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Abstract

This paperprovidesa theoreticalframework for analyzingtheimpactof themarriagemarket
anddivorcelegislationon householdlaborsupply. In our approach,thesex ratio on themarriage
market and the rules governingdivorceare examplesof “distribution factors”. The latter are
definedasvariablesthataffectthehouseholdmembers’bargainingpositionbut neitherpreferences
nor the joint budgetset. We extendthe collective labor supplymodeldevelopedby Chiappori
(JPE,1992)to allow for distribution factors. We show that our model imposesnew restrictions
on the laborsupplyfunctionsandeasestheidentificationof individual preferencesandtheintra-
householddecisionprocess.Themodelis estimatedusingPSIDdatafor theyear1988.Ourresults
do not rejecttherestrictionsimposedby themodel. Also, thesex ratio anddivorcelaws deemed
favorableto womenarefoundto impactthelaborsupplybehavior andthedecisionprocessin the
directionspredictedby thetheoryandto havesizeableeffects.
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1 Intr oduction

Doeshouseholdbehavior dependon therelative bargainingstrengthof eachspouse?During
the last decade,this questionhasattractedrenewed attentionfrom both empiricalandtheo-
reticalanalysts.On theempiricalside,severalpapershave analyzedthebehavioral impactof
variablesthatmayinfluencetheintra-householddistribution of power. For instance,Thomas
(1990)andBrowning et al. (1994)have providedevidencethatthedistribution of total intra-
householdincomehasa significantimpacton outcomes,thusrejectingthestandard“income
pooling” prediction. More recently, Thomaset al. (1997),usingan Indonesiansurvey, have
shown that thedistribution of wealthby genderat marriagehasa significantimpacton chil-
drenhealthin thoseareaswherewealthremainsunderthecontributor’scontrol1. Duflo (1999)
hasderivedrelatedconclusionsfrom acarefulanalysisof a reformof theSouthAfrican social
pensionprogramthat extendedthe benefitsto a large,previously not coveredblack popula-
tion.2

Relative incomes,however, arenot the only possiblevariablesthat may affect the intra-
householddecisionprocess.The latter canalsodependon a rangeof variablesthat change
thehousehold’s environmentandin particularthemembers’respective bargainingpositions.
Factorsthataffectopportunitiesof spousesoutsidemarriagecaninfluencetheintra-household
balanceof power, andultimatelythefinal allocationof resources,evenwhenthemarriagedoes
notactuallydissolve(apointalreadyemphasizedby HaddadandKanbur 1992).Variablesthat
proxythesituationin themarriagemarketarenaturalexamplesof thesefactors.This intuition
canbe tracedbackto Becker (1991,ch.3),who emphasizedthat the marriagemarket is an
importantdeterminantof intra-householdutility distribution. In his approach,thestateof the
marriagemarket crucially dependson thesex ratio, that is, therelative suppliesof malesand
femalesin themarriagemarket. Whenthesex ratio is favorableto thewife - i.e., thereis a
relativescarcityof women- thenthedistributionof gainsfrom marriagewill beshiftedin her
favor. Thismayin turnaffectintra-householddecisions.UsingU.S.dataatboththehousehold
level and the aggregatelevel, Grossbard-Shechtman(1993) and Grossbard-Shechtmanand
Neideffer (1997)found thatan increasein thesex ratio reducesthe labor forceparticipation
of marriedwomenand their hoursworked. Angrist (2000)usesdataon immigrantsto the
U.S. andsimilarly finds that highersex ratiosareassociatedwith lower femalelabor force
participation.

1SeealsoGalasso(1999)for asimilar investigation.
2Specifically, Duflo findsthattheconsequencesof this windfall gainon child nutrition dramaticallydepends

on thegenderof therecipient.Usingthesamedatabase,Bertrandetal. (2000)studytheimpacton laborsupply
of youngerwomenwithin thehousehold,andfind againthat thenew benefitsresultin a muchlargerreduction
of laborsupplywhenthey arereceivedby a woman.
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Legislationmayalsoplay a role in thedecisionprocess.Laws governingtheright to di-
vorce,child supportandmaritalpropertyupondivorceinfluencetheassignmentof property
rightsbetweenspouses,whenamarriageends.Therefore,they will affect thespousalrelative
bargainingpositionsandredistributionwithin marriage,at leastto theextentthatdivorcemat-
tersasanoutsideopportunity. In a recentpaper, Gray(1998)relateschangesin femalelabor
supply to the adoptionof unilateral-divorcelaws3 in many statesduring the 1970’s. Using
variousdatasources,andexploiting thelegal changesthat took placebetweentwo particular
years,he findsa significantimpact,whenmarital-propertylaws arecontrolledfor.4 In a re-
latedway, RubalcavaandThomas(2000)arguethatvariationsin AFDC (Aid to Familieswith
DependentChildren)acrossstatesdirectly affect the “reservation welfare” a spousemay be
ableto achieve in caseof divorce.

Together, theseempirical investigationsvery strongly suggestthat intra-householdbar-
gaininghasa significantimpacton behavior, andshouldbe analyzedwith care. A striking
fact,however, is thatmostof theseworksarenot explicitly groundedin a structuralmodel.5

For thatreason,theinterpretationof their empiricalresultsis not straightforward. Of course,
they certainlysuggestthatintra-householddecisionmakingis morecomplex thanimplied by
thetraditional,“unitary” model,basedon thefiction of asinglehouseholdutility thatis maxi-
mizedunderbudgetconstraint.Howeverthey donotsaymuchon thetruenatureof theactual
process.

On the theoreticalside, variouscontributionshave tried to introducealternative frame-
works in which intra-householddecisionprocessescanbe adequatelyinvestigated.Manser
andBrown (1980)andMcElroy andHorney (1981)have proposedmodelsbasedon cooper-
ative gametheory. Theseattemptshave beengeneralizedby Chiappori(1988),Bourguignon
et al. (1993),Browning andChiappori(1998)andChiapporiandEkeland(2001),who have

3Unilateral-divorce laws specify that eitherspousecan initiate divorce. By contrast,mutual-consentlaws
requireeithertheagreementof bothspousesor thedemonstrationof maritalfault.

4Divorcelaws could alsoaffect marriedwomen’s labor supplythroughtheir effectson the risk of divorce.
For instance,it is oftenarguedthatunilateraldivorceencouragesdivorceby reducingits costfor thespousewho
considersthis option.However, empiricalevidencedoesnotgenerallysupportthis view (e.g., Peters1986,Gray
1998). While Friedberg (1998)finds that the adoptionof unilateraldivorce laws in U.S. during the “no-fault
revolution” increasedthe divorce rates,this effect seemsto disappearafter a decade(StevensonandWolfers
2000). Theseresultsare in line with the Coasetheorem,at least in the long run. This theoremassertsthat
changesin divorcelawsshouldnot affectefficiency in marriageandhencethedivorcerates,aslong asthereare
symmetryof informationandtrivial bargainingcostswithin marriage(Becker1991).

5Grossbard-ShechtmanandNeideffer (1997)have developeda choice-theoreticmodelof marriedwomen’s
labor supply in which the reservation wagedependson marriagemarket conditions. However their empirical
analysisis basedon a reducedform model that doesnot take into accountthe restrictionsimposedby their
structuralmodel.
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developeda“collective” framework. In its mostgeneralversion,thecollectiveapproachrelies
on the soleassumptionthathouseholddecisionsareParetoefficient. It thusnestsall model
basedon cooperative bargaining,at leastundersymmetricinformation. It canbeprovedthat
this minimal settingis sufficient to generatestrongtestablerestrictionson behavior. Under
additionalrestrictions,thecollective modelallows furthermoreto identify thecharacteristics
of theunderlyingstructuralmodel(i.e., individualpreferencesandthedecisionprocess)from
observedbehavior.

While thecollectivemodelprovidesanappealingtheoreticalframework to analyzehouse-
holdbehavior, it needsto begeneralizedto takeinto accountvariablesthat,asdiscussedabove,
mayaffect thedistribution of intra-householdpower. Thefirst goalof thepresentpaperis to
fill thisgap.Thestartingpointof ouranalysisis theconceptof “distributionfactors”(Brown-
ing andChiappori1998).Thelatteraredefinedasvariablesthatcanaffect theintra-household
decisionprocesswithout influencingindividualpreferencesor thejoint consumptionset.The
sex ratio is a naturalexampleof a distribution factor. Divorcelaws canalsobe regardedas
distribution factorsinsofar asthey influenceoutcomesonly throughtheir impacton spousal
bargainingwithin marriage.Otherexamplesof distribution factorsincludetheshareof total
nonlaborincomeunderthe control of onespouse6 andspecialfeaturesof the marriagecon-
tracts. For instance,Lundberg andPollak (1996)insist on whethermarriageagreementsare
bindingor notasa determinantof intra-householddecisionprocess.7

In this paper, we theoreticallyinvestigateandempirically estimatethe effectsof distri-
bution factorsin the context of a structural,micro-economicmodelof householdbehavior.
The underlyingintuition is quite simple. Whenever the distribution factorunderconsidera-
tion - say, the sex ratio - is favorableto onemember- say, femalearemorescarce,which
presumablyincreasesthewife’sbargainingpositionwithin thehousehold- thentherespective
weightsin thedecisionprocesswill beshiftedin herfavor. Standardincomeeffectsshould,all
elseequal,leadto areductionin femalelaborsupplyandanincreasein malelaborsupply. The
mainpurposeof our modelis to provide a cleantheoreticalframework in which this ideacan
beworkedout,andto pointout thevariousrestrictionsthatanexplicit modelof thehousehold
decisionprocessimposeson behavior. To do so, we extendvariousversionsof the collec-
tive modelby introducingdistribution factors.First, we considerthemostgeneralcollective
framework, whereeachagent’s utility is allowedto dependon bothmember’s consumptions
andlaborsupplies;in otherwords,themodelallows for intra-householdexternalitiesof any
kind (includingpublicgoods).In theabsenceof distribution factors,resultsby Browningand

6One must reckon that thesevariablesmay raisedelicateendogeneityproblems. For instance,variations
in nonlaborincomeover a cross-sectionare likely to be correlatedwith other (unobservable)determinantsof
householddecisions(Behrman,PollakandTaubman1995).

