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1 Introdu
tionWhereas the within household wage gap has fallen during the last thirty years, labor supply ofwomen has not in
reased as mu
h as traditional ma
roe
onomi
 theory would have predi
ted(Knowles,[22℄, 2013). Classi
 ma
roe
onomi
 theory 
onsiders the household as a unit and ne-gle
ts bargaining e�e
ts within the household. The two individuals of the household are sup-posed to pool their in
ome and maximize a neo
lassi
al household utility fun
tion subje
t to thehousehold's budget 
onstraint. However, many empiri
al studies show that the in
ome poolinghypothesis is reje
ted by the data1: 
ouples do not pool their resour
es. The pooling assumptionat the aggregate level leads to the underestimation of in
ome inequalities among individuals (Liseand Seitz ([23℄, 2011) and to a bias in the estimation of labor supply trends (Knowles,[22℄, 2013).Colle
tive models2 assume that the household members bargain over their resour
es and identifythe sharing rule from observed labor supplies of 
ouples. Although these models repeatedly showeviden
e that the within household sharing rule varies with the outside options of individuals(Chiappori, Fortin and La
roix, [9℄, 2002), they 
onsider 
ouples as given and 
an't make predi
-tions on the impa
t of a taxation reform on the sharing rule. Su
h a reform may in�uen
e maritalsorting through divor
e and 
ouples' formation (Fran
es
oni et al.,[18℄, 2009, Bitler et al. [2℄,2004). This 
alls for a model whi
h 
ould explain both the formation and separation of 
ouplesand the intra-household allo
ation of 
ouples whi
h is what I do in this paper. I jointly modelthe marriage market and resour
e sharing within the household. Using the British HouseholdPanel Survey (BHPS), I observe wages, working hours, domesti
 work an marital history of ea
hhousehold member from 1991 to 2008. I re
over the mat
hing patterns and the preferen
es of menand women for leisure, 
onsumption and domesti
 produ
tion. Then I identify within-householdtransfers and their impa
t on aggregate labor supply of men and women.Modeling the marriage market requires the identi�
ation of mating preferen
es over di�erent
hara
teristi
s. In this paper, mat
hing patterns are re
overed from observed joint distributionsof 
hara
teristi
s among 
ouples and among singles. Similar strategies are used in models withperfe
t information as in Choo and Siow ([14℄, 2006), Chiappori, Salanié and Weiss ([13℄, 2013)and Gali
hon and Salanié ([19℄, 2013). These models are stati
 and 
onsider a 
ompetitive stableequilibrium, whi
h is not realisti
 on the marriage market. Sear
hing for a partner takes time. Iuse a sear
h framework to model fri
tions. Identi�
ation of mat
hing patterns is obtained withthe steady-state assumption of sear
h models as in Shimer and Smith ([27℄, 2000) and Wong([29℄,2003). Very few mat
hing models aim at modeling preferen
es for 
onsumption and leisureto �nd the impa
t of transfers on e
onomi
 out
omes. The work of Ja
quemet and Robin ([20℄,2013) is the �rst attempt to link heterogeneity in marriage formation and intra-household allo-
ation. The present paper builds on their framework and in
ludes a 
olle
tive stru
ture of labor1Bourguignon et al. ([3℄,1994)2These models developed by Chiappori ([7℄,1988) assume that the household members bargain over theirresour
es and make Pareto-optimal agreement. 2



supply in a sear
h and mat
hing model of marriage. In the 
olle
tive stru
ture that is used, indi-viduals are egoisti
 and enjoy their own leisure and 
onsumption. Single individuals earn labourin
ome whereas married individuals earn labour in
ome and may also bene�t from a transferfrom their spouse. A sear
h model is used to model the mat
hing pro
ess: single individualsmeet randomly and de
ide whether they marry. They evaluate the mat
h anti
ipating what willbe the surplus generated by the mat
h and how it will be split. I assume that individuals bargainà la Nash to 
hoose an optimal sharing rule. Either the surplus is high enough and both want tomat
h, or it is not and both prefer to stay single. If they mat
h, they �rst split the surplus andthen 
hoose separately their 
onsumption and leisure a

ording to their new budget 
onstraint.My paper extends the paper of Ja
quemet and Robin (2013) in three ways. First, individualsdire
tly enjoy the 
onsumption of a domesti
ally produ
ed publi
 good in addition to leisureand 
onsumption. Domesti
 produ
tion is 
ru
ial in analyzing household behavior. Omittinghousehold produ
tion leads to a signi�
ant bias in the estimation of the sharing rule (Couprie,[15℄,2007). When two people de
ide to live together, their pur
hasing power in
reases due toe
onomies of s
ale (sharing the rent, the ele
tri
ity) and due to in
reasing returns to s
ale indomesti
 produ
tion (
leaning, meal preparation, or 
aring for 
hildren)3. Individuals may alsoenjoy the produ
ed publi
 good whi
h 
an be raising 
hildren or eating a home-made meal.Publi
 good produ
tion depends on three di�erent inputs: the time spent in housework by ea
hpartner, the 
hara
teristi
s of ea
h partner and some time-varying unobserved 
hara
teristi
s ofthe mat
h. This unobserved heterogeneity leads to my se
ond 
ontribution, the separation of
ouples is endogenised. Some sho
ks 
an hit the unobserved 
hara
teristi
s and lower the value ofthe mat
h. In that 
ase, the mat
h breaks up. Only 
ouples with high enough 
omplementarityin observed 
hara
teristi
s will last. Finally, as one household member's value on the marriagemarket has an impa
t on the sharing rule, all 
hara
teristi
s whi
h are important in 
ouple for-mation must have an impa
t on the sharing rule and then on labor supply. I extend the settingto multidimensional mat
hing and I allow people to 
hoose their partners for di�erent 
hara
ter-isti
s su
h as wage and family values4. Only a few papers 
onsider multidimensional mat
hing.Some build a marriageability index (Wong, [29℄, 2003, Chiappori, Ore�
e, Quintana-Domeque[11℄, 2012), others mat
h on two 
hara
teristi
s, one of whi
h is a binary 
hara
teristi
 (Chiap-pori et al. [10℄, 2013). Re
ent work of Gali
hon and Salanié 2013, [19℄ and Gali
hon and Dupuy,2013 [17℄ un
over mat
hing preferen
es over many di�erent 
hara
teristi
s. In this paper, peoplemat
h on two 
ontinuous 
hara
teristi
s. I �nd a positive assortative mat
hing in wages and infamily values. I show that if total surplus in
reases in wages of both members, 
omplementari-3Many studies have attempted to estimate the additional revenue generated by living in 
ouples (Browninget al., 2006, [5℄, Couprie, [15℄, 2007). In 
olle
tive models with domesti
 produ
tion, you 
an still de
entralizethe intra-household allo
ation pro
ess (Chiappori, 1997, [8℄). First, individuals de
ide on the level of domesti
produ
tion they want. Then they de�ne a 
onditional sharing rule that is how they will share the rest of the totalin
ome 
onditional on the 
hosen level of domesti
 produ
tion.4I use an index representing family values. The higher this index the more 
onservative the individual isabout family and gender roles. This index expresses opinion about divor
e, the importan
e of marriage in raising
hildren, the fa
t that the man should be the head of the household et
.3



ties in 
hara
teristi
s 
an be higher for same wage 
ouples. Similarly, people with 
onservativefamily values are more attra
tive on the marriage market, parti
ularly women. Women with
onservative family values get higher shares of the surplus.This model �ts well the observed working hours of men and women. I identify the impa
tof transfers on hours worked and show that it is signi�
ant. When women get transfers fromtheir male partner, they work less than if they didn't get any transfer through standard in
omee�e
ts. On the opposite, their male partner works more to 
ompensate their loss of revenue.Taking domesti
 produ
tion into a

ount, I identify the within household transfers and showthat they redu
e labor supply of married women by 2 hours a week and in
rease married menlabor supply by 1 hour a week. I 
ompute the evolution of sharing rules and mat
hing prefer-en
es for ea
h year from 1991 to 20085. I show that welfare of women has in
reased and withinhousehold inequalities have de
reased. Finally, this model allows me to simulate the equilibriumwhi
h would result from any initial distribution of 
hara
teristi
s among men and women (thenumber of 
ouples, the number of single men and women and their 
hara
teristi
s, the resultingtransfers and the resulting labor supplies). I present some simulation exer
ises where I simulatethe equilibrium obtained with a 
hange in wage distribution of men or women or the impa
t ofa subsidy given to all low-wage single women. The ultimate goal of this model is to simulate theimpa
t of a family taxation reform on within household allo
ations and labor supplies. I explainhow the model 
ould be extended to in
lude taxation on the one hand and 
hildren on the otherhand, or both.The model is des
ribed in se
tion 2 and the data in se
tion 3. Se
tion 4 presents the estimationstrategy and se
tion 5 the results. Simulation and equilibrium 
onditions are 
omputed in se
tion6 and dire
t extensions of the model are proposed in se
tion 7. Se
tion 8 
on
ludes.2 ModelI 
onsider two di�erent populations of agents that are likely to mat
h : a population of males anda population of females (labeled m and f ). In this paper, a mat
h is a two-people household6.Ea
h population is 
omposed of agents heterogenous with respe
t to several 
hara
teristi
s. These
hara
teristi
s de�ne the type of the agent. They are exogenous and do not vary overtime. Let'sassume that a type is 
omposed of K 
ontinuous 
hara
teristi
s. Then ea
h agent is de�ned bythe population he belongs to (m or f ) but also by his individual type noted i ∈ R
K for men and

j ∈ R
K for women7. I will �rst de�ne how individuals value 
onsumption, leisure and domesti
produ
tion through their utility fun
tion and their budget 
onstraint. Then, I will des
ribe howthe marriage market works, how do people meet and de
ide whether they mat
h.5These years are interesting in Great-Britain as many family taxation reforms took pla
e with the introdu
tionof the WFTC in 1999 and the introdu
tion of the Working Tax Credit and the Children Tax Credit in 2003.6For 
onvenien
e, I use indi�erently the terms mat
h, marriage or 
ouple7The agent type will at least 
ontain his wage. Then wi will denote the wage of an agent of type i4



2.1 Utilities and household program2.1.1 Utilities for singlesIndividuals' utilities depend on their 
onsumption, leisure and also on a domesti
 good produ
edwith domesti
 work. I spe
ify the following Stone-Geary utility fun
tion8 res
aled and translatedfor a single man of type i

Umi(d,C,L) = (d−D0m)κm(C − C0mi)
αmi(L− L0mi)

1−αmi .

C denotes the 
onsumption expenditure of the individual, L his leisure time and d his timespent doing housework. C0mi represents the minimum level of 
onsumption required to live and
L0mi represents a minimum amount of time to spend in leisure. αmi represents the individualpreferen
e for 
onsumption with respe
t to leisure. The res
aling fun
tion αmi and the translatingfun
tions C0mi, L0mi re�e
t heterogeneity of preferen
es among agents and depend on their typeand their population. D0m represents a minimum of domesti
 work required for a single man(minimum of time to spend in meal preparation, 
leaning et
.) and κm is a preferen
e parameterfor domesti
 produ
tion. Preferen
e parameters for domesti
 produ
tion are also gender spe
i�
but 
ontrarily to 
onsumption and leisure parameters, they are not varying with the type of theagent. The individual utility is de�ned similarly for women. The utility of a single a woman oftype j is

Ufj(d,C,L) = (d−D0f )
κf (C − C0fj)

αfj (L− L0fj)
1−αfj .The singles maximize their utility under their budget 
onstraint whi
h is for a single man of type

i

wiL+ C + wid ≤ wiT,with wi the hourly wage of the single man of type i and T the total time endowment of individuals.I assume there is no non-labor in
ome. The resulting indire
t utility for a single man of type iand a single woman of type j are9 :8 This spe
i�
ation allows to obtain a Linear Expenditure System9 The expressions for domesti
 work, leisure and 
onsumption are
d = D0m +

κm

(1 + κm)wi

(wiT − C0mi − wiL0mi −wiD0m)

L = L0mi +
1− αmi

(1 + κm)wi

(wmT − C0mi − wiL0mi −wiD0m)

C = C0mi +
αmi

(1 + κm)
(wiT − C0mi −wiL0mi − wiD0m)The 
omplete indire
t utility fun
tion when we also repla
e with expression for dm is

vmi =
κκm
m ααmi

mi (1− αmi)
1−αmi

(1 + κm)(1+κm)w1−αmi+κm

i

(wi(T − dm0)− C0mi − wiL0mi)
κm+1,The standard Cobb-Douglas fun
tion is a parti
ular 
ase of the Stone-Geary utility fun
tion with αmi = αm,

C0mi = C0m and L0mi = L0m 5



vmi =
ααmi

mi (1− αmi)
1−αmi

w1−αmi

i

(dm −D0m)κm(wi(T − dm)− C0mi −wiL0mi) (1)
vfj =

α
αfj

fj (1− αfj)
1−αfj

w
1−αfj

j

(df −D0f )
κf (wj(T − df )− C0fj − wjL0fj)2.1.2 Utilities for married individualsNow, let's 
onsider the utilities of mat
hed individuals. Agents are supposed to be egoisti
 :their utility only depends on their own private 
onsumption and leisure quantity and not on the
onsumption and leisure quantity of their partner. However, when married, individuals bene�tfrom 
omplementarities in the joint produ
tion of a domesti
 publi
 good. The produ
tion ofthis publi
 good depends on three di�erent inputs : time spent on domesti
 produ
tion, 
omple-mentarities of 
hara
teristi
s of the partners and some time-varying unobservable heterogeneity

z. Let Qijz denote the produ
ed good made by a man of type i mat
hed with a woman of type
j. This household publi
 good has the following form.

