconsumption of household i & datet, |, istheleisure time of household head i at datet, (), isthe (normalized) price of the riskless asset in
periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.676 0.824 0.823
(Standard Deviation) (0.095) (0.093) (0.077)
y - 1 -0.428 -1.745 -1.602
(Standard Deviation) (0.0.482) (0.468) (0.834)
k 5.298 -1.363 -1.602
(Standard Deviation) (0.586) (0.624) (0.834)
p: -0.020 0.051 0.048
(Standard Deviation) (0.032) (0.035) (0.029)
P2 0.024 -0.038 -0.042
(Standard Deviation) (0.027) (0.027) (0.024)
Number of instruments 7 7 7
Degrees of Freedom 2 2 2
Jdatistic 0.247 2.066 1.674
(Significance Level) (0.883) (0.355) (0.433)
Implied g 0.097 0.353 0.364
Implied J 5.870 -2.109 -2.520
H 3555 740 413
N 18813 5029 2990




Table 1B

Estimation and test resultsfor the nonlinear Euler equation associated with therisky asset. Results obtained using instrument set one.

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

pr+1+di+1

_ Cite1 -1 lige1
1=b(==) " (== )( )exp[p: fam,,, +p2 fam,] + a1
Cit lis t
where C;; isconsumption of household i at datet, Ii't isthe leisure time of household head i & datet, P isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @44 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000

b 0.382 0.560 0.679
(Standard Deviation) (0.053) (0.208) (0.238)
y - 1 -1.176 -2.724 -2.409
(Standard Deviation) (0.692) (0.831) (1.086)
Kk 6.672 -1.850 -2.199
(Standard Deviation) (0.637) (0.804) (1.239)
p: 0.010 0.010 0.062
(Standard Deviation) (0.087) (0.067) (0.055)
P2 0.023 -0.058 -0.050
(Standard Deviation) (0.067) (0.049) (0.039)

Number of instruments 7 7 7
Degrees of Freedom 2 2 2

Jdatistic 0.451 6.950 6.831
(Significance Level) (0.798) (0.030) (0.032)
Implied g -0.027 0.482 0.390
Implied J 6.496 -3.575 -3.608

H 3555 740 413
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Table 2A

Estimation and test resultsfor 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

i t+ - |i+ 1
1= b( =Ly (L (=) expl pa fam,,, + P2 fam,] + e,

Cit it t
where C;; isconsumption of household i & datet, | istheleisure time of household head i at datet, 0, isthe (normalized) price of the riskless asset in
periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.760 0.783 0.8%4
(Standard Deviation) (0.062) (0.085) (0.076)
y - 1 -2.770 -1.674 -1.347
(Standard Deviation) (0.536) (0.495) (0.414)
Kk 4.624 -3.188 -2.182
(Standard Deviation) (0.699) (0.633) (1.101)
p: -0.019 0.043 0.033
(Standard Deviation) (0.029) (0.030) (0.025)
P2 0.021 -0.033 -0.035
(Standard Deviation) (0.025) (0.026) (0.021)
Number of instruments 11 11 11
Degrees of Freedom 6 6 6
Jdatistic 6.509 2.450 4561
(Significance Level) (0.368) (0.874) (0.601)
Implied g -0.620 0.174 0.137
Implied J 2.854 -3.863 -2.530
H 3555 740 413
N 18813 5029 2990




Table 2B

Estimation and test resultsfor 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

pr+1+di+1

_ Citr1 -1 lige1
1=b(== ) (== )( )exp[p: fam,,, +p2 fam,] + a1
Cit lis t
where C;; isconsumption of household i at datet, Ii't isthe leisure time of household head i & datet, P isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000

b 0.536 0.592 0.649
(Standard Deviation) (0.139) (0.156) (0.240)
y -1 -1.410 -2.538 -2.483
(Standard Deviation) (0.762) (0.626) (1.009)
Kk 5.181 -2.270 -3.032
(Standard Deviation) (0.833) (1.213) (1.887)
p: 0.015 0.089 0.069
(Standard Deviation) (0.059) (0.053) (0.051)
P2 0.009 -0.051 -0.059
(Standard Deviation) (0.033) (0.043) (0.079)