7Unfortunately, it is difficult to constructempiricalmeasuresof thesefeatures.
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Chiappori(1998)andChiapporiandEkeland(2001)imply thatathree-commoditymodellike
theoneusedherecannotgeneratetestablerestrictionson behavior. We show however that in
thepresenceof at leasttwo distribution factors,thecollectivemodel,evenin its mostgeneral
form, stronglyrestrictstheform of laborsupply8.

In its mostgeneralversion,however, thecollective modelis not uniquelyidentified. For
thatreason,we next concentrateon theparticularcollectivemodelof laborsupplyintroduced
by Chiappori(1992).Theidentifyingassumption,here,is thathouseholdmembershaveego-
tistic or Beckerian“caring” preferences(Becker 1991). The latterpreferencesallow for al-
truistic utility interdependencebut imposeweak separabillitybetweengoodsconsumedby
a householdmemberandthoseconsumedby his or her spouse.Efficiency has,in this set-
ting, a verysimpleinterpretation:householddecisionscanbemodeledasa two-stepprocess,
wherebyindividualsfirst sharetheir total nonlaborincomeaccordingto somesharingrule,
then maximizetheir own utilities subjectto separatebudgetconstraints. In particular, the
intra-householddecisionprocesscanbefully summarizedby thesharingrule. Weextendthis
modelby allowing the sharingrule to dependon the variousdistribution factorsundercon-
siderationaswell ason wagesandnonlaborincome. We show that the main propertiesof
Chiappori’s initial modelarepreserved. In particular, it is still possibleto identify individual
preferences(up to a translation)andthesharingrule (up to anadditiveconstant)from thesole
observationof laborsupply. Furthermore,thenew context allows for adifferentidentification
procedurethatis bothsimplerandmorerobustthanbefore.It followsthattheimpactof distri-
bution factorson behavior (if any) canin thiscontext begivenadirectinterpretationin terms
of intra-householdtransfers, andthewelfareconsequencescanreadilybeassessed.

Thepresenceof distribution factorsalsogeneratesnew testablepredictions.For instance,
in additionto the generalrestrictionsevoked above, the theoryimposesa closerelationship
betweenthe effect of any distribution factorandthe impactof crosswageson labor supply.
Thesepredictionsarevery unlikely to befulfilled unlessthemodelat stake is correct,which
providesa ratherstrongtestof our approach.

Thefinal contributionof thepaperis to estimateandtestourcollectivemodelwith thesex
ratioanda“Di vorceLawsIndex” asdistribution factors.Thesex ratioweuseis computedby
age,raceandstateof residence.Our DivorceLaws Index, which is anindicatorof theextent
to which thelawsarelikely to befavorableto women,is alsospecificto thestateof residence.
While most papersthat have analyzedthe variousbehavioral effects of divorce laws have
focusedon oneor two of them,we specificallytake into accountthefour following features:

8A relatedresultwasalreadymentionedin Bourguignon,Browning andChiappori(1995),althoughnot in
thecontext of laborsupply. For empiricalconfirmation,seefor instanceBrowning et al. (1994)andThomaset
al. (1997).
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mutualconsentvs unilateral,propertydivision, enforcementof supportorders,andspousal
interestin professionaldegreesandlicenses.Theavailability of two distributionfactorsallows
us to testnot only the collective modelwith privategoodsbut alsothe generalversionwith
externalitiesof any kind.

Our sampleis drawn from Wave XXII of thePSID(1989interview year)andfocuseson
couplesin which both spouseswork. We find that both the sex ratio and the divorce laws
affect thespouses’laborsupplyin exactly themannerpredictedby thetheory. Theparametric
constraintsassociatedwith bothversionsof themodelarenotstatisticallyrejected.Finally, the
parametersof thesharingrule arerecovered.Accordingto these,changesin thesex ratio and
in theDivorceLaws Index havesizeableimpactson incometransferswithin thehouseholds.

The structureof the paperis as follows. Section2 presentsour theoreticalframework.
Section3 discussesthechoiceof theempiricalspecificationusedfor estimationandtesting.
Section4 describesour empirical strategy. Data and econometricresultsare discussedin
Section5. Finally, Section6 concludesthepaper.

2 The Model

2.1 The basicsetting

In this section,we developa collective laborsupplymodelwhich takesinto accountdistribu-
tion factors.In this framework, thehouseholdconsistsof two individualswith distinctutility
functionsandthedecisionprocess,whateverits truenature,leadsto Pareto-efficientoutcomes.
Thisassumptionseemsquitenatural,giventhatspousesusuallyknow eachother’spreferences
prettywell (at least,afteracertainperiodof time)andinteractveryoften.Therefore,they are
unlikely to leavePareto-improving decisionsunexploited.9

A general framework Formally, let �
	 and ��	 , for 
�������� , denoterespectively member
 ’s labor supply(with ������	���� ) andconsumptionof a privateHicksiancompositegood
whoseprice is set to unity. We start from the mostgeneralversionof the model, in which
member 
 ’s welfare can dependon his or her spouse’s consumptionand labor supply in a
very generalway, including for instancealtruism,public consumptionof leisure,positive or
negativeexternalities,etc. In this generalframework, member
 ’s preferencesarerepresented

9However, seeUdry (1996).
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by someutility function ���! !"�#%$'&�(*)+&�(,"�#%$.-/(*)0-1(3254 . Here, 2 is a 6�# vectorof preference
factors,suchasageandeducationof the two agents.Also, let 7 & , 7 - , 8 denoterespective
wageratesandhouseholdnonlaborincome.Finally, let 9 denotea :;# vectorof distribution
factors.

Under the collective framework, intra-householddecisionsarePareto-efficient. For any
given  <7 & (37 - (38'(32
(�9=4 , hence,thereexists a weighting factor >? @7 & (37 - (A8'(*2B(�9=4 belongingtoCED (,"/F , andsuchthatthe  G$ � (*) � 4 solvesthefollowing program:

HJILKMON,PRQ NTS!Q U'PRQ U.SWV >X� &ZY  !"[#\>Z4]� -
subjectto  '^_ & 47 & $ &ZY 7 - $ -`Y 8 a ) &bY ) - (D c $ � c "�(edgfh"i(�jk(

wherethefunction > is assumedcontinuouslydifferentiablein its arguments.It shouldthusbe
clearthat theparticularlocationof thesolutionon theParetofrontier dependson all relevant
parameters,sincethevalueof > dependson 7 & (37 - (A8'(*2 and 9 . Furthermore,sincethevector
of distribution factors,9 , appearsonly in > , a changein 9 doesnot affect theParetofrontier
but only the final locationon it. In the particularcasewhere > is assumedto be constant,
thecollective framework correspondsto theunitarymodelwith weaklyseparablehousehold
preferences.In this situation,thedistribution factorshaveno effectonbehavior.

In this generalsettingandassuminginterior solutions,a first testablerestrictionariseson
laborsupplies.This restrictionis givenby thefollowing result:

Proposition 1 (Bourguignon,BrowningandChiappori1995)Let $ �  <7 & (37 - (38'(32
(�9=4T(Ldlfm"i(*j
besolutionsto program  '^_ & 4 . Thenn $'&3o n 9,pn $ & o n 9 & f

n $�-/o n 9,pn $ - o n 9 & (rqtsJfujB(,vwvxvw(*:;v (R)

Proof. For any fixed > , $ & and $ - , asfunctionsof 7 & (37 - (38 and > , arewell behavedMarshal-
lian laborsupplies.In particular, onegets$ �  <7 & (A7 - (38y(*2
(�9=4zfu{ �  <7 & (A7 - (38y(*2
(3>| @7 & (37 - (A8'(*2B(�9=4}4~(�dXf�"i(�jB(
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sothat �y���� �*� �
�y���� �

� �� ���
and

�'�
�<��� �,��y� � ��� ��� �
� � ��� �,�� � ��� ��� is independentof �}�

Thebasicintuition, here,is thatdistribution factorsaffect consumptionandlaborsupply
choicesonly throughthe locationchosenon theParetofrontier, or equivalently, throughthe
implicit weightingof eachspouse’sutility. Sincethisweightingis unidimensional,thisimplies
that the ratio of the impactsof all distribution factorson the two laborsuppliesareequal. It
is worth stressingthat theserestrictionsappearonly whenthereareat leasttwo distribution
factors.If it is thecase,they provide a testfor Paretoefficiency in a generalcollectivemodel
of laborsupply. Recentresultsby ChiapporiandEkeland(2001)imply that theseconditions
arealsosufficient.