Qijz(dm, df ) = (Φ(i, j) + z)F (dm, df )

F (dm, df ) is a fun
tion of domesti
 work spent by both members. Φ(i, j) is a fun
tion of thepartners'type. Higher the 
omplementarities between two types, higher the produ
tion. z repre-sents unobservable 
hara
teristi
s of the mat
h at a 
ertain period. z is drawn when the partnersmeet. When we will 
onsider the dynami
 framework, z will be allowed to take di�erent valuesat di�erent periods. Ea
h 
ouple is then 
hara
terized at ea
h period by three indexes : i, thetype of the man, j, the type of the woman and z. The utility of a man of type i married with awoman of type j under the 
ir
umstan
e z is then de�ned as:
Umijz = (Φ(i, j) + z)F (dm, df )(C − C0mi)

αmi(L− L0mi)
1−αmiI assume that mat
hed people in
ur an additional 
ost due the mat
h. Let Cc be this 
ost. It
an 
ome from raising 
hildren or from higher expe
tations of the standard of living. The budget
onstraint of the 
ouple is then

(BC) Ci + Cj ≤ wi(T − Li − di) + wj(T − Lj − dj)− CcFollowing the literature on 
olle
tive models, household are supposed to make Pareto-e�
ientde
isions. This de�nes a in�nity of solutions. I spe
ify whi
h optimum is 
hosen assuming thatthe members of the household use a Nash bargaining to share their resour
es. Then the programof the household 
an be de
entralized as a two-step pro
essus. In the �rst step, the two membersof the household de
ide whi
h level of publi
 good they want to produ
e or equivalently whi
hquantity of time they want to invest in publi
 good produ
tion. In this same �rst step, the twomembers also bargain on the sharing rule that is how they will share total in
ome. Ea
h of themwill get a transfer t of money resulting for this sharing. Let t∗m and t∗f be the solution of this6



bargaining. I assume there is no non-labor in
ome, then t∗m+ t∗f = −Cc. In the se
ond step, ea
hindividual maximizes his own utility subje
t to his new budget 
onstraint. As the individualutility is separable between the publi
 good and the private good, we are only interested inmaximizing the private sub-utility of the individual to derive his optimal 
onsumption of leisureand private good. Let's 
onsider a 
ouple with a man of type i and a woman of type j underheterogeneity z. They 
hoose the optimal quantity of domesti
 work spent by the man dmijz,the optimal quantity of domesti
 work spent by the woman dfijz and the optimal transfer tmijz.Then the program of married man of type i in a 
ouple of type (i, j, z) is :
max
C,L

ui(C,L) = (C − C0mi)
αmi(L− L0mi)

1−αmis.
 C ≤ wi(T − L− dmijz) + t∗mijzTo obtain easy reading expressions, I de�ne the following two fun
tions
C0mi = C0mi + wiL0mi

Pmi =
w1−αmi

i

ααmi

mi (1− αmi)1−αmithen C0mi(wi) represents a minimal expenditure to spend on leisure and 
onsumption and Pmi(wi)represents an aggregate pri
e index. These fun
tions are gender spe
i�
 and depend on the typeand on the wage of the individual. Then the indire
t utility for a man in a 
ouple of type (i, j, z)is
vmijz = (Φ(i, j) + z)F (dm, df )

wi(T − dmijz) + t∗mijz − C0m(wi)

Pm(wi)
.Similarly we 
an simplify the indire
t utility expression for single (1) whi
h 
an be rewritten

vmi =
(dm −D0m)κm(wi(T − dm − C0m(wi))

Pm(wi)
.I just de�ned utilities for singles and married people, I will now de�ne how these people meet,form 
ouples and break up.2.2 The marriage marketThis subse
tion presents the meeting pro
ess between two singles. I assume that only singlessear
h for a partner. There is no �on the marriage sear
h�. Let N be the number of mat
hes.

Uf and Um are the respe
tive number of single women and single men. Let um(i) and uf (j)be the respe
tive density of single men of type i and single women of type j. Let λ denote theinstantaneous probability of a meeting between a random single woman and a random singleman. Then λm = λUf and λf = λUm are the respe
tive instantaneous probabilities of an agentamong the population m and f of meeting a new person of the populations f and m. Let r bethe interest rate. 7



2.2.1 Present valueThe Bellman equation of the present value of a single man of type i, noted Wmi is then:
rWmi = vmi + λm

(∫

z

∫

j
max(Wmijz −Wmi, 0)1(Wfijz > Wfj)uf (j)dG(z)

) (2)with Wmijz the present value of a man of type i married with a woman of type j when thevalue z is drawn during the formation of the 
ouple. The present value is then the sum of theinstantaneous utility of being single plus his expe
ted surplus from a mat
h averaged over allpossible values of z. Symmetri
ally, Wfj denotes the present value of a single woman of type jand Wfijz, the present value of a woman of type j married with a man of type i with a mat
hquality z. When married, sho
ks to the 
ouple's mat
h quality z happen regularly. At ea
hsho
k, the value of being in 
ouple 
an be modi�ed, and the partners bargain again over thenew surplus, the 
ouple 
an separate if they do not agree on a new sharing rule. This sho
k ismodeled by a new draw of z whi
h is independent from the previous value of z. I suppose thissho
k happens with probability λz. Then the present value of a man of type i married with awoman of type j is
rWmijz = vmijz + λz

∫

z′
max(Wmi −Wmijz,Wmijz′ −Wmijz)dG(z′),whi
h gives

Wmijz =
vmijz + λzWmi + λz

∫
z′ max(Wmijz′ −Wmi, 0)dG(z′)

r + λz
(3)This present value is the sum of the instantaneous utility vmijz and the expe
ted surplus due toa possible 
hange of z whi
h will lead either to a di�erent surplus if z is high enough, either toa separation otherwise.2.2.2 Surplus, Nash bargaining and transfersWhen a mat
h is formed, the two members start to bargain on the level of produ
tion of thepubli
 good and on the repartition of the household resour
es. I model the de
ision pro
ess witha Nash bargaining where the threat point is to stay single. The respe
tive threat points are thenthe respe
tive outside options of the man and the woman and so their present value as singles.I denote β and (1− β) the respe
tive bargaining power of the man and the woman10. Then theNash bargaining β of the household is the maximization of the following program :

max
dm,df ,tm,tf

(Wmijz −Wmi)
β(Wfijz −Wfj)

1−βs.
 tm + tf = −Cc

Qijz = F (dm, df )(Φij + z)

Wmijz −Wmi is then the surplus of the man and Wfijz −Wfj is the surplus of the woman. Thismodel has the important property of transferable utility models : both surplus are simultaneously10β is not ne
essarily 
onstant. I will a
tually use β(i, j) whi
h will depend on the wage ratio wi/wj8



positive or negative. Either the mat
h generates enough surplus to make both people want tomarry or it doesn't and they both refuse to marry. The maximization of this program withrespe
t to tm leads to the following equality :
Pmi(Wmijz −Wmi)

β
=

Pfj(Wfijz −Wfj)

1− βDenoting S(i, j, z) =
Pmi(Wmijz−Wmi)

β , we have :
PmiSmijz = Pmi(Wmijz −Wmi) = βS(i, j, z) (4)
PfjSfijz = Pfj(Wfijz −Wfj) = (1− β)S(i, j, z)and the two individuals i and j de
ide to marry if and only if they both obtain a positive surplusfrom the mat
h, that is if S(i, j, z) > 011The maximization of the program with respe
t to inputs gives the following 
onditions. Theoptimal quantities of inputs dm, df solve :

∂F (dm, df )/∂dm
F

=
wi

wi(T − dm) +wj(T − df )− C0mi − C0fj − Cc
(5)

∂F (dm, df )/∂dm
∂F (dm, df )/∂df

=
wi

wjThe optimal quantities d∗m, d∗f do not depend on z and will be fun
tions of T, wi,wj ,C0mi,C0fjand Cc. The produ
tion of the domesti
 good is e�
ient. The optimal quantities of domesti
work are only fun
tion of the wages and depend on the spe
i�
ation of the produ
tion fun
tion.Let Rij be the total resour
es for a 
ouple of type (i, j) after spending some time in domesti
produ
tion and in minimum level of 
onsumption and leisure. That is Rij = wi(T − dmij) +

wj(T−dfij)−C0mi−C0fj−Cc. Then I 
an derive the following proposition (the proof is developedin appendix).Proposition 2.1. The total surplus is linear in z and has the following expression
S(i, j, z) = (wi(T − dmij) + wj(T − dfij)− C0mi − C0fj − Cc)F (dmij , dfij)(Φ(i, j) + z)

− PmirWmi − PfjrWfj

+ λz

∫

z′
max(S(i, j, z′), 0)dz′11S 
an also be expressed as a form of total surplus

S(i, j, z) =
PmiPfj

βPfj + (1− β)Pmi




Wmijz −Wmi
︸ ︷︷ ︸Man surplus +Wfijz −Wfj

︸ ︷︷ ︸Woman surplus9



Then the expressions of transfers are (when Φ(i, j) + z 6= 0)
tmijz = βRij − (wi(T − dmij)− C0m(wi)) +

(1− β)rPmWmi − βrPfWfj

F (dmij , dfij)(Φ(i, j) + z)
(6)

tfijz = (1− β)Rij − (wj(T − dfij)− C0f (wj)) +
βrPfWfj − (1− β)rPmWmi

F (dmij , dfij)(Φ(i, j) + z)The total surplus is then de
omposed in three terms. The �rst term is the total resour
e of thehousehold multiplied by the value of the domesti
 publi
 good. The se
ond term subtra
ts thesum of the single present value of ea
h partner. The higher this term, the lower the surplus ofthe 
ouple. The last term is the 
ontinuation value, the expe
ted future surplus when sho
kshappen to z. The remarkable fa
t of this expression is the linearity of the surplus in z. We have
S(i, j, z) =

F (dmij , dfij)Rij

r + λz
(s(i, j) + z)with

s(i, j) = Φ(i, j) −
PmirWmi + PfjrWfj

RijF (dmij , dfij)
+

λz

r + λz

∫

z′
max(s(i, j) + z′, 0)dz′This result is 
ru
ial for the identi�
ation of the whole model and 
omes from the separabilityof the term Φij + z in the utility fun
tion. Linearity in z allows us to link the total surplus ofthe 
ouple to the mat
h probability. When two people of ea
h population meet, they de
ide tomat
h if and only if the surplus is positive. Then the mat
hing probability between a man oftype i and a woman of type j when they meet 
an be 
omputed with

a(i, j) = P {s(i, j) + z > 0|i, j} (7)
= 1− P {z ≤ −s(i, j)|i, j}2.2.3 EquilibriumThe 
hara
terization of the equilibrium allows us to 
lose the model. To solve for a marketequilibrium, we have to des
ribe how new singles enter the market overtime. Burdett and Coles([6℄,1999) review the di�erent 
ases that have been 
onsidered in the literature. Here I supposethere is no entry of new singles, but the partnerships of type (i, j) are destroyed at rate λz(1−

a(i, j)) whereupon both return to the single market. At the equilibrium, there is equality betweenin�ows and out�ows for ea
h type of marriage. We will note n(i, j) the density of 
ouples of type
i for the m member and of type j for the f member. Then we have for all 
ouple of type (i, j),the equality between the number of out�ows and the number of in�ows:

