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Abstract

In this paper we extend the “collective” model of labour supply developed
by Chiappori (1988) to allow for discrete choices, censoring and nonpartici-
pation in employment. We derive the collective restrictions on labour supply
functions that we contrast with restrictions implied by the usual “unitary”
framework. We apply our results to the estimation of a collective labor sup-
ply model for married couples without children using UK data from 1979 to
1993. Taking into account unobserved heterogeneity, we use the log-linear
labor supply framework. The implications of the unitary framework are re-
jected while those of the collective approach are not. The estimates of the
sharing rule show that wages have a strong influence on bargaining power
within couples.
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1. Introduction

The standard unitary labour supply model is unable to explain a number of em-
pirical facts. First, the assumption of income pooling, where the source of income
does not matter for household behaviour is rejected (see Thomas, 1990). Second,
the compensated substitution effects between male and female leisure, whenever
compared are found not to be symmetric. These empirical failings lead directly
to the question of how resources are allocated within households and how this is
likely to change in response to changes in the environment.

These empirical failings can be addressed by a richer conceptual framework
where individuals retain their identity within the household and where questions
of individual welfare make sense. Knowing how resources are allocated within the
household is a major policy issue, because it relates to targeting benefits and to
the actual structure of the distribution of consumption. A lot of inequality may
be hidden within households and the standard unitary model cannot handle this
issue by construction.

Ideally we would like to estimate directly the rule governing the sharing of
resources, as well as individual preferences. However, in practice we do not directly
observe the resource allocation we would need for such an exercise. Thus in this
paper we use and develop further the framework of Chiappori (1988) to estimate
individual preferences and within household allocation rules based on observable
labour supply decisions of the household.

The UK data displays two important features that we would wish our model
to allow for. First a large proportion of women do not work. Hence we have to
discuss the implications of the collective framework when a good is on the corner
- something not done before. Second, male hours of work do not vary much at
all. Although nonparticipation rates for men are large and approaching those for
women over time, when men do work, they nearly always work full time. In our

data set practically no men are seen to work for less than 35 hours a week and



very few are seen to work for less than 52 weeks. As we illustrate in the empirical
section, modelling the small variation of hours above 35 hours a week or below
52 weeks a year does not seem to us to be the most important issue to focus on.
Consequently, we assume that the husband’s choice is discrete (work or not) and
that only this dimension of labor supply choice affects preferences. Female hours,
on the other hand although censored from below are allowed to be continuous, in
line with the data. The discreteness of male labour supply leads to complications
which have led us to generalise the Chiappori (1988) framework so as to allow for
these features.

The framework we develop allows identification of preferences without using
information on preferences for singles; preferences are fully marriage specific, i.e.
we allow all parameters of the utility function to depend on whether one is married
or not. A natural interpretation is that (i) marriage has a ‘value’ (in utility terms)
per se, in the sense that, apart from any public good issue, married people can
derive a higher degree of well-being from the same level of consumption (there is a
utility of being married), and (ii) that marriage may change individual preferences,
in the sense that one person’s trade-off between, say, leisure and consumption
typically depend on whether the person is married. The surprising result, in this
context, is that the collective framework implies restrictions on household labor
supply, even when male labor supply is discrete. Modelling household formation
and dissolution and identifying the way that marriage affects preferences is of
course another issue of critical importance. It is beyond the scope of this paper,
although we view the present contribution as a step in this direction.

In this paper we do not allow for public goods or for household production.
Individuals can care about each other’s welfare, but not by the way in which
this welfare is generated. These restrictions would be particularly stringent in the
presence of children, where the decisions on how many resources should be devoted
to them is of central importance and is reflected in day to day flows in consumption.

For this reason we apply our model to couples without children. However, in our



final section we discuss how the model would be generalized to take into account of
household production and public goods. We draw on work we have been developing
to discuss some new identification results as well as data requirements for this more
general problem; in particular, we show that the “sharing rule” approach adopted
in the present paper remains essentially valid, once public goods are adequately
conditioned on. Of course, there are other issues that we do not address; these
include intertemporal considerations. Some work has been carried out by Mazzocco
(2001). More is left for future research in this important field, which can build on
our framework.

From an econometric point of view we recognise the importance of unobserved
heterogeneity, which in itself creates further difficult identification questions. We
discuss estimation within the context of parametric preference structures and we
show in the working paper version that given the functional form assumptions the
restrictions originating from the collective framework overidentify the model.

There are relatively few empirical studies of family labor supply outside the
unitary model. A number of more recent studies have used micro data to evaluate
the pooling hypothesis or to recover collective preferences using exclusive goods,
but these studies typically look at private consumption rather than labor supply.
For example, Thomas (1990) finds evidence against the pooling hypothesis by care-
fully examining household data from Brazil. Browning et al. (1996) use Canadian
household expenditure data to examine the pooling hypothesis and to recover the
derivatives of the sharing rule. Clothing in this analysis is the exclusive good pro-
viding identification, rather than labor supply which is problematical for a sample
of couples without children who both work full-time.

Recent empirical studies concerning family labor supply include Lundberg (1988),
Apps and Rees (1996), Kapteyn and Kooreman (1992) and Fortin and Lacroix

(1997). Each of these aim to provide a test of the unitary model and to recover

"'Working paper with proofs and detailed discussions of many of the issues is available at
http://www.ifs.org.uk /workingpapers/wp0119.pdf



some parameters of collective preferences. Lundberg attempts to see which types
of households, distinguished by demographic composition, come close to satisfying
the hypotheses implied by the unitary model. The other three studies take this
a step further by directly specifying and estimating labor supply equations from
a collective specification. Apps and Rees (1996) specify a model to account for
household production. Kooreman and Kapteyn (1993) use data on preferred hours
of work to separately identify individual from collective preferences and, conse-
quently, to identify the utility weight. Fortin and Lacroix (1997) follow closely the
Chiappori framework and allow the utility weight to be a function of individual
wages and unearned incomes. They use a functional form that nests both the
unitary and the collective model as particular cases, and find that the restrictions
implied by the unitary setting are strongly rejected, while the collective ones are
not. In a more recent paper, Chiappori, Fortin and Lacroix (1998) extend the
collective model to allow for ’distribution factors’, defined as any variable that is
exogenous with respect to preferences but may influence the decision process. Us-
ing PSID data and choosing the sex ratio as a distribution factor, they find that
the restrictions implied by the collective model are not rejected; furthermore, they
identify the intra-household sharing rule as a function of wages, non labor income
and the sex ratio. It is important to note that the latter works assume that both
male and female labor supplies vary continuously. The case of discrete male labor
supply, which raises particular difficulties, is a specific contribution of the current
paper.