Egotistic preferences It shouldhoweverbeemphasizedthatthis generalversionof thecol-
lectivemodelcannotbeuniquelyidentifiedfrom thesoleknowledgeof laborsupplies.There
areacontinuumof differentstructuralmodelswhichareobservationallyequivalent,i.e., which
generateidenticallaborsupplyfunctions. Therefore,in our empiricalanalysis,we alsoesti-
mateandtesta modelwhich imposesadditionalidentifying assumptions.For now we will
assumethefollowing:

AssumptionE(“egotisticpreferences”)Individualutilitiesareof theform � �!�!� � � � �*� � �3�5�T�where� � is strictly quasi-concave, increasingandcontinuouslydifferentiable,for � � � ��� .
Accordingto AssumptionE, householdmembershave egotistic preferencesin thesense

that the welfareof member� doesnot dependon the consumptionof member���� � .10 The
correspondingmodelwithoutdistributionfactorshasbeenstudiedby Chiappori(1992).A first
result,thatcanreadilybeextendedto our framework, is thatunderAssumptionE, efficiency
hasa very simpleinterpretation.Indeed,considerthe householdasa two-personeconomy.

10However our approachcanbe extendedat basicallyno cost to “caring” preferences,whereeachperson’s
utility dependson bothhis or hersubutility index andon hisor herspouse’s (seebelow).
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Fromthesecondfundamentalwelfaretheorem,any Paretooptimumcanbedecentralizedin
aneconomyof this kind. Specifically, wehave thefollowing result:

Proposition 2 UnderAssumptionE,program �'��+�}� is equivalentto theexistenceof somefunc-
tion  `�@¡ ��¢ ¡;£ ¢A¤'¢*¥B¢�¦ � such thateach member§ ( §X¨h© ¢�ª ) solvestheprogram:«­¬L®¯O°�±³² ´�±xµ�¶�· �W©[¸º¹ · ¢*» · ¢*¥ �

subjectto � �� £ �¡ · ¹ ·
¼   ·¾½ » · ¢¿ À ¹ · À © ¢
where   � ¨u  and   £ ¨ ¤ ¸Á  .

Proof. SeeChiappori(1992).

Theinterpretationis thatthedecisionprocesscanalwaysbeconsideredasatwo stagepro-
cess: first, nonlaborincomeis allocatedbetweenhouseholdmembersandthen,eachmember
separatelychooseslaborsupply(andprivateconsumption),subjectto thecorrespondingbud-
getconstraint.Thefunction   is calledthesharingrule. It describesthewaynonlaborincome
is dividedup,asa functionof wages,nonlaborincome,distribution factorsandotherobserv-
ablecharacteristics.11

2.2 Restrictionson Labor Suppliesand the Sharing Rule

Thecollective framework with egotisticpreferencesimposescertainrestrictionson the labor
supplyfunctions.To show this, let usfirst assumethattheunrestrictedlaborsupplyfunctions¹ · �@¡ ��¢ ¡;£ ¢3¤y¢*¥
¢*¦ � arecontinuouslydifferentiable.From � �� £ � , andassuminginteriorsolutions,
thesefunctionscanbewritten as:¹ � ¨uÂ � �<¡ ��¢  X�@¡ �T¢ ¡;£ ¢3¤y¢�¦i¢*¥ � ¢*¥ � ¢ (1)

11In thepresenceof householdpublic goods,a sharingrule canstill bedefinedbut conditionallyon the level
of these.
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Ã�ÄÆÅÈÇÉÄ1Ê@Ë Ä1Ì3ÍÏÎÁÐ Ê<ËÒÑ Ì Ë Ä,Ì3ÍyÌ�ÓiÌ*Ô5ÕTÌ3Ô5ÕTÖ (2)

where
Ç�×WÊ!Ø Õ is memberÙ ’s Marshallianlaborsupplyfunction.

The particularstructureof equations(1) and (2) imposestestablerestrictionson labor
supplybehavior andallows to recover of the partialsof the sharingrule. It is importantto
note that, in contrastwith the previous result,onedistribution factor is sufficient for these
conclusionsto hold. The intuition goesasfollows. Considera changein, say, member Ú ’s
wagerate. This canonly have an incomeeffect on his or her spouse’s behavior throughits
effect on the sharingrule, just as nonlaborincomeand the distribution factor. Thus, the
impact of thesevariableson labor supply behavior of member1 allows us to estimatethe
marginal rateof substitutionbetween

Ë Ä and Í aswell asbetweenÓ and Í in thesharingrule.
Technically, it generatestwo equationsinvolving the correspondingpartialsof the sharing
rule. Thesameargumentappliesto member2’sbehavior, which leadsto two otherequations.
Thesefour equationsallow to directly identify the four partialsof the sharingrule. Finally,
cross-derivative constraintson thesharingrule imposesrestrictionsto themodelthat canbe
tested.

To bemoreprecise,usingequations(1) and(2), define Û ÅÜÃ ÑÝBÞ*ß Ã Ñà , á ÅÜÃ ÄÝ.â}ß Ã Äà , ãÆä ÅÃ ÑåGæ ß Ã Ñà and çèä ÅéÃ ÄåGæ ß Ã Äà , whenever
Ã Ñà Ö Ã ÄàëêÅíì

, for î Å Ú Ì Ø1Ø1Ø Ì*ï . Notethatall thesevariables
are observable and can thus be estimated. Then one hasthe following results(wherethe
subscriptî Å Ú hasbeenremovedfor notationalconvenience:

Proposition 3 Take anypointsuch that
Ã Ñà Ö Ã ÄàèêÅuì

. Then

(i) If there existsexactlyonedistribution factor, and it is such that ã êÅ ç , the following
conditionsare necessaryfor anypair (

Ã Ñ Ì Ã Ä ) to besolutionsof
Ê'ðñ Ä Õ for somesharing

rule Ð : òò Ó ó çç Î ãõô Å òò Í ó ã�çç Î ãõô (2a)òò ËÒÑ ó çç Î ã ô Å òò Í ó á+ãç Î ã ô (2b)òò Ë Ä ó çç Î ãõô Å òò Í ó Û�çç Î ãöô (2c)òò ËÒÑ ó ã0çç Î ãöô Å òò Ó ó áÏãç Î ãöô (2d)òò Ë Ä ó ã0çç Î ãöô Å òò Ó ó Û�çç Î ãöô (2e)
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÷÷.ø;ùëúüû+ýþÜÿ ý ��� ÷÷.ø���ú�� þþÜÿ ý �
(2f)

� ��
	 ÿ � �� ú � �
� û+ýþÜÿ ý � ú þÜÿ ýþ �����
(2g)

� ù��� ÿ � ù� ú � ù ÿ � þþÜÿ ý
� ú ÿ þ ÿ ýý

��� ���
(2h)

(ii) Assumingthat conditions ������� ÿ ��� � � hold and for a given � , the sharingrule is de-
finedup to an additivefunction ��� �!� dependingonly on thepreferencefactors � . The
partial derivativesof thesharingrule with respectto wages,nonlaborincomeandthe
distribution factoraregivenby: "

� � þþ ÿ ý"
# � ý þþ ÿ ý (3)"

�
	 � û+ýþ ÿ ý"
��� � � þþ ÿ ý �

If there are several distribution factors ( $ �&%('*)+)+)*'-,
), an additional setof necessary

andsufficientconditionsare:

ý/.þ .
� ý �þ � ' $ � � '0)+)+)1'2,3�

(2i)

Moreover, thepartial derivativesof thesharingrule with respectto theadditionaldis-
tribution factorsaregivenby:

"
#54 � ý/. þ .þ . ÿ ý/.

' $ � � '*)+)+)1'-,6�
(4)

Proof. SeeAppendix.

Theseresultssuggestthreeremarks.
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1. Conditions 758�9�:<;=758(>?: areanalogousto Slutsky restrictionsin the(general)sensethat
they provideasetof partialdifferentialequationsandinequalitiesthatmustbesatisfied
by the labor supply functionsin order to be consistentwith the collective model. It
is importantto note, in particular, that theseconditionsdo not rely on any particular
assumptionon thefunctionalform of preferences. Of course,theempiricaltestof these
predictionsis greatlysimplifiedby theuseof specificfunctionalforms,asit will bethe
casebelow. But, in principle,thenatureof therestrictionsis nonparametric.12

2. The form of the conditionsabove is quite different from thoseobtainedin Chiappori
(1992)for asimilarmodelwithoutdistributionfactors.As amatterof fact,theintroduc-
tionof distributionfactorsdeeplychangesthewaythemodelis identified.In Chiappori’s
initial contribution, identificationrequiredsecondorderderivatives.In our case,to the
contrary, equations(3) and(4) show thatthepartialsof thesharingrule (hencetheshar-
ing rule itself, up to anadditiveconstant)canberecoveredasfunctionsof thefirst order
derivativesof thelaborsupplies(functions@�A-BCA2D/E and FGE ). Thissuggeststhatthekind
of identificationthatmayobtainis morerobustin this case.13

The sameremarkappliesto the testablepredictionsgeneratedby the model,although
the orderof derivation must thenbe increasedby one. The conditionsabove involve
the first derivativesof the functions @HA-BCA-D/E and FIE , hencethe secondderivativesof
laborsupplies,whereasthird derivativeswerein generalinvolvedin Chiappori’s initial
model.

