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Abstract

In this paperwe estimatea modelof householdlaborsupplybasedon thecollective
approachdevelopedby Chiappori(JPE,1992). This approachassumesthat the intra-
householddecisionprocessleadsto Paretoefficient outcomes.Our modelextendsthis
theoryby allowing themarriagemarket,andespeciallythesex ratio,to affect thesharing
rule andthehouseholdlaborsupplies.We show thatour modelimposesnew restrictions
on the parametersof the labor supply functions. Also, individual preferencesand the
sharingrulearerecoveredusinganidentificationprocedurethatis bothsimplerandmore
robust thanin Chiappori’s initial approach.Themodelis estimatedusingPSIDdatafor
theyear1988.Our resultsdonot rejecttherestrictionsimposedby themodel.Moreover,
the sex ratio influencesthe sharingrule andthe labor supplybehavior in the directions
predictedby thetheory. Finally, theimpactof individualwageratessuggeststhatspouses
behave in analtruisticmannerwithin thehousehold.
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1 Intr oduction

Traditionally, householddemandand labor supplydecisionshave beenmodeledas though
householdmembersweremaximizingaunique,well behaved,utility function.Recentdissat-
isfactionwith this “unitary” modelarosein a largepart from theweaknessof its theoretical
foundations[Chiappori(1992)]andits inability to beusedto performintra-householdwelfare
analysis[AppsandRees(1988)]or to studydecisionssuchasmarriageor divorce[Lundberg
(1988)]1. Sincethe standardunitarymodelconsidersthe householdasthe basicunit of de-
cision, it is generallynot possibleto recover individual preferencesor theparametersof the
internaldecisionprocessthatdeterminesthedistributionof utilities andobservedoutcomes.

Alternative modelshave recentlychallengedtheunitarymodelandattemptedto incorpo-
ratedifferentindividualpreferencesandamodelof intra-householddecisionmakingprocess.
In particular, theNashbargainingmodelassumesthata householdmaximizestheproductof
eachmember’s utility in excessof a reservation level reflectingeithermarriagedissolution
[e.g., ManserandBrown (1980),McElroy andHorney (1981)] or an “uncooperative” mar-
riage[e.g., Lundberg andPollak (1993)]. A collective modelof householdlaborsupplyhas
alsobeendevelopedby Chiappori[(1988),(1992)].He assumesthathouseholddecisionsare
Paretoefficient but abstractsfrom the detailsof the bargainingprocess.In its mostgeneral
form, thecollective modelnestsNashbargainingmodelsasparticularcases,sincethe latter
arebasedonaxiomsthatincludeParetoefficiency. It alsonestsuncooperative repeatedgame
modelsaslongasthey leadto Paretoefficientoutcomes[seeLundberg andPollak(1994)and
Bergstrom(1997)for adiscussion].

A crucialissueconcernsthedesignof empiricaltestsof theseunitaryandnon-unitarytheo-
ries.Oneimportantimplicationof theunitarymodelis pooling:only totalexogenousincome,
not its distribution acrosshouseholdmembers,playsa role in the decisionprocess.Using
variousmeasuresof income,many studiesattemptedto testthis incomepoolinghypothesis
[e.g., Schultz(1990),Thomas(1990),PhippsandBurton(1994)]. In all thesestudies,income
pooling is stronglyrejected. However, thesetestsraisetwo issues.First, while the results
rejecttheunitarymodel,they cannotbeinterpretedassupportingany alternative approachin
particularsincemany modelscould rationalizesuchresults. In orderto empiricallysupport
a specificmodel,onemustderive, from this setting,restrictionsthat canpotentiallybe, but
areactuallynot, falsifiedby empiricalobservations.Recentwork hasattemptedto deriveand
provideempiricaltestsof thecollectiveapproach[seeBourguignonetal. (1993),Browninget
al. (1994),Udry (1996),Browning andChiappori(1997)]. Browning, LecheneandRasheed

1An obvious exceptionis Becker’s (1991)approach,wherethe householdis explicitly modeledasa two-
persondecisionunit, althoughits behavior canbestill analyzedwith thetoolsof standardconsumertheory.
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(1996)havetesteddifferentnon-unitarymodelswithin astructuralframework. However, they
assumethat laborsupplyis fixed, which may leadto specificationproblems.Moreover, in-
dividual preferencesover consumptionandleisurecannotbe recovered. Fortin andLacroix
(1997)have providedananalysisthatallows laborsupplyto vary. They foundthatwhile the
restrictionsof theunitarymodelarerejected,thecollectiverestrictionsarenot. Morerecently,
Blundell et al. (1998)investigatelaborparticipationdecisionswithin a collectivecontext, al-
lowing for unobservableheterogeneity. In bothcases,however, the intra-householddecision
processis notverypreciselyestimated.

Thesecondissueconcernstheuseof individual incomesin thedesignof thetests.In most
studies,thedistributionof household(totalor nonlabor)incomeplaysanimportantrole in the
derivationof tests.However this variableis particularlyproneto reportingandmeasurement
errorswhich may severely bias econometrictests[Chiappori et al. (1993), Lundberg and
Pollak(1996)].Theendogeneityof earningsis likely to beaseriousproblemaswell. Finally,
onemustalsoexpectnonlaborincometo be correlatedwith someunobservable individual
characteristicsthat influenceconsumptionandlabor supply[Behrman,PollakandTaubman
(1995)]. For instance,variationsin propertyincomemay reflectpastsaving and therefore
unobserved(pastandcurrent)productivity heterogeneity2.

It shouldhowever beemphasizedthat individual incomesarenot neededto performtests
of this kind. A moregeneralideais to usedistribution factors[Bourguignon,Browning and
Chiappori(1995)], that is, variablesthat canaffect the decisionprocesswithout influencing
preferencesor the joint consumptionset. Typically, distribution factorsincludenot only in-
dividual incomevariables,but also “extra-environmentalparameters”(EEPs)in McElroy’s
(1990)terminology. EEPsaffect opportunitiesof spousesoutsidemarriageandcantherefore
influencerespective bargainingpower andthe final allocation. Like individual incomevari-
ables,EEPsshouldhave no effect on behavior in theunitary framework while thecollective
approachmay imposerestrictionsasto how they influenceoutcomes.Moreover, EEPsplay
a role in somecooperative modelswhile they play nonein others. Thusoutsideopportuni-
tiescaninfluencebehavior in the Manser-Brown/McElroy-Horney divorcethreatbargaining
model,while they will have no effect in the Lundberg-Pollak“separatespheres”bargaining
model.In thiscase,thefall-backoptionis notdivorcebut anuncooperativemarriagein which
spouses“revert to a division of work basedon socially recognizedand sanctionedgender
roles”.3 In short,distributionfactors(or EEPs)representameansof providing additionaltests

2Oneway to avoid theseproblemsis to exploit “natural” experimentsinvolving exogenousreallocationin
intra-householdincomes.ThusLundberg, PollakandWales(1997)presenta testof poolingbasedon a policy
changein the United Kingdom that transferredchild allowancesfrom husbandsto wives in the late 1970’s.
Unfortunatelysuchnaturalexperimentsareveryscarce.

3Lundberg andPollak(1993)developa modifiedversionof this modelwhich allows for bindingprenuptial
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of the unitary and the collective models,and of discriminatingbetweensomenon-unitary
approaches.

Variablesthatproxy thesituationin themarriagemarket arenaturalcandidatesfor EEPs.
This intuition canbe tracedbackto Becker (1991,ch.3),who emphasizedthat themarriage
market is animportantdeterminantof intra-householdutility distribution. In hisapproach,the
stateof the marriagemarket crucially dependson the sex ratio, that is, the relative supplies
of malesandfemalesin themarriagemarket.4 A nicetheoreticalfoundationof this view has
beenprovidedby RubinsteinandWolinsky (1985),who considera noncooperative repeated
gamemodelof transactionsbetweenpairsof agentswho meetrandomlyandbargain if they
meet. Viewed asa modelof marriage,it predictsthat, following an increasein the number
of malesrelative to females,maleswill be willing to concedea larger shareof the gains
from amarriagecontractwith afemale[Bergstrom(1997)].Grossbard-Shechtman(1993)has
developedasimplegeneralequilibriummodelof theinteractionsbetweenmarriageandlabor
marketsin which thesex ratio influencesmaritalandlaborsupplydecisions.At theempirical
level, using time seriesand cross-sectiondata,shefound that an increasein the sex ratio
reducesthelaborforceparticipationof marriedwomenin theU.S.Howeverhereconometric
approachis not explicitly groundedin a structuralmodelandusesaggregatedata,whichmay
createseriouseconometricproblemsfor empiricaltesting.

The aim of the presentpaperis to theoreticallyanalyzeandempiricallyestimatethe ef-
fectsof distributionfactorsin thecontext of astructural,micro-economicmodelof household
behavior. Theunderlyingmodelis Chiappori’s (1992)collectivemodelof laborsupply, where
leisureandconsumptionareprivatelyconsumedwithin thehousehold.Efficiency has,in this
setting,a very simpleinterpretation: householddecisionscanbemodeledasa two-steppro-
cess,whereindividualsfirst sharetheir totalnonlaborincomeaccordingto somesharingrule,
then maximizetheir own utilities subjectto separatebudgetconstraints. In particular, the
intra-householddecisionprocesscanbefully summarizedby thesharingrule. Wefirst inves-
tigatethe theoreticalconsequencesof the introductionof a distribution factor. The latter, by
definition,only influencesbehavior throughits effectuponthesharingrule. Weshow thatthis
factgeneratesnew testablerestrictions.Also, asin Chiappori’s initial model,it is possibleto
recover theparametersof individual preferences(up to a translation)andof thesharingrule
(up to an additive constant)from the soleobservation of labor supply. We show, however,
that the new context allows for a differentidentificationprocedure,that is both simplerand

agreementson a minimal transferfrom one spouseto the other. This model could allow EEPsto influence
distributionwithin marriagein thelong runby influencingthevalueof this transferin new marriages.

4Lundberg andPollak(1996)insiston thespecificfeaturesof themarriagecontract(e.g., whethermarriage
agreementsarebindingor not) asanotherdeterminantof the marriagemarket. Unfortunately, it is difficult to
constructempiricalmeasuresof thesefeatures.
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morerobustthanbefore.In particular, it only reliesuponfirst orderderivativesof laborsupply
functions,whereassecondorderderivativeswererequiredin theinitial framework.

Wethenestimateandtestthiscollectivemodelusing1988PSIDdatafor couplesin which
both spousesareworking. The distribution factorwe useis the sex ratio by age,raceand
location.For estimationpurposes,weuseafull informationGeneralizedMethodof Moments
(GMM) appliedto a two-equationsystemwith endogenousexplanatoryvariables. We find
thattheeffectof thesex ratio uponlaborsupplyis significant,andthatit satisfiesthetestable
restrictionsimplied by the collective model. Hence,not only doesthe sex ratio influence
behavior, but it doesso in exactly the way predictedby the theory. Other thingsequal,an
increasein the proportionof menlowersfemalelabor supplywhile it increasesmalelabor
supply. Empirically, it is found that a onepercentagepoint increasein the sex ratio raises
transfersfrom husbandsto their wife by around$2,500a year. Evenmoreinterestingis the
factthatnoeffectof thesex ratioonsingles’laborsupplycanbeobserved;this indicatesthat,
althoughthesex ratiomaypartly reflectconditionson thelabormarket, it probablyis not the
wholestory.

Theotherparametersof thesharingrule arealsorecovered. For instance,we find thata
onedollar increasein male(resp. female)hourly wage- which, given the averagenumber
of hoursperyear, representsanaverageadditionalyearly incomeabove $2,200(resp.above
$1,700)- increases(resp. decreases)the femaleshareof nonlaborincomeby $600 (resp.
$900). Similarly, onedollar increasein householdnonlaborincomewill increasethe wife’s
incomeby 55cents.

Section2 presentsour theoreticalframework. Section3 discussesthechoiceof theempir-
ical specificationadoptedfor estimatingandtestingpurposes.Section4 providesananalysis
of our econometricstrategy. Dataandempiricalresultsarediscussedin Section5. Our con-
clusionsarepresentedin Section6.

2 The Model

2.1 The basicsetting

In thissection,we developa collective laborsupplymodelwhichextendsChiappori’s (1992)
approachto take into accountdistribution factors.In this framework, thehouseholdconsists
of two individualswith distinct utility functionsandthe decisionprocess,whatever its true
nature,leadsto Pareto-efficient outcomes.This assumptionseemsquite natural,given that
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spousesusuallyknow eachother’s preferencesprettywell (at least,aftera certainperiodof
time)andinteractveryoften.Therefore,they areunlikely to leavePareto-improving decisions
unexploited[however, seeUdry (1996)].

Formally, let �
	 and ��	 denoterespectively member
 ’s laborsupply(with ������	���� )
andconsumptionof a privatehicksiancompositegoodwhoseprice is set to unity, for 
������� . Householdmembershave egoistic preferences5 representedby strictly quasi-concave
andincreasing,continuouslydifferentiable,utility functions ��	����! "�
	#�$��	%�$&�' , where & is a(  vectorof preferencefactors,suchasageandeducationof thetwo agents,numberandage
of children,etc. For convenience,thevector & is assumedthesamein bothutility functions.
Also, let )�* , ),+ , - denoterespective wageratesandhouseholdnonlaborincome.Finally, let. denotea /, vectorof distributionfactors.

Underthecollective framework, intra-householddecisionsarePareto-efficient, thatis, for
given �0)�*$�1),+2�1-3�$&
� . ' , thereexistsaweightingfactor 45�6)�*7�1),+8�9-:�$&;� . ' belongingto <=�
�2�?> , and
suchthatthe �@� 	 �$� 	 ' solvesthefollowing program:ACBEDF%G2H#I G7J�I K:HLI KMJ#N 4O� * ���P Q� * �$� * �$&R'TS"���P U4V'W� + �X�� Y� + �1� + �1&R'

subjectto �:Z[ '
)�*\� * SQ),+�� + SQ- ] � * S^� + �� � � 	 �_�`�a
b�c�����d�

wherethefunction 4 is assumedcontinuouslydifferentiablein its arguments.It shouldthusbe
clearthat theparticularlocationof thesolutionon theParetofrontier dependson all relevant
parameters,sincethevalueof 4 dependson )�*��1),+2�9-:�$& and . . Furthermore,sincethevector
of distribution factors,. , appearsonly in 4 , a changein . doesnot affect theParetofrontier
but only the final locationon it. In the particularcasewhere 4 is assumedto be constant,
thecollective framework correspondsto theunitarymodel. In this situation,thedistribution
factorshavenoeffectonbehavior.

As far asefficiency is concerned,thereis basicallyno restrictionupon the form of the
function 4 . However, for theestimationprocess,we shallassumethat 4 is monotonic.A nat-
ural interpretationis that,in line with, say, abargaininginterpretationof thedecisionprocess,

5As shown below, themodelalsoholdsin themoregeneralcaseof “caring’ preferences[seeBecker (1991)].
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any distribution factorthat is positively (resp. negatively) correlatedwith member1’s (resp.
2’s) threatpoint shouldincrease4 .

Now, it is well known from thesecondfundamentalwelfaretheoremthatany Paretoop-
timum canbedecentralizedin aneconomyof this kind [seeChiappori(1992)]. Specifically,
wehave thefollowing result:

Proposition1 Theprogram �:Z[ ' is equivalentto theexistenceof somefunctione �6)�*��1),+2�9-:�$&;� . ' such thateach member
 ( 
O�c�`��� ) solvestheprogram:AfBEDF%G�ghI K�giN � 	 �X�P Y� 	 �$� 	 �$&R'
subjectto �:Z[kj ') 	 � 	 S e 	 ] � 	� � � 	 �_�

where
e * � e and

e + �l-m e .

Proof. This is animmediateconsequenceof thesecondwelfaretheorem.

Theinterpretationis thatthedecisionprocesscanalwaysbeconsideredasatwo stagepro-
cess: first, nonlaborincomeis allocatedbetweenhouseholdmembersandthen,eachmember
separatelychooseslaborsupply(andprivateconsumption),subjectto thecorrespondingbud-
getconstraint.Thefunction

e
is calledthesharingrule; it describesthewaynonlaborincome

is dividedup,asa functionof wages,nonlaborincome,distribution factorsandotherobserv-
ablecharacteristics.6

2.2 Restrictionson Labor Suppliesand the Sharing Rule

Thecollective framework imposescertainrestrictionson thelaborsupplyfunctions.To ana-
lyze this issue,let usfirst definetheunrestrictedlaborsupplyfunctions:� * �n� * �6)�*7�1),+8�9-:� . �$&�'7� (1)� + �o� + �0)�*$�1),+2�1-3� . �$&R'�p (2)

6In thepresenceof householdpublic goods,a sharingrule canbedefinedbut conditionallyon the level of
thesepublicgoods.
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In the remainder, we assumethesefunctionsarecontinuouslydifferentiable.From �3Z[�j ' ,
andassuminganinteriorsolution,laborsupplyfunctionscanbewrittenas:� * �oq * �0)�*�� e �6)�*7�1),+8�1-3� . �$&R'��$&R'�� (3)� + �"q + �6),+r�1-m e �0)�*��9),+2�1-3� . �$&R'7�1&R'7p (4)

whereq 	 is theMarshallianlaborsupplyassociatedwith � 	 .
The particularstructureof equations(3) and (4) imposestestablerestrictionson labor

supplybehavior; also,it allows therecovery of thepartialsof thesharingrule. Theintuition
goesasfollows. Considera changein, say, member � ’s wagerate. This canonly have an
incomeeffect on his or her spouse’s behavior throughits effect on the sharingrule, just as
distribution factorsandnonlaborincome.Thus,theimpactof thesevariableson laborsupply
behavior of member1 allowsusto estimatethemarginalrateof substitutionbetween),+ and -
aswell asbetween. and - in thesharingrule; technically, it generatestwo equationsinvolving
the correspondingpartialsof the sharingrule. The sameargumentappliesto member2’s
behavior, which leadsto two otherequations.Thesefour equationsallow to directly identify
the four partialsof the sharingrule. Finally, cross-derivative constraintson the sharingrule
imposesrestrictionsto themodelthatcanbetested.