λz(1− a(i, j))n(i, j)N = λum(i)uf (j)UmUfa(i, j), (8)that gives
a(i, j) =

n(i, j)N
λ
λz
um(i)uf (j)UmUf + n(i, j)N

(9)10



The mat
h probability a(i, j) 
an be then 
omputed using data after having estimated the pa-rameters λ and λz. Using the equation (7) and making some additional assumptions on the lawof z, I am able to derive the marriage surplus. Indeed, assuming that the distribution fun
tion ofz is Fz(z) then the mat
h probability is linked to the surplus fun
tion trough this simple relation:
s(i, j) = −F−1

z (1− a(i, j))3 Data3.1 The sample and variablesI estimate the model using the British Household Panel Survey (BHPS) where I follow indi-vidual's marriage history from 1991 to 2008 using the family and individual samples. I mergethe individual �le with the marriage history �le to obtain marriage history anterior to 1991 formarried people. The original BHPS sample was 5,050 households 
ontaining 9,092 interviewedadults at wave 1 (1991) with a response rate of 74 % of eligible households12. All adults and
hildren in the �rst wave are designated as original sample members. On-going representative-ness of the non-immigrant population has been maintained by using a 'following rule' typi
al ofhousehold panel surveys: at the se
ond and subsequent waves, all original sample members arefollowed (even if they moved house or if their households split up), and there are interviews, atapproximately one-year intervals, with all adult members of all households 
ontaining either anoriginal sample member, or an individual born to an original sample member whether or notthey were members of the original sample. The sample therefore remains broadly representativeof the population of Britain as it 
hanges over time13. I keep households 
omposed of hetero-sexual 
ouples and single member households who are between 22 and 40 year old at the timeof interview. I limit my sample to working employees de
laring their usual gross pay per month,the number of hours normally work per week (in
luding paid and unpaid overtime hours) andthe number of hours they spend a week doing housework. When married, both spouses have towork and de
lare their wage and hours to be in
luded in the sample. I de�ne the hourly wageas the number of hours normally work per month (without overtime) divided by the usual grosspay per month.I 
onsider two di�erent variables to de�ne the agent's type. Wages must be part of the type asmost of the analysis is made on labor in
ome and resour
e sharing. However, it is quite restri
tive12The sample was a strati�ed 
lustered design with 250 Primary Sampling Units in England, S
otland andWales and was designed to be representative of the GB population (ex
luding Northern Ireland and North of theCaledonian Canal)13The BHPS data are made up of �ve samples, the original BHPS from 1991 to present. This is the main BHPSsample (n=5,050 households), the former European Community Household Panel survey low-in
ome sub-samplefrom 1997 to 2001 (Waves 7 to 11) (n=1,000 households), the Welsh extension from 1999 (Wave 9) (n=1500households), the S
ottish extension from 1999 (Wave 9) (n=1500 households) and the Northern Ireland extensionfrom 2001 (Wave 11) (n=1900 households). I only keep the original sample.11



to assume that agents only di�er by their produ
tivity on the marriage market. Heterogeneityof individuals varies in an in�nite number of dimensions whi
h 
an be important in 
ouples'formation. One of the most important observable dimension of heterogeneity on the marriagemarket must be edu
ation or one's so
ial group a

ording to so
iologists (Mare [24℄ (2008), Bozon,Héran [4℄ (1991)). Indeed, the 
orrelation between partners in a 
ouple of edu
ation is around0.6 however, some heterogeneity features of edu
ation or so
ial group are already 
aptured bythe wage. It would be more interesting to study the impa
t of other variables on the mat
h. TheBHPS provides us with some alternatives. We 
ould think of the Body Mass Index observed in2004 and 2006 whi
h 
ould be a proxy for physi
al attra
tiveness. However, I prefer to use in thispaper some information on family values available during the whole period. This informationre�e
ts how individuals value the marriage institution. In the survey, individuals have to expresstheir opinion on some statements about marriage, 
ohabitation and divor
e. They 
an qualifytheir answer with 5 items : Strongly agree - Agree - Neither agree nor disagree - Disagree -Strongly disagree. The answers are not available ea
h year and questions asked 
hanged in 1998.Table 1 displays whi
h statements are proposed ea
h year.Table 1: Family Value QuestionsDo you agree with the following statements ?Years 1992, 1994, 1996 Years 1998, 2000, 2002, 2004, 2006, 20081. Divor
e is better than unhappy marriage2. Bible Gods word and true3. Man should be the head of the household4. Cohabiting is always wrong 5. Cohabitation is alright6. Marital status is irrelevant for 
hildren7. Homosexual relationships are wrong8. Parents ought stay together for 
hildrenUsing this questionnaire, I build a Family Value Index whi
h is high if the answers are 
onservativeabout religion, marriage and family14. Agents will be de�ned by their wage and their Family14 I give some points to ea
h answer to question i. Let's A(i) be the number of points given to the an-swer of question i, then A(i) = 1 if answer is ”Strongly disagree”, A(i) = 2 if answer is ”Disagree”,
A(i) = 3 if answer is ”Neither agree nor disagree” , A(i) = 4 if answer is ”Agree”, A(i) =

5 if answer is ”Strongly agree”. Then the index is built the following way
Ifv1991−1996 =

5

4
[(6− A(1)) +A(2) + A(3) + (6− A(4))]

Ifv1998−2008 = 6− A(1) + (6− A(5)) + (6− A(6)) + A(7) + A(8)12



Value Index: i = (wagei, fi). I trim the 1 % top and bottom of all these variables. Wages, workhours and domesti
 work hours are de
larative data and must 
ontain important measurementerrors. By sele
ting individuals the same way for ea
h year between 1991 and 2008, I obtain 18�nal samples whose sizes vary between 2255 individuals in 1991 and 3456 individuals in 1999.My analysis has two important limits. First, I need to restri
t my sample to working peopleas I do not model the extensive parti
ipation to the labor market jointly with the formation of
ouples. I am then only 
onsidering the marriage market of working people 
omposed of workingsingles and bi-working 
ouples. However, married women's parti
ipation to the labor market hasin
reased from 1991 to 2001 and my samples be
ome more and more representative overtime.Sin
e 1999, more than 75 % of married women between 22 and 40 years old are working andmore than 90 % of men (This �gures are presented in appendix on �gure 25). Se
ond, I don'tmodel the evolution of wages with age. Married individuals who are older in average than singleshave then higher wages. This 
ould lead to overestimate the attra
tiveness of high wage men onthe marriage market. To limit the bias, I restri
t the sample to the age range between 22 and 40years old. In my sample, married men are in average only 3 years older than single men. Marriedwomen are in average only 1.5 years older (This �gures are presented in appendix on �gure 24)3.2 Data des
riptionThe left panel of �gure 1 represents the wage distribution for di�erent marital status in 1999.Married men have higher wages. The right panel represents the distribution of the FamilyValue Index. Mat
hed individuals are more 
onservative than singles and men seem to be more
onservative than women.Figure 1: Distribution of wages and Family Value Index for di�erent marital status in 1999.BHPS
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In 1999, wage 
orrelation among 
ouples was around 0.35 and F.V.I 
orrelation is around 0.44.Figure 2 represents the average market and domesti
 work 
onditional on wages. Labor supplyand takes value from 5 to 25 13



of women in
reases sharply with wages whereas labor supply of men seems mu
h less elasti
.Married men work in average 3 hours more a week than single men. On the 
ontrary, singlewomen work more than married women by around 2 hours a week. The result is symmetri
 fordomesti
 work: married women work more at home than single women by about 5 hours a week.Domesti
 work of married women is strongly de
reasing with wage. Domesti
 work of men isinelasti
 with an average wage of 6 hours a week.Figure 2: Average market and domesti
 work hours 
onditional on wages in 1999. BHPS
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Figure 3 represent wage and FVI trends for di�erent marital status. Married people's wages havein
reased whereas single men's wages have remained 
onstant. Single women's wage have alsoin
reased a little bit but less than married women. The average of the FVI is de
reasing overtime,parti
ularly sin
e the year 2000 and parti
ularly for single women and single mothers. Thedis
ontinuity in 1998 is 
ertainly due to the 
hange in questions making arbitrarily individualsmore 
onservative. Sin
e 1998, the average has de
reased strongly for women but has remained
onstant for men.Figure 3: Evolution of the average wage and Family Value Index from 1991 to 2008. BHPS
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I represent the trends of market hours and domesti
 work hours by sex and marital status on�gure 4 and 5. Market work has raised by 2 hours a week for married women and has diminishedby 1 hour a week for married men. Market work of single women has remained 
onstant whereasit has de
reased by 4 hours a week for single men.The most remarkable fa
t is a de
reasing trend in domesti
 work for married women and mothers.They used to do housework 20 hours a week in average in 1991, whereas in 2008, they spend12 hours a week doing housework. Domesti
 work of single women has diminished by 2 hoursa week whereas domesti
 work for single and married men has only been redu
ed by 0.5 hoursa week. We note that in 2008, married men work only 1 hour more a week than single menwhereas married women work about 4 hours more than single women.Figure 4: Evolution of the average quantity of market work by month from 1991 to 2008. BHPS

Figure 5: Evolution of the average quantity of domesti
 work by month from 1991 to 2008. BHPS
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4 The estimation strategy4.1 Estimation of λ and λz with a duration modelThe obje
t of interest is to estimate the likelihood of a type i agent marrying a type j agent.As in Wong (2003), the method used is maximum likelihood. Agents 
an be single or marriedat the time of the interview. Information on the duration of singlehood or marriage is obtainedby following single agents before and after the interview. Let T0b (T0f ) be the elapsed (residual)duration of singlehood for the single people at the time of the interview. Therefore, the durationof singlehood is T0 = T0b + T0f . If this duration is left 
ensored, C0b = 1 (C0b = 0 otherwise).If this duration is right 
ensored, C0f = 1 (C0f = 0 otherwise). Consider a type i man whois single at �rst interview. Let T0b and T0b be i.i.d. and have an exponential distribution withparameter λUf

∫
j uf (j)a(i, j)dj, that is the probability to �nd a woman with whom the mat
hwill be formed. Then for an agent of type i, the individual 
ontribution of singlehood durationuntil and in
luding the time of exit into marriage with a woman of type j or 
ensoring is

L0i = um(i)

(
λUf

∫

j
a(i, j)uf (j)

)1−C0b+1−C0f

e
−
(

λUf

∫

j
uf (j)a(i,j)

)

(T0b+T0f )uf (j)
(1−C0f )where T0f > 0 and T0f > 0. Events o

urring after exit from being singlehood are independentof the events up to exit. Therefore, their probability is independent of the likelihood of beingsinglehood. The event immediately following type i's singlehood duration is the realization ofwhom to mat
h with. This event is given by the density of a

epted type uf (j).I note T1b (T1f ) the elapsed (residual) duration of marriage for the married people at thetime of the interview. If this duration is left 
ensored, I note C1b = 1 (C1b = 0 otherwise). Ifthis duration is right 
ensored, I note C1f = 1 (C1f = 0 otherwise). The 
ontribution to theloglikelihood of a man of type i married with a woman of type j whi
h separates after a 
ertainperiod is then

L1ij =
n(i, j)N

Lm
(λz(1− a(i, j)))1−C1b+1−C1f e−λz(1−a(i,j))(T1b+T1f ).I observe the total duration of partnership of around 10 % of 
ouples and the total length ofsinglehood for around 13 % of singles. On the non-
ensored observation, 
ouples stay togetherfor an average of 13 years whereas singles stay alone for 7 years in average. This �gures arepresented on graph ?? and graph 20 in appendix.4.2 Spe
i�
ation of the domesti
 produ
tion fun
tionsAs previously des
ribed in the se
tion on utilities, the spe
i�
ation of domesti
 produ
tion fun
-tion for single men and women is

Q(dm) = (dm −D0m)κm

Q(df ) = (df −D0f )
κf .16



People enjoy the part of domesti
 work whi
h is superior to the required level D0m for single menand D0f for single women. The maximization of utility under the budget 
onstraint of singlesleads to the following formula for domesti
 work
dm0(wi) = D0m +

κm
(1 + κm)wi

(wiT − C0m(wi)− wiD0m)

df0(wj) = D0f +
κf

(1 + κf )wj
(wjT − C0f (wj)− wjD0f ).The domesti
 produ
tion fun
tion for 
ouples depend on domesti
 works of both partners in thefollowing way

Q(dm, df ) = (dm −D0m)κm(df −D0c)
κf .The minimum level of housework required for married women 
an be di�erent than for singlewomen : D0c 6= D0f . This �exibility has been 
hosen to mat
h the observed domesti
 workof married women who work mu
h more at home than single women whereas domesti
 workof married men and single men are very similar. The quantities of domesti
 works are de�nedduring the Nash Bargaining as explained in the previous se
tion and solve the equation system(5) whi
h gives the two following identifying equations.

dmij = D0m +
κm

1 + κm + κf

1

wi
((wi + wj)T − C0m(wi)− C0f (wj)−wiD0m − wjD0c − Cc)

dfij = D0c +
κf

1 + κm + κf

1

wj
((wi + wj)T − C0m(wi)− C0f (wj)− wiD0m −wjD0c −Cc)I jointly estimate the parameters κm, κf , D0f , D0m and D0c with a system of linear regressions.I impli
itly assume that I observe dmi0, dfj0, dmij and dfij with some error terms un
orrelatedwith wages and with preferen
es.4.3 Preferen
e fun
tions : inferen
e from hoursTo 
ompute the single present value, the publi
 good and the average of transfers, I need theidenti�
ation of C0f and C0m. If Pf and Pm are known fun
tions and if κm, κf , D0f , D0m and