3. Finally, condition 758KJL: implies that the relative effectsof distribution factorson each
laborsupplyareequal,thatis, >NMO5PRQ >NMOTS<U >WVO5PRQ >WVOTS , for X U 8�A0Y+Y+YZA-[ , sincebothmembers
of thisequationareequalto \ O P Q \ O S . Thisconclusionis notsurprising,sincethemodelat
stake,asa particularcaseof thegeneralmodeldevelopedabove,mustsatisfycondition
(R) of Proposition1.

2.3 Caring

The setof resultsderived in Proposition2 arebasedon the assumptionthat preferencesare
egotistic. However, asshown in Chiappori(1992),they alsohold in themoregeneralcaseof

12However, a non parametricestimationprocedurerequiresa detailedmodellingof the unobserved hetero-
geneity. SeeBlundell et al. (2000).

13Note,however, thatanalternative approachrelying on secondderivativescanstill beused(in thecase,for
instance,when ]N^�_a`b^ for all c ). This canbeshown to generateidenticalresults.Intuitively, thesecondorder
conditionsin Chiappori(1992)aredirectconsequencesof therestrictionsin Proposition2.
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“caring” agents[seeBecker (1991)], that is, whosepreferencesarerepresentedby a utility
function that dependson both his or her egotistic utility andhis or her spouse’s. Formally,
memberd ’s utility functioncanbewrittenas:e=fNghe=fTikjml*npo3qsrNlZt-uvlwt-x!ywtzj|{}npo3q~rW{0t-um{0t-x!yL��t

for d g�o�tw���
(5)

where
e f

is continuous,increasingand quasi-concave in “egotistic” utilities
j l

and
j {

.
Theseutility functionsimposeseparabilitybetweena member’s own privategoodsandhis
or herspouse’s. It is clearthatany decisionthatis Paretoefficientundercaringwouldalsobe
Paretoefficient, weretheagentsegotistic. Assumenot; thenit would bepossibleto increase
the 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,theParetofrontier of caringagentsis a subsetof thePareto
frontier derivedby assumingthat they areegotistic [Chiappori(1992)]. In section3, we will
usetheseresultsto derive theparametricrestrictionsimposedby thecollective modelto the
particularlabor supply systemconsideredin our econometricapproach,and to recover the
correspondingsharingrule.

2.4 Distrib ution factors and labor supply: alternativeexplanations

As mentionedin the introduction,the empiricalwork below appliesthe previous resultson
a specificdataset,usingthe sex ratio andan index for divorcelaws asdistribution factors.
While the effects of thesevariableson the bargaining position of spousesprovide natural
explanationsfor theircorrelationwith laborsupplybehavior, theseareby nomeansexclusive.
For instance,spatialvariationsin the sex ratio (definedasthe males/femalesratio) couldbe
relatedto labor markets considerations[Grossbard-Shechtman(1993)]. One interpretation
is that men will be observed to work longer hours in Stateswith a low sex ratio because
of a relatively strongdemandfor their services.The oppositewill be observed for women.
Note that thesepredictionsrun counterto thoseof the collective model in which casethe
relative scarcityof menshouldincreasetheir bargainingpower andthustheir leisurethrough
increasedtransfersfrom their spouse.The two theorieshave oppositeempiricalpredictions,
whichsuggeststhatdatashouldallow to discriminatebetweenthem.

A secondexplanationinvolvesdemandfor labor. Assumethat someStatesspecializein
“male” sectors,i.e., sectorswith a strongerrelative demandfor male labor supply. These
Stateswill attractrelatively more men throughmigration. Therefore,they will have high
(endogenous)sex ratios and presumablyhigh male hoursof work. Femalehoursof work
may conceivably be well below the nationalaveragein suchstates.Conversely, Statesthat
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concentratein “female” sectorswill have low (endogenous)sex ratiosandhigh femalehours
of work. Notethat this effect, in contrastwith theprevious,goesin thesamedirectionasthe
“collective” explanation.Theempiricaldistinctionbetweenthemis thuslessstraightforward,
but still not out of reach. First, stronglabor demandshouldtranslateinto high wagerates.
Conditioningthehoursequationson theindividualwagesratesshouldat leastpartly account
for the tight maleor femalelabormarkets. A secondway aroundis to focuson the relation
betweenthe sex ratio and the labor supply of singles. According to the marriagemarket
hypothesis,thesex ratio shouldhaveno effecton their laborsupply(at leastif oneignoresits
impactontransfersto potentialspouses).Thelabormarkethypothesis,to thecontrary, predicts
thatthesex ratioshouldinfluencethelaborsupplyof bothsinglesandcouples.Thissuggests
asimpleandratherstrongtestthatallows to discriminatebetweenthetwo explanations.

Interestingly, a similar analysiscanalsobeconductedwith respectto thecorrelationbe-
tweendivorcelaws andhouseholdlaborsupply. While the impactof theselaws on the bar-
gainingpower of spousesis likely themostplausibleexplanation,alternative theoriescanbe
proposedto justify the correlation. Indeed,a hostof socioeconomicor cultural factorsmay
underliethedesignof divorcelaws (e.g., EllmanandLohr 1998). Suchfactorsmayor may
not be correlatedwith spouses’labor supply. As long asthe (unobservable)socioeconomic
factorswhich affect divorcelaws andspouses’laborsupplyalsoinfluencesingles’laborsup-
ply, we shouldobserve a correlationbetweenthedivorcerulesandsingles’laborsupply. No
correlationshouldbeexpectedif thecollectivemodelis theproperexplanation.Justasprevi-
ously, focusingon therelationbetweendivorcelaws andthelaborsupplyof singlesprovides
asimpletestto assesstheimportanceof alternativesexplanations.

Finally, it shouldbe stressedthat the collective modelprovidesstrongrestrictionsupon
how distribution factorsmay affect behavior. Specifically, the conditionsin Proposition2
relatetheeffectof thesefactorsto thatof wagesandnonlaborincome.While theseconditions
aredirect consequencesof the collective setting,they have no reasonto hold whenever the
effectunderconsiderationstemsfrom labormarketmechanisms.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 reflectthe empiricalanalysis,two distribution factors
areassumed:

�N��� �}����� �W���(����� ���}� ������� �<���}�2������ ���(���������(��� �����}�Z� � �����Z�+����� �¡-¢�£ (6)

� � � ¤¥�<�s¤ �����(����� �~¤¥� ���(��� ���~¤¥�-���¤¦� ���(���������(��� ���~¤¥�Z� � �~¤¥�Z�0���~¤¦�¡ ¢�§ (7)

wherethe
�+¨

’s andthe
¤¦¨

’s, for © �«ª §0¬+¬+¬1§2­ , arescalar, and
� �¡ and

¤ � ¡ 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 ±³² ¢!´ ) andfor the pair of individual indirect
utility functions(for any given ±µ² ¢(´ ). Finally, thefactthatequations( 6) and( 7) arelinearin
parameterseasestheestimation.

Of course,thisgeneralizedsemi-logsystemalsohassomelimitations.While somerestric-
tionsof theunitarymodelconsistentwith this systemdo not imposeunrealisticlaborsupply
behavior, otherrestrictionsdo andthereforecannotbetested.14 However, this shouldnot bea

14Morespecifically, theunitarymodelimposesthatlaborsuppliesareindependentfrom any distributionfactor
andthat the Slutsky matrix of compensatedwageeffectsis symmetricandsemi-definitepositive. The former
constraintrequiresthat ¶-·µ¸¹¶wºµ¸¥»�·µ¸¦»�º�¸¥¼}½ Theserestrictionscanbetested.However, thesymmetryof the
Slutsky matrix requiresin additioneitherthat(i) ¶-¾µ¸¿¶wÀµ¸¹¶2Á�¸¿»mÂ
¸¦»�À�¸¦»�Á�¸¿¼ , which impliesthateach
laborsupplydependsonly on own wagerateandon preferencefactors,or that(ii) ¶2Ã�¸¹»�ÃZÄÅ¶-Àµ¸¹»�ÀZÄ�¶-Æ�¸¿»�Æ
and ¶1Â�¸Ç¶w¾<¸Ç¶-Á�¸È»mÂ�¸È»�¾�¸È»�Á�¸Ç¼�Ä which impliesthat laborsuppliesarethesameanddependonly on
nonlaborincomeandonpreferencefactors.It is clearthatthesetwo casesimposesevereconstraintsonbehavior.
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seriousproblemsincetheunitarymodelof householdlaborsupplyhasbeenrejectedin many
studies[e.g., Lundberg (1988)andFortin andLacroix (1997)]. Second,laborsupplycurves
areeithereverywhereupward slopingor everywherebackward bending,thoughthe sign ofÉ Ê�ËÍÌ�É
Î Ë canchangewith the level of

Î�ÏÑÐ�ÒÔÓÕ×ÖLØ .15 Note, however, that the log form for
thewageratesis likely to reflectmorerealisticbehavior thanthelinearform thatis frequently
usedin empiricalstudies.Thusit allowstheeffectof thewagerateonlaborsupplyto decrease
with thelevel of hoursof work (whenthelaborsupplyis upwardsloping),which is likely to
bethecase.16

The restrictionsimposedby the collective model (seeProposition2) to the generalized
semi-logsystemcaneasilybe derived. First, usingthe definitions of Ù�Ú2ÛCÚ-Ü/Ý and ÞGÝ Ð5ß Õà Úwá Ø , onegets:

Ù Õ â}ã�ä�â+å æ�ç(è Î�éÎ ãwâ�ê Ú Û Õìë é äsë¦åNæ�ç(è Î ãÎ�é ë¥ê Ú
Ü é Õ â}íâ}ê ÚîÜ ã Õ â}ïâ}ê ÚîÞ é Õ ë¥íë¥ê , Þ ã Õ ë¥ïë¥ê
ð

Thecondition Ü éñÓÕ Þ é
is satisfiedunlessë¥êâ}ê Õìë¥íâ}í ð

It shouldbe stressedthat underthe collective model,this equationis unlikely to be sat-
isfied. For onething, ò�óô ó representsthe ratio of incomeeffectson labor supplies;the latter
is positive aslong asleisureis a normalgoodfor both membersandthatan increasein õ is
sharedbetweenthem.On theotherhand, ò�öô ö representsthecorrespondingratio of theeffects
of thedistributionfactor. Since,by definition,any distributionfactoraffectsthehusband’sand
thewife’sshareof nonlaborincomein oppositedirections,theratiomustbenegative.