In our paper we use UK survey data (FES) for the years 1978 to 1993 on
couples without children. By using such long time series of cross sections we are
able to exploit the large changes in the wage structure to provide identification
of the labour supply model without relying on arbitrary exclusion restrictions or
on cross sectional variation in wages. This in itself distinguishes us from many
other papers and follows closely the approach of Blundell, Duncan and Meghir

(1998). Our results show that the unitary model is rejected; however the collective



model is not rejected. In the collective model, the estimated female labor supply
wage (respectively income) elasticity at mean wages is 0.24 (resp. -0.1) and these
results conform well with previous results where the analysis is conditioned on the
male working. The estimation of the sharing rule implies that bargaining power is
strongly affected by wages. One pound increase in his earnings when he is working

increases his consumption by significantly more than one pound.

2. Theoretical Framework

We now present the collective model for male and female labour supply, with
discrete male labour supply.? We then show how, given wages, other income and
possible other exogenous variables, we can recover individual preferences and the
sharing rule, from observations on labour supply of each individual. Our analysis
is based on the assumption that within household allocations are efficient. This
implies, among other things, that side-payments are possible. We view this as quite
a natural assumption to make when modeling relationships of married individuals.
It turns out that, when preferences are egoistic or caring, this assumption is an
identifying one 3. Preferences are defined over goods and non-market time. In
the basic model, we assume that both these goods are private, and that there is
no household production. The extension to account for household production is
discussed in the concluding section of the paper where we also consider the case
of public consumption. Although some of the assumptions underlying the basic
model are restrictive, we think of it as best applying to the population of married
couples with no children; children are likely to be the most important source of
preference interdependence, which we choose to exclude for the moment.

The original Chiappori (1988) theorem relied on the idea that when allocations

are efficient (as assumed) the marginal rates of substitution between members in

2The analysis assumes that unemployment is a labour supply decision.

3Browning and Chiappori (1998) and Chiappori and Ekeland (1997) show that efficiency alone
(with general preferences) cannot provide testable restrictions upon behavior unless the number
of commodities is at least 5; in addition, even with more than four commodities preferences are
not identifiable.



a household are equalized. In our case, in which there is censoring and where one
of the individuals faces discrete choice for one of the goods, the derivation of the
implications of the collective setting has to follow a different logic. In what follows
below we present the model and its assumptions formally and derive restrictions
on labor supply functions. We finish the section by deriving similar restrictions of

the unitary model.

2.1. The General Collective Labor Supply Model

2.1.1. Preferences and decision process

We consider a labor supply model within a two-member household; let A’
and C’ denote member i’s labor supply (with i = m, f and 0 < A" < 1) and
consumption of a private Hicksian commodity C (with C7+C™ = C') respectively.
The price of the consumption good is set to one. We assume preferences to be
‘egoistic’ type; i.e., member i’s utility can be written U*(1 — h?, C?), where U? is
continuously differentiable, strictly monotone and strongly quasi-concave.* Also,
let w¢, w,, and y denote wages and the household’s non labor income respectively.

A common assumption in previous works on collective labor supply (Chiappori,
1988, 1992; Fortin and Lacroix, 1997; Chiappori, Fortin and Lacroix, 1998) was
that both labor supplies could vary continuously in response to fluctuations in
wages and non labor income. If ™ and h/ are twice differentiable functions of
wages and non labor income, then generically, the observation of ™ and h' allows
to test the collective setting and to recover individual preferences and individual
consumptions of the private good up to an additive constant (Chiappori, 1988).
Empirically, however, the continuity assumption is difficult to maintain. As shown
in the empirical section, while female labor supply varies in a fairly continuous
manner, male labor supply is essentially dichotomous. A first purpose of this

paper is precisely to show that the collective model implies restrictions in the

4The utility functions can be of the caring type: Each individual may care about the overall
welfare of their partner, so long as they do not care about how it comes about.



case where one labor supply is constrained to take only two values®. Hence we

assume throughout the paper that member f can freely choose her working hours,
while member m can only decide to participate (then A™ = 1) or not (™ = 0).
Let P denote the participation set, i.e., the set of wage-income bundles such that
m does participate. Similarly, N denotes the non-participation set, and L is the
participation frontier between P and N.

As the household is assumed to take Pareto-efficient decisions, there exists for

any (W, Wy, y), some 4™ (wy, wy,,y) such that (h’, C*) is a solution to the program:

max U'[1—h! C7] (2.1)
rf pm CF Cm

U™ [1—h™C™ > a™(wy, W, y)
C = wf.hf + wm-hm + Yy
0<h' <1, h,e{0,1}

The function @™ (wy,wy,,y) defines the level of utility that member m can com-
mand when the relevant exogenous variables take the values wy, wy,, y.6 Underlying
the determination of @™ is some allocation mechanism (such as a bargaining model)
that leads to Pareto efficient allocations. We do not need to be explicit about such
a mechanism; hence the collective model does not rely on specific assumptions
about the precise way that couples share resources.

Also, note that, in general, we allow 4™ to depend on the husband’s wage even
when the latter does not work. The idea, here, is that within a bargaining context,
his threat point may well depend on the wage he would receive if he chose to work.
If so, most cooperative equilibrium concepts will imply that 4™ is a function of both
wages and non labor income; in each case, indeed, a change in one of the threat

points does modify the outcome. Regarding non-cooperative models of bargaining,

5The analysis could easily be extended to any discrete labor supply function; for instance, the
choice might be between non activity, part-time or full-time work. In our data, however, male
part-time work is negligeable.