D0c are known, C0f and C0m 
an be re
overed from working hours of single individuals. UsingRoy's identity, you 
an write the following equations for working hours of single and marriedmen1515You also remark that hmi = T − Lmi − dmi and that C′
0m(wi) = L0m. You don't derive in Roy identity thepreferen
e fun
tions L0m and C0m. They are fun
tions of 
hara
teristi
s of the individual and re�e
t heterogeneityin preferen
es but are not 
hanging instantaneously. They are assumed 
onstant for ea
h individual during hisoptimization

17



hmijz = T − dmij − C′
0m(wi)−

P ′
m(wi)

Pm(wi)
(wi(T − dmij) + tmijz − C0m(wi)) (10)

hmi0 = T − dmi0 − C′
0m(wi)−

P ′
m(wi)

Pm(wi)
(wi(T − dmi0)− C0m(wi)).Using the equation for singles16 you 
an write the following linear di�erential equation :

C′
0m(wi)−

P ′
m(wi)

Pm(wi)
C0m(wi) = T − hmi0 − dmi0 −

P ′
m(wi)

Pm(wi)
wi(T − dmi0)whose solution is

C0m(wi) = Pm(wi)

∫ wi

0

T − hmi0 − dmi0 −
P ′
m(wi)

Pm(wi)
wi(T − dmi0)

Pm(w)
dw.Then if the aggregate pri
e indexes Pm and Pf are known, we 
an re
over the fun
tions C0m(wi)and C0f (wj). These aggregate pri
e indexes 
an be re
overed using transfers and the di�eren
eof market hours between married people and single people. Using (10), we 
an write :

hmijz − hmi0 = dmi0 − dmij −
P ′
m(wi)

Pm(wi)
(tmijz + wi(dmi0 − dmij)). (11)Then integrating the pre
eding equation, we get

∫

z|z>−Sxy
hmijz + dmij − hmi0 − dmi0 = −

P ′
m(wi)

Pm(wi)

(∫

z|z>−Sxy
tmijz + wi(dmi0 − dmij)

)
.We will 
onsequently regress the ratio∆Hmij = hmijz

z|z>−Sxy
+dmij−hmi0−dmi0 on tmijz

z|z>−Sxy
+

wi(dmi0 − dmij) to obtain
P ′
m(wi)

Pm(wi)
= −

∫
j

(
∆Hmij

)
(tmijz + wi(dmi0 − dmij))n(i, j)dj∫

j(tmijz + wi(dmi0 − dmij))2n(i, j)dj
. (12)Then Pm 
an be re
overed using transfers and the observation of domesti
 and market work.However, transfers are also fun
tion of C0m and C0f . Besides, the preferen
e parameters, κm,

κf , D0m, D0f and D0c are also estimated using C0m and C0f . These fun
tions are then solvednumeri
ally. Using initial values for these fun
tions we estimate κm and κf , 
ompute transfers,then Pm and Pf using (12) and we estimate new fun
tions for C0m and C0f until 
onvergen
e.This method seems to work well as it always 
onverges and the solution found doesn't dependon initial values.16Similarly for women
hfijz = T − dfij − C′

0f (wj)−
P ′
f (wj)

Pf (wj)
(wj(T − dfij) + tfijz − C0f (wj))

hf0j = T − dfj0 − C′
0f (wj)−

P ′
f (wj)

Pf (wj)
(wj(T − df0j)− C0f (wj))
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4.4 Bargaining powerThe parameter β is estimated by minimizing the errors in market hours predi
tion with the wholemodel. However, I obtain better predi
tions of estimated hours if I allow β to vary with wagesof the members of the 
ouple. I de�ne the bargaining power β as a linear fun
tion of the withinhousehold wage ratio su
h that βij = β0 + β1 log(
wi

wj
).5 Estimation resultsThere are 11 parameters and 5 fun
tions to estimate in the model. These parameters are displayedin table 2. Table 2: Parameters of the modelDis
ount rate rQuality sho
ks Fz(z), λzMeeting parameters λBargaining parameters β0, β1Domesti
 produ
tion κf , κm, D0m, D0f , D0fcPreferen
e fun
tions Pm(wi), Pf (wi), Cm(wi), Cf (wj)Cost CcAll parameters 
an't be estimated. The dis
ount rate r is set at 3 % per year. The distributionof the mat
h quality sho
k Fz(.) is modeled with a 
entered Gaussian distribution of varian
e

σ2
z set to 0.117. The parameters λ and λz are estimated independently using the exponentialduration model previously des
ribed. The domesti
 produ
tion parameters and the preferen
efun
tions are estimated together as des
ribed in the previous se
tion. I �x the 
ost Cc at 800¿ a month whi
h is the minimum required to obtain realizable predi
tions of market hours. As65 % of married 
ouples in my sample have 
hildren, this must represent an average additional
ost supported by parents to raise 
hildren18. The bargaining parameters whi
h �t the best thedata are β0 = 0.5 and β1 = 0.15. I keep this estimate in 1999. However for the longitudinalanalysis, I �x β0 = 0.7 and β1 = 0 to make the interpretation of transfers evolutions simpler.The 
losing gender wage gap would have an e�e
t on β plus an e�e
t on single present valuesand it would be di�
ult to disentangle the two e�e
ts. Table 3 presents the parameter estimatesin 1999 where the sample is the largest. The parameters of quality sho
ks and meeting give anaverage duration of singlehood of 10 years for single men and 8 years for single women and aaverage duration of 
ouples of 19 years.17I derive an estimation method of σz in appendix18However, I should also take into a

ount that many single women also in
ur an additional 
ost for raising
hildren. 30 % of single women in my sample have 
hildren, whi
h 
on
erns less than 2 % of men.19



Table 3: Parameters estimationQuality sho
ks(a) Meeting parameters(a) Domesti
 produ
tion parameters
λz λ κf κm D0m D0f D0c0.0030 0.00028 0.042 0.018 3.6 6.6 8.4(0.00014 ) (0.0017 ) (0.009 ) (0.003 ) (0.32 ) (0.62 ) (1.5 )(a)Standard errors are obtained by bootstraps (100 repli
ations)The preferen
e fun
tions are represented on �gure 6. The top panel represents the minimalamount of 
onsumption and shows that it in
reases almost linearly with wages for both men andwomen. The slope is a little bit higher for men. The middle panel represents the pri
e indexand shows that it is also in
reasing with wage. The bottom panel of �gure 6 represents the
orresponding preferen
e fun
tions in the dire
t utilities : αmi and αfj . Remind that

C0mi = C0mi + wiL0mi

Pmi =
w1−αmi

i

ααmi

mi (1− αmi)1−αmiPreferen
e for leisure (1 − α) in
reases with wage and is higher for women than for men. Lowwage women enjoy more leisure than low wage single men.Figure 6: Preferen
e for 
onsumption and leisure
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Evolution of preferen
es over time Estimating these fun
tions and parameters ea
h year,we obtain some variations. Figure 7 shows the evolution of the estimated parameters. The bladearea represents the 90 % 
on�den
e interval. D0f and D0c have de
reased from 1991 to 1999 thenstabilized. The minimum required in domesti
 produ
tion is lower for single women (6 hours aweek) than for married women (10 hours a week). D0m has remained stable at 4 hours a week.The preferen
e parameters for domesti
 produ
tion κm and κf did not follow any trend, they�u
tuate around 0.035 for women and around 0.015 for men.Figure 7: Evolution of domesti
 produ
tion fun
tion parameters

Figure 8 represents the evolution of preferen
es for 
onsumption and leisure over years. It seemsthat men preferen
es have more 
hanged than women preferen
es. Men have de
reased theirminimum level of 
onsumption and leisure and have de
reased their preferen
es for 
onsumptionrelative to leisure. This results seem 
on�rm the intuition of Aguiar et al. ([1℄, 2007). On the
ontrary, women have slightly in
reased their minimum level of 
onsumption and leisure andhave very slightly in
reased their preferen
e for leisure relative to 
onsumption.Figure 8: Evolution of preferen
es for 
onsumption and leisure(a) C0 + wL0
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5.1 Cross se
tion analysis in 19995.1.1 Mat
hing patternsThis se
tion presents the estimation of the mat
h probability a(wagei, fi, wagej , fj) whi
h is theprobability that a man of type (wagei, fi) and a woman of type (wagej , fj) mat
h if they happento meet. I represent this 4 variable fun
tion on a 3D graph. The left panel of �gure 9 shows theexpe
ted mat
h probability 
onditional on wages19. The left panel is a 3D plot whereas the rightpanel represents the level 
urves. The left panel shows that the mat
hing probability is stronglyin
reasing in both wages. The probability that a man with a wage rate of 30¿ mat
hes witha woman of wage rate 25¿ when he meets her is 0.2 whereas the probability that he marries awoman of wage rate 5¿ when he meets her is 0.06. This �gure also shows a little dissymmetrymore visible on the right panel. Women with low wages have higher 
han
es to marry than menwith low wage. The probability that a ri
h man marries a low wage woman is higher than theprobability that a ri
h woman marries a poor man, even if they have the same probability ofmeeting. Figure 10 represents the mat
h probability 
onditional on the Family Value Index. Theexpe
ted probability of mat
hing is lower in average meaning that the F.V.I explains less of themat
hing probability. The highest expe
ted mat
h probability 
onditional on F.V.I rea
hes 0.14and is obtained for individuals with high family value index. In 
omparison, the maximum ofmat
h probability 
onditional on wages rea
hed 0.2 for the highest wages of men and women.The right panel shows that the mat
hing probability is higher when the two F.V.I are high and
lose. Figure 9: Expe
ted Marriage probability 
onditional on wages
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19 The a
tual formula for the 
onditional expe
tation represented on the graph is
a(wi, wj) = E(a(wi, fi, wj , fj)|wi, wj) =

∫

fi

∫

fj

a(wi, fi, wj , fj)n|(wi,wj )(wi, fi, wj , fj)with n|(wi,wj )(wi, fi, wj , fj) the density of 
ouple of type (wi, fi, wj , fj) 
onditional to (wi, wj)
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Figure 10: Expe
ted Marriage probability 
onditional on Family Value Index
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I represent the a�nity fa
tor Φij 
onditional on wages on �gure 11. Its shape is slightly di�erentfrom the total surplus. Low wage women have a�nity with low wage men. It is not the higherthe wage the better anymore. Same wage partners have high 
omplementarities in publi
 goodprodu
tion. When we look at the a�nity fa
tor 
onditional on the Family Value Index on �gure12 the best mat
h is also rea
hed for individuals with 
onservative family values. It is low forfemale with low FVI and in
reases sharply with women FVI. Women with 
onservative familyvalues are valuable for produ
tion of the publi
 good.Figure 11: A�nity fa
tor 
onditional on wages
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Figure 12: A�nity fa
tor 
onditional on Family Value Index
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Figure 13 represents 
ross 
hara
teristi
s preferen
es. The left panel show that 
omplementaritiesin publi
 produ
tion is high for high FVI women and low wage men. Women's FVI seem to havea stronger positive impa
t on the publi
 produ
tion fa
tor than men's wage. Interestingly, theright panel shows that publi
 produ
tion is mu
h higher for low wage women with high FVImale and 
an be very low for high wage women with low wage men. Publi
 produ
tion seemsto be linked with strong beliefs in the importan
e of traditional family stru
ture and may be inopposition with women work.Figure 13: A�nity fa
tor 
onditional on 
ertain 
hara
teristi
s
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Female wageMale FVIThe previous graphs show the shape of the a�nity fa
tor with respe
t to 2 out of the 4 
har-a
teristi
s : wi, wj , fi, fj . It would be interesting to better understand the 
ontribution of ea
hvariable to this fa
tor and their intera
tion. To this end, I perform a nonparametri
 regression ofusing Generalized Additive Models (GAMs). I present in table 4 the generalized R2 obtained fordi�erent spe
i�
ations of the intera
tions of variables (I put a note on GAM in appendix). The
hara
teristi
s of the woman 
ontribute more to the a�nity fa
tor. Her FVI explains 24 % of thevarian
e. The family value of the woman explains more than her wage. The intera
tion of thepartners wage plus the intera
tions of the partners FVI a

ount for almost all the varian
e : 92.424



%. The intera
tion of the male 
hara
teristi
s plus the intera
tion of the women 
hara
teristi
sa

ount for 44.2 % of the varian
e. There exist strong 
omplementarities between partners. Thepubli
 good is not only a sum of 
ontributions of ea
h partner.Table 4: Comparisons of di�erent modelsSpe
i�
ations Generalized R2