AssumingÜ é�ÓÕ Þ é
, thenecessaryandsufficientconditionstake thefollowing form:

ë¦åâ�å Õ ë¥íâ�í Õ ë¥ïâ�ï�ð (8)

15Usingour dataset,we testeda moreflexible functionalform by introducinga secondorderpolynomialin÷køZù?úµûwüw÷ýø1ù?ú
þ
and ÿ . No coefficientsassociatedwith thesecondordervariableswerefoundsignificant(except

for theoneassociatedwith thecrosstermin
÷ýø1ù?úµû

and
÷køZù?ú
þ

).
16It is alsoworth mentioningthatour specificationcaneasilyallow for interactionsbetweendistribution and

preferencesfactors.
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Equations(8) summarizestheequalityrestrictionsonlaborsupplyarisingfrom thecollec-
tive framework. In otherwords,givenour functionalform, they areequivalentto conditions
(2a)–(2f)and(2i). They actuallytake a very simpleform sinceonly equations(2f) and(2i)
imposerestrictions.17 This indicatesthat the functionalform underconsideration“fits well”
thecollective model. In practice,equations(8) imposetestablecross-equationrestrictionsin
our labor supplysystem.They requirethe ratio of the marginal effectsof the crossterm in���������

and
���	�
���

to beequalto thecorrespondingratio of themarginal effectsof eachdistri-
bution factoron laborsupplies.Theserestrictionsstemfrom thefact that thecrosstermand
thedistribution factorsenterlaborsupplyfunctionsonly throughthesamefunction 
 . Notice
that the last equalityin (8) holdsalsowhenexternalitiesareallowedsinceit correspondsto
( � ) in Proposition1.

3.2 Sharing rule

If therestrictions(8) aresatisfied,thepartialsof 
 aregivenby :


�� � �������� �

������ ���� �� � 
!�#"$� ���� ��% �

�& � � �'�� � �)( ��� �����
������ �

�&*"+� ���� � �,( �-� �.�	�
������ � (9)

where
� � ���/���$01�'�/�2�

.

Solvingthis four differentialequationssystem,oneobtainsthesharingrule equation:


 � 3�54 � � �'� ���������6( � � ��� ���	�7���,( �-�8��� ���	�7���9���������,(�������8: ( ���;�� 8< �)( ���;�'%8< �8=>(@? 4#A = � (10)

In equation(10), the function
? 4BA = is not identifiable,sincethe variable A affectsboth the

sharingrule andthepreferences.This reflectsthe fact that, for any given A , thesharingrule
canberecoveredup to anadditiveconstantfor eachindividual.

17Equations(2a)–(2e)arealwayssatisfiedsinceall partialderivativesin theseequationsarezero.
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3.3 Indi vidual labor supplies

It is alsopossibleto recover theindividual laborsupplyfunctionsassociatedwith thissetting.
Sincethey musthavea functionalform consistentwith equations(1) and(2), it is clear, using
equations(6), (7) and(10), thatthey take thefollowing semi-logform:

C�DFE G D*H�I	J
K�D)L G>MON L G>PRQTSVU6W (11)C M E X D H�I�J
K M L X M QBY[Z1N!U L X P Q#S	U]\ (12)

Using theexpressionsfor thepartialsof the restrictedsystem(1) and(2) with respecttoQ K�D W K M^W/Y_U andthe partialsof
N

given by (9), oneeasilyrecoversthe following parameters:G D E+Qa` Dcb�d Ze` d�bfD Uhg b�d , G,MiEkjlg b�d , X D E+Qa` d8b MmZe`�M b�d Uhg	` d and
X M EFZnjlg	` d . The

functions
GoP,QBSVU

and
X P Q#S	U

arenot identifiablesincethey dependon p Q#S	U in equation(10).18

Slutsky conditionson compensatedindividual laborsupplies[see(2g) and(2h) in Propo-
sition2], aregivenby: G D g K�D ZqG,MOC Dsrut WfX D g K M7ZvX M CwM rut \
Theseconditionsareverifiedfor eachobservationin theempiricalanalysis.Globalconditions
for theseinequalitiesare

G Dxrut W�GoMny t , X D rut and
X M y t .

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:z D;Q K�D W8N D W�SVUFE QT{O|*}oQ#GoM K�D UhU~g�G,M�UxQ#GoM8N D L G,P'QBSVU LG D_H.I	J
K�D U�ZuQBG D g�GoM8U��l�'�a����*� {8|_}oQ��~Uhg��_�	�8W

18Identificationof thesefunctionswould requireadditionalidentifying restrictions. For instance,it obtains
whenevera variablein � affectspreferencesbut not thesharingrule.
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�9�-�B� �^�8� � ���V�F� �T�O�*�o�B� � � ���h� � � � �B� � � �,� �o�-� �V� ��R�*���� �� ����¡ �B�R� � � � ��¢�£-¤#¥ ¤¦*§ �8�_�o��¨ �h� ¨_©	¨8ª
It is easyto show thatRoy’s identity appliedto eachof theseindirectutility functionsyields
the individual labor supply system(11) and ( 12). Thesefunctions(or the corresponding
expenditurefunctions)canbeusedto performintra-householdwelfareanalysisof changesin
exogenousvariables.

4 Data and empirical results

4.1 Data

Thedataweusein thisstudyaretakenfrom theUniversityof MichiganPanelStudyof Income
Dynamics(PSID) for the year 1988 (interview year 1989). Our sampleconsistsof 1618
householdswherebothspouseshavepositivehoursof work andarebetween30 and60 years
of age.19 This latter restrictionwasusedin orderto eliminateasmuchaspossiblefull-time
studentsandretired individuals,and to reducecohorteffects. Removing couplesin which
spousesareagedlessthan30 increasestheproportionof “stable” households,for which the
hypothesisof efficiency in theintra-householddecisionprocessis morelikely to besatisfied.

Thedependentvariables,maleandfemaleannualhoursof work, aredefinedastotalhours
of work onall jobsduring1988.Themeasureof thewagerateis theaveragehourlyearnings,
definedby dividing total laborincomeoverannualhoursof work. Nonlaborincomeincludes,
amongotherthings,imputedincomefrom all householdnetassets20 andis netof totalhouse-
hold savings.21 This variableis treatedasanendogenousvariablein theempiricalsection.It

19Conditioningthesampleonworkingspousesmayinduceaselectivity biasespeciallyin thecaseof females.
We ignore this bias in the analysis. The basicreasonis that sucha correctionrequiresan extensionof the
collective model to cornersolutions,a task that is beyond the scopeof this paper. The readeris referredto
Blundell et al. (2000)andDonni (1999)for an investigationof the related(but different)problemof discrete
laborsupplydecisions.Thereis someevidencethat theselectivity biasis not likely to bea problemthough.For
instance,usingPSIDdata,andbasedon a standardrecursive laborsupplymodel,Mroz (1987)couldnot reject
thehypothesisof noselectivity biasin women’s laborsupplyequation.

20We useanominalinterestrateof 12%.Wealsoexperimentedwith nominalinterestratesof 8%and10%but
this did notsignificantlyaffect theresults.

21Removing householdsavings from the measureof nonlaborincomeis consistentwith an inter-temporally
separablelife-cycle modelinvolving a two stagebudgetingprocess.In the first stage,the coupleoptimally al-
locateslife-cycle wealthover eachperiodin orderto determinethevectorof period-specificlevelsof nonlabor
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shouldbestressedthatthePSIDprovidesinformationonnetassetsat thebeginningof periods
1984and1989. Thereforeour measureof savings is the annualaveragechangein total net
householdassetsoverthisperiod(expressedin 1988dollars).In orderto reducemeasurement
errorsonthisvariable,wefurtherrestrictedoursampleto householdswith stablecouplesover
the1984-1989period.

Table1 presentsdescriptivestatisticsfor our sample.Theupperandmiddlepanelsreport
statisticson individualhouseholdswhereasthebottompanelfocusesonvariousaspectsof the
marriagemarket. Accordingto the datain the top panel,menwork on averagemoreyearly
hoursthanwomenandearna somewhathigherhourly wagerate. Men arealsonearlythree
yearsolder thantheir spouseon average,both they both have similar schoolinglevels. The
distribution by raceis identicalamongmenandwomen.A closelook at thedatarevealsthat
therearevery few interracialmarriagesin oursample.