6The analysis can be conditioned on any other exogenous variable.



various situations are possible. In some cases, for instance, the outcome does not
depend on the threat points, which rules out any dependence of this kind. More
interesting is the suggestion of MacLeod and Malcomson(1993), where the outcome
of the relationship remains constant when the threat points are modified, unless one
individual rationality constraint becomes binding; then the agreement is modified
so that the resulting outcome “follows” the member’s reservation utility along the
Pareto frontier.” In our context, this implies that among all households where
m is not working, only some will exhibit the dependence on m’s wage. Finally,
note that preferences (and the Pareto weights) are allowed to depend taste shifter

variables, such as age etc.
2.1.2. The participation decision: who gains, who looses?

In the standard, unitary framework, the participation decision is modeled in terms
of a reservation wage. At this wage, the agent is exactly indifferent between work-
ing and not working. Generalizing this property to our setting is however tricky,
since now two people are involved. The most natural generalization of the stan-
dard model is to define the reservation wage by the fact that one member (say, the
husband) is indifferent between working and not working. An important remark
is that, in this case, Pareto efficiency requires that both members are indifferent.
To see why, assume that the wife is not indifferent;- say she experiences a strict
loss if the husband does not participate. Take any wage infinitesimally below the
reservation wage, and consider the following change in the decision process: the
husband does work, and receives ¢ more (of the consumption good) than previ-
ously planned. The husband is better off, since he was indifferent and he receives
the additional ¢; and if ¢ is small enough, the wife is better off too, since the
¢ loss in consumption is more than compensated by the discrete gain due to his

participation.

"This will typically be the case for a generalization of the Nash bargaining concept to the
case in which the relationship is non binding, in the sense that each member may at each period
choose to leave.



In the remainder, we shall use the ‘double indifference’ assumption, that can

be formally stated as follows:

Definition and Lemma DI (‘double indifference’): The participation
frontier L is such that member m is indifferent between participating or not. Pareto

efficiency then implies that f is indifferent as well.

Technically, this amounts to assuming that in the program (2.1) above, ™ is a
continuous function of both wages and non labor income. Natural as it may seem,
this continuity assumption still restricts the set of possible behavior (and, as such,
plays a key role for deriving restrictions).

A possible, quite general interpretation is that the household first agrees on
some general 'rule’ that defines, for each possible price-income bundle, the par-
ticular (efficient) allocation of welfare across members that will prevail. Then this
rule is “implemented” through specific choices, including m’s decision to partic-
ipate. Although the latter is assumed discrete, it cannot, by assumption, lead
to discontinuous changes in each member’s welfare, in the neighbourhood of the
participation frontier; on the contrary, the participation frontier will be defined
precisely as the locus of the price-income bundles such that m’s drop in leisure,
when participating, can be compensated exactly by a discontinuous increase in
consumption that preserves smoothness of each member’s well-being.

The double indifference assumption can be justified from an individualistic
point of view. That both members should be indifferent sounds like a natural
requirement, especially in a context where compensations are easy to achieve via
transfers of the consumption good. Conversely, a participation decision entailing
a strict loss for one member is likely to be very difficult to implement; all the more

when the loss is experienced by the member who is supposed to start working.
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2.1.3. The sharing rules

It is well known that Pareto optima can be decentralized in an economy of
this kind. Just as in Chiappori (1992), this property defines the central concept of
the sharing rule. The important distinction here is that the decision of one of the

members is discrete: the male can only decide to work or not.

Participation: Let us first consider the case when m does participate. His utility

is thus U™ (C™,0), and we have that :
um(cm,0)=a"(ws, wn,y) (2.2)
Solving for consumption ¢™ we obtain
C =V [u™ (wy, wmn, y)] = W(wy, win, y)

where V™ is the inverse of the mapping U™ (.,0). Function ¥(wy, wy,,y) is called
the sharing rule. Now, Pareto efficiency is equivalent to f’s behavior being a

solution of the program:
max U/ [1 — k', C/] (2.3)
hf,Cf
Cf = wf.hf +vy+ wy, — ‘I’(wf,wm,y)
0<h <1
This generates a labor supply of the form :

hf(wf7wm7y) = H’ [wf? Y+ wm — \Ij(wfa Wiy s y)] (24)

where H/ is the Marshallian labor supply function associated to U”7.
A first consequence is that, for any (wy, wy,,y) € P such that hs(ws, wp,,y) > 0:
11—V, A

— Jwm = 4 - 2.
e e  CURTNY (25)

Note that, in the absence of unobserved heterogeneity in preferences, the func-

tion h/, and hence the ratio A, are empirically observable. Hence (2.5) provides a

first restriction of W.
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Non participation: We now consider the non participation case. Then 2’s

utility is U™ (C™, 1), and we have that :

U™ (€™, 1) = 0" (wy, win, y) = Vi (P (wp, win, y)) (2.6)
which can be inverted in :

Cm =W [V (W (wy, w, )| = F(U(wy, wi, y))

where W™ is the inverse of the mapping U™ (., 1) and where F = W™ o (V™) ! is
increasing because both V" and W™ are increasing.

As before, f’s decision program leads to a labor supply of the form :

and, for any (wy, wy,,y) € N such that hy(wys, wy,,y) > 0:

—F'U hi
L — m=R m 2.
1 _ F,\ij hi (wf7 w 7y) ( 8)

Note that in contrast to the unitary model f’s labor supply will depend on m’s
(potential) wage even when m is not working, because the decision process will
vary with w,,.®

It should finally be stressed that the function A (respectively B) is defined only
on P (respectively N), i.e. for the set of wages and non-labor incomes for which

the male works (does not work). Moreover functions A and B are only defined

when the female works.

2.1.4. The participation decision

The participation frontier L is defined by the set of wages and non-labor
income bundles (wy, wy,,y) € L, for which m is indifferent between participating

or not:

8see Neary and Roberts (1980) on shadow prices when a good is at a corner.
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Lemma 1. The participation frontier L is characterized by

V(wg, wp,y) € L,  W(wp, wp,y) — F(Y(ws, wm,y)) = wp, (2.9)

Proof. Since, on L, f is also indifferent between m participating or not partici-
pating, it must be the case that f’s income does not change discontinuously in the
neighborhood of the frontier. Since total income does change in a discontinuous
way (net increase of w,, when m participates), it must be the case that the whole
gain goes to m.