E(Φ|wm, fm, wf , ff )

g(wm) 3.3%
g(fm) 9.4%
g(wf ) 6.7%
g(ff ) 23.8%
g(wm, fm) 13.0 %
g(wf , ff ) 31.2 %
g(wm, wf ) 41.0 %
g(fm, ff ) 51.4 %
g(wm, ff ) 27.6 %
g(wf , fm) 17.4 %
g(wm, wf , fm, ff ) 96.2 %5.1.2 Transfers and InequalitiesIn this se
tion, I 
onsider di�erent measures of resour
e sharing within households. The usualsharing rule derived in 
olle
tive models with household produ
tion is the 
onditional sharingrule. This rule represents how the resour
es are shared after ea
h member had spent some timein domesti
 produ
tion. However, this rule negle
ts publi
 produ
tion. It doesn't represent howindividual 
ontribute to domesti
 produ
tion. A woman 
an get a large part of the rest of thetotal in
ome, but she may have also 
ontributed mu
h more to domesti
 produ
tion than herhusband and she �nally doesn't bene�t so mu
h from the 
ouple surplus.Another measure of how resour
es are shared 
an be the generalized sharing rule whi
h de
en-tralizes via personal pri
es the spending in publi
 
onsumption. The generalized sharing ruleis then equal to the 
onditional sharing rule plus one's spending in domesti
 produ
tion. Thisthe generalized sharing rule whi
h has been named tm in the present paper. However this rulenegle
ts pri
e of publi
 
onsumption. Indeed, men and women 
ould have di�erent marginalpropensity to spend time and money in publi
 produ
tion, then it 
ould be less 
ostly for awoman to spend more time in housework than for a man. To be 
learer, the generalized transfersare tm and tf su
h that tm + tf = −Cc. The 
onditional transfers are tmc = tm − wmdm and

tfc = tf − wmdm su
h that tmc + tfc = −wmdm − wfdf − Cc.We 
an also 
onsider the measure developed in Chiappori, Meghir (2013), the Money Metri
25



Welfare Index (hen
eforth MMWI) whi
h 
orresponds to the monetary amount that an agentwould need to rea
h alone the same utility level that she rea
hes when she is in 
ouple. Chiapporiand Meghir (2013) argue that the Money Metri
 Welfare Index fully 
hara
terizes the utility levelrea
hed by the agent. If we give M to a single individual of type i, he would rea
h the followingutility level
vmi =

(dm −D0m)κm(wi(T − dmi0) +M − C0m(wi))

Pm(wi)
.When he is married with a woman of type j under 
ir
umstan
e z he rea
hes

vmijz = (Φij + z)F (dm, df )
wi(T − dmij) + tmijz − C0m(wi)

Pm(wi)
.To equalize these both utilities, the man should re
eive

Mmijz = −(wi(T − dmi0)− C0m(wi))

+
1

(dm −D0m)κm
(wi(T − dmij) + tmijz − C0m(wi))F (dm, df )(Φij + z).The 
ouple brings Mijz to the man and Mfijz to the woman. This transfer in
reases with do-mesti
 produ
tion of the 
ouple and with the a�nity fa
tor. It de
reases with the domesti
produ
tion as single and with the single total resour
e. It also in
reases with the 
onditionalsharing rule. To sum up, I have available three instruments to measure within household in-equalities, the generalized sharing rule, the 
onditional sharing rule and the MMWI. AlthoughI don't observe the random variable z, I 
an 
ompute the average of transfers for all possiblevalue of z whi
h allow people to mat
h. The expression of average within household generalizedtransfers are

tmijz = E(tmijz|i, j, z > −s(i, j))

tfijz = E(tfijz|i, j, z > −s(i, j)).Using Dis
rete Cosine Transform, I 
ompute the three measures of transfers for ea
h men andwomen of ea
h 
ouple. In 1999, the median of the MMWI's share of the woman ( Mf

Mf+Mm
) is0.32 that is 50% of married women get less than 32% of the surplus generated by the 
ouple.The median of the woman 
onditional transfer is - 658 ¿ whi
h is the share of the 
hildren 
ost20supported by the woman plus the total opportunity 
ost of her domesti
 work. The median ofthe woman generalized transfer is equal to - 200 ¿ whi
h is only the share of the 
hildren 
ostsupported by the woman.Table 5: Median value of transfers to the women in 1999MMWI woman'share (

Mf

Mm+Mf
) 0.20Generalized Sharing Rule -228 ¿Conditional Sharing Rule -701 ¿20equal to 800 ¿ 26



However the median is not very informative. Let's study more pre
isely these transfers onparti
ular types of household. I 
onsider 9 di�erent types of household whi
h depend on theposition of ea
h partner in the wage distribution. I 
onsider 3 
ategories, those whose wagesare below the �rst quartile (w ≤ q25), those whose wages are between the �rst quartile and thethird quartile (w ∈ [q25− q75]) and those whose wages are over the third quartile (w > q75). Theaverage of these transfers among ea
h type of household are presented in table 6Table 6: Average values of transfers to the women a

ording to the household typeWoman Wage Quantile ≤ q25 [q25 − q75] > q75Man Wage Quantile ≤ q25 [q25 − q75] > q75 ≤ q25 [q25 − q75] > q75 ≤ q25 [q25 − q75] > q75Woman share of MMWI 0.23 0.23 0.21 0.24 0.21 0.21 0.19 0.20 0.19
(

Mf

Mm+Mf
)Conditional Sh.Rule -605 -522 -435 -882 -791 -702 -1441 -1281 -1234Generalized Sh.Rule -244 -116 27 -270 -275 -114 -676 -383 -390To obtain a 
omplete 
hara
terization of these transfers, I regress them on individuals 
hara
-teristi
s. Indeed, even if we have the exa
t formula for all these transfers, the impa
t of di�erentvariables is not obvious in the expression (1−β)rPmWmi−βrPfWfj

F (dmij ,dfij)(Φ(i,j)+z) for instan
e. Regression resultsare presented in table 7. The �rst 
olumn displays the result for the average share welfare forwomen that is Mf

Mf+Mm
, the se
ond 
olumn displays the results for the generalized transfer. Thetransfer in
reases in woman's wage and de
reases in her husband wage. It also in
reases in FVIof both members. The arbitrage between optimal value of the FVI and the wage is here welldes
ribed. Let us 
onsider an average 
ouple where the man has an FVI of 11.7 and an hourlywage of 12.5 ¿ and the woman has an hourly wage of 9 ¿ and a FVI index of 10.7. An in
rease of1 ¿ in man's wage leads to a de
rease in 63 ¿ in the woman's 
onditional transfer and a de
reasein 10 % in her welfare share. An in
rease of 1 ¿ in woman's wage leads to a in
rease in 54 ¿ inher 
onditional transfer and a in
rease in 11 % in her welfare share. An in
rease of 1 point inman's FVI leads to a in
rease in 6 ¿ in the woman's 
onditional transfer and a de
rease in 1 %in her welfare share whereas an in
rease of 1 point in woman's FVI wage leads to an in
rease in29 ¿ in her transfer and an in
rease in 3 % in her welfare share.
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Table 7: Determinants of the MMWI and the 
onditional sharing rule in 1999Variables Woman share Sharingof MMWI (%) rule tf (¿/mth)Constant −0.23 −926.03

(12.22) (114.02)Wage male −16.80 −45.93

(0.43) 4.04Wage male square 0.28 −0.70

(0.01) (0.11)Wage female 18.10 65.66

(0.66) (6.16)Wage female square −0.38 −0.63

(0.03) (0.2)FVI male 2.44 54.38

(1.60) (14.91)FVI male square −0.07 −2.06

(0.06) (0.6)FVI female 5.83 39.14

(1.57) (14.64)FVI female square −0.15 −0.49

(0.07) (0.65)

R2 80.1 % 75.5 %5.1.3 Predi
tion of hoursUsing the model, I 
ompute the predi
ted working hours of married people. The graph 14 showsa very good predi
tion of market hours for both men and women. I also 
ompute what wouldbe the working hours of individuals in two extremal 
ase. The �rst 
ase is when there is nopossibility of transfers. Then married individuals still bene�t from 
omplementarity in domesti
produ
tion but ea
h member keeps his own labor in
ome and pay the half of the 
hildren 
ost.The dash line with little stars shows what would be the number of working hours if the individualdidn't get any transfer from his spouse (positive or negative). The se
ond 
ase is when marriedindividuals share equally all their resour
es. More pre
isely the expression of men labor supplyin these three 
ases are
28



Hours with transfers hmijz = T − dmij − C′
0m(wi)−

P ′
m(wi)

Pm(wi)
(wi(T − dmij) + tmijz − C0m(wi))Hours without transfers hmijz = T − dmij − C′

0m(wi)−
P ′
m(wi)

Pm(wi)
(wi(T − dmij)− C0m(wi)−

Cc

2 )Hours with equal sharing hmijz = T − dmij − C′
0m(wi)−

P ′
m(wi)

Pm(wi)
(wi(T − dmij) + wj(T − dfij)− C0m(wi)− C0In the last two equations, there is no �bargaining e�e
ts�. Labor supplies depends on the stan-dards in
ome e�e
t and substitution e�e
ts. When man's wage rises, his labor supply tend toin
rease through substitution e�e
t with the de
rease in P ′

m(wi)
Pm(wi)

and the de
rease in domesti
work dmij (and the in
rease in wife's domesti
 work). It tends to de
rease through the in
omee�e
t with the rise in wiT − C0m(wi). Whereas the �rst equation also in
ludes a �bargaininge�e
t� whi
h a
ts like an in
ome e�e
t through an in
rease in the transfer tm due to an higherwage. This bargaining e�e
ts then tends to redu
e man labor supplies when his wage rises.Resour
e sharing mostly bene�t to low wage women who 
an work mu
h less as if they didn'tget any transfer. On the 
ontrary, married men should work less than they do to 
ompensatethe transfer they give to their wife. If individuals shared equally their resour
es, as men havegenerally higher wages, they would work mu
h more as they would give more than half of theirresour
es to their wife. On the 
ontrary, women would work mu
h less. The a
tual workinghours lie between the two extremal 
ases.Figure 14: Predi
tion of working hours in 2009
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5.2 Evolution from 1991 to 20085.2.1 Transfers and inequalitiesHow did these transfers evolve overtime ? I represent on �gure 15 the evolution of the medianwomen's share of the total surplus that is Mf

Mf+Mm
and the evolution of their 
onditional andgeneralized sharing rule. We observe the in
rease in women's share of the surplus overtime. Themedian of the generalized sharing rule has also in
reased a little from 1991 to 1995 whereas themedian of the generalized sharing rule has remained stable. This would mean that most of thein
rease in women welfare would 
ome from the de
rease in their domesti
 work whi
h is higherthan the de
rease of domesti
 work of single women.Figure 15: Evolution of transfers(a) MMWI
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(b) Monetary transfers
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To obtain a 
omplete pi
ture of inequalities, I 
ompute the varian
e of the logarithm of theindividual MMWI and the varian
e of the logarithm of the individual monetary resour
e that is
wi(T − dmij + tm − C0mi) for the man and wj(T − dfij + tf − C0fj). As in Lise-Seitz, 2012 [23℄,I de
ompose this varian
e in two terms : the inter-household varian
e and the intra-householdvarian
e su
h as

V(Mmg) = E(V(Mmg|g ∈ (i, j)) + V(E(Mmg|g ∈ (i, j)))Left panel of �gure 16 shows that the total varian
e of the woman's share of the surplus de
reasesovertime and that this de
rease is mostly due to the de
rease of the intra-household varian
e.On the 
ontrary, we observe on the right panel a de
rease in the total varian
e of the logarithmof resour
e, this de
rease is mostly due to the de
rease of the inter-household varian
e.
30



Figure 16: Varian
e de
omposition(a) Log of individual MMWI
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(b) Log of individuals resour
es

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Years

 

 

Intra−household Variance
Inter−household variance
Total variance

5.2.2 Predi
tion of hoursIn a similar way that in se
tion 5.1.3, I 
ompute the predi
ted hours for ea
h individual of ea
hsample and the predi
ted hours with (i) no within household transfers and (ii) equal sharing. Ipresent the evolution of the average of working hours by marital status on �gure 17. Withouttransfer, men would work 1 hour less in average that is about 2.5 % less. To the 
ontrary, marriedwomen would work more by 2 hours that is about 4.5 % more. This gap seems 
onstant overtimefor both men and women. If there was equal sharing, men would have worked 2 hours more from1991 to 1998, 3 hours more until 2006, then 4 hours more. On the opposite, with equal sharing,women would have worked 4 hours less from 1991 to 2002 then 4 hours from 2002 to 2007.Figure 17: Evolution of working hours(a) Men
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(b) Women
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Equal sharingFigure 18 show the within household wage ratio growth and the within household work ratiogrowth from 1999 to 2008. The wage ratio has in
reased by 9 % over these years (womenwages have relatively in
reased more than their male partners) whereas the work ratio has only31



in
reased by 3 %. If people share resour
es equally, the work hour ratio would have in
reased by8 % (dashed line on Figure 18). This 
on�rm the result found by Jones et al. ([21℄, 2003) andKnowles ([22℄,(2013), married men should have de
reased mu
h more their labor supply thanthey a
tually did.Figure 18: In
rease rate of working hours ratio and wage ratio
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6 Simulations6.1 Chara
terization of the equilibriumIn this se
tion I 
he
k that we 
an go ba
kward, that is, 
al
ulate the equilibrium distributionof 
hara
teristi
s and mat
h probabilities from the previous nonparametri
 estimates of thestru
tural parameters, namely, the 
omplementarities in 
hara
teristi
s Φ(i, j) and the preferen
eparameters. Let n(i) denotes the density of married men of type i, then Umum(i) = Lmlm(i)−