Number of instruments 11 11 11

Degrees of Freedom 6 6 6

Jdatistic 15.610 8.605 19.470
(Significance Level) (0.016) (0.197) (0.003)
Implied g -0.086 0.403 0.328
Implied J 4.770 -3.809 -4.515
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Table 3A

Estimation and test resultsfor 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

i t+ - |i+ 1
1= b( =Ly (L (=) expl pa fam,,, + P2 fam,] + e,

Cit it t
where C;; isconsumption of household i & datet, | istheleisure time of household head i at datet, 0, isthe (normalized) price of the riskless asset in

periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.790 0.828 0.869
(Standard Deviation) (0.098) (0.084) (0.057)
y - 1 -0.437 -1.731 -1.645
(Standard Deviation) (0.421) (0.420) (0.374)
Kk 4.245 -1.267 -1.436
(Standard Deviation) (1.045) (0.670) (0.735)
P2 -0.011 0.050 0.038
(Standard Deviation) (0.022) (0.034) (0.022)
P2 0.013 -0.038 -0.035
(Standard Deviation) (0.018) (0.027) (0.019)
Number of instruments 9 9 9
Degrees of Freedom 4 4 4
Jdatistic 3.091 13.235 6.768
(Significance Level) (0.542) (0.010) (0.148)
Implied g 0.117 0.360 0.309
Implied J 4.808 -1.980 -2.081
H 3555 740 413
N 18813 5029 2990




Table 3B

Estimation and test resultsfor 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

pr+1+di+1

_ Citr1 -1 lige1
1=b(== ) (== )( )exp[p: fam,,, +p2 fam,] + a1
Cit lis t
where C;; isconsumption of household i at datet, Ii't isthe leisure time of household head i & datet, P isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000

b 0.404 0.555 0.720
(Standard Deviation) (0.068) (0.191) (0.225)
y -1 -1.253 -2.749 -2.193
(Standard Deviation) (0.707) (0.767) (1.103)
Kk 6.445 -1.815 -2.085
(Standard Deviation) (0.667) (1.213) (1.085)
P2 0.013 0.010 0.054
(Standard Deviation) (0.008) (0.069) (0.049)
P2 0.019 -0.059 -0.045
(Standard Deviation) (0.006) (0.053) (0.035)

Number of instruments 9 9 9
Degrees of Freedom 4 4 4

Jdatistic 2.456 9.664 13.228
(Significance Level) (0.652) (0.046) (0.010)
Implied g -0.040 0.490 0.363
Implied J 6.192 -3.564 -3.278

H 3555 740 413
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Table 4A

Estimation and test resultsfor 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

i t+ - |i+ 1
1= b(C; Ly f L )k(a)exp[plfam,mpz fam,] + e
it it t

where C;; isconsumption of householdi & datet, | istheleisure time of household head i at datet, (), isthe (normalized) price of the riskless asset in
periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.758 0.793 0.882
(Standard Deviation) (0.090) (0.079) (0.075)
y -1 -0.125 -1.644 -1.379
(Standard Deviation) (0.656) (0.472) (0.391)
Kk 8.642 -5.661 -4.487
(Standard Deviation) (1.780) (1.265) (1.870)
p: -0.022 0.040 0.034
(Standard Deviation) (0.032) (0.028) (0.025)
P2 0.028 -0.029 -0.034
(Standard Deviation) (0.031) (0.024) (0.020)
Number of instruments 11 11 11
Degrees of Freedom 6 6 6
Jdatistic 17.455 3.096 4.019
(Significance Level) (0.007) (0.796) (0.674)
Implied g -0.014 0.102 0.077
Implied J 8.517 -6.306 -4.866
H 3555 740 413
N 18813 5029 2990