The Lemma shows that at the participation frontier all additional income from
participation goes to m to compensate him for the discrete increase in his labour
supply. This is a property that depends on all goods being private and may not
hold in the presence of public goods as we discuss in the last section -(Extensions)

To parameterize L, we choose to use a shadow wage condition; i.e., m partici-

pates if and only if

W, > Y(wy, y)
for some v, that describes the frontier. Note that this reservation wage property
does not stem from the theoretical set-up as in standard labor supply models, but

has to be postulated. This will be true if (2.9) has a unique solution for w,,, a

sufficient condition for which is that it is a contraction mapping:®

Assumption R : The sharing rules are such that

v<wf7wm7y)7 Hl - F/(\Ij<wfﬁwm7y)} '\ijm(wfﬂwmﬂy)’ <1 (2'10)

9In words consider the increase in m’s consumption resulting from an infinitesimal increase
dw,, in m’s wage . When m is participating, dw,, increases both the household income and m’s
bargaining power, while the first effect does not operate when m does not participate. Let dc™
denote the consumption change in the former case, and dc¢™* in the latter. Then (2.10) states
that the difference dc™ — dc™* cannot be more than the initial increase dw,,.
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In this case, v is characterized by the following equation :

V(wr,y),  W(wr,v(wy,y),y)) — F(Y(wr,v(wyr,y),y)) = y(wy,y) (2.11)

which implies:
f‘y
Wy + % Vu,,) = u_in,) (2.12)
Yy
=—U
Yy Y

W,

2.1.5. Restrictions from the Collective Model

What are the restrictions implied by the collective setting just described
with private consumption? And is it possible to recover the structural model - i.e.,

preferences and the sharing rules - from observed behavior 7

Proposition 1. Under the conditions listed in the Appendix
(1) the collective model with private commodities leads to restrictions on house-
hold behavior. In particular on the frontier (i.e. for the set of wy, w,, and y such

that w,, = y(wy,y)) we have that
-V, + AV, = A-1

B

U, +BY, = =

(2.13)
fYy\IJ'LUm + \IJy = (131}?0)

— Jwyp
Wy, = Ly,

(if) the preferences and the sharing rules can be recovered up to an additive

constant everywhere where hy > 0.

Proof: (i) We have assumed that @™ (wy, wy,y) is continuously differentiable
everywhere. It follows that both (2.5) and (2.8) are valid on the frontier as well.
Hence, on the frontier, using (2.5), (2.8) and (2.12) the sharing rule is determined
by (2.13).

14



(ii) The proof follows in stages. First we consider the restrictions which recover
the sharing rule and F” on the participation frontier. This is followed by a proof
of identification outside the frontier. Identification of preferences then follows. See
Appendix. Below we use these restrictions to derive direct tests of the collective

model.

2.2. Unitary Model Restrictions

In the previous sections, we have derived the conditions that the labor supply
functions of the female f and the participation frontier of the male m must satisfy
to be compatible with the collective setting, when all goods are private. We now
contrast this result to the unitary framework and discuss the extent to which the
two models provide different predictions and testable implications that would allow
us to discriminate between the two hypotheses. Here, the household, as a whole,
is assumed to maximize some unique utility function U, subject to the standard

budget constraint :

max U7 [1—h™ 1~ h! C| (2.14)
hf nm.C

C= wf.hf + Wy, K™ 4y
0<h <1, W e{0,1}

Two points are worth mentioning here;

e We do not impose separability. This means that the household’s preferences
for f’s leisure and total consumption may in general depend on whether m
is working or not. Let V¥ and VN (respectively. kb and hi) denote the
corresponding indirect utility functions when he works and when he does not

( respectively female labor supply).

e Preferences, here, only depend on total consumption C'; we do not introduce

C/ and C™ independently. This is a direct consequence of Hicks composite

15



commodity theorem: since C/ and C™ have identical prices, they cannot be

identified in this general setting.

One can immediately derive two restrictions, namely :

I 1
%ﬁ = %hf Male Works (2.15)
and
1
9% — (0 Male does not Work (2.16)

Owm

These are standard restrictions in the unitary context. Equation (2.15) is the
“income pooling” property : when m’s number of hours (conditional on participa-
tion) are constrained, then a change in w,, can only have an income effect upon
f’s labor supply. Equation (2.16), on the other hand, reflects the fact that the
income effect of m’s wage must be zero when he is not working.

Finally, m’s participation decision depends on the difference between the house-

hold’s (indirect) utility when he is working and when he is not :
R =1 VW (0, y+wn) > VY (wg,y)
In particular, the participation frontier is characterized by :

Differentiating and using Roy’s identity gives that, on the frontier :

2l IS S Al
B B - i 2.1

The last term on the right hand side corresponds to a standard income effect: a
marginal increase dwy of female wage has the same first order effect upon partici-
pation as an increase of household non labor income equal to h{\,dw 7. In addition,
it also affects the cost of male participation due to the reduction of female working
time; this corresponds to the term in A% — hf.

We can summarize these findings as follows :

Proposition 2. The functions ~, %} and ki are compatible with the unitary

model if and only if conditions (2.15), (2.16) and (2.17) are satisfied.
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2.3. The separable unitary model

To conclude this discussion we ask what happens when, within the unitary
setting, we introduce the same separability assumption as in the collective case?

Formally, this amounts to assuming that
U1 —hm = b em el = vt o (1= ko), UF (1= k7))

where U™ and U/ are interpreted as individual utility functions. Note that, in
this case, one can introduce C™ and C7 (instead of their sum), since the Hicksian
composite good theorem no longer applies (see Chiappori (1988) for a precise
statement).

In principle, this is a particular case of both the unitary model (since it cor-
responds to the maximization of a unique utility) and the collective model (since
maximizing U under budget constraint obviously generates Pareto efficient out-
comes). The problem, however, is that the form is now very strongly constrained.
To see how, consider the assumption made above that, on the Pareto frontier, both
members are indifferent between participation and non participation. This need
not be the case here; Interpreting the utility function from the perspective of the
collective model, the maximization of U¥ may, and will in general, lead to partic-
ipation decisions where one member is a strict loser, this loss being compensated
(at the household level, as summarized by U*) by a strict gain for the spouse.°
The key intuition is that, within the unitary setting, the marginal utility of in-
come, as evaluated at the household level, is equated across members. This by no
means implies that utility levels are compensated in any sense. One can expect
that the additional income generated by the husband’s participation will be par-
tially distributed to the wife, who, because of the standard income effect, will both
work less and consume more. This need not always be the case, though, because

the husband’s marginal utility of consumption is modified when he participates

100f course within the unitary model it does not make sense to talk about gainers and loosers
within the household, since the unit is the household and not its members.
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(unless, of course, his preferences are separable in leisure and consumption). But,
in any case, there is no reason to expect bilateral indifference.