Nn(i) and n(i) =
∫
j n(i, j)dj. Besides, remind that

n(i, j) =
λum(i)Umuf (j)Ufa(i, j)

Nλz(1− a(i, j))
,then we obtain the following equation for the distribution of type i among single men

Umum(i) =
lm(i)Lm

1 + λ
λz
Uf

∫
j
a(i,j)uf (j)
1−a(i,j)Similarly, we obtain the expression for density of single women. Now, we will 
ompute theequilibrium expression of the present value of single men and single women. We obtain the
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following Bellman equation for a single individual using equation (2) and (4)
smi = Pm(rWmi − vmi)

= λ

∫ ∫

z j
max(PmSmij(tmijz), 0)ufUf (j)dG(z)

= λ

∫ ∫

z j

(
max

(
β

r + λz
F (dmij , dfij)Rij(s(i, j) + z), 0

)
uf (j)UfdG(z)

)

=
βλ

r + λz

∫

j
F (dmij , dfij)Rij

(∫

z
max(s(i, j) + z, 0)dG(z)

)
uf (j)Uf .We �rst 
ompute the inner integral on z :

∫

z
max(s(i, j) + z, 0)dG(z) = s(i, j)a(i, j) +

∫ +∞

−s(i,j)
zdG(z)

= s(i, j)a(i, j) + σ

∫ +∞

− s(i,j)
σ

vdΦ(z)

= s(i, j)a(i, j) + σφ

(
s(i, j)

σ

)

= µ(a(i, j)),then we obtain the following formula for the present value of a single man of type i and a womanof type j

smi =
βλ

r + λz

∫

j
F (dmij , dfij)Rijµ(a(i, j))uf (j)Uf (13)

sfj =
(1− β)λ

r + λz

∫

i
F (dmij , dfij)Rijµ(a(i, j))um(i)UmAn equilibrium is a �xed point of (um, uf ,Wm,Wf ) of the following system of equations wherethe �rst two equations determine equilibrium wage distributions for singles and the last twoequations determine equilibrium present values of single men and single women.

um(i) =
lm(i)Lm

Um + λ
λz
UfUm

∫
j
a(i,j)uf (j)
1−a(i,j)

uf (j) =
lf (j)Lf

Uf +
λ
λz
UmUf

∫
i
a(i,j)um(i)
1−a(i,j)

Pmi(rWmi − vmi) =
βλ

r + λz

∫

fj
F (dmij , dfij)Rijµ(a(i, j))uf (j)Uf

Pfj(rWfj − vfj) =
(1− β)λ

r + λz

∫

mi
F (dmij , dfij)Rijµ(a(i, j))um(i)Um,where a(i, j) solves the following �xed point equation

a(i, j) = 1− Fz

(

−Φ(i, j) +
rPmWmi + rPfWfj

F (dmij , dfij)Rij

−
λz

r + λz

µ(a(i, j)))

)

.Despite the la
k of a global 
ontra
tion mapping property, The standard �xed-point iterationalgorithm, xn+1 = Txn works well in pra
ti
e, even starting far from the equilibrium (for instan
ewith sm = 0 and um(i) = lm(i)). For ea
h dataset, the algorithm 
onverges to the equilibriumobserved in the data. I obtain the �xed point (um, uf ,Wm,Wf ) whi
h 
orresponds to the densityand present value we observe in the data. 33



6.2 Simulation of other equilibriaWhat would 
hange if all women had higher wages whereas men's wages wouldn't 
hange ? Usingmy sample in year 2001, I slightly 
hange the wage distribution of men and women and look atits impa
t on di�erent out
omes. I 
onsider the following di�erent s
enarios :� S
enario 1: Women's distribution of wage is uniform on [10£−20£] and the distributionof men doesn't 
hange.� S
enario 2: Men's distribution of wage is uniform on [10£ − 20£] and the distributionof women doesn't 
hange.� S
enario 3: All single women with a wage inferior to 10 ¿ re
eive a transfer of 500 ¿ea
h month. Table 8: Simulation exer
ises2009 Simulated S
enario 2 S
enario 3 S
enario 4data equilibriumMat
hing pattern
Um 424 418 433 350 695
Uf 420 418 451 324 695So
ial surplus
E(s(x, y) 1.713 ∗ 106 1.99 ∗ 106 1.924 ∗ 106 1.782 ∗ 106

+E|z>−s(x,y)(s(x, y) + z))Labor supplyMarried men 46.5 45.4 44.0 47.1 46.1Married women 32.7 31.7 35.8 31.0 30.3Single men 41.8 41.7 41.6 43.3 41.4Single women 34.2 34.1 37.5 34.0 27.2S
enario 1 When women's wages are higher, there are more single people. Women would notlike to mat
h with men with lower wages than them. They prefer to stay single. Married womenwork more by 4 hours due to a substitution e�e
t redu
ed by a bargaining e�e
t and marriedmen work less by 1 hour due to in
ome e�e
t redu
ed by a bargaining e�e
t. Single men work thesame and single women work 3.5 hours more be
ause of substitution e�e
ts. The so
ial surplusis higher21. Quelles sont les femmes mariées i
i ? Les plus ri
hes ou les moins ri
hes ? à véri�erS
enario 2 When men's wages are higher, there are less single people. All women want tomat
h with higher wage men. Married women work 0.7 hours less be
ause of two opposite21I 
ompute in appendix how I derive that formula for the total so
ial surplus34



e�e
ts, a negative in
ome e�e
t and a positive bargaining e�e
t due to a de
rease in theirtransfer. Married men work more by 1.7 hours due to a positive substitution e�e
t redu
ed by abargaining e�e
t. Single women work the same and single men work more by 1.6 hours whereasthey get lower wages than married men (through sele
tion e�e
ts). The so
ial surplus is higherbut less than in S
enario 1.S
enario 3 When single women get high subsidies, they prefer to stay single than loosing it.There are a lot of single individuals. Married men work 1 hour more be
ause they loose somebargaining power and married women work 1 hour less be
ause they in
rease their bargainingpower. Single men work the same and single women work less by 7 hours due to a big in
omee�e
t. The so
ial surplus is higher (be
ause money 
ome from nowhere here) but mu
h less thanin the last two s
enarios.These simulation exer
ises would be very interesting to simulate the impa
t of taxation and familypoli
y programs on mat
hing patterns and labor supplies. This would require the introdu
tionof taxation and 
hildren. I propose in the two following subse
tions a way to introdu
e these twoimportant features.7 Extensions7.1 Extension to taxationMany 
ountries use joint taxation: taxes are based on the household in
ome level and not onthe individual in
ome. Even in 
ountries whi
h use individual taxation as a basis, there 
an bea bit of joint taxation to give some bene�ts to low in
ome families. The estimation of 
olle
tivemodels with taxation is a little bit tri
kier. Donni ([16℄,2003) and Donni and Moreau ([25℄,2002)showed that the de
entralization pro
ess still applies but needs additional 
on
epts as shadowwages and shadow non labor in
ome. The household budget 
onstraint with taxation is
Ci + Cj + Cc ≤ g[wi(T − di − Lim) +wj(T − dj − Lj)]with g representing the total labor in
ome revenue net of taxation. Donni de�nes shadow wages

ωm and ωf as
ωmij = wig

′[wi(T − dmij − Li) + wj(T − dmij − Lj)]

ωfij = wjg
′[wi(T − dmij − Li) + wj(T − dfij − Lj)],And the shadow non labor in
ome as

η = g[wi(T − dmij − Li) + wj(T − dfij − Lj)]− ωmij(T − dmij − Li)− ωfij(T − dfij − Lj).The household de
entralization pro
ess is the following. First the members bargain over thequantity of domesti
 produ
tion they want to produ
e and about the sharing rule su
h that35



tmij + tfij = η. Then ea
h of them maximizes his own utility under his budget 
onstraint
max
ci,li

umi(Ci, Li)s.
 Ci ≤ ωmij(T − Li − dij) + tmijz.If we 
onsider in
ome support for low in
ome family, we 
ould have a non 
onvex budget set andit would be di�
ult to solve analyti
ally the model (Salanié, 2003, [26℄). However, if we 
onsidera negative marginal tax rate (as for instan
e, we 
an 
onsider the WFTC in the UK) for lowin
ome household when they are working, we may still have a 
onvex budget set. In this 
ase,the model 
an be derived similarly. Wages are repla
ed by their shadow wages. Equations ofresulting surplus and transfers are derived in appendix.7.2 Extension to 
hildrenChildren are not taken into a

ount in this setting. However, I propose a way to introdu
e
hildren in that kind of model at the 
ost of two additional strong hypothesis. First, I assumethat when two people de
ide to mat
h, they immediately and ne
essarily have 
hildren. Se
ondwhen a 
ouple separates, it is always the woman who keeps the 
hildren22. The marriage marketis then 
omposed of single men without 
hildren, single women with or without 
hildren and
ouples with 
hildren. The model is still identi�ed.In this variation, I assume that women's preferen
es for leisure and 
onsumption are thesame for women with 
hildren than for women without 
hildren. However, I assume that having
hildren in
ur a 
ost for both single mothers and 
ouples with 
hildren. Single men without
hildren and single women without 
hildren do not pay this 
ost. Finally I assume that marriedand single mothers value similarly domesti
 produ
tion with the same preferen
e parameter κfcand need the same minimum quantity of housework D0c. The present value of single mothersis di�erent from the present value of single women without 
hildren. The outside option formarried women is now to be a single mother, whi
h 
hanges a little bit the bargaining terms.I present the program of a single woman in appendix as well the new Nash bargaining and theresulting surplus.The equilibrium on the market is also di�erent. Single men 
an mat
h with single women without
hildren and with single women with 
hildren. Then there exist two di�erent mat
h probability.
a(x, y) is the mat
h probability of a single woman of type j without 
hildren with a single manof type i when she meets him whereas a(x, y)c is the mat
h probability of a single mother of type
j with a single man of type i when she meets him. The equilibrium 
ondition be
omes

λz(1− acij)Nnij = Umum(i)λ(Ufuf (j)aij + U c
fu

c
f (j)a

c
ij)Then, we 
an still re
over scij from data by adding hypothesis on the distribution on z and derivethe model. I present the solution in appendix. The estimation is however quite 
umbersome.22In my data, around 65 % of 
ouples have 
hildren, 25 % of single women have 
hildren whereas less than 2 %of single men have 
hildren. Cf �gure 22 in Appendix 36



8 Con
lusionThis paper proposes a model whi
h identi�es the impa
t of mat
hing preferen
es and maritalsorting on intra-household allo
ation and labor supply.Considering mat
hing pattern, this model identi�es the total surplus formed by a mat
h. I dis-entangle what 
omes from preferen
es and 
omplementarities of 
hara
teristi
s and what 
omesfrom resour
e sharing, and produ
tivity. I show that if total surplus in
reases in wages of bothmembers of the household, 
omplementarities in 
hara
teristi
s 
an be higher for same wage
ouples.Relative wages and family value indexes have a large impa
t on the allo
ation of resour
es. Highwage women and 
onservative women get higher share of the surplus of the 
ouple.Finally, I show that bargaining e�e
ts are signi�
ant on labor supply of married individuals. Atan aggregate level, bargaining e�e
ts redu
e labor supply of married women by 2 hours a weekand in
rease married men labor supply by one hour a week.It is important to take heterogeneity into a

ount. The analysis of the evolution over 18 years onthe BHPS shows that welfare of married women and within household inequalities of resour
eshave remained stable over these years. I show that men preferen
es for leisure have in
reased.Finally, simulations show that initial distribution of 
hara
teristi
s have strong impa
t on mat
h-ing patterns and resulting labor supplies whi
h 
on�rm the need to model the marriage markettogether with the sharing rule. These results 
all for further resear
h in modeling exhaustiveparti
ipation and fertility de
isions.
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APPENDIX 1 : proof of proposition 2.1Using equation (3) the surplus of a marriage for a i-type man with a j-type woman is
PmiSmijz =

F (dmij , dfij)(Φij + z) (wi(T − dmij) + tmijz − C0mi)− rPmiWmi + λz

∫
z′ max(PmiSmijz, 0)dG(z′)

r + λz
,then we obtain the following formulas for transfers using equation (4)

tmijzF (dmij , dfij)(Φij + z) = (r + λz)βS(i, j, z) + rPmiWmi − (wi(T − dmij)− C0mi)F (dmij , dfij)(Φij + z)

− λz

∫

z′
max(PmiSmijz, 0)dG(z′) (14)

tfijzF (dmij , dfij)(Φij + z) = (r + λz)(1− β)S(i, j, z) + rPfjWfj − (wj(T − dfij)− C0fj)F (dmij , dfij)(Φij + z)