Table 4B

Estimation and test resultsfor 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

_ Citr1l -1 |',t+1 k p[+1+dt+1
1=b(== ) (== )(
Cit lit Py
where C;; isconsumption of household i at datet, Ii't isthe leisure time of household head i & datet, P isthe price of the risky asset in periodt, d; is

)exp[ pl fam,t+1+ p 2 famt] + e,t+l

the dividend of the risky asset in period t , fst isthe size of household i in period t and @44 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000

b 0.556 0.589 0.638
(Standard Deviation) (0.159) (0.158) (0.222)
y - 1 -1.490 -2.555 -2.514
(Standard Deviation) (0.790) (0.653) (0.924)
Kk 9.065 -4.146 -5.930
(Standard Deviation) (1.756) (2.558) (3.398)
p: 0.019 0.090 0.069
(Standard Deviation) (0.052) (0.054) (0.046)
P2 0.010 -0.051 -0.057
(Standard Deviation) (0.028) (0.043) (0.034)

Number of instruments 11 11 11

Degrees of Freedom 6 6 6

Jdatistic 14.151 8.115 21.848
(Significance Level) (0.027) (0.229) (0.001)
Implied g -0.057 0.272 0.203
Implied J 8.575 -5.702 -7.445
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Table 5A

Estimation and test resultsfor thelinearized Euler equation associated with the riskless asset. Results obtained using instrument set

three.

Estimation and test results obtained by GMM estimation of

DIn(cit+1)= W1+W2|n(£)+W3D|n( li,t+1) +p1fam,,,+p2fam, + ui.
q ; ;

where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, , isthe price of the risky asset in period t, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @44 isan econometric error term. Results for fl and f2 are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
W1 0.035 0.032 0.038
(Standard Deviation) (0.012) (0.010) (0.018)
W2 0.148 0.224 0.178
(Standard Deviation) (0.212) (0.193) (0.209)
W3 -0.877 -1.659 -1.722
(Standard Deviation) (0.549) (0.426) (0.885)
P2 0.018 0.010 0.011
(Standard Deviation) (0.005) (0.006) (0.012)
P2 -0.027 -0.017 -0.020
(Standard Deviation) (0.005) (0.007) (0.011)
Number of instruments 9 9 9
Degrees of Freedom 4 4 4

Jdatistic 43.187 53.327 16.724
(Significance Level) (0.000) (0.000) (0.002)
Implied Y -5.756 -3.464 -4.617
Implied K -5.925 -7.406 -9.674
Implied g 0.492 0.318 0.323
Implied J -11.682 -10.870 -14.292

H 3555 740 413
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Table 5B

Estimation and test resultsfor thelinearized Euler equation associated with therisky asset. Results obtained using instrument set three.

Estimation and test results obtained by GMM estimation of

DIN(G.i+1)= wl+wZ|n(m)+W3D|n( lit+) +p1fam,,+p2 fam, + v,

t

where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @44 isan econometric error term. Results for fl and f2 are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
W1 0.032 0.033 0.039
(Standard Deviation) (0.011) (0.010) (0.017)
W2 0.071 0.059 0.036
(Standard Deviation) (0.061) (0.059) (0.076)
W3 -1.052 -1.797 -1.795
(Standard Deviation) (0.446) (0.470) (0.847)
P2 0.018 0.010 0.011
(Standard Deviation) (0.005) (0.006) (0.012)
P2 -0.028 -0.017 -0.020
(Standard Deviation) (0.005) (0.007) (0.011)
Number of instruments 9 9 9
Degrees of Freedom 4 4 4
Jdatistic 481.434 41.537 16.375
(Significance Level) (0.000) (0.000) (0.002)
Implied Y -13.084 -15.949 -26.777
Implied K -14.816 -30.457 -49.861
Implied g 0.468 0.343 0.349
Implied J -27.901 -46.406 -76.638
H 3555 740 413
N 18813 5029 2990
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Table 6A

Estimation and test resultsfor 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

i t+ - |i+ 1
1= b(C; Ly f L )k(a)exp[plfam,mpz fam,] + e
it it t

where C;; isconsumption of household i & datet, | istheleisure time of household head i at datet, 0, isthe (normalized) price of the riskless asset in
periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.