This provides an interesting illustration of the restrictive nature of the uni-
tary model. From an individualistic point of view, that both members should be
indifferent sounds like a natural requirement, especially in a context where com-
pensations are easy to achieve via transfers of the consumption good. Conversely,
a participation decision entailing a strict loss for one member is likely to be very
difficult to implement. As it turns out, however, assuming a constant utility func-
tion essentially forbids an assumption of this kind; the model is not flexible enough

with respect to the decision process to allow for such extensions.

3. Estimating Family Labor Supply

3.1. Data

The data we use is drawn from the UK Family Expenditure Surveys from 1978
to 1993 inclusive. It comprises married couples with no children in the household.
The male is between the ages of 22 and 60. We only concentrate on households
with no children so as to minimize problems relating to household production,

which is excluded from our analysis.
3.2. Specification and Identifying assumptions

The discussion up to now set up the model without unobserved heterogeneity.
Allowing for unobserved heterogeneity together with nonparticipation complicates
matters and raises the issue of identifiability of the model from available data. The
complications are compounded by the fact that preference heterogeneity will also

1 we derive semipara-

reflect itself in the sharing rule. In the working paper version
metric identification conditions based on the restrictions of the Collective model
for the case where heterogeneity enters additively, allowing in addition for wages

to be endogenous. For the empirical analysis we specify the following parametric

Phttp:/ /www.ifs.org.uk /workingpapers/wp0119.pdf
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forms:
3.2.1. Female hours of work:

Following earlier work female hours of work is assumed to take the form?*?

hl, = Ad + Apw + Aplogwl, + Ayyi+
(3.1)
A4educ{t + A5agezft + Aseduc]; + Azagel} + uii

where f denotes female and m denotes male, wi’; denotes the hourly wage rate
for the female and w]} denotes the weekly earning for the male, y;; denotes other
household (non-labor) income.'® The variable educ’ denotes education of member i,
measured as the age that the person left full time education. Note that preferences
are allowed to depend on the age and education of both partners as well as on
cohort (or equivalently time effects as expressed by the inclusion of A(J;t). These
factors may affect preferences for work directly, or indirectly through the sharing
rule. We also allow for differences in preferences across cohorts.

The parameters of the labor supply function will be different, depending on
whether the male is working or not. Let (3.1) represent the labor supply function

when the male is working. When he is not, the labor supply function is given by:

hi; = a(J)ct + CmeZZ + ar 10g wz{: + ayyit+
(3.2)
d? + cueduclj; + a;;agef; + ageducy} + azagel} + uo;
3.2.2. Male participation:
Py = bt + bwi + b3 log wf; + by it
(3.3)

§4educzft + Csagezft + (eeduc]) + Cragely + uly

where p} is positive for male participants and negative (or zero) otherwise.

12This is a popular form to use on British data, see Blundell, Duncan and Meghir (1998), for
example. This semi log specification is never rejected by our data.

13We use the level of male earnings, rather than the log, since this allows us to nest the income
pooling hypothesis, where 4,, = 4,
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One can solve simply for w}} when p}]} = 0 to derive the male reservation

earnings and the parameters of the frontier of participation. These are:
_bF W

b b

V= Ty = (3.4)
Because of the sharing rule the male participation equation and the two female

labor supply equations will depend, in general, on the same set of variables.
3.2.3. Wage equations:

We take a standard human capital approach to wages. However, we do not restrict
the relative prices of the various components of human capital to remain constant

over time. Hence

wiy = og + afjeduc]} + ajiagell + un,
(3.5)
log wj; = Oz{;t + oz{teducf; + ozgtagei; + u{;it

Note that wages do not depend on the characteristics of the partner. All coefficients
are time varying reflecting changes in the aggregate price of each component of

human capital.
3.2.4. Stochastic specification and exclusion restrictions

We assume that all error terms (u{it, ugit, uy, U, u{:nt) are jointly conditionally
normal with constant variance (and independent of education, age, other income
and time).!* The basic exclusion restriction implied by the labour supply equations
above is that education-time interactions and age-time interactions are excluded
from these equations, implying that differences in the preferences and the sharing
rule across education groups remain constant over time. Hence, identification of
labour supply of both partners does not rely on excluding education. It relies on
the way that the returns to education have changed (see, Blundell, Duncan and
Meghir, 1998). The rank condition for identification is that wages have changed
differentially across education groups over time. That they have done so in the

UK is a well established fact (for men see Gosling, Machin and Meghir, 2000).

14 As proved in the working paper, normality is not an identifying assumption. However this
assumption substantially simplifies the estimation problem.
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3.2.5. Restrictions from the Collective and Unitary Models

Using the family labor supply specification (3.1), (3.2) and (3.4), the restrictions

on the collective model derived from Proposition 1 may be written (see working

paper) , .