Themiddlepanelreportstheaveragenumberof pre-schoolersandschoolagechildrenper
householdaswell ashouseholdnonlaborincome. Thesevariablesareall treatedasendoge-
nousin the empiricalwork. Although thereis mixed evidenceconcerningthe endogeneity
of numberof childrenin women’s labor supply [e.g., Mroz (1987)], we deempreferableto
instrumentthesevariables.Theaveragenonlaborincomeperhouseholdis approximately$8
000. Its large varianceis essentiallydue to the fact that youngerhouseholdstend to have
negativeassets(mortgage)whereasolderhouseholdshave(on average)positiveassets.

Oursex ratio index is computedat thestatelevel usingdatafrom theCensusof Population
andHousingof 1990. It correspondsto the numberof malesthat areof the sameageand
sameraceas the husbandof eachhouseholdover the correspondingnumberof malesand
females.Weexperimentedwith variousdefinitionsof thesex-ratio: meansof sex-ratiosusing
thenumberof femaleswho aretwo yearsyoungerthanthehusbandor basedon individuals
who areat most2 or 5 yearsyoungerthanthehusbandof eachhousehold.Theresultswere
very robustto thedefinitionused.22Oursex ratio index is computedundertheassumptionthat

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].

22A verynaturalquestion,however, is whethertheappropriatemeasureof thesex ratio is in termsof themar-
riagemarket or, alternatively, in termsof the remarriagemarket. The issue,here,boils down to a commitment
problem.Assumingthatcouplesareableto makeup-frontbindingcommitmentat thedateof marriage,only the
balanceof powers(hencethesex ratio) at that dateshouldmatter. If, conversely, suchcommitmentscannotbe
perfectlyenforced,thenoneshouldratherconsiderthecurrentvalueof thesex ratio. Fromatheoreticalperspec-
tive,onecanprobablypreferthesecondinterpretation,sincememberscannotcommitnot to divorce.Shouldthe
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therelevantmarriagemarket is limited to one’s own race.As shown in theTable1, themean
sex ratio is slightly higherfor Whitesthanit is for Blacks,but thelatterhasa largervariance
thatis observablebothstate-wiseandage-wise.

Themodelwasalsoestimatedusingsex-ratioscomputedat thecountylevel. Thecounty
of residencereportedin thePSIDwasmatchedto countylevel dataon maleandfemalepop-
ulationsfrom the5% PublicUseMicrodataSampleof the1990census.Unfortunately, many
casesturnedout to have too few observationsto computemeaningfulsex ratios. Sex ratios
for blackswereparticularlyproneto measurementerrors. We thususedstatesex ratiosas
instrumentsfor countysex ratios.Theresultswereverysimilar to thosereportedhere.23

Four featuresof thedivorcelawsareconsideredin theempiricalanalysis:mutualconsent
vs unilateral,propertydivision, enforcementof supportorders,andspousalinterestin pro-
fessionaldegreesandlicenses.24 As of 1989,moststates(42) hadadoptedunilateral-divorce
laws. Amongthese,asmany as24 allowedunilateraldivorceonly aftera lengthyseparation
that lastedbetween6 monthsand 5 years. We follow Peters(1986) andGray (1998) and
definethemasmutual-consentstates.Propertydivision refersto statemarital-propertysys-
temswhich canbe eitherof community-propertyor common-law.25 Courtsdo not have the
samediscretionto protectvulnerableparties(usuallywomen)undercommon-law. Therefore
marriedwomen’s bargainingpower is likely to be strongerin community-propertyjurisdic-
tions.Furthermore,insofarashouseholdassetsaredisproportionatelyin thehusband’sname,
mutual-consentdivorcelaw alsoadvantageswomenin common-law states,26 which represent
96%of oursample,thoughit disadvantageswomenin community-propertystates.27 Enforce-

prospectson theremarriagemarket brutally evolve,a renegotiationof the initial contractis difficult to prevent,
especiallywhen,in thenew context, remainingmarriedwould violateonemember’s individual rationalitycon-
straint. An informal supportto this view is providedby Thomaset al.’s (1997)finding thatwealthat marriage
doesnot seemto influencethe intra-householdbalanceof power in thoseIndonesianregionswherewealth is
traditionallypooledwithin thehousehold.

23For thesake of brevity theseresultsareomittedfrom this paper, althoughthey areavailableuponrequest.
24Otherfeaturesof divorcelawshavebeenconsideredin preliminarywork. Unfortunately, noneturnedout to

bestatisticallysignificant.A very detaileddiscussionof statedivorcelaws relevantto our sampleperiodcanbe
foundin FreedandWalker (1991).

25Arizona, Mississippiand Nevadaare community-propertystatesthat provide for “equitable” ratherthan
“equal” distributionof propertyupondissolution.They arethustreatedascommon-law states.

26Notice however that, at oneextremetail of the distribution, thereis someevidenceshowing that switch
from mutual-consentto unilateral-divorcelaws led to areductionin femalesuicide,domesticviolenceandin the
numberof femalesmurderedby their partners(StevensonandWolfers 2000). Presumably, theseeffectscould
partlybeexplainedby agreateraccessibilityto divorce.

27This suggests,following Gray (1998), to introduceinteractive termsbetweenthe mutual-consentand the
community-propertydummyvariablesin theequationsof themodel.Howeverthesetermswereneversignificant
in any equation,presumablybecauseof the very small proportion(4%) of community-propertystatesin our
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mentof supportordersrelatesto theability of thestateto havepaymentmadedirectly to court
officers.Finally, spousalinterestin professionaldegreesrefersto stateswhich treatthevalue
of degreesandlicensesasdivisible propertyupondivorce. The two latter featuresarelikely
to favor women.

Thebottompanelof Table1 reportsmeanvaluesfor all four features.28 Thesearedummy
variablesthat equal1 in casesthat aredeemedto increasewomen’s bargainingpower. As
shown in thetable,few householdsin our samplefall underthecommunity-propertysystem
andmostarein unilateralstates.Likewise, themajority of our householdslive in statesthat
provide direct paymentsof supportordersto the courts,androughly half live in statesthat
treatdegreesand licensesasdivisible assetsuponmarital dissolution. Following a simple
econometrictestdiscussedbelow, all four featuresof statedivorcelaws areaggregatedinto a
singleindicatorthatwe refer to as“Di vorceLaws Index”. This variableis a roughproxy of
the extent to which statedivorcelaws are“f avorable” to womenin a bargainingcontext. In
oursample,it rangesbetween1 and4 with anaverageof 2.48.Its largestandarderror(= 0.88)
indicatesthatsomestateshave few provisionsthatfavor women,whereasothershavemany.

4.2 Results

Theparametricform thatwe estimatewasintroducedin equations(6 ) and(7).29 Preference
factorsinclude the numberof pre-schoolagechildren, the numberof schoolagechildren,
education,age,dummyregionalvariablesanda racedummy(=1 if white). Thisspecification
is relatively standardin thelaborsupplyliterature[e.g., Mroz (1987)]. It mustbestressedthat
theracedummycontrolsfor thepotentialcorrelationthatmayexist betweenthesex ratioand
laborsupplythatcouldarisedueto a raceeffect.30

Beforediscussingthe results,the issueof endogenouscovariatesmustbe addressed.In-
deed,unobserved individual characteristicsmay be positively correlatedwith wagesand/or
nonlaborincomeandhoursof work, thuscreatingspuriouscorrelationbetweenright hand-
sidevariablesandthe error termsof the hoursequations.We thusfollow Mroz (1987)and

sample.
28Note that themeansrepresentstateaveragesweightedby thedistribution of our sampleacrossthevarious

states.
29We alsoestimatedthe modelby distinguishingbetweenhusband’s andwife’s nonlaborincometo provide

oneadditionaldistributionfactor. Unfortunately, theparameterestimateswereneverstatisticallysignificantwhen
doingso.

30We alsoestimatethemodelseparatelyfor BlacksandWhites.Theresultsarequitesimilar but lessprecise
thanthosereportedin this sub-section.
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useasecondorderpolynomialin ageandeducationto instrumentthewages,thenonlaborin-
comeandthenumberof pre-schoolersandschoolagechildren. 31 Otherinstrumentsinclude
fathereducation,religion andcity size(3 dummies).In theunrestrictedversion,thereare28
parametersto estimateandover 68 instruments(seeTables2 and3 for the completelist of
instruments).

The variousversionsof the modelareestimatedusinga full informationGMM method.
Oneadvantageof thisapproachis thatit alsotakesinto accountheteroskedasticityof unknown
form in theerrors,whichcannotbedoneusingafull informationmaximumlikelihoodmethod
[seeDavidsonandMacKinnon(1993),ch.18].Therefore,in thepresenceof heteroskedasticity
of unknown form ourestimatorshouldbeasymptoticallymoreefficient than3SLSor FIML.32

Table 2 providesestimationresults. In the first two columns,we report the parameter
estimatesof theunrestrictedmodelin which thedistribution factorreflectingthestatedivorce
laws is first brokendown into four separatedummyvariables.Most parameterestimatesare
statisticallysignificantat conventionallevels. In particular, thoseassociatedwith wagerates,
nonlaborincome,andsex ratioarestatisticallysignificantat the5%or 10%level. A Hansen’s
testdoesnot rejectthe validity of the instrumentsandthe over-identifying restrictions.The
teststatisticof 22.9is to becomparedwith thecritical valueof the «>¬­h® ­�¯�°T±V²V³
´¶µ	µ9·¹¸ .