All Households Asset Holdings > 0 Asset Holdings > 1000

b 0.895 0.953 1.014
(Standard Deviation) (0.141) (0.095) (0.119)
y -1 -0.376 -1.163 -0.942
(Standard Deviation) (0.371) (0.233) (0.339)
k 3.984 -0.202 -0.362
(Standard Deviation) (1.085) (1.201) (1.533)
p: -0.010 0.021 0.009
(Standard Deviation) (0.021) (0.018) (0.017)
P2 0.013 -0.014 -0.008
(Standard Deviation) (0.017) (0.015) (0.018)
d1 -0.005 0.0003 -0.001
(Standard Deviation) (0.010) (0.0040) (0.005)
d- 0.0006 -0.00003 -0.067
(Standard Deviation) (0.0013) (0.00006) (0.785)

Number of instruments 11 11 11

Degrees of Freedom 4 4 4
Jdatistic 5.521 10.049 27.387
(Significance Level) (0.237) (0.039) (0.000)
Implied g 0.135 0.039 -0.190
Implied J 4.608 -4.179 -0.304

H 3555 740 413
N 18813 5029 2990
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Table 6B

Estimation and test resultsfor 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

i+ - |i+ + +dt+
1= b( Qc'lt Ly e e (PETR Y ol s fam,, + p2 fam, ] + e
it

Ii,t t
where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in periodt, d; is
the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000
b 1.472 0.442 0.758
(Standard Deviation) (1.006) (0.361) (0.476)
y - 1 -1.191 -2.540 -1.925
(Standard Deviation) (0.734) (0.946) (1.315)
Kk 6.496 -1.030 -1.471
(Standard Deviation) (0.668) (2.558) (1.418)
p: 0.003 0.084 0.034
(Standard Deviation) (0.077) (0.075) (0.047)
P2 0.041 -0.051 -0.028
(Standard Deviation) (0.054) (0.055) (0.039)
d1 -0.071 0.021 0.003
(Standard Deviation) (0.046) (0.029) (0.021)
d- 0.090 -0.00029 -0.00007
(Standard Deviation) (0.056) (0.00038) (0.00020)
Number of instruments 11 11 11
Degrees of Freedom 4 4 4
Jdatistic 6.133 11.754 16.639
(Significance Level) (0.189) (0.019) (0.002)
Implied g -0.030 0.599 0.386
Implied J 6.305 -2.570 -2.396
H 3555 740 413
N 18813 5029 2990

12



Table 7A

Estimation and test resultsfor 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

i t+ - |i+ 1
1= b( Gt y 2 (1 (= yexp[ pa fam,,,+p2 fam,] + ey,

t it t
where C;; isconsumption of householdi & datet, | istheleisure time of household head i at datet, (), isthe (normalized) price of the riskless asset in
periodt, fS, isthesize of household i in period t and @1 isan econometric error term. Resultsfor f, and f, arenot reported.,