− λz

∫

z′
max(PfjSfijz, 0)dG(z′).As we have tmijz + tfijz = −Cc, we 
an 
ompute the total surplus by summing the last twoequations

F (dmij , dfij)(Φij + z)(wi(T − dmij) + wj(T − dfij)− C0mi − C0fj − Cc)

= (r + λz)S(i, j, z) + rPmiWmi + rPfjWfj − λz

∫

z′
max(Sijz, 0)dG(z′). (15)Using Rij = wi(T − dmij) + wj(T − dfij)− C0mi − C0fj − Cc, in equation (15), we obtain

(Φij + z)F (dmij , dfij)Rij = (r+ λz)S(i, j, z) + rPmiWmi + rPfjWfj − λz

∫

z′
max(Sijz, 0)dG(z′).Assuming Rij > 0 and F (dmij , dfij) > 0, we get

S(i, j, z) =
F (dmij , dfij)Rij

r + λz

(
Φ(i, j) + z −

rPmiWmi + rPfjWfj − λz

∫
z′ max(S(i, j, z′), 0)dG(z′)

F (dmij , dfij)Rij

)
.Then using the formula (14), we obtain the expressions for transfers.
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APPENDIX 2 : Additional data des
ription
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Singlehood duration for single mothersFigure 19: Evolution of the average observed duration of 
ouples and singlehood from 1991 to2008. Author's 
omputations from the BHPS population of employed people aged 22-40.Le
ture : in 1992, the average partnership duration of 
ouples for whi
h we observe the totalduration (date of formation and date of separation) is 13 years.
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Figure 20: Evolution of the share of total duration observed from 1991 to 2008. Author's
omputations from the BHPS population of employed people aged 22-40Le
ture : in 1992, we observe the total partnership duration of 10 % of 
ouples.41
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Single Women with childrenFigure 21: Evolution of sample size from 1991 to 2008. Author's 
omputations from the BHPSpopulation of employed people aged 22-40.Le
ture : in 1992, the sample is 
omposed of 913 
ouples (of whi
h 553 have 
hildren), 383single men (of whi
h 4 have 
hildren) and 434 single women (of whi
h 146 have 
hildren)
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Figure 23: Evolution of the sample 
omposition from 1991 to 2008. BHPS(a) Single ratio
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omputations from the BHPSpopulation of employed people aged 22-40Le
ture : in 1992, single men are 28.5 year old in average whereas married men are 31.8, singlewomen are 29 year old and married women are 30 year old in average.
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ture : in 2000, 75 % of women and 90 % of men have a job. 85 % of single men and 93 %of married men have a job.(a) Domesti
 work ratio
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omputations fromthe BHPS population of employed people aged 22-40 living in 
ouples. The within domesti
work ration of 
ouples is the average of the ratio of women domesti
 work over their husbanddomesti
 work. The general domesti
 work ratio is the ratio of the average domesti
 work ofmarried women of the average domesti
 work of married men. This is the ratio generally usedin ma
roe
onomi
 studies.
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APPENDIX 3 : Additional resultsFigure 27: Evolution of labor supplies with 1999 preferen
es(a) Men
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Single women
Married womenFigure 28: In
rease rate of working hours ratio and wage ratio with 1999 preferen
es
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APPENDIX 4 : Computational detailsThe 
omputational method is the one used by Ja
quemet and Robin ([20℄, 2012). It is adapted to�t a 4D-dimensional model. All fun
tions are dis
retized on a 
ompa
t domain using T
heby
hevgrids. For example, let [x, x] denote the support of male wages, I 
onstru
t a grid of n+1 pointsas
xj =

x+ x

2
+

x− x

2
cos(

jπ

n
), j = 1 . . . nTo estimate wage densities n(x, y), um(x) and uf (y) on those grids, I use kernel density estimatorswith twi
e the usual bandwidth to smooth the density fun
tions in the tails. This is importantas, for instan
e, I divide n by umuf to 
al
ulate a. Additional smoothing is thus required. Tobe 
omputed on Matlab, we must have 10−16 < a(i, j) < 1.
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8.1 The Clenshaw-Curtis quadratureMany equations involve integrals. Given T
heby
hev grids, it is natural to use Clenshaw-Curtisquadrature to approximate these integrals. The Clenshaw-Curtis method allows to 
al
ulatequadrature weights w′
k su
h that

∫ 1

−1
f(x)dx =

N∑

k=0

w′
kf(cos(θk)) +Rnwith Rn, an approximation error. The quadrature weights are

w0 =
1

N


1 +

N
2∑

j=1

2

1− (2j)2




wN
2
=

1

N


1 +

N
2∑

j=1

2(−1)j

1− (2j)2




wk =
2

N


1 +

(−1)k

1−N2
+

N
2
−1∑

j=1

2

1− (2j)2
cos

(
2jkπ

N

)
∀k = 1, ...,

N

2
− 1Algorithm of Jorg WaldvogelJ.Waldvogel ([28℄,2006) derives a simple algorithm to obtain the weights of the Clenshaw-Curtisquadrature using matri
es, Féjer'quadrature and Dis
rete Fourier Transfor. He shows that theweights w = (w0, w1, ..., wN−1) of the Clenshaw-Curtis quadrature rule are given by the inversedis
rete Fourier transform of the ve
tor v+g, where g and v are de�ned below, and with w0 = wN .

vk =
2

1− (2k)2
, k = 0, 1, ...,

[
N

2

]
− 1,

v[N2 ]
=

N − 3

2
[
N
2

]
− 1

− 1

vn−k = vk , k = 0, 1, ...,

[
N − 1

2

]

gk = −w0 , k = 0, 1, ...,

[
N

2

]
− 1,

g[N2 ]
= w0 [(2−mod(N, 2))N − 1]

gn−k = gk , k = 0, 1, ...,

[
N − 1

2

]The matlab 
ode is then given byfun
tion [x,w

℄ = 

quad(n)% Clenshaw-Curtis quadratures by DFTs n>146



% Nodes: xk = cos(kπ/n), k = 0, ..., n% w

 = weights% Compute ∫ 1
−1 f(x)dx = f ∗ wcc for f = [f(x0)...f(xn)]

K = [0 : n]′;x = cos(Kπ/n);
N = [1 : 2 : n− 1]′; l =length(N); m = n− l;

v0 = [2./N./(N − 2); 1/N(end); zeros(m, 1)];

v2 = −v0(1 : end− 1)− v0(end : −1 : 2);%Clenshaw-Curtis nodes: k = 0, 1, ..., n; weights: wcc,wccn = wcc0

g0 = −ones(n, 1); g0(1 + l) = g0(1 + l) + n; g0(1 +m) = g0(1 +m) + n;

g = g0/(n2 − 1 +mod(n, 2)); wcc =real(i�t(v2 + g));
wcc = [wcc;wcc(1)];8.2 Kernel density estimationTo estimate the wage density of single men, I 
onsider the sample of observed wages of singlemen : (x1, x2, . . . , xUm). I assume it is an i.i.d sample drawn from some distribution with anunknown density u. Its kernel density estimator is :

ûh(x) =
1

Umh

Um∑

i=1

K

(
x− xi

h

)where K() is the kernel. It is a symmetri
 but not ne
essarily positive fun
tion that integrates toone. I use the normal kernel K(x) = φ(x), where φ is the standard normal density fun
tion. Thisfun
tion is estimated over the points x whi
h are the nodes of the 
lenshaw-
urtis quadraturepreviously exposed.The bandwith h > 0 is a smoothing parameter. Intuitively one wants to 
hoose h as smallas the data allows, however there is always a tradeo� between the bias of the estimator andits varian
e. The optimal bandwidth is of order of U−1/5
m , it minimizes the asymptoti
 meanintegrated squared error whi
h is then of order of U−4/5

m .I double this bandwidth to smooth my data.Non-parametri
 estimation of joint density To estimate the joint density of wages for
ouples, n(x, y), I 
onsider the sample of observed wages of N 
ouples. The estimation of thejoint density of x and y, n(x, y) on the N points (xi, yi) 
ould be made with the Parzen Rosenblattestimator on R
2

n̂h(x, y) =
1

Nh2

N∑

i=1

K

(
1

h

(
xi − x

yi − y

))
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With K should be a Parzen-Rosenblatt kernel of R
2 whi
h means a fun
tion de�ned on R

2integrable and integrates to 1. K is bounded and we have
lim

||x||→+∞
||x||2K(x) = 0

K 
ould also be de
omposed as : K(x, y) = K1(x)K1(y), with K1: R → R. Then K1 
ould bethe probability distribution fun
tion of a standard normal distribution.Then we have
f̂h(x, y) =

1

Nh2

N∑

i=1

K1

(
xi − x

h

)
K1

(
yi − x

h

)This fun
tion is then evaluated for N values of x and y (the nodes of the Clenshaw-Curtisquadrature).Non-parametri
 estimation of : E(H|x, y) In this paper, I need to estimate the expe
tedvalue of working hours of women 
onditional on their wage y and on their husband's wage x,We observe the value taken by three variables x, y and H on a population of size N . Then, theestimation of E(H|x, y) 
ould be made with the Nadaraya-Watson estimator
Ê(H|x, y)h =

∑
HiK

(
1
h

(
xi − x

yi − y

))

∑
K

(
1
h

(
xi − x

yi − y

)) .

K is a bidimensional Parzen Rosenblatt kernel whi
h 
an be de
omposed as : K(x, y) =

K1(x)K1(y). And K1 
ould be the probability distribution fun
tion of a standard normal dis-tribution (x → 1√
2π
e−x2).

Ê(H|x, y)h =

∑N
i=1HiK1

(
xi−x
h

)
K1

(yi−x
h

)
∑N

i=1K1

(
xi−x
h

)
K1

(yi−x
h

)In this paper, I use the generalization of these estimations to 4 variable fun
tions as I 
onsiderthe joint density of four 
hara
teristi
s (wi, fi, wj , fj) in 
ouples.8.3 InterpolationThe fa
t that CC quadrature relies on T
heby
hev polynomials of the �rst kind also allows usto interpolate fun
tions very easily between points y0 = f(x0), . . . , yn = f(xn) using Dis
reteCosine Transform (DCT).
f(x) =

n∑

k=0

YkTk(x) (16)where Yk are the OLS estimates of the regression of y = (y0, . . . , yn) on T
heby
hev polynomials48



Tk(x) = cos

(
k arccos

(
x− x+x

2
x−x
2

))but are more e�e
tively 
al
ulated using FFT. AMATLAB 
ode for DCT is, with y = (y0, . . . , yn):Y = y([1:n+1 n:-1:2℄,:);Y = real(fft(Y/2/n));Y = [Y(1,:); Y(2:n,:)+Y(2*n:-1:n+2,:); Y(n+1,:)℄;f = �(x) 
os(a
os((2*x-(xmin+xmax))/(xmax-xmin))*(0:n))*Y(1:n+1);A bidimensional version isY = y([1:n+1 n:-1:2℄,:);Y = real(fft(Y/2/n));Y = [Y(1,:); Y(2:n,:)+Y(2*n:-1:n+2,:); Y(n+1,:)℄;Y = Y(:,[1:n+1 n:-1:2℄);Y = real(fft(Y'/2/n));Y = [Y(1,:); Y(2:n,:)+Y(2*n:-1:n+2,:); Y(n+1,:)℄';f=�(x,y) 
os(a
os((2*x-(xmin+xmax))/(xmax-xmin))*(0:n))*Y(1:n+1,1:n+1)...*
os((0:n)'*a
os((2*y'-(ymin+ymax))/(ymax-ymin)));I also use a 4D dimensional version to evaluate transfers whi
h depend on 4 variables : wm, wf , fm, ff .The fa
t that the grid (x0, . . . , xn) is not uniform and is denser towards the edges of the supportinterval allows to minimize the interpolation error and thus avoids the standard problem of strongos
illations at the edges of the interpolation interval (Runge's phenomenon). Another advantageof DCT is that, having 
al
ulated Y0, . . . , Yn, then polynomial proje
tions of y = (y0, . . . , yn) ofany order p ≤ n are obtained by stopping the summation in (16) at k = p. Finally, it is easyto approximate the derivative f ′ or the primitive ∫ f simply by di�erentiating or integratingChebyshev polynomials using
cos(k arccos x)′ =

k sin(k arccos x)

sin(arccos x)and
∫

cos(k arccos x) = x if k = 0

= x2/2 if k = 1

=
cos((k + 1)x)

2(k + 1)
−

cos((k − 1)x)

2(k − 1)
if k ≥ 1In 
al
ulating an approximation of the derivative, it is useful to smoothen the fun
tion by sum-ming over only a few polynomials. Derivatives are otherwise badly 
al
ulated near the boundary.
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APPENDIX 5 : Extension to 
hildren8.4 Present valueThe program for single mothers is
max
d,C,L

(d−D0c)
κfc(C − C0fj)

αfj (L− L0fj)
1−αfjs.
 C ≤ wi(T − L− d)− Cc,with D0c 6= D0f and κfc 6= κf .Then the indire
t utility for a j-type single women with 
hildren is

vcfj =
(df −D0c)