To bemoreprecise,usingequations(3) and(4), let usdefine sc�t� *u J9v � *w , xy�z� +u H\v � +w ,�|{}�~� *�@� v � *w and ��{���� +�@� v � +w , whenever � *w�� � +w����� , for ������� �r�r� �$/ . Note thatall these
variablesareobservableandcanthusbeestimated.Thefollowing resultshold:

Proposition2 Take anypointsuch that � *w � � +w ��o� . Then

(i) If there existsexactlyonedistribution factor, and it is such that � ���� (thesubscript�T��� hasbeenremovedto simplifythenotation),thefollowingconditionsarenecessary
for anypair ( � * ��� + ) to besolutionsof �:Z[ j ' for somesharingrule

e
:

(a) �� . � ��� Q��� �
�� - � �!��t U���

(b) �� )�* � ��t Q� � �
�� - � xm��t Q� �
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(c) �� ),+ � ��t Q��� �
�� - � s���t Q���

(d) �� )�* � �!��� �� � �
�� . � x���� �� �

(e) �� ),+ � �!��� �� � �
�� . � s���� �� �

(f) �� ),+ � xm��t Q� � �
�� )�* � s���t Q� �

(g) � *u H  Y� *w �b� � * S xm��t Q� � � �t Q�� �V� ]��
(h) � +u J  Y� +w �V� � +  s���o Q��� �  �t Q�� �V� ] �

(ii) Assumingthat conditions �0�;'� _�@�3' hold andfor a given & , thesharingrule is defined
up to anadditivefunction ���@&R' dependingonlyon thepreferencefactors & . Thepartial
derivativesof thesharingrule with respectto wages,nonlaborincomeandthedistribu-
tion factoraregivenby:

(i) e w � ��� Q�e � � �!��� Q�e u H � x���� Q�e u J � s���� Q�
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(iii) Finally, if there are several distribution factors ( ��� �`� �r�r� �1/ ), an additional setof
necessaryandsufficientconditionsare:

(j) �|{��{ � ��*�f* �����o�;� �r�r� �$/
Demonstration: seeAppendix

Conditions �@�d'� "�%�W' areanalogousto Slutsky restrictionsin the(general)sensethatthey
provideasetof partialdifferentialequationsandinequalitiesthatmustbesatisfiedby thelabor
supplyequations(1) and(2) in orderto beconsistentwith thecollective model. Note,how-
ever, that their form is quitedifferentfrom thoseobtainedin Chiappori(1992)for a similar
modelwithoutdistribution factors.As a matterof fact,theintroductionof distribution factors
deeplychangesthe way the model is identified.In Chiappori’s initial contribution, identifi-
cationrequiredsecondorderderivatives.In our case,to thecontrary, first order derivatives
areenough. Thissuggeststhatthekind of identificationthatmayobtainis morerobustin this
case.Note,however, that analternative approachusingsecondderivativescanstill be used
(in the case,for instance,when �|{�����{ for all � ). This canbeshown to generateidentical
results;intuitively, the secondorderconditionsin Chiappori(1992)aredirect consequences
of therestrictionsin Proposition2.

Interestingly, the model implies that the relative effects of distribution factorson each
laborsupplyareequal,thatis, � *�0� v � *� H �"� +�0� v � + � H , for �T�o�;� �r�r� �$/ , sincebothmembersof this
equationareequalto

e � � v e � H .7 Theselatterrestrictionsareverygeneralin thesensethatthey
canbeshown to holdalsowhenpublicgoodsandexternalitiesareincorporatedinto themodel
[seeBourguignon,Browning and Chiappori(1995)]. The basicreasonis that distribution
factorsaffect consumptionandlaborsupplychoicesonly throughthe locationchosenon the
Paretofrontier, or equivalently, throughtheimplicit weightingof eachspouse’s utility. Since
this weightingis unidimensional,this implies that the ratio of the impactsof all distribution
factorson thetwo laborsuppliesareequal.It is worth stressingthat theserestrictionsappear
only whenthereareat leasttwo distributionfactors.

7Theserestrictionsareimpliedby conditions�¡ 8¢ , since,from thelatter, onehas £T¤\¥7£:¦R§©¨P¤�¥$¨�¦ , andsince,
from thedefinitionsof the £ ¦ ’sand ¨ ¦ ’s,onehas ª ¤«6¬ ¥�ª ¤«0­ §®£ ¤ ¥�£ ¦ and ª°¯«6¬ ¥�ª°¯«0­ §©¨ ¤ ¥$¨ ¦ , for ±d§³²r´\µ�µ\µ�´@¶ .
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2.3 Caring

Up to now, we have assumedthatpreferencesareegotistic. However, asshown in Chiappori
(1992),all the previous resultsalso hold in the more generalcaseof “caring” agents[see
Becker (1991)], that is, whosepreferencesarerepresentedby a utility function thatdepends
onbothhisor heregotisticutility andhisor herspouse’s. Formally, member
 ’sutility function
canbewrittenas:· 	 � · 	 <¡� * ���P Q� * �$� * �$&R'��¸� + ���P Y� + �$� + �$&R'#>%� for 
O�c�`���;p (5)· 	 is continuous,increasingandquasi-concavein “egotistic”utilities � * and � + . Theseutility
functionsimposeseparabilitybetweenamember’sown privategoodsandhisor herspouse’s.
It is clearthatany decisionthatis ParetoefficientundercaringwouldalsobeParetoefficient,
were the agentsegotistic. Assumenot; then it would be possibleto increasethe egotistic
utility of a memberwithout decreasingthe utility of the other. But this would increasethe
caringutility of at leastonememberwithout reducingthe caringutility of any member, a
contradiction. In fact, the Paretofrontier of caringagentsis a subsetof the Paretofrontier
derivedby assumingthatthey areegotistic[Chiappori(1992)]. In section3, wewill usethese
resultsto derive theparametricrestrictionsimposedby thecollective modelto theparticular
laborsupplysystemconsideredin oureconometricapproach,andto recoverthecorresponding
sharingrule.

2.4 Sexratio and labor supply: alternativeexplanations

As mentionedin theintroduction,theempiricalwork below appliesthepreviousresultson a
specificdataset,usingthe sex ratio (by age,raceandstate)asa distribution factor. In this
particularcase,additionalpredictionscanbemadeabouttheimpactof thedistribution factor
on householdbehavior. We expect, following Becker’s arguments,that the scarcityof one
particularsex on the marriagemarket will benefitto individualsof this sex. Typically, the
latterwill beableto attracta largershareof householdincome,a factthatshouldbereflected
in the structureof the sharingrule andof the resultingbehavior; for instance,if leisureis a
normalgood,thencorrespondinglaborsupplyshoulddecrease,whereasit shouldincreasefor
thetheothersex. An importanttestof ourmodelhencerelieson theeffectof thesex ratioon
laborsupply.

While marriagemarket andnon-unitarymodelsprovide naturalexplanationsfor thecor-
relationbetweensex ratio andlabor supplybehavior, theseareby no meansexclusive. For
instance,spatialvariationsin the sex ratio could be relatedto labor marketsconsiderations
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[Grossbard-Shechtman(1993)].Oneinterpretationis thatin Stateswhereoneobservesarela-
tivescarcityof men(dueto someexogenousdeterminants),thedemandfor theirserviceswill
be strongerandthereforethey will tendto work longerhoursthanelsewhere. The contrary
will be observed for women. Note, however, that, comparedto the collective explanation,
this argumentleadsto exactly oppositepredictions:malelaborsupplyshoulddecreasewith
sex ratio (definedasthepercentageof malesin thepopulationunderconsideration),whereas
the collective modelsuggestsan increase.Hence,the two theorieshave oppositeempirical
predictions,whichsuggeststhatdatashouldallow to decide.

A secondexplanationinvolvesdemandfor labor. AssumethatsomeStatesspecializein
“male” sectors,i.e., sectorswith a strongerrelative demandfor male labor supply. These
Stateswill attractrelatively morementhroughmigration.Therefore,they will havehigh (and
endogenous)sex ratiosandpresumablyhigh malehoursof work; whereasfemalehoursof
work, on theotherhand,maywell bebelow thenationalaveragein thesestates.Conversely,
Statesthatconcentratein “female” sectorswill have low sex ratiosandhigh femalehoursof
work. Note that this effect, in contrastwith the previous,goesin the samedirectionasthe
“collective” explanation.Theempiricaldistinctionbetweenthemis thuslessstraightforward,
but still not out of reach.First, aslong asthe labordemandeffectsinfluencehoursof work
throughthewagerates,they aretakenintoaccountin ourmodelsincewecontrolfor individual
wagerates.However, they couldalsoaffectunobservedvariablesthatinfluencehoursof work
suchaslabormarket rationing,nonlaborincome,etc.

Anotherwaytodiscriminatebetweenthemarriagemarketandthelabormarkethypotheses
is to analyzethe impactof the sex ratio on the labor supply of singles. According to the
marriagemarket hypothesis,thesex ratio shouldhaveno effecton their laborsupply(at least
if oneignoresits impactontransfersto potentialspouses).In contrast,underthelabormarket
hypothesis,thesex ratio shouldinfluencethe laborsupplyof bothsinglesandcouples.This
suggestsa simple and ratherstrongtest that would allow to discriminatebetweenthe two
explanations.

Finally, it shouldbe stressedthat the collective modelprovidesstrongrestrictionsupon
how distribution factorsmay affect behavior. Specifically, the conditionsin Proposition2
relatetheeffectof thesex ratio to thatof wagesandnonlaborincome.While theseconditions
aredirect consequencesof the collective setting,they have no reasonto hold whenever the
effectunderconsiderationstemsfromlabormarketmechanisms.Consequently, they providea
distinctandadditionalmeansof testingthecollectiveexplanation.Thesetestswill becarefully
consideredin theempiricalsections.
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3 Parametric Specificationof the Model

3.1 Functional form of labor supplies

In orderto estimateandtesta collective modelof laborsupply, we mustfirst specifya func-
tional form for individual laborsupplyfunctions. Let usconsiderthe following unrestricted
system,wherefor convenienceandto reflecttheempiricalsection,only onedistributionfactor
is assumed:

� * � ¹Eº}S»¹�*
¼i½�¾�)�*�S»¹E+W¼i½�¾�),+}S^¹E¿$-�S¹ÁÀ3¼Â½`¾�)�*;¼i½�¾5),+�S^¹EÃ . S»¹ jÄ &�S^¹ jÅ . &
Æ (6)

� + � Ç�º�SQÇÈ*�¼i½�¾5)�*TSYÇ�+W¼Â½�¾�),+OSYÇ�¿$-�SÇ�ÀÉ¼i½�¾5)�*;¼Â½�¾�),+OSYÇ�Ã . SYÇ jÄ &�SYÇ jÅ . &
� (7)

wherethe ¹ 	 ’sandthe Ç 	 ’s, for 
O�c��� �r�r� ��Ê , arescalar, andthe ¹ 	 ’sandthe Ç 	 ’s, for 
O�oË
�$Ì ,
are

(  vectorsof parameters.

The generalizedsemi-logsystem(6) and (7) satisfiesa numberof desirableproperties.
First, in its unrestrictedform, it doesnot imposeall the(equality)conditionsof thecollective
model.Therefore,thelatteryieldsa setof restrictionsthatcanbeempiricallytested.Second,
asshown below, theserestrictionsdo not imposeunrealisticconstraintson behavior. Third,
assumingthat the collective restrictionsaresatisfied,it is possibleto recover a closedform
for the sharingrule (up to an additive function �V�0&R' ) andfor the pair of individual indirect
utility functions(for any given �V�@&R' ). Finally, thefactthatequations(6) and( 7) arelinearin
parameterseasestheestimation.

Of course,thisgeneralizedsemi-logsystemalsohassomelimitations.While somerestric-
tionsof theunitarymodelconsistentwith this systemdo not imposeunrealisticlaborsupply
behavior, otherrestrictionsdo andthereforecannotbetested.8 However, this shouldnot bea
seriousproblemsincetheunitarymodelof householdlaborsupplyhasbeenrejectedin many

8Morespecifically, theunitarymodelimposesthatlaborsuppliesareindependentfrom any distributionfactor
andthat the Slutsky matrix of compensatedwageeffectsis symmetricandsemi-definitepositive. The former
constraintrequiresthat Í$Î|§�Í�Ï%ÐP§�Ñ�Î|§�Ñ�ÏLÐ�§ÓÒ , for all Ô . Theserestrictionscanbetested.However, the
symmetryof the Slutsky matrix requiresin additioneitherthat (i) Í ¯ §�Í$Õk§�Í$Ök§�Ñ ¤ §×Ñ�Õ!§×Ñ�Ö!§�Ò
, which implies that eachlabor supplydependsonly on own wagerateandon preferencefactors,or that (ii)Í1Ø�§ÈÑ�Ø?´LÍ Õ §aÑ Õ ´%Í�Ù Ð §aÑ�Ù Ð and Í?¤}§ÚÍ ¯ §�Í Ö §aÑk¤�§ÈÑ ¯ §�Ñ Ö §�Ò , for all Ô , which impliesthat labor
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studies[e.g.,KooremanandKapteyn (1986),Lundberg (1988),Fortin andLacroix (1997)].
Second,laborsupplycurvesareeithereverywhereupwardslopingor everywherebackward
bending,thoughthesignof

� �
	 v � ) 	 canchangewith thelevel of )�Û��ÝÜ ��l
L' .9 Note,however,
that the log form for thewageratesis likely to reflectmorerealisticbehavior thanthelinear
form that is frequentlyusedin empiricalstudies[e.g., Hausman(1981)]. Thusit allows the
effect of thewagerateon laborsupplyto decreasewith thelevel of hoursof work (whenthe
laborsupplyis upwardsloping),whichis likely to bethecase.It is alsoworthmentioningthat
ourspecificationallows for interactionsbetweendistributionandpreferencesfactors.

The restrictionsimposedby the collective model (seeProposition2) to the generalized
semi-logsystemcaneasilybederived.First,usingthedefinitionsof s× Q� , onegets:s � ¹E+}S»¹rÀ3¼Â½�¾5)�*),+7¹Á¿ � xÞ� ÇÈ*VSQÇ�À:¼i½�¾�),+)�*XÇ�¿ �

� � ¹EÃ}S»¹ jÅ &¹Á¿ � ��� Ç�Ã}SYÇ jÅ &Ç�¿ p
Thecondition � ��o� is satisfiedunlessÇ�¿¹E¿ � Ç�Ã¹EÃ � Ç Å *¹ Å * � �r�r� � Ç Å#ß¹ Å#ß p
It shouldbe stressedthat, accordingto the collective model, theseequationscannotbe

simultaneouslysatisfied. For onething, àOáâ á representsthe ratio of incomeeffectson labor
supplies;thelatteris positiveaslongasleisureis anormalgoodfor bothmembersandthatan
increasein - is sharedbetweenthem.Ontheotherhand, à�ãâ ã representsthecorrespondingratio
of distribution factoreffects; since,by definition, a distribution factoraffectsthe husband’s
and the wife’s shareof non labor incomein oppositedirection, the ratio must be negative
(assumingagainthatleisureis anormalgood).

Assuming� ��"� , thenecessaryandsufficientconditionstake thefollowing form:Ç�À��@¹EÃ}S»¹ jÅ &R'��o¹ÁÀ}�6Ç�Ã�SQÇ jÅ &R'Ép
Sincethis conditionmusthold for any & , this imposesthat Ç�À?¹ÁÃä�å¹rÀ�Ç�Ã and Ç�À?¹ ÅLæ �¹ÁÀ�Ç ÅLæ , for çä�è��� �r�r� � ( , or, equivalently(assumingthatnoparameteris equalto zero):

suppliesarethesameanddependonly on nonlaborincomeandon preferencefactors.It is clearthat thesetwo
casesimposesevereconstraintsonbehavior.

9Usingourdataset,we testfor nonmonotonicityof theeffectof own wageratesby introducingthesquareof
thesevariablesin themodel.Thesevariableswereneverstatisticallysignificantin any specification.
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Ç�À¹ÁÀ � Ç�Ã¹EÃ � Ç Å *¹ Å * � �r�r� � Ç Å#ß¹ Å#ß p (8)

Equations(8) imposetestablecross-equationrestrictionsin our laborsupplysystem.They
requiretheratioof themarginaleffectsof thecrosstermin ¼Â½`¾�)�* and ¼i½�¾5),+ to beequalto the
correspondingratio of themarginal effectsof thedistribution factoron laborsupplies.These
restrictionsstemfrom thefactthatthecrosstermandthedistributionfactorenterlaborsupply
functionsonly throughthesamefunction

e
(thesharingrule). It shouldbestressedthat the

collective model imposesno (equality)restrictionwhenthereis no distribution factoror no
crosstermsuchas ¼i½�¾5)�*;¼Â½�¾�),+ .
3.2 Sharing rule

If therestrictions(8) aresatisfied,thepartialsof
e
, asgivenin �6
%
L' of Proposition2, aregiven

by : e w � ¹E¿1Ç�Àée � � Ç�Àé �@¹EÃ}S»¹ jÅ &R'e u H � ¹ÁÀé ÇÈ*TSYÇ�À3¼Â½`¾�),+)�*e u J � Ç�Àé ¹E+}S»¹rÀ:¼i½�¾�)�*),+ (9)

where
é �n¹E¿1Ç�À¸ Y¹ÁÀ1Ç�¿ .

Solvingthis four differentialequationssystem,oneobtainsthesharingruleequation:

e � �é <êÇÈ*9¹ÁÀ3¼Â½`¾�)�*�S^¹E+1Ç�À:¼Â½�¾5),+}S»¹rÀ$Ç�À:¼Â½�¾5)�*;¼Â½`¾�),+OS¹Á¿1Ç�À�-�SQÇ�À?¹EÃ . SYÇ�À?¹ jÅ & . >;S»�V�@&R'�� (10)

In equation(10), the function �V�0&R' is not identifiable,sincethe variable & affectsboth the
sharingrule andthepreferences.This reflectsthe fact that, for any given & , thesharingrule
canberecoveredup to anadditiveconstantfor eachindividual.
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3.3 Indi vidual labor supplies

It is alsopossibleto recover theindividual laborsupplyfunctionsassociatedwith thissetting.
Sincethey musthaveafunctionalform consistentwith thesystem(3) and(4), it is clear, using
equations(6), (7) and(10),thatthey take thefollowing semi-logform:

� * � ë�*;¼i½�¾5)�*VSYëb+ e SYëb¿O�0&R' (11)� + � ì * ¼Â½�¾5),+}SYì + �6-m e 'TSYì ¿ �@&R' (12)

Using the expressionsfor the partialsof the restrictedsystem(3) and (4) with respect
to �6)�*7�1),+8�1-
' asappliedto our particularspecification,andusingthe partialsof

e
givenby

(9), oneeasilyrecoversthe following parameters:ë�*!�í�%¹R*#Ç�À� �¹rÀ�ÇÈ*\' v Ç�î , ëV+�� é v Ç�À ,ì * �c�%¹rÀ�Ç�+R �¹E+$Ç�À?' v ¹ÁÀ andì + �è é v ¹ÁÀ . ThefunctionsëV¿}�0&R' and ì ¿ �0&�' arenotidentifiable
sincethey dependon �m�6&R' in equation(10),which is not identifiable10.

Slutsky conditionson compensatedindividual laborsupplies[see( ï ) and( � ) in Proposi-
tion 2], aregivenby: ë5* v )�*} �ëO+7�:*|]��;ÆÈì * v ),+� Uì + ��+�]��;p
Theseconditionsarecheckedfor eachobservation,in theempiricalsection.Globalconditions
for theseinequalitiesare ë5*�]�� and ëb+���� (women)and ì * ]�� and ì + ��� (men).

3.4 Indir ectutility functions

It can be shown [Stern (1986)] that the indirect utility functionsconsistentwith the labor
supplyfunctions(11)and(12)musthave thefollowing form:ð * � �6ñ D;ò �@ëb+1)�*\'\' v ëV+7'��0ëb+ e * SYëO¿Á�0&R'VSë5*;¼Â½�¾5)�*\'� ��0ë�* v ëO+�'�ó�ô J u Hõ;ö ñ D;ò �6÷\' v ÷�ø�÷

10Identificationof thesefunctionswould requireadditionalidentifying restrictions.For instance,it obtains
whenreveravariablein ù affectseitherpreferencesor thesharingrule,but notbothof them.
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ð + � �0ñ D;ò �6ì + ),+�' v ì + '¸�0ì + e + SQì ¿ �@&R'VSì * ¼i½�¾5),+7'} ��0ì * v ì + '�ó�ú J u Jõ;ö ñ D;ò �6÷\' v ÷�ø�÷
It is easyto show thatRoy’s identity appliedto eachof theseindirectutility functionsyields
the individual labor supplysystem(11) and (12). Thesefunctionscanbe usedto perform
intra-householdwelfareanalysisof changesin exogenousvariables.

4 Econometric Issues

It is naturalto estimatethe restrictedandunrestrictedversionsof the labor supplysystem
(6) and(7) usinganinstrumentalvariable(IV) approach,giventhat thewagerates,nonlabor
incomeand fertility variablesare potentiallyendogenous[seeMroz (1987)]. However, to
improve the efficiency of our estimator, we take into accountthe correlationbetweenthe
error termsin husbands’and wives’ labor supplyequations.For this purpose,we rely on
full information GMM method. One advantageof this approachis that it also takes into
accountheteroskedasticityof unknown form in the errors,which can not be doneusing a
full informationmaximumlikelihoodmethod[seeDavidsonandMacKinnon(1993),p.660].
Therefore,in the presenceof heteroskedasticityof unknown form, our estimatorshouldbe
moreefficient,asymptotically, than3SLSor FIML.11

More specifically, considerthe following labor supply model for the household
 , 
³���� �r�r� �$û , in whichbothspousesareworking:12� *	 � ü j *#ý 	 *VSY4 	 * � (13)� +	 � ü j + ý 	 +�SY4 	 + � (14)

wherethevariables� *	 and � +	 arerespectively thebesatisfied.Givenour parametricspecifi-
cationandhousehold
 femaleandmalelaborsupply, the ü7Û ’sarethevectorsof parametersto

11In the unrestrictedversionof our model,our estimatoris identicalto the heteroskedasticthree-stageleast
squares(H3SLS)estimatorsincethemodelis linearin parameters.This is not thecasein therestrictedversion
of themodelthough,sincetherestrictionson theparametersarenonlinear.

12Conditioningthesampleonworkingspousesmayinduceaselectivity biasespeciallyin thecaseof females.
We ignorethis biasin theanalysis.Thebasicreasonis thatsucha correctionrequiresanextensionof thecol-
lectivemodelto cornersolutions,a taskthatis beyondthescopeof thispaper. Thereaderis referredto Blundell
et al (1998)for aninvestigationof therelated(but different)problemof discretelaborsupplydecisions.Thereis
someevidencethat theselectivity biasis not likely to bea problemthough.For instance,usingPSIDdata,and
basedon a standardrecursive laborsupplymodel,Mroz (1987)couldnot rejectthehypothesisof no selectivity
biasin women’s laborsupplyequation.
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beestimated,the ý 	 Û ’s for Ü��c�`��� arethevectorsof explanatoryvariables,someof whichare
potentiallyendogenousandthe 4 	 Û ’s aretheerrortermswhoseexpectedvalueis zero.These
error termsareheteroskedastic,correlatedwithin householdsbut uncorrelatedacrosshouse-
holds.Denote4È�Þ�\�%� *  �ü j *Xý *�' j �Á�@� +  �ü j+1ý +7' j ' j , asthestackedvectorof errorterms.Assume
thereexistsasetof instruments

·
anddefine Z· �"þ|ÿ · , whereþ is a ���f� identitymatrix.

Themomentconditions
� �04 	 Z· 	 'k�y� areassumedto besatisfied.TheGMM estimatorforük�%�Þ�@ü j * �$ü j + ' j ' , whentherearemoremomentconditionsthanthereareparametersto estimate,

is chosensoasto minimize: 4 j <
Z· �}Z· j�� Z· ' õ * Z· j >i4�� (15)

where Z· j � Z· is thecovariancematrixof Z· j 4 . Thematrix
�

is givenby:� � *#* � *0+� +9* � +#+��
wherethesub-matrices

� æ Û , for ç:�LÜÈ������� , arediagonalwith typical element
 on thediag-
onal givenby *� �04 	 æ 4 	 Û ' . The sub-matrices

� æ Û arenot observable. However, they canbe
approximatedby a White’s (1980)covariancematrix estimator 	� æ Û , the 
�
 G diagonalelement

of which beinggivenby 	4 	 æ 	4 	 Û �~�@� æ	  	ü j æ ý 	 æ '8�@� Û 	  	ü jÛ$ý 	 Û8' , wheretheestimatedparameters
areobtainedin afirst stepusingaconsistent,albeitinefficient,IV estimation.

Following an iterationprocesssuggestedby MackinnonandDavidson(1993),equation
(15) is first minimizedstartingwith

� � þ ; next we compute 	� andminimize (15) again.
Upon convergence,we compute 	� with the new set of parameterestimatesand minimize
again(15). We iterateuntil the log of thedeterminantof 	� convergesto a stablevalue. The
asymptoticcovariancematrixof 	ü is thenestimatedby theinverseof thefollowing matrix:ý j Z· �5Z· j 	� Z· ' õ * Z· j ý (16)

whereý is thestackedmatrixof ý * and ý + .
5 Data and empirical results

5.1 Data

Thedatawe usein this studycomefrom theUniversityof MichiganPanelStudyof Income
Dynamics(PSID)for theyear1988(interview year1989).Our“full” sampleconsistsof 1618
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householdsin which both spouseshave positive hoursof work andarebetween30 and60
yearsof age. This latter restrictionwasusedin orderto eliminateasmuchaspossiblefull-
timestudentsandretiredindividuals,andto reducecohorteffects.Removingcouplesin which
spousesareagedlessthan30 increasestheproportionof “stable” households,for which the
hypothesisof efficiency in theintra-householddecisionprocessis morelikely to besatisfied.
We alsopresentestimationresultsbasedon a restrictedsampleof householdswith no pre-
school(under6) children,in orderto minimizetheextentof nonseparablepublicgoodswithin
thehousehold(thebestexampleof which beingexpenditureson youngchildren)which may
influencethevalidity of therestrictionsimposedby ourcollectivemodel.13

Thedependentvariables,maleandfemaleannualhoursof work, aredefinedastotalhours
of work on all jobs during 1988. The measureof the wagerateis the averagehourly earn-
ings, definedby dividing total labor incomeover annualhoursof work. Nonlaborincome
includes,amongotherthings,imputedincome(with a nominalinterestrateof 12%14) from
all householdnetassetsandis netof total householdsavings.15 This variableis treatedasan
endogenousvariablein theempiricalsection.It shouldbestressedthatthePSIDprovidesin-
formationon netassetsat thebeginningof periods1984and1989.Thereforeour measureof
savingsis theannualaveragechangein total nethouseholdassetsover this period(expressed
in 1988dollars).In orderto reducemeasurementerrorson this variable,we furtherrestricted
oursampleto householdswith stablecouplesover the1984-1989period.

Oursex-ratioindex is computedattheStatelevelusingdatafrom theCensusof Population
andHousingof 1990.It correspondsto thenumberof malesthatareof thesameageandsame
raceasthehusbandof eachhouseholdover thenumberof malesandfemalesthatareof the
sameraceandagegroup.16

13Lundberg (1988)hasprovided evidencethat the interactionin the allocationof time betweenwivesand
husbandsis stronglyaffectedby thepresenceof pre-schoolchildren. Samplesizeconsiderationspreventedus
from focusingonhouseholdswith nochildren.

14We alsoexperimentedwith nominal interestratesof 8% and10% but this did not significantlyaffect the
results.

15Removing householdsavings from the measureof nonlaborincomeis consistentwith an inter-temporally
separablelife-cycle modelinvolving a two stagebudgetingprocess.In thefirst stage,thecoupleoptimally al-
locateslife-cycle wealthover eachperiodin orderto determinethevectorof period-specificlevelsof nonlabor
incomenet of savings. At eachperiod,nonlaborincomenet of savings plus total householdwageincomeis
equalto thelevel of householdconsumptionexpenditures(this representsperiod-specifichouseholdbudgetcon-
straints).Thesecondstagecorrespondsto period-specificParetoefficientallocationsof goodsandlaborsupplies
[seeBlundell andWalker (1986) for a discussionof a life-cycle two stagebudgetingprocessin the caseof a
one-individualhousehold].

16We experimentedwith variousdefinitionsof thesex-ratio: meansof sex-ratiosusingthenumberof females
who aretwo yearsyoungerthanthehusbandor basedon individualswho areat most2 or 5 yearsyoungerthan
thehusbandof eachhousehold.Theresultswerevery robustto thedefinitionused.
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Table1 presentsdescriptive statisticsfor both full sampleandthe sub-sampleof house-
holdswith no preschoolchildren. Theupperpanelconcernsvariablesthataretreatedasen-
dogenousin theensuingempiricalanalysis.The lower panelconcernsexogenousvariables.
Asexpected,menworkonaveragemoreyearlyhoursthanwomenandearnasomewhathigher
hourly wagerate. Thenext two linesreporttheaveragenumberof pre-schoolers(in the full
sample)andschoolagechildrenper household.Thesetwo variablesaretreatedasendoge-
nousin theempiricalwork. Althoughthereis mixedevidenceconcerningtheendogeneityof
numberof childrenin women’s laborsupply[see,e.g., Schultz(1980)andMroz (1987)],we
deempreferableto instrumentthesevariables.

Men arealsoslightly older thantheir spousebut they bothhave similar schooling,which
in turn is abovethatof their respectivefather. Thedistributionby raceis identicalamongmen
andwomen. A closerlook at the datarevealsthat therearevery few interracialmarriages
in our sample.The sex ratio is thuscomputedon the assumptionthat the relevantmarriage
market is limited to one’sown race.Thenext linesreportthemeanof thesex ratiosfor Whites
andBlacks. Althoughthemeansarerelatively similar, thesex ratiosfor Blacksdepictmuch
morevariation.This increasedvariationis observablebothstate-wiseandage-wise.

5.2 Empirical Results

Theparametricform that is estimatedwaspresentedin equations(6) and(7). As mentioned
above, two specificationsareconsideredfor estimationpurposes,oneusingthe full sample
andtheotherlimited to householdswith no pre-schoolchildren.Also, giventhedifficulty of
obtaininginformationon distribution factors,we consideronly oneof those,namelythesex
ratio.17 Moreover, no interactiontermswith thesex ratio werefoundstatisticallysignificant.
Therefore,estimationresultspresentedin this sectionignoretheseterms.Finally, preference
factorsarethe numberof pre-schoolagechildren(in the first specification),the numberof
schoolagechildren,education,age,dummyregionalvariablesandaracedummy(=1 if white).
Thisspecificationis relatively standardin thelaborsupplyliterature[e.g., Mroz (1987),Smith
Conway (1997)]. It mustbestressedthat theracedummyallows to dealwith thecorrelation
betweenthesex ratio andlaborsuppliesthatcouldbedueto a raceeffect (sincethesex ratio
is smalleronaverageandhasa largervariancein thecaseof blackhouseholds)18.

17We did estimatethemodelby distinguishingbetweenhusband’sandwife’snonlaborincometo provideone
additionaldistribution factor. Unfortunately, the parameterestimateswerenever statisticallysignificantwhen
doingso.Onebasicdifficulty lies in properlydefiningandmeasuringeachspouse’snonlaborincome.

18We alsoestimatethemodelseparatelyfor BlacksandWhites.Theresultsarequitesimilar but lessprecise
thanthosereportedin thissub-section.
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Beforedwelling into the results,the issueof endogenouscovariatesmustbe addressed.
Indeed,unobservedindividualcharacteristicsmaybepositively correlatedwith wagesand/or
nonlaborincomeandhoursof work, thuscreatingspuriouscorrelationbetweenright hand-
sidevariablesandthe error termsof the hoursequations.We thusfollow Mroz (1987)and
usea second-orderpolynomial in ageandeducationto instrumentthe wages,the nonlabor
incomeandthenumberof pre-schoolers(in thespecificationusingtotal sample)andschool
agechildren.19 Otherinstrumentsincludefathereducation,religionandcity size(3 dummies).
In theunrestrictedversionwith total sample,thereare28 parametersto estimateandover 68
instruments(seeTables2 and3 for thecompletelist of instruments).

Table2 providesestimationresultsusingthefull sample.Its first two columnspresentthe
parameterestimatesof equations(6) and(7), respectively, i.e., theunrestrictedversion.No-
tice thatall parametersarestatisticallysignificantat conventionallevels,except,in women’s
equation,education,White dummyandtwo regionalvariablesand,in men’s equation,chil-
drendummies,White dummyandtwo regional variables.Hansen’s testdoesnot rejectthe
validity of theinstrumentsandtheover-identifyingrestrictions.Theteststatisticof 25.1is to
becomparedwith thecritical valueof the � +º�
 º#Ã �0î��R'5�nÊ�Ê;p¡Ì .

Theparameterestimatesof theunrestrictedmodelprovideinterestingresultsthatareworth
mentioning. For instance,the parameterestimateassociatedwith the sex ratio is negative
in women’s equationandpositive in men’s equation.Theseresultsthusrejectan important
restrictionof theunitarymodelaccordingto whichnodistributionfactorinfluencesbehavior.20

It alsorejectsthesimpleversionof the“separatespheres”modelwhichassumesthatthethreat
point is notdivorcebut anuncooperativemarriage.21

As discussedabove, it canbearguedthatthesetestsarebiasedsincethesex ratio is likely
to be correlatedwith unobserved variables;the observed effect might result, for instance,
from labormarketsmechanisms.Wesuggestedin Section2 aconvenientway to discriminate
betweenthemarriagemarketandthelabormarkethypotheses,namelytoanalyzetheimpactof
thesex ratioonthelaborsupplyof singles:thelattershouldbezeroaccordingto themarriage
markethypothesis,whereas,in thelabormarket story, thesex ratioshouldinfluencethelabor

19Theestimatedcoefficientsof wagesandnonlaborincomeareratherinsensitive to theinstrumentationof the
childrenvariables.Therefore,restrictingthesampleto householdswith nopre-schoolchildren(asin oursecond
specification)is not likely to generatesevereselectivity biases.

20Of course,onecould arguethat this test is subjectto a specificationproblemsince,asshown earlier, the
functionalform consideredfor labor suppliesimposesunrealisticbehavior whenall restrictionsof the unitary
modelareassumed.

21Theoretically, onecouldalsotestrestrictionsof thismodel(or alternativebargainingmodels)thatstemfrom
the particularformulationof the Nashbargainingprogram. However, theserestrictionsare likely to be very
difficult to derive formally [seeMcElroy (1990)andChiappori(1992)for a recentdiscussion].
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supplyof both singlesandcouplesin a similar way. Table4 reportsresultsfrom OLS and
GMM regressionsasappliedto (maleandfemale)singlesbetween20 and60 yearsof age22.
In both GMM estimations,Hansen’s testdoesnot rejectthe validity of the instrumentsand
theover-identifyingrestrictions.Wealsofind thattheimpactof thesex ratioonsingles’labor
supply is never significantat the 5% level. In the caseof GMM estimationfor women,it
is significantat the 10% level, but the coefficient is of the oppositesign to that of wives.
We concludethatalthoughthesex ratio maypartly reflectconditionson the labormarket, it
probablyis not thewholestory.

Anotherpoint is that,shouldthesex ratioreflectonly labormarketmechanisms,thereis no
reasonto expectthat thespecificrestrictionsderivedin Proposition2 besatisfied.Givenour
parametricspecificationandusingequations(8), theserestrictionsboil down to à��â À � à ãâ ã in
equations(6) and(7) since¹ ÅLæ �"Ç ÅLæ �l� , for çC����� �r�r� � ( ). Thissimplystatesthattheratio
of thecoefficientsof ¼Â½`¾5)�*
¼i½�¾�),+ andthesex ratio mustbe thesamein bothequations.To
assessthevalidity of thecollectivemodel,we reporttheparameterestimatesof therestricted
modelin columns(3) and(4) of Table2. Newey-West’s testdoesnot rejectthevalidity of the
restriction.Theteststatisticis equalto thedifferencein functionvaluesof therestrictedand
unrestrictedversions( �"�;p¡� ) andis to becomparedwith a critical valueof � +º�
 º#Ã �X�Á'5���
p��`î .

Interestingly, usingaWaldtest(teststatisticof 6.9),onerejectsthehypothesisthat ���l� .
This providessupportfor the theoreticalapproachwe usedto derive the restrictionsof the
collectivemodel.Also,Slutsky conditionsonthelaborsupplyof womenaregloballysatisfied
while they arelocally satisfiedfor all menin thesample.

Column(5) of thetablereportstheimplicit parametersof women’ssharingruleasderived
from therestrictedparametersof columns(3) and(4) andusingequation(10). All parameter
estimatesof thesharingrulearestatisticallysignificantatconventionallevels.In orderto gain
insight into the interpretationof the parametersof the sharingrule, Table5 reports,for the
full sample,the partial derivativesof the sharingalongwith their standarderrors. The first
columnof the tablereplicateslastcolumnof Table2. Thesecondcolumnreportsthepartial
derivativesthemselves. Thesepartial derivativesrepresentthe impactof a marginal change
in onevariableon thenonlaborincomeaccruingto thewife aftersharing.Accordingto our
parameterestimates,a onedollar increasein the wife’s wagerate, � â , (which is equivalent
to an annualincreaseof $1,740(1988) in her labor income,at the meanof hoursworked
by women)translatesinto moreincomebeingtransferredto her husband.At samplemean,
the transferamountsto $915 (or 52% of her annualincomeincrease),althoughthis effect
is not very preciselyestimated.Also, a onedollar increasein the husband’s wagerate, � G ,

22We did notusethesameagegroupastheoneusedfor couples(30-60)sincedoingthisseverelyreducedthe
samplesizeandmademostcoefficientsnonsignificant.
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(equivalentto anannualincreaseof $2,240in his laborincome)translatesinto morenonlabor
incomebeingtransferredto his wife. Indeed,thetableshows that,at themeanof thesample,
$614(or 27%of his incomeincrease)will be transferredto his wife, but againthis effect is
somewhat impreciselyestimated.Theseresultslendsupportto thenotionthat thereis some
form of altruismwithin couples.Thenext line indicatesthataonedollarincreasein household
nonlaborincomewill increasethewife’s incomeby 55 cents.Furthermore,a onepercentage
point increasein thesex ratio index, accordingto our parameterestimates,induceshusbands
to transferanadditional$2,562of nonlaborincometo their spouse.

Finally, the othercolumnsof Table5 reportvariouslabor supplyelasticities.In general
theseelasticitiesarecomparableto thosefoundin theempiricallaborsupplyliterature.At the
samplemean,women’swageelasticitiesarepositiveandstatisticallysignificantin bothunre-
strictedandrestrictedversions(=0.152and0.145,resp.).Men’swageelasticitiesarenegative
but very small (=-0.013and-0.016,resp.) andarenot statisticallysignificant. Cross-wage
elasticitiesareall negative andnot statisticallysignificanteither. Moreover, bothmen’s and
women’slaborsupplyelasticitieswith respectto nonlaborincomearenegativeandsignificant.

The last two columnsreport the own-wageelasticitieson after sharingindividual labor
supplies(i.e., for a given

e
), asgivenby equations(11) and(12). Theseelasticitiesareob-

tainedfrom individual preferencesalonesincethey ignore the effect of wagerateson the
intra-householddecisionprocess.Both women’s andmen’s elasticitiesaresmallerthantheir
counterpartreportedin the previous columns. This simply reflectsthe fact that a marginal
increasein theirwageratereducestheirshareof thenonlaborincome,which in turn increases
their laborsupplythroughanincomeeffect.

The setupof Tables3 and 6 which focuseson householdswith no pre-schoolchildren
(1,197observations)is similar to that of Tables2 and5. Note that nearlyall the parameter
estimatesof theupperpanelof Table3 arestatisticallysignificantat conventionallevels,ex-
ceptfor thecoefficientsof thenonlaborincomewhicharenow lessprecise.As in theprevious
case,thevalidity of instrumentsandof theover-identifyingrestrictionscannotberejectedon
thebasisof theusual� + tests.TheNewey-Westtestatthebottomof thetableindicatesthatthe
restrictionimposedby thecollective modelis rejectedat the5% level but not rejectedwhen
usinga 1% level. As in thepreviouscase,thesex ratio hasa negativeandstatisticallysignif-
icant impacton women’s hoursof work anda positive andstatisticallysignificantimpacton
men’shoursof work. Finally, theidentifiableparametersof thesharingruleareall statistically
significantat10%or better.

Table6 providessomeinterestingresultsconcerningtheimpactof thepresenceof young
children.First, theimpactof thesex ratio on women’s sharingrule considerablyincreasesas
comparedwith theimpactobservedin thefull sample(from $2,625to $3,890).Thissuggests
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that women’s bargainingpower is reducedwhenthereareyoungchildrenin the household,
perhapsbecausedivorce is lesscrediblewhen thereare young children in the household.
Moreover, the resultssuggestthat wives show more altruism towardstheir husbandwhen
therearenochildrenin thehousehold.Indeed,theeffectof anincreasein wives’wagerateon
transfersto their spousemarkedly increasesin householdswith no pre-schoolchildren. But
againthecoefficient is notverypreciselyestimated.

6 Conclusion

In this paperwe provide evidencethat themarriagemarket, asproxiedby a sex ratio index,
influenceshouseholdlabor supplies.Our resultsthusrejectoneimportantpredictionof the
unitarymodelaccordingto whichnodistributionfactoraffectsintra-householddecisions.Our
resultsalsocontradictthoseNashbargainingmodelsthatassumethat the fall-backoption is
internalto thehousehold.Rather, we provide somesupportto Becker’s initial claim that the
stateof themarket for marriageshouldinfluencetheintra-householddecisionprocess.More-
over, we develop a modelwhich introducesdistribution factorsinto the Chiappori’s (1992)
collectivemodelof householdlaborsupply, accordingto whichtheintra-householdoutcomes
arePareto-efficient. We show that the introductionof thesefactors,which includethe sex
ratio,stronglysimplifiestheway themodelis identified.In addition,identificationappearsto
bebothmorepreciseandmorerobust in thepresentcontext. Also, our resultsdo not reject
therestrictionsimposedby ourmodelto theparametersof laborsupplyfunctions.

Theparametersof thesharingrule associatedwith this modelcanberecovered,andturn
out to besignificantlydifferentfrom zero.Wefind thataonepercentagepoint increasein the
proportionof malesin thepopulationinduceshusbandsagedbetween30 and60 to increase
their transferto their wife by $2,562(1988)on average.This transferis moreimportantfor
householdswith no pre-schoolchildren. Finally, our resultssuggestthat spousesappearto
behave in an altruistic manner. For instance,a onedollar increasein a female’s wagerate
inducesher to transfercloseto 52% of her annualincomeincreaseto her spousewhile the
correspondingfigure,in thecaseof a husband,is a transferof 27%to hiswife.

Our analysisis subjectto somelimitationsthough.Sinceour estimatesareconditionalto
thechoiceof living in couple,they couldsuffer from aselectionbias.In regionswherethesex
ratio is relatively small,more“low-quality” menarelikely to marry, giventhescarcityof men
in themarriagemarket. As long asthereis a positivecorrelationbetweenquality in themar-
riagemarketandin thelabormarket,thismaycreateaspurious(positive)correlationbetween
the sex ratio andmalehoursof work. More researchon collective modelsthat endogenize
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bothmaritalchoicesandlaborsupplyis clearlyneeded.

Our approachassumesthat thesex ratio is exogenous.However it couldbeviewedasa
variablethatadjustsacrossregionsto equilibratethemarriagemarkets[Becker(1991)].While
wediscusssomeevidencethatsuggestthatthis interpretationis not likely to seriouslybiasour
estimates,it wouldbeimportantto provideananalysisof thefactorsthatexplainvariationsof
thesex ratio acrossregions. Anotherusefulextensionof our modelwould be to introducea
variableof sex ratioat thebeginningofmarriage. As longasmarriageagreementsarebinding,
thisvariableshouldbetherelevantoneto explaintheintra-householddistributionprocessand
laborsupplybehavior. Finally, introducinghouseholdproductionin themodelwouldbeworth
considering[seeAppsandRees(1997)andChiappori(1997)for adiscussion].
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APPENDIX : Proof of Proposition2

A Onedistrib ution factor

Startfrom : � * �"q * �0)�*�� e �0)�*��9),+2�1-3� . �$&R':�$&�'� + �"q + �0),+8�1-m e �6)�*��1),+2�9-:� . �$&�'3�$&R'
Then: s"� � *u J� *w � e u Je wxc� � +u H� +w �  e u H�P e w��� � *�� *w � e �e w

and �~� � +�� +w �  e ��� e w
Assumethat � ��o� . Thenthelasttwo equationsgive:e w � ��� Q� �e � � �!��� Q� p
Thenthefirst two leadto :

e u H � x���t Q� �e u J � s���t Q� p
Thesepartialsarecompatibleif andonly if they satisfytheusualcrossderivative restric-

tions.Hence,thefollowing conditionsarenecessaryandsufficient :
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�� . � ��t Q��� �
�� - � �!��t U����� )�* � ��t U� � �
�� - � xm��t Q� ��� ),+ � ��t U��� �
�� - � s���t Q�³��� )�* � �!��z Q� � �
�� . � x���t U� ��� ),+ � �!��z Q��� �
�� . � s���t U����� ),+ � x���t U�³� �
�� )�* � s���t Q���

If theseequationsarefulfilled, then
e

is definedupto anadditivefunction ���@&R' depending
only on the preferencefactors & . The inequalities�6ï
' and �%�W' of Proposition2 follow from
standardintegrability arguments.Finally, the knowledgeof Marshalliandemandsallows to
recoverpreferencesfor any givenvalueof �m�0&R' .
B Several distrib ution factors

Finally, if thereareseveraldistributionfactors,thenthey canenterlaborsupplyfunctionsonly
throughthesamefunction

e
. This impliesthat:� *� �� *� H � e � �e � H � � + � �� + � H

for all � .
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TABLE 1
DESCRIPTIVE STATISTICS

(StandardDeviation in Parentheses)

Full Sample Householdswith
No Preschool

Childr en

Wives Husbands Wives Husbands

EndogenousVariables

Hoursof Work (/1000) 1.74 2.24 1.78 2.24
(0.57) (0.64) (0.55) (0.65)

Log-wage 2.04 2.46 2.04 2.47
(0.68) (0.61) (0.67) (0.64)

NonlaborIncome(/1000) 8.07 9.50
(24.19) 26.37

Children( ��� ) 0.26 –
(0.44) –

Children(7 – 17) 0.55 0.55
(0.49) (0.50)

ExogenousVariables

Age 37.7 40.6 39.6 42.3
(7.7) (7.8) (7.8) (7.9)

Schooling 5.2 5.2 5.1 5.2
(1.5) (1.6) (1.5) (1.7)

White 0.75 0.75 0.78 0.78
Sex Ratio
Whites 0.496 0.495

(0.008) (0.008)
Blacks 0.461 0.462

(0.022) (0.023)
NorthEast 0.18 0.19
NorthCentral 0.24 0.23
West 0.15 0.15
Observations 1618 1197

Note: The schooling variables follow the 1989 coding.
Thus,for example, a valueof 4 correspondsto 12 grades
andno further training, whereasa valueof 5 corresponds
to 12gradesplusnonacademictraining.



TABLE 2
GMM PARAMETER ESTIMATES – FULL SAMPLE

HOURS/1000

Unrestricted Restricted Sharing
Version Version Ruleof Wives

Wives Husbands Wives Husbands������� â 1.348 -0.671 1.019 -0.998 -63.923
(0.339) (0.328) (0.369) (0.272) (28.919)������� G 0.813 -0.498 0.537 -0.771 -39.828
(0.283) (0.288) (0.307) (0.243) (21.286)������� â! ������� G -0.439 0.230 -0.311 0.360 23.067
(0.123) (0.125) (0.135) (0.102) (10.640)

NonlaborIncome(/1000) -0.007 -0.008 -0.007 -0.007 0.547
(0.003) (0.004) (0.003) (0.004) (0.185)

Sex Ratio -2.767 5.020 -3.452 3.999 256.162
(0.985) (1.175) (0.894) (1.237) (93.461)

Intercept 1.501 0.715 2.638 2.011
(0.856) (0.952) (0.738) (0.804)

Children( ��� ) -0.659 0.172 -0.765 0.099
(0.207) (0.143) (0.201) (0.141)

Children(7–17) -0.154 0.093 -0.174 0.066
(0.070) (0.073) (0.069) (0.072)

Schooling -0.011 0.033 -0.007 0.033
(0.018) (0.012) (0.018) (0.012)

Age -0.131 0.077 -0.159 0.048
(0.047) (0.043) (0.045) (0.042)

White -0.019 -0.015 -0.008 0.006
(0.049) (0.051) (0.049) (0.053)

NorthEast -0.180 -0.035 -0.169 -0.028
(0.037) (0.038) (0.037) (0.037)

NorthCentral -0.037 0.010 -0.018 0.027
(0.040) (0.036) (0.040) (0.035)

West 0.041 -0.117 0.059 -0.101
(0.045) (0.041) (0.044) (0.040)

Valueof Function 25.098 27.105
Newey-WestTest 2.007

Notes:
1. Asymptoticstandard errors in parentheses.
2. Instruments: Secondorder polynomial in age and schooling (M-F), Father Ed-

ucation (M-F), White (M-F),Spanish(M-F), City size (3 dummies),North-East,
North-Central, West,Protestant(M-F), Jewish(M-F), Catholic(M-F), Sex ratio.

3. Theparameters of thesharingrule are dividedby1,000.



TABLE 3
GMM PARAMETER ESTIMATES

HOUSEHOLDS WITH NO PRESCHOOL CHILDREN

HOURS/1000

Unrestricted Restricted Sharing
Version Version Ruleof Wives

Wives Husbands Wives Husbands¼Â½`¾"� â 2.145 -1.249 1.946 -1.605 -185.924
(0.377) (0.363) (0.431) (0.342) (98.515)¼Â½`¾"� G 1.510 -0.841 1.345 -1.103 -131.708
(0.305) (0.302) (0.346) (0.289) (69.428)¼Â½`¾"� â �a¼i½�¾"� G -0.748 0.423 -0.667 0.564 65.292
(0.137) (0.137) (0.159) (0.128) (35.091)

NonlaborIncome(/1000) -0.004 -0.006 -0.005 -0.004 0.489
(0.003) (0.004) (0.003) (0.004) (0.274)

Sex Ratio -2.639 6.139 -3.973 3.358 389.052
(1.143) (1.359) (0.978) (1.321) (220.455)

Intercept -0.642 1.563 0.408 3.638
(0.760) (0.894) (0.864) (0.557)

Children(7–17) -0.190 -0.025 -0.185 -0.028
(0.064) (0.072) (0.063) (0.072)

Schooling -0.025 0.030 -0.026 0.026
(0.018) (0.014) (0.018) (0.014)

Age -0.069 0.031 -0.077 0.001
(0.021) (0.031) (0.021) (0.030)

White 0.088 -0.099 0.130 -0.014
(0.053) (0.061) (0.049) (0.062)

NorthEast -0.229 -0.038 -0.231 -0.040
(0.042) (0.044) (0.042) (0.045)

NorthCentral -0.104 0.033 -0.095 0.040
(0.041) (0.039) (0.042) (0.039)

West 0.007 -0.089 0.019 -0.076
(0.048) (0.046) (0.048) (0.046)

Valueof Function 31.971 36.757
Newey-WestTest 4.786

Notes:
1. Asymptoticstandard errors in parentheses.
2. Instruments: Secondorder polynomial in age and education(M-F), Father Ed-

ucation (M-F), White (M-F),Spanish(M-F), City size (3 dummies),North-East,
North-Central, West,Protestant(M-F), Jewish(M-F), Catholic(M-F)

3. Theparameters of thesharingrule are dividedby1,000.



TABLE 4
PARAMETER ESTIMATES – SINGLES

HOURS/1000

OLS GMM
Women Men Women Men¼Â½�¾#� -0.039 -0.039 -0.335 0.167
(0.048) (0.047) (0.192) (0.205)

NonlaborIncome(/1000) -0.001 -0.0008 -0.0029 -0.002
(0.001) (0.0005) (0.0038) (0.002)

Intercept -0.346 1.139 -0.598 1.466
(1.241) (1.013) (1.302) (1.095)

Sex Ratio 4.039 1.294 5.043 0.439
(2.547) (2.029) (2.719) 2.167

Schooling 0.077 0.038 0.112 0.001
(0.020) (0.020) (0.030) (0.045)

Age 0.052 -0.013 0.102 -0.048
(0.038) (0.029) (0.058) (0.036)

White 0.129 0.177 0.210 0.212
(0.110) (0.089) (0.131) (0.107)

NorthEast -0.078 -0.058 -0.039 -0.104
(0.103) (0.081) (0.110) (0.099)

NorthCentral -0.204 -0.037 -0.211 0.018
(0.077) (0.075) (0.080) (0.078)

West -0.251 -0.163 -0.245 -0.153
(0.100) (0.092) (0.104) (0.112)

Valueof Function 5.238 9.715
Numberof Observations 572 498 572 498

Notes:

1. Asymptoticstandard errors in parentheses.

2. Instrumentsin GMM estimation:Secondorder polynomial
in age and education,Father Education,White, Spanish,
City size (3 dummies),North-East,North-Central, West,
Protestant,Jewish,Catholic,Sex ratio.
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