All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.892 0.430 0.615
(Standard Deviation) (0.087) (0.337) (0.303)
y -1 -0.994 -2.342 -1.972
(Standard Deviation) (0.560) (0.813) (0.548)
Kk 0.146 -2.211 -2.225
(Standard Deviation) (1.064) (0.796) (0.714)
P2 0.027 0.079 0.053
(Standard Deviation) (0.024) (0.062) (0.030)
P2 -0.022 -0.047 -0.046
(Standard Deviation) (0.016) (0.042) (0.025)
d1 0.0018 0.050 0.024
(Standard Deviation) (0.0040) (0.078) (0.091)
d- 0.0007 -0.0012 -0.0004
(Standard Deviation) (0.0019) (0.0026) (0.0033)
Number of instruments 11 11 11
Degrees of Freedom 4 4 4
Jdatistic 29.695 0.881 5.809
(Significance Level) (0.000) (0.927) (0.213)
Implied g 0.039 0.377 0.304
Implied J 0.152 -3.553 -3.197
H 3555 740 413
N 18813 5029 2990
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Table 7B

Estimation and test resultsfor 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

i+ - |i+ + +dt+
1= b( Qc'lt Ly e e (PETR Y ol s fam,, + p2 fam, ] + e
it

Ii,t t
where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in periodt, d; is
the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000
b 0.458 1.006 0.567
(Standard Deviation) (0.178) (0.257) (0.509)
y -1 -1.228 -3.556 -2.826
(Standard Deviation) (0.631) (0.900) (1.394)
Kk 6.649 -2.777 -2.630
(Standard Deviation) (0.737) (1.416) (1.359)
P2 0.012 0.155 0.083
(Standard Deviation) (0.077) (0.101) (0.076)
P2 0.020 -0.064 -0.061
(Standard Deviation) (0.062) (0.089) (0.049)
d1 -0.020 0.153 -0.016
(Standard Deviation) (0.049) (0.299) (0.192)
d- 0.005 -0.0043 0.0012
(Standard Deviation) (0.023) (0.0102) (0.0072)
Number of instruments 11 11 11
Degrees of Freedom 4 4 4
Jdatistic 1.964 2.543 11.063
(Significance Level) (0.742) (0.636) (0.025)
Implied g -0.035 0.479 0.409
Implied J 6.421 -5.333 -4.456
H 3555 740 413
N 18813 5029 2990
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Table 8A

Estimation and test resultsfor thelinearized Euler equation associated with the riskless asset. Results obtained using instrument set four.

Estimation and test results obtained by GMM estimation of

DIn(cit+1)= W1+W2|n(£)+W3D|n( li,t+1) +p1fam,,,+p2fam, + ui.
q ; ;

where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in period t, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000
W1 0.091 0.079 0.101
(Standard Deviation) (0.038) (0.073) (0.115)
W2 0.301 0.301 0.243
(Standard Deviation) (0.295) (0.211) (0.243)
W3 0.167 -0.155 -1.020
(Standard Deviation) (0.893) (0.867) (2.251)
p: 0.012 0.004 0.003
(Standard Deviation) (0.004) (0.008) (0.020)
P2 -0.019 -0.008 -0.009
(Standard Deviation) (0.004) (0.008) (0.021)
d1 -0.0014 -0.001 -0.0019
(Standard Deviation) (0.0020) (0.003) (0.0054)
d- -0.000008 -0.000012 0.000002
(Standard Deviation) (0.000026) (0.000043) (0.000068)
Number of instruments 11 11 11
Degrees of Freedom 4 4 4
Jdatistic 27.339 2.989 3.951
(Significance Level) (0.000) (0.559) (0.412)
Implied Y -2.322 -2.322 -3.115
Implied K 0.544 -0.514 -4.197
Implied g 1.313 0.818 0.425
Implied J -1.767 -2.837 -7.312
H 3555 740 413
N 18813 5029 2990
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Table 8B

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

Estimation and test results obtained by GMM estimation of

DIN(G.i+1)= wl+wZ|n(m)+W3D|n( lit+) +p1fam,,+p2 fam, + v,

t

where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @44 isan econometric error term. Results for fl and f2 are

not reported.