Theparameterestimatesof theunrestrictedmodelprovideinterestingresultsthatareworth
mentioning.For instance,accordingto ourresults,aonepercentageunit increasein thesex ra-
tio reduceswives’annuallaborsupplyby 17,9hourswhile it increaseshusbands’laborsupply
by 45 hours.Theseresultsthusrejectanimportantrestrictionof theunitarymodelaccording
to which no distribution factor influencesbehavior. It alsorejectsthe simpleversionof the
“separatespheres”model(Lundberg andPollak1993)which assumesthat thethreatpoint is
not divorcebut anuncooperative marriage.33 Furtherevidenceon this matteris providedby
theparameterestimatesassociatedwith thestatedivorcelaw variables.Indeed,many of them
arestatisticallysignificantandof oppositesignin women’sandmen’sequations.For instance,
womenliving in community-propertystatesandthoseliving in mutualconsentstatestendto

31Theestimatedcoefficientsof wagesandnonlaborincomearerelatively insensitive to theinstrumentationof
thechildrenvariables.

32In the unrestrictedform of our model, which is linear in parameters,our estimatoris identical to the
Davidson-MacKinnon’sH3SLSestimator. Theacronym refersto a modifiedversionof theconventional3SLS
estimatorthat attainsgreaterefficiency in the presenceof heteroskedasticityof unknown form. However our
estimatordoesnotcorrespondto theH3SLSestimatorin therestrictedversionof themodelsincetherestrictions
on theparametersarenonlinear.

33Theoretically, 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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work lessthanotherwise.On theotherhand,menliving eitherin stateswhich have stringer
enforcementlaws or that treat licensesand professionaldegreesas divisible assetstend to
work morethanothers.Theseresultsarealsoincompatiblewith both theunitarymodeland
thesimpleversionof the“separatespheres”model.

Theparameterestimatesof thedivorcelaw dummyvariablesin eachregressionarerela-
tively similar in magnitude.A joint Waldtestof equalityof coefficientsin wives’ laborsupply
andof equalityof coefficients in husbands’labor supplyyields a statisticof 0.88 which is
muchsmallerthancritical valueof º>»¼h½ ¼�¾�¿#ÀVÁÃÂÅÄ	Ä�ÆÈÇVÉ . We thusaddup thedummyvariables
into a single indicator and report the estimationresultsof the unrestrictedmodel that uses
this “Di vorceLaws Index” in the secondcolumnof the table. The resultsof this modelare
very similar to thoseof themodelwith divorcelaws dummies.Accordingto our estimates,a
onepoint unit increasein the index, which reflectstheadoptionof a divorcelaw deemedfa-
vorableto women,reduceswives’ laborsupplyby approximately46 hourswhile it increases
husbands’laborsupplyby 81hoursovera year.

As discussedabove,it canbearguedthattestsof theunitaryor “separatespheres”models
maybebiasedsincethesex ratioanddivorcelawsarelikely to becorrelatedwith unobserved
variablesrelatedto the labor markets. We suggestedin Section2 a convenientway to dis-
criminatebetweenthe marriagemarket andthe labor market hypotheses,namelyto analyze
the impactof thedistribution factorson the laborsupplyof singles:the lattershouldbezero
accordingto themarriagemarket hypothesis,whereas,in thelabormarket story, thesex ratio
shouldinfluencethelaborsupplyof bothsinglesandcouplesin asimilarway. Table3 reports
OLSandGMM regressionresultsof maleandfemalesingles’hoursof work.34. In bothGMM
estimations,Hansentestsdonot rejectthevalidity of theinstrumentsandtheover-identifying
restrictions.We find that thesex ratio is statisticallysignificantonly in theGMM regression
on thesampleof women,but its parameterestimateis of oppositesignto thatof wives.Fur-
thermore,theDivorceLaws Index is not statisticallysignificantin eitherthemaleor female
regressions.We concludethatalthoughthesex ratio andthedivorcelaws maypartly reflect
conditionson thelabormarket, it probablyis not thewholestory.

Thecolumnsassociatedwith thegeneralcollectivemodelin Table2 provideresultsbased
on the assumptionthat the ratiosof the effectsof the sex ratio to the DivorceLaws Index
on labor suppliesareequal. This correspondsto the equality Ê�ËÌ Ë Â Ê,ÍÌ Í in conditions(8).35

34We did notusethesameagegroupastheoneusedfor couples(30-60)sincedoingthisseverelyreducedthe
samplesizeandmademostcoefficientsnonsignificant.

35Onemustreckonthatthetestperformedis approximativesinceourDivorceLawsIndex is adiscretevariable.
This implies that, strictly speaking,the weighting factor Î�ÏÑÐoÒ8ÓBÐ)Ô;ÓBÕ	Ó#Ö×ÓaØ/Ù is not differentiablein this index,
which violatesanassumptionof ourgeneralmodel.
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The coefficientsarevery similar in the unrestrictedandthe restrictedversions.Moreover, a
Newey-West’s testdoesnot rejectthevalidity of this restriction.Theteststatisticis equalto
the differencein function valuesof the restrictedandunrestrictedversions( ÚÜÛ*ÝÈÛVÞ�ß ) andis
muchsmallerthantherelevantcritical valueof à>áâhã â�ä'åcæ'ç�Úéè_Ýëê�ß . Therefore,our resultsdo not
rejectthegeneralversionof thecollectivemodelwhich allows for externalitiesof any kind.

The next columnsprovide resultsof the collective model with caring. The constraints
imposedby this morerestrictive modelboil down to ì,íî/ï ÚðìRñî ñ Úðì�òî ò , asgivenby (8), whereì,íî/ï is the ratio of the effectsof the cross-wagevariable(in log) on labor supplies. Again,
one cannotreject this joint hypothesissincethe Newey-West test statistic is equal to 2.58ó à>áâhã â�ä'åaÞ	çôÚ 5.99. Shouldthe distribution factorsreflectonly labor market mechanisms,
therewould be no reasonto expectthat thesespecificrestrictionsbe satisfied.Interestingly,
usingWald tests(teststatisticsof 4.5 and4.8, respectively), onerejectsthe hypothesisthatõnö Úø÷ ö and

õ á Ú+÷ á , wheresubscript1 holds for the sex ratio andsubscript2 for the
DivorceLaws Index. Thisprovidessupportfor thetheoreticalapproachweusedto derive the
restrictionsof themodel.Also, Slutsky conditionson thelaborsupplyof womenareglobally
satisfiedwhile they arelocally satisfiedfor all menin the sample.All in all, thesetestsdo
not reject the collective modelwith caring. The last columnof Table2 reportsthe implicit
parametersof women’s sharingrule asderived from the restrictedparametersof the model
with caringandusingequation(10). All parameterestimatesof thesharingrule (exceptthat
of ù.ú	û7ü�ý ) arestatisticallysignificantatconventionallevels.

In orderto gaininsightinto theinterpretationof theparametersof thesharingrule,Table4
reportsthepartialderivativesof thesharingalongwith their standarderrors.Thefirst column
of thetablereplicateslastcolumnof Table2. Thesecondcolumnreportsthepartialderivatives
themselves. They representthe impactof a marginal changein onevariableon thenonlabor
incomeaccruingto thewife aftersharing.Accordingto our parameterestimates,aonedollar
increasein the wife’s wagerate, þ î , (which is equivalent to an annualincreaseof $1,740
(1988) in her labor income,at the meanof hoursworked by women)translatesinto more
incomebeingtransferredto her husband.At samplemean,the transferamountsto $1,634,
althoughthis effect is not preciselyestimated.Also, a onedollar increasein the husband’s
wagerate, þ7ý , (equivalentto anannualincreaseof $2,240in his laborincome)translatesinto
moreincomebeingtransferredto his wife. Indeed,the tableshows that, at the meanof the
sample,$600will be transferredto his wife, but againthis effect is impreciselyestimated.
Theseresultssuggestthatwivesin our samplebehave in morealtruisticmannertowardtheir
husbandthantheotherwayaround,thoughtheeffectsarenotmeasuredwith muchprecision.
Thenext line indicatesthata onedollar increasein householdnonlaborincomewill increase
thewife’snonlaborincomeby 70cents.
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Thenext coupleof linesreporttheimpactof thedistributionfactorsontheintra-household
allocationof nonlaborincome.As indicated,a onepercentagepoint increasein thesex ratio
will inducehusbandsto transferan additional$2,163of incometo their spouse.Likewise,
a onepoint increasein the DivorceLaws Index similarly induceshusbandsto transferand
additional$4,310to their wives. Both estimatesarestatisticallysignificantat conventional
levelsandprovide strongsupportto the fact thatexternalfactorsmayhave sizeableimpacts
on theintra-householddecisionprocess.36

Theothercolumnsof Table4 reportvariouslaborsupplyelasticities.In generaltheseelas-
ticities arecomparableto thosefound in theempiricallaborsupplyliterature.At thesample
mean,women’s wageelasticitiesarepositive andstatisticallysignificantin the unrestricted
modelandthetwo versionsof thecollectivemodel.They arealsoveryclosevaryingbetween
0.227and0.235.Men’swageelasticitiesarenegativebut verysmall(varyingbetween-0.073
and-0.103)andnot statisticallysignificant. Cross-wageelasticitiesareall negative andsta-
tistically significantonly in the caseof husbands’labor supply. Moreover, both men’s and
women’s labor supplyelasticitieswith respectto nonlaborincomearenegative. Moreover,
they aresignificantat the5% or the10%level.