Ay—ay Yy
(3.6)
Ao 2
Ay—ay Yy
It is interesting to contrast these restrictions with the structural restrictions
that would be derived in the unitary case. Using the same notation (upper and
lower cases for the two regimes), we have to impose (2.15), (2.16) on the whole
space (W, ws,y) and (2.17) on the frontier (w,, = vslogws+~,y+27.). The first

two yield:

(3.7)
am =0 II

Using (2.17), the definition of the frontier and these two restrictions give:
v = L+ p)(aplogws +ayy) — (Arlogwy + Ay(y + wm))

As this equation is valid only on the frontier for any w; and y, it is also an

equation of the frontier. Therefore, the following vectors are colinear:

1 —A,
= || A+y)ay — Ay
Yy (1+y)a, — 4,

Hence in the unitary model we have two additional restrictions, namely:
(1+7)(ay—A4)=0 I
(3.8)
Ay = (L +y)ay — Ap. 11

3.3. Estimation

First we estimate two reduced form participation equations: One for men and one
for women. These are obtained by substituting out the wages from the structural

participation equations. The resulting equations have the form
pft = Bgt+ﬁftedUC£€+612€tagez];+6§teducg+B§tageg+ﬁgtyit+vzﬁ k=m,f (3.9)
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Thus we include all variables that determine wages of men and women as well as
other income y;;, and we allow the coefficients to change over time. The changes in
the coefficients for variables that determine wages reflect the changing coefficients
in the wage equations.®

We then estimate the female log hourly wage equation and the male weekly
earnings equations including the inverse Mill’s ratio obtained from the estimated
participation equations (3.9). In this parametric approach the wage equation is
identified from the exclusion of other income and the spouse’s characteristics as
well as from the normality assumption.'®

Using the estimated wage equations we impute offered wages for all individuals
in the data set. The participation frontier is then estimated using a probit, which
includes other income, the imputed wages, time effects, age and education.

The likelihood function for female labor supply when the man is working is and

there are np such observations

LogL” = Y {1(hi, < 0)logPr(py > 0,h}, < 0)+
(3.10)
L(h; > 0) [logPr(pjy > 0) + log f (hh vt > 0)]}
When the man is not working (ny observations) this becomes
LogLYN = Y {1(hd, < 0)logPr(py < 0,k < 0)+
(3.11)

L(h; > 0) [log Pr(piy < 0) + log f (hhlpit < 0)]}

In the above f(-) represents the conditional normal density function and 1(a) is
the indicator function which is equal to one when « is true and zero otherwise.
The labor supply estimates that are obtained from this procedure do not satisfy

exactly the assumptions of the collective (or the unitary) model. We can then carry

15The changing coefficient on other income is not implied directly by the structure of the model
(and it is not necessary for identification purposes). We allow this as an extra degree of flexibility.

16We tested for zero skewness in both the male earnings equation and in the female log hourly
wage equation, taking into account the selection. The t-statistics were 1.93 and 1.38.respectively
Hence the hypothesis is accepted in both cases.
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Figure 3.2: Actual and offered male weekly wages in levels

out a test of the null hypothesis that the coefficients can be rationalized using the

unitary model and/or the collective model and derive the structural estimates.

3.4. Basic facts in the data and the wage equations

For this group of households there have been momentous changes in the male
participation rates. This is shown in Figure 3.1. From the late 1980s the average
participation rates across all age groups have been basically the same for men and
women. This rapid drop in male participation relates to all age group, but is most
dramatic for those over the age of 50, which is generally interpreted as an increase

in early retirement. On the other hand, participation has been relatively steady
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Figure 3.3: Actual and offered female hourly log wages
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Figure 3.4: Histogram of hours of work
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over these years for married women without children.

The wage equations include age and years of education interacted with time.
The participation equation contains in addition the education of both partners
and other household income, all interacted with time. The p-values for the female
education-time interactions in the male participation equation is 2.5% and for
the male education-time interactions in the female participation equation is 4.1%.
The p-value for other income-time interactions is 0 in both cases. Hence the wage
equations, which exclude all these variables are well identified. The education-time
interactions (not including the baseline education level) are highly significant in
both wage equations implying that the returns to education have been changing
for both men and women, even after controlling for changes in participation.

The effects of correcting for selection on aggregate predicted wages over time
can be seen in Figures 3.2 for males (real wage levels divided by 40), and for females
(real log wages) in Figure 3.3. The selectivity corrected wages are labelled “offered
wages” .

In figure 3.4 we present the histogram of hours of work for working men and
women. While women can be found working any number of hours from 1-55,
practically no men work for less than 35 hours a week.!” This fact motivated us
to concentrate on the work - no work decision for males. Although, it would be
interesting to explain the variation among the full time hours, we do not think that
this is the most important dimension of male work decisions. Finally, Average
hours for workers fluctuate over time between 32 and 34 hour, but there is no

apparent trend up or down.

In the empirical section we illustrate this for weekly hours of work in the UK. We have found
in one other data information on weeks employed during the year. Of those working 90% work
52 weeks per year. This measure unfortunately ignores holidays, but this is unlikely to add much
variability since these are quite standard. Moreover in the UK temporary layoffs are non-existent.
Thus even in an annual dimension the choice by men seems to be work full time or not at all.
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3.5. Testing the Unitary and Collective Models

The unrestricted estimates for male participation and female labor supply are pre-
sented in Table B.1 in Appendix B. We impose a zero correlation between the
participation equation and the labor supply equations in the two regimes (male
works and male does not work). This was done following earlier estimates where
these correlations were shown to be very close to zero. To summarise the im-
plications: The male wage effect translates to a participation elasticity of 0.20 (
dlogP/0logw) evaluated at the the sample means.'® The male participation elas-
ticity with respect to the female wage is 0.05 and with respect to other income
-0.088.

The female labor supply function when he works (respectively when he does
not) implies an own wage elasticity of 0.34 (resp. 0.5). The implied income elas-
ticity is -0.1 (resp. -0.125). Finally, the male wage elasticity is approximately 0.1
(0.3). Taken on its own, the female labor supply function when he works can be
rationalized as deriving from a standard unitary framework and the results are in
line with earlier UK results (e.g. Blundell and Walker, 1986, Arellano and Meghir,
1992 and Blundell, Duncan and Meghir, 1998).

Using these results we can test the unitary model. A key restriction of the
unitary model is income pooling which here is reflected in the restriction 3.7 I.
This is unambiguously rejected with a p-value of 0.1°. The restriction that the
male wage should not affect female labor supply when he does not work (3.7 1) is
easily accepted with a t-statistic of 1. This is probably due to the lack of precision,
whose root cause is the relatively little variation in education among those who
do not work (they are mainly low skill individuals). In addition the unitary model
also implies the cross equation restrictions 3.8. The joint test for these restrictions
has a p-value of 5.9%; the test of (3.8- I') has a p-value of 13% while the test of (3.8-

IT) has a p-value of 3.6%. Hence overall the unitary model is rejected both due to

1880% participation rate and male wage of $1.25 i.e. $50 per week
9The x?(1) test statistic is 37.7.
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Female Labour Supply - Restricted Estimates
| Male Works ‘ Male out of work

male wage 1.983 | 0.777 3.194 0.838
Fem. log wage | 8.072 | 0.504 9.114 0.597
other inc -9.190 | 0.5368 | —11.559 0.631
Criterion x?(2) | 1.22

Asymptotic standard errors in italics

Table 3.1: Restricted labour Supply estimates

the strong rejection of income pooling and due to the cross equation restrictions
(3.8-11) .