All Households Asset Holdings > 0 Asset Holdings > 1000
W1 0.070 0.063 0.094
(Standard Deviation) (0.040) (0.075) (0.118)
W2 0.088 0.068 0.050
(Standard Deviation) (0.068) (0.061) (0.072)
W3 -0.435 -0.611 -1.503
(Standard Deviation) (0.525) (0.780) (1.974)
p: 0.013 0.004 0.006
(Standard Deviation) (0.004) (0.007) (0.020)
P2 -0.021 -0.009 -0.013
(Standard Deviation) (0.004) (0.008) (0.020)
Number of instruments 11 11 11
Degrees of Freedom 6 6 4
Jdatistic 20.212 16.620 30.239
(Significance Level) (0.000) (0.000) (0.000)
Implied Y -10.363 -13.705 -19.000
Implied K -4.943 -8.905 -30.060
Implied g 0.677 0.604 0.387
Implied J -15.306 -22.691 -49.060
H 3555 740 413
N 18813 5029 2990
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Table 9A
Estimation and test resultsfor thelinearized Euler equation associated with the riskless asset. Results obtained using instrument set five.
Estimation and test results obtained by GMM estimation of

DIn(cit+1)= W1+W2|n(£)+W3D|n( li,t+1) +p1fam,,,+p2fam, + ui.
q ; ;

where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in period t, d; is
the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000

W1 0.001 -0.186 -0.055
(Standard Deviation) (0.029) (0.138) (0.325)

W2 0.045 0.191 0.166
(Standard Deviation) (0.187) (0.198) (0.230)
W3 -1.672 -2.413 -2.484
(Standard Deviation) (0.556) (0.489) (0.581)

P2 0.019 0.009 0.014
(Standard Deviation) (0.006) (0.007) (0.014)
P2 -0.028 -0.016 -0.023
(Standard Deviation) (0.006) (0.008) (0.013)

d1 0.002 0.029 0.011
(Standard Deviation) (0.004) (0.020) (0.046)
d- 0.00002 -0.0009 -0.0003
(Standard Deviation) (0.00016) (0.0007) (0.0016)

Number of instruments 11 11 11
Degrees of Freedom 4 4 4
Jdatistic 29.002 71.707 231.738
(Significance Level) (0.000) (0.000) (0.000)
Implied Y -21.222 -4.235 -5.024
Implied K -37.155 -12.633 -14.963
Implied g 0.363 0.251 0.251
Implied J -58.377 -16.869 -19.987
H 3555 740 413
N 18813 5029 2990
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Table 9B

Estimation and test resultsfor thelinearized Euler equation associated with the risky asset. Results obtained using instrument set five.
Estimation and test results obtained by GMM estimation of

1+ 0+
DI G+ 1) = wa +waIn(P 280 pwaDIn( 1) +pa famy, +p2 fam, + U
t
where ¢;; isconsumption of household i at datet, |;; istheleisuretime of household head i a datet, P, isthe price of the risky asset in periodt, d; is

the dividend of the risky asset in period t , fst isthe size of household i in period t and @ .4 isan econometric error term. Results for fl and f2 are

not reported.
All Households Asset Holdings > 0 Asset Holdings > 1000
W1 -0.001 -0.192 -0.055
(Standard Deviation) (0.030) (0.145) (0.329)
W2 0.062 0.059 0.039
(Standard Deviation) (0.057) (0.063) (0.089)
W3 -1.658 -2.510 -2.530
(Standard Deviation) (0.501) (0.587) (0.582)
P2 0.019 0.009 0.014
(Standard Deviation) (0.006) (0.007) (0.014)
P2 -0.027 -0.016 -0.023
(Standard Deviation) (0.006) (0.008) (0.013)
Number of instruments 11 11 11
Degrees of Freedom 4 4 4

Jdatistic 32.623 12.393 25.492
(Significance Level) (0.000) (0.014) (0.000)
Implied Y -15.129 -15.949 -24.641
Implied K -26.741 -42.524 -64.871
Implied g 0.361 0.272 0.275
Implied J -41.870 -58.491 -89.512

H 3555 740 413

N 18813 5029 2990
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