The last two columnsof the table report the own-wageelasticitiesof individual labor
supplies,conditionalon after sharingnonlaborincome( ÿ and ��� ÿ , respectively). These
elasticitiesarederivedfrom equations(11) and(12) andrely on individual preferencesalone
sincethey ignoreany effect wageratesmay have on the intra-householddecisionprocess.
Both women’sandmen’selasticitiesaresignificantbut smallerthanthosereportedin thetwo
previouscolumns.This simply reflectsthefact that,in thelattercases,a marginal increasein
eitherspouse’s wageratereducestheir shareof thenonlaborincome,which in turn increases
their laborsupplythroughanincomeeffect.

36The modelwasalsoestimatedusinga samplethat excludedcoupleswith preschoolers.Arguably, young
childrenconstitutethe most importantsourceof non-separabilityin spouses’preferences[Lundberg (1988)].
Consequently, including suchfamilies in the sampleincreasesthe likelihoodof rejectingthe collective model
with caring.Theresultsbasedon therestrictedsamplearevery similar to thoseobtainedusingthefull sample.
Theonly noticeabledifferencerelatesto theimpactof thedistribution factors.Both an increasein thesex ratio
andin the DivorceLaws Index generatemuchlarger transfersfrom the husbandto his wife whenthereareno
preschoolersin the household.Presumably, spousesaremoreresponsive to changesin the marriagemarket in
theabsenceof youngchildren.Theseresultsarenot reportedin thepaperfor thesakeof brevity but areavailable
on request.
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5 Conclusion

Thepurposeof this paperis twofold. We first extendChiappori’s (1992)collective modelof
householdlaborsupplyto accountfor so-calleddistribution factors.Themain thrustbehind
this model is the assumptionthat the householddecision-process,whatever its true nature,
leadsto observedoutcomesthatarepareto-efficient. It alsoassumesthatpreferencesareego-
tistic or “caring” in the Beckerian (1991) sense.Distribution factorsare variablesthat are
thoughtto affect the internaldecisionprocessbut to have no incidenceon individual pref-
erencesor the joint consumptionset. By introducingdistribution factorsinto themodel,we
show that the identificationof the structuralparametersis greatlysimplified. Furthermore,
theintroductionof distribution factorsgeneratesnew testablerestrictions.Also, whenat least
two distribution factorsareassumed,theefficiency assumptioncanbetestedevenwhenvery
generalpreferenceswith externalitiesof any kind (includingpublicgoods)areallowed.

The secondgoal of the paperis to provide further empiricalevidenceon the efficiency
assumptionaswell ason therelevanceof distribution factorsto theinternaldecisionprocess.
Thetwo factorsweconsiderarestate-level sex ratiosandacompendiumof statedivorcelaws.
Theempiricalanalysisis basedon householdlaborsupplydrawn from the1989wave of the
PSID. The efficiency hypothesis,both in a modelwith caringpreferencesand in onewith
very generalpreferences,cannot be statisticallyrejected.Indeed,the non-linearparametric
constraintsthatderive from bothmodelsareconsistentwith thedata.Our resultsthusreject
oneimportantpredictionof theunitarymodel,namelythatdistribution factorsareirrelevant
to intra-householddecisions. They are also at oddswith Nashbargaining modelsthat as-
sumethat thefall-backoption is internalto thehousehold.Quite to thecontrary, we provide
somesupportfor Becker’s (1991)claim that thestateof themarriagemarket is an important
determinantof theintra-householddecisionprocess.

Undertheassumptionsof efficiency andcaringpreferences,it canbeshown thattheinter-
nal decisionprocessmaybeviewedasa two-stepprocess:Nonlaborincomeis first allocated
amongspousesaccordingto a so-calledsharingrule thatdependson distribution factorsand
other variables. Next, spouseschoosetheir labor supply subjectto their individual budget
constraint. Given efficiency wasnot rejected,the parametersof the sharingrule associated
with our modelcanbe recovered(up to a constant)andanalyzed.It turnsout thatmostpa-
rametersof thesharingrule aresignificantlydifferentfrom zero. In particular, we find thata
onepercentagepoint increasein theproportionof malesin a populationdefinedby age,race
andjurisdictioninduceshusbandsin this populationto increasetheir transferto their wife by
$2,163onaverage.Likewise,passageof adivorcelaw thatis favorableto womenwill induce
husbandsto transfer, onaverage,anadditional$4,310to theirwife. Thelatterresultillustrates
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theusefulnessof thecollectiveapproachin analyzingtheconsequencesof publicpolicies,and
in particulardivorcelegislation,on theallocationof incomeandwelfarewithin marriage.

We reckon our empiricalanalysisis subjectto somelimitations though. Indeed,our es-
timatesareconditionedon a sampleof individual thathave chosento live with a spouseand
could suffer from selectivity biasesasa result. In regionswherethe sex ratio is relatively
small,more“low-quality” menarelikely to marrygiventhescarcityof menin themarriage
market. A positivecorrelationbetweenquality in themarriagemarketandin thelabormarket
will yield aspuriouscorrelationbetweenthesex ratioandmalehoursof work. More research
on collectivemodelsthatendogenizebothmaritalchoicesandlaborsupplyis clearlyneeded.

Finally, our approachassumesthat the sex ratio is exogenous.It canbe arguedthat this
variableadjustsacrossregionsto equilibratethemarriagemarkets[Becker (1991)].While we
presentsomeevidencethatsuggestsotherwise,it wouldbeimportantto paymoreattentionto
thefactorsthatexplainvariationsof thesex ratioacrossregions.
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APPENDIX : Proof of Proposition 3

A Onedistrib ution factor

Startfrom : �����	�
����
 ����� ��
 ��� 
�� ���������������������� � ��� � ��
�� ��� �!� �"
 ��� 
�� ��������������������#
Then: $ � � �%'&� �( � � %'&� ( �) � � �%+*� �( � �,� %+*- �!� ( �. � � �/� �( � � /� ( �

and 0 � � � /� �( � �1� /- �!� ( #
Assumethat

.32� 0
. Thenthelasttwo equationsgive :� ( � 00 � . �� / � . 00 � . #

Thenthefirst two leadto :

� %+* � ) .0 � . �� %'& � $ 00 � . #
Thesepartialsarecompatibleif andonly if they satisfytheusualcrossderivative restric-

tions.Hence,thefollowing conditionsarenecessaryandsufficient :
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If theseequationsarefulfilled, then Q is definedupto anadditivefunction R SUT�V depending
only on thepreferencefactorsT . TheinequalitiesSUWYXZV and S[W]\�V of Proposition2 follow from
standardintegrability arguments.Finally, theknowledgeof Marshallianlaborsuppliesallows
to recoverpreferencesfor any givenvalueof RBSUT�V .
B Several distrib ution factors

If thereareseveraldistributionfactors,thenthey canenterlaborsupplyfunctionsonly through
thesamefunction Q . This impliesthat:\ E^"_\ E^a` = Q ^U_Q ^b` = \ H ^"_\ H ^a`dc
for all e . Moreover, equations4 that determinethe Q ^U_ ’s are obtainedin the sameway as
the equationfor Q ^ in the caseof onedistribution factor. Notice finally that condition S[WgfhV
combinedwith the assumptionthat : Eji= 7 E imply that :lk i= 7mk , for e = W conpnpnqc�r , in
equations(4).
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TABLE 3
PARAMETER ESTIMATES – SINGLES

HOURS/1000

OLS GMM
Wowen Men Wowen Men�������
-0.036 -0.040 -0.177 0.171
(0.049) (0.048) (0.253) (0.207)

NonlaborIncome(/1000) -0.001 -0.001 -0.001 -0.003
(0.001) (0.001) (0.004) (0.002)

Sex Ratio 4.187 1.121 5.857 0.695
(2.569) (2.070) (2.819) (2.488)

DivorceLaws Index -0.018 0.015 -0.152 -0.025
(0.039) (0.034) (0.160) (0.118)

Intercept -0.374 1.186 -0.739 1.405
(1.243) (1.020) (1.294) (1.137)

Education 0.077 0.038 0.095 0.000
(0.020) (0.021) (0.035) (0.045)

Age 0.052 -0.015 0.079 -0.047
(0.038) (0.030) (0.062) (0.036)

White 0.123 0.182 0.111 0.206
(0.111) (0.089) (0.166) (0.110)

NorthEast -0.083 -0.052 -0.094 -0.114
(0.104) (0.082) (0.123) (0.111)

NorthCentral -0.202 0.038 -0.193 0.015
(0.078) (0.075) (0.081) (0.080)

West -0.243 -0.166 -0.184 -0.146
(0.101) (0.092) (0.121) (0.117)

Valueof Function 4.470 9.591
Numberof Observations 572 498 572 498
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