We now turn to imposing the restrictions from the collective model (3.6) and
to test them. The restrictions are imposed using minimum distance. The criterion
we minimize has an asymptotic x? distribution with degrees of freedom equal to
the number of restrictions we impose under the null. The unrestricted values of
the 7, and 7 coefficients are minus the other income coefficient and the female
wage coefficient in the male participation equation respectively, divided by the
coefficient on the male wage. Note that the unrestricted value of v, is 2.12 and
the unrestricted value of v is -0.35 based on the participation equation in Table
B.1. Thus the sign pattern of these expressions conforms to the predictions of the
collective model. The two degree of freedom y? test statistic for the hypothesis
that the restrictions are acceptable is 1.22 which has a p-value of 0.54.

The restricted estimates are presented in Table 3.1. These are estimates that
satisfy the restrictions from the collective model, and from which it is possible to
derive the sharing rule and the structural female labor supply. The latter will be
a function of her wage and the other income she has access to. Finally we can also

estimate the male participation frontier.
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3.6. The Estimates of the Collective Model

After imposing the restrictions above we check if a solution for the sharing rule

exists. This depends on whether the quadratic equation
»? + (—ay — Ap + am) ¢ + Apay — an Ay =0 (3.12)

has a solution for ¢.(see Proposition 1) One two or no solution may exist to 3.12.2°
In our case the estimates imply two solutions. Typically only at most one of the
solutions implies an integrable well behaved female labor supply; i.e. an individual
labor supply satisfying Slutsky negativity. A critical parameter for understanding
this is (given the value of all other coefficients) is the size of the male wage effect
when he does not work: When he does not work the only reason for an impact
of his wage on her labor supply behavior is the shift in the bargaining power.
However when he works a shift in the wage generates in addition an income effect
(since household resources grow). Hence we would expect a more positive (or less
negative) effect of the male wage on her labor supply when he does not work than
when he does work, which is precisely the implications of our point estimates in
Table 3.1.

The female labor supply implied by her utility function is

hy = ¢ + 9415logw; — 12.24y7
(1.038) (1.31)

where y/ is the other income allocated to the female member of the household,

(3.13)

after the male has been allocated his consumption. The implied wage elasticity at
mean wages is 0.24 while the income elasticity is -0.1. This labor supply satisfies
the integrability conditions of individual utility maximization, which of course is
a requirement of the theory. The elasticities are very similar to the elasticities
reported in Blundell, Duncan and Meghir (1998) which are conditional on the
male working.

We now turn to the implied sharing rule. This is of course a unique element

of our approach, since it directly relates to the distribution of resources within

20Tf no solution exists then we need to impose one further restriction which implies existence.
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the household. The sharing rules implied by the restricted estimates for working

husbands are®!

v = Kk + 116w, — 0.ldllogw; + 0.25y

(0.064) (0.036) (0.088) (3.14)

The estimate of ¢ is 0.23 with a standard error of 0.041. Thus when the husband

does not work the sharing rule becomes
F(¥) = ko + 0.23(1.16w,, — 0.11logw; + 0.25y) (3.15)

Thus when he works, he gets to keep all of a wage increase plus 0.16 for every
extra pound earned. The hypothesis that he just keeps all his extra earnings and
just that on the margin (¢, = 1) is formally rejected ( t-statistic is 2.5) but is
a plausible interpretation of the result. When her wage increases by one pound
her consumption (at the means) goes up by $1.13 and his falls by $0.13. This of
course implies that the bargaining power of women increases with their own wage.
In interpreting the result one must note that the estimated impacts of wages and
other income are marginal. The level of the sharing rule is not identified. If she
happens to obtain a large baseline consumption it is not implausible that he gets to
keep marginal increases in his wage. In some sense this is corroborated by the fact
that she gets to keep the lion’s share of increase in ”other income”. Interestingly,
Chiappori, Fortin and Lacroix (2001) find a very similar result using PSID data for
the US and with quite a different approach. Although the result is surprising it is
theoretically consistent and originates in very reasonable labour supply estimates.
It implies that the recent increase in female wages relative to male ones would have
caused some improvements in women’s relative standard of living.

Increases in other income are shared between husband and wife: However she
gets a larger proportion: For every $ increase in other income his consumption
goes up by $0.25 and hers by $0.75. Thus the woman’s relative position improves

with unearned income but both consumptions increase. Finally, when he does not

21In the equations that follow asymptotic standard errors are reported in brackets below the
estimated coefficients.
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work the derivatives of the sharing rule with respect to the economic variables are
multiplied by 0.23, implying a substantially smaller effect of changing economic
conditions on his consumption. When he does not work her consumption increases
more or less with her wage, with no substantial reduction in his consumption.
However, she gets to keep a larger proportion of increases in non-labor income;
moreover increases in male market opportunities improve male consumption when
he is out of work but only by small amounts.

The implied participation frontier from these estimates is

wy, = C¢n + 295y — 0.86logwy

" 0.16)  (0.29) (3.16)

Since his consumption grows with other income, increases in the latter reduce his
reservation wage. However, increases in her wage reduce his consumption and

hence make it more likely that he works.

4. The Extension to Public Goods and Household Produc-
tion

4.1. The Extension to Public goods

Recent results show that an extension of the model to public consumption
is feasible, although it may require additional information and/or particular as-
sumptions. Not only are the main conclusions of the private good setting (i.e.,
identification and testability) preserved in the extended framework, but the cur-
rent model can be interpreted, in this perspective, as the reduced form of the
general problem, the emphasis being put here on private consumptions only. Al-
though these developments are outside of the scope of the present paper, and will
be the topic of future empirical investigations, one can indicate the general flavor
of these extensions. We summarize the state of knowledge in this area which can
be found in references made below and in Chiappori, Blundell and Meghir (2001).

There are several ways of introducing public consumption within the collective

model. The simplest manner, and perhaps the most natural one in the absence of
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price variation, is to assume that the Hicksian good C' is collectively consumed -
i.e., individual utilities are of the form U*(1—h‘,C)). In this context, one can show
(Chiappori and Ekeland, 2001; Donni, 2001) that the knowledge of individual labor
supply functions generically allows exact identification of the structural model, i.e.
preferences and Pareto weights, at least when the number of hours is continuous
(the extension to discrete participation, in the spirit of the present paper, is left
for further research).

In a more general setting, public and private consumptions can be simulta-
neously considered. Then difficult identification problems arise. While prefer-
ences over the private goods can readily be identified conditional on the quantities
consumed of the public goods, general identification typically requires additional
information or more structure. A natural solution is to assume that private con-
sumption is separable, with member ¢’ utility of the form W*[u' (1 — h',C"), K]
(here K denotes public consumption, assumed observable).?? Even in the absence
of price variation (i.e., assuming that the price of both the public and the private
good are normalized to one), this model is identifiable: the observation of labor
supply and demand for public good as (continuous) functions of wages and non
labor income allows to uniquely recover the underlying structural model. Specif-
ically, once the demand for public good is known, then one can also recover the
utility indices W and the decision process, as summarized by the corresponding,
individual Pareto weights.?®> This first model can be extended in different ways to
include the case where the production of the public good also requires leisure.

Finally, an interesting perspective is provided in a recent contribution by Zhang

22Note, however, that given the collective structure of the model, at the household level there
will be no separability property between members’ leisure and the demand for public good.
23In practice, efficiency requires that the household demand and labor supplies solve a Pareto
program of the form:
max AW? 4 (1 — \) W?

under budget constraint. The outcome of the decision process (i.e., the location of the final choice
on the pareto frontier) is fully summarized by the Pareto weight A. In addition, if the W* are
such that private and public consumptions are normal goods, then there exists an increasing,
one-to-one correspondance between the Pareto weight A and the sharing rule p (as functions of
wages and non labor income).
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and Fong (2000). In their model, leisure is partly private and partly public, in the
sense that member i’s leisure (i = m, f) can be written as L' = L + L where
L; represents i’s private leisure and L is the common leisure of the couple. While
individual labor supplies (hence total leisures) are observable, the allocation of time
between private and public leisure is not. Under mild separability assumptions,
Zhang and Fong show the following result: if there exist a private good (at least),
the husband’s and the wife’s consumptions of which are independently observable,
then the structural model (including the allocation of leisure between private and
public time) can be fully recovered. Again, this result suggest that data on private
consumptions can help achieve identification of more general models, entailing
private and public consumptions. As an example of such private consumption, one

may think of clothing, as in Browning et al. (1994).

4.2. The Extension to Household production

In Blundell, Chiappori, Magnac and Meghir (2000) we discuss the extension to
household production. The generalization we consider is the case where the pro-
duced good is privately consumed. The framework follows that proposed in Chi-
appori (1997) in which there are two leisure and two private consumption goods:
One market good ¢, the price of which is normalized to one, and a domestic good
x, that can be produced within the household. In the production function of the
domestic good, we allow for differences in marginal productivity of labor between
members, which can account for partial specialization (time input being non zero
for each member). Also, given that quantities of the z good are not observable,
it is natural to assume that the technology exhibits constant returns to scale. A
standard issue in household production models is whether there exists a market for
good 2.4 When the domestic good is marketable and when the quantity actually
purchased on the market, denoted z, is positive, then in the decision process it

is valued at its market price which is exogenous for the household. Otherwise, we

24For instance, meals can be taken at home or at restaurant; one can either clean one’s house
or pay a cleaning lady to perform the job; etc..
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can still define a shadow price, 7, for the domestic good, that is some endogenous,
household-specific function of wages and non labor income.

In this generalized set up, the sharing rule is shown to exist. A generalized
version of the double indifference result also holds but identification is still an
open issue. However we can show identification in parametric cases where there is
no market and where the shadow value is affected by individual preferences.

However, identification with household production requires time use data; this
is because the model is informative about the woman’s leisure rather than her work
time. With no household production leisure is simply the complement of hours of
work. This is no longer the case with household production where non-market

time is shared between leisure and productive activities.

5. Summary and Conclusions

In this paper we have specified a model of family labor supply based on the
collective framework. In doing so, we have introduced two important theoretical
innovations: First we allow the possibility that one or both partners do not work.
Second we allow for the possibility that one of the partners makes just a discrete
work choice, i.e. to work or not. We show that knowledge of the male participation
rule and knowledge of the female labor supply schedule, allows us to test the
collective restrictions and to recover the individual preferences as well as the rule
governing sharing of household resources, as a function of market wages and other
incomes.

Finally we use this framework to analyze family labor supply using data from
1978 to 1993. The data is not at odds with the collective model, but the unitary
model is rejected. Once we estimate the collective model we find that female wage
elasticity is about 0.25 which is very close to the figure that earlier UK studies
have found, including work on single parents. Moreover we find that the level of
male consumption is sensitive to wages and other income. Although he gets to

consume all the increase in his earnings, increases in the female wage and other
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income lead to substantial increases in her consumption. The implication is that
the improvement in the labor market conditions for women over the last 20 years
would have translated to significant improvements in their relative welfare.

To conclude the paper we briefly considered two possible extensions of the basic

framework: household public goods and household production.

Appendices

A. Proof of Proposition 1
A.1. Identification on the participation frontier
On any point on the frontier, (2.13) is a non-linear system of equations in

the unknowns (¥, ¥, , ¥,, F'). The first three equations characterize the three

unknowns W,, W, and F'. Specifically, from the first two, one gets that

b
1
\I/y = m a—1— ﬁ
_ _b a
\ijm = m a—1-— F
where
a = a(wy,y) = Alws,v(wy,y),y] (A1)

b = blwy,y) = Blws,y(wy,y),yl-
Replacing in the third equation in (2.13) gives the following equation in F’ :
(yyba — 14 a — y,b) (F')? 4+ (=b+ 1 — 2y,ba + ~yya — a) F' + b+ y,ba = 0