κfc(wj(T − dfij)− C0f (wj)− Cc)

Pf (wj)
.The single present value for a single women without 
hildren reads

rWfj = vfj + λUm

∫

z

∫

i
max(Wfijz −Wfj , 0)1(Wmijz > Wmi)um(i)dG(z).The single present value for a single women with 
hildren reads

rW c
fj = vcfj + λUm

∫

z

∫

i
max(Wfijz −W c

fj , 0)1(Wmijz > Wmi)um(i)dG(z).A single man 
an now meet either a woman without 
hildren or a single mother. His presentvalue is
rWmi = vmi + λUf

∫

z

∫

j
max(Wmijz −Wmi, 0)1(Wfijz > Wfj)uf (j)dG(z)

+ λUfc

∫

z

∫

j
max(Wmijz −Wmi, 0)1(Wfijz > W c

fj)ufc(j)dG(z).When the 
ouple breaks up, the woman be
omes a single mother and the man be
omes a singleman without 
hildren. The present values of members of a 
ouple are:
rWfijz = vfijz + λz

∫

z
max(Wfijz′ −W c

fj , 0)1(Wmijz > Wmi)um(i)dG(z)

rWmijz = vmijz + λz

∫

z
max(Wmijz′ −Wmj, 0)1(Wfijz > W c

fj)uf (j)dG(z).8.5 Surplus, Nash bargaining and transfersWhen the two members of the 
ouple bargain, the outside option for the man is still his singlepresent value whereas the outside option of the woman is now a single mother present value.The Nash bargaining is now modeled by the following program
max(Wmijz′ −Wmi)

β(Wfijz′ −W c
fj)

1−βs.
 tm + tf = −Cc,50



whose solution gives
PmiSmijz = Pmi(Wmijz −Wmi) = βS(i, j, z) (17)
PfjSfijz = Pfj(Wfijz −W c

fj) = (1− β)S(i, j, z).where S(i, j, z) is still linear in z and equals RijF (dmij ,dfij)
r+λz

(scij + z).When a single woman without 
hildren meets a man, she knows that she will get 
hildren if shemarries him and that her outside option will be the one of a single mother. In this 
ase, thesurplus for a woman without 
hildren is di�erent for a woman with 
hildren. And a mat
h of awoman without 
hildren of type j with a man of type i under 
ir
umstan
e z 
an be valuable forthe man and not for the woman, whereas it would have been valuable for a single mother of type
j. The mat
h probability between a single mother of type j who meets a single man of type i is

acij = P(Wfijz −W c
fj > 0) = P(z > −scij),whereas the probability that a woman type j without 
hildren mat
h with a man of type i whenshe meets one 
an be written :

aij = P(Wfijz −Wfj > 0 & Wmijz −Wmi > 0).After some algebra23 we 
an similarly write
aij = P

(
z > −scij +max

(
0, (Wfj −W c

fj)
Pfj(r + λz)

RijF (dmij , dfij)(1− β)

))
.This last expression shows us that a mat
h will be more valuable for a single woman without
hildren if her single value with a 
hild is large. It reminds us the result of the job marketsear
h : the reservation wage of non-parti
ipants lowers when the unemployment bene�ts for theunemployed rise.

(Wfj −W c
fj) is 
omplex to derive and 
an be 
omputed re
ursively as follows.23

aij = P(Wfijz −Wfj > 0 & Wmijz −Wmi > 0)

= P(Wfijz −W c
fj +W c

fj −Wfj > 0 & Wfijz −W c
fj > 0)

= P

(
(1− β)RijF (dmij , dfij)

(r + λz)Pfj

(scij + z) +W c
fj −Wfj > 0 & z > −scij

)

= P

(

z > (Wfj −W c
fj)

Pfj(r + λz)

RijF (dmij , dfij)(1− β)
− scij & z > −scij

)
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rWfj − rW c
fj = vfj − vcfj + λUm

∫

z

∫

i

max(Wfijz −Wfj , 0)1(Wmijz > Wmi)um(i)dG(z)

− λUm

∫

z

∫

i

max(Wfijz −W c
fj , 0)1(Wmijz > Wmi)um(i)dG(z)

= vfj − vcfj + λUm

∫

z

∫

i

(max(Wfijz −Wfj , 0)−max(Wfijz −W c
fj , 0))1(Wfijz > W c

fj)um(i)dG(z)

= vfj − vcfj + λUm

∫

z

∫

i

(max(Wfijz −Wfj , 0)−Wfijz +W c
fj)1(Wfijz > W c

fj)um(i)dG(z)

= vfj − vcfj + λUm(W c
fj −Wfj)

∫

i

aijum(i)− λUm

∫

z

∫

i

(Wfijz −W c
fj)1(Wfj > Wfijz > W c

fj)um(i)dG(z),then
(

r + λUm

∫

i

aijum(i)

)

Pfj(Wfj −W c
fj) = Pfj(vfj − vcfj)− λUm

∫

z

∫

i

(PfjWfijz − PfjW
c
fj)1(0 < Wfijz −W c

fj < Wfj −W c
fj)um(i

= Pfj(vfj − vcfj)− λUm

1− β

(r + λz)

∫

i

RijF (dmij , dfij)

∫ z>−scij+
Pfj (Wfj−Wc

fj
)(r+λz)

(1−β)RijF (dmij ,dfij)

z>−sc
ij

(scij + z)with
∫ z>−scij+

Pfj(Wfj−Wc
fj

)(r+λz)

(1−β)RijF (dmij,dfij)

z>−sc
ij

(scij + z)dG(z) =

scij(a
c
ij − aij) + σ

(

φ

(
scij
σ

)

− φ

(
scij
σ

+
Pfj(Wfj −W c

fj)(r + λz)

σ(1− β)RijF (dmij , dfij)

))

.

We obtain a 
omplex re
ursive formula for Wfj −W c
fj . I use a �xed point algorithm to estimateit. First I suppose that Wfj −W c

fj = 0 and I 
ompute aij as follows
aij = P(Wfijz −Wfj > 0 & Wmijz −Wmi > 0)

= P(Wmijz −Wmi > 0)

= acij ,with
λz(1− acij)Nnij = Umum(i)λ(Ufuf (j)aij + U c

fu
c
f (j)a

c
ij).Then I �nd a new value for Wfj −W c

fj using
Wfj −W c

fj =
vfj − vcfj

r + λUm

∫
i aijum(i)

.Finally I use my new estimate as an initial value and resume the pro
ess until 
onvergen
e.APPENDIX 6 : Extension to taxationLet R denotes labor in
ome and τ1, τ2, τ3 denote the subsidies rates. Let us 
onsider the fun
tion
g whi
h represents the total labor in
ome net of transfer and taxes su
h that52



g(R) = R+ τ1R1R≤A1 + τ2R1A1<R≤A2 + τ3R1R>A2 ,with τ1 > τ2 > τ3 > 0 and g′(R) = g(R)
R . Then the shadow wages and in
ome are

ωmij = wm(1 + τ11R≤A1 + τ21A1<R≤A2 + τ31R>A2)

ωfij = wf (1 + τ11R≤A1 + τ21A1<R≤A2 + τ31R>A2

η = 0.The indire
t utility to be single remains
vmi =

(dm −D0m)κm(wi(T − dm)− C0mi(wi))

Pmi(wi)
,and the indire
t utility when married be
omes

vmij = (Φ(i, j) + z)F (dm, df )
ωmij(T − dmij) + t′mij − C0mi(ωmij)

Pmi(ωmij)
.Then the surplus equation be
omes

s(i, j) = Φ(i, j) −
rPmWm + rPfWf

F (i, j)Rij(ωi, ωj)
+

λz

r + λz

∫

z′
max(s(i, j) + z′, 0)dz′,where the single present value reads

Pm(wi)(rWmi − vmi) =
βλ

r + λz

∫

fj
F (i, j)Rij(ωi, ωj)µ(a(i, j))duf (j),and the new transfer is

t′mij − ωmijdmij = βRij(ωi, ωj) +
(1− β)rPmWm − βrPfWf

F (i, j)(Φ(i, j) + z)
.If we assume that αm, C0m and L0mi are 
onstant a
ross men and αf , C0f and L0f are 
onstanta
ross women, then

C0mi = C0m +wiL0m

Pmi =
w1−αm

i

ααm
m (1− αm)1−αm

.In that 
ase we obtain P ′
mi

Pmi
= 1−αm

wi
and the labor supply equations for married men and singlemen rewrite

hmijz = T − dmij − L0m −
1− αm

ωi
(ωi(T − dmij) + t′mijz − L0mωi − C0m)

hmi = T − dmi0 − L0m −
1− αm

wi
(wi(T − dm0)− L0mwi − C0m).

hmijz 
an be rewritten 53



hmijz = T − dmij − L0m −
1− αm

ωi
(ωi(T − dmij) + t′mijz − L0mωi − C0m)

= T − dmij − L0m −
1− αm

g′wi
(g′wi(T − dmij) + t′mijz − L0mg′wi − C0m)

= T − dmij − L0m −
1− αm

wi
(wi(T − dmij) +

t′mijz − C0m

g′
− L0mwi)and hmi doesn't 
hange. Then C0m,L0m, αm, C0f ,L0f and αf are still identi�able.APPENDIX 7 : Estimation of σzAssuming that a�nity is 
onstant over time, we 
an identify σ using di�erent 
ohorts. Indeed,as Φij is not totally proportional to σ be
ause of the terms Pfvfj+Pmvmi

F (dmij ,dfij)Rij
, we 
an 
ompare 
ohort

t with 
ohort t′ and subtra
ting the two a�nity matrixes to obtain σz. Remind that
Φ(i, j) = s(i, j) +

rPmiWmi + rPfjWfj

F (dmij , dfij)Rij
−

λz

r + λz

(
a(i, j)s(i, j) + σzφ

(
sij
σz

))with
s(i, j) = −σzΦ

−1(1− a(i, j))The single present value for a i-type man is
rPmiWmi = Pmvmi + smi

= Pmvmi +
βλ

r + λz

∫

j
F (dmij , dfij)Rij

(
s(i, j)a(i, j) + σzφ

(
s(i, j)

σz

))
uf (j)Uf

= Pmvmi +
βλ

r + λz

∫

j
F (dmij , dfij)Rij

(
−σzΦ

−1(1− a(i, j))a(i, j) + σzφ
(
Φ−1(1− a(i, j))

))
uf (j)Uf

= Pmvmi +
σzβλ

r + λz

∫

j
F (dmij , dfij)Rij

(
−Φ−1(1− a(i, j))a(i, j) + φ

(
Φ−1(1− a(i, j))

))
uf (j)Ufand similarly the single present value for a j-type woman is

rPfjWfj = Pfvfj+
σz(1− β)λ

r + λz

∫

j
F (dmij , dfij)Rij

(
−Φ−1(1− a(i, j))a(i, j) + φ

(
Φ−1(1− a(i, j))

))
um(i)Um
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Then
Φ(i, j) = σz

(
−Φ−1(1− a(i, j))

(
1−

λz

r + λz
a(i, j)

)
−

λz

r + λz
φ

(
sij
σz

)

+

βλ
r+λz

∫
j F (dmij , dfij)Rij

(
−Φ−1(1− a(i, j))a(i, j) + φ

(
Φ−1(1− a(i, j))

))
uf (j)Uf

F (dmij , dfij)Rij

+

(1−β)λ
r+λz

∫
j F (dmij , dfij)Rij

(
−Φ−1(1− a(i, j))a(i, j) + φ

(
Φ−1(1− a(i, j))

))
um(i)Um

F (dmij , dfij)Rij




+
Pfvfj + Pmvmi

F (dmij , dfij)RijAPPENDIX 8 : Generalized Additive ModelsThis explanation has been developed in Chiappori, Ghandi, Salanié and Salanié ([12℄, 2012).Generalized additive models (GAM) were introdu
ed by Hastie and Tibshirani (1986). Theymodel a variable yi by assuming that its distribution around its mean belongs to the exponentialfamily and by modeling the mean as a sum of smooth fun
tions of subve
tors of the 
ovariates
(Xi). To estimate my GAM models, I use the methods des
ribed by Wood (2006); I use hisimplementation in the mg
v pa
kage of R, whi
h in
orporates the improved algorithm of Wood(2008). More pre
isely, one writes

E(yi|X) =

J∑

j=1

fj(X
j
i )where ea
h Xj

i is a user-de�ned subve
tor of Xi, and the fj are to be estimated; and the useralso 
hooses the distribution of the error term (yi−Eyi) within the exponential family. Modelingstarts by 
hoosing a ri
h family of basis fun
tions (typi
ally splines) (bjk) for k = 1...Kj with amaximal order Kj 
hosen large enough. Then
fj(X

j
i ) =

Kj∑

k=1

βjkbjk(X
j
i )Finally, the generalized R2 
ited in the text are de�ned as the ratio 1− EV(y|X)

V(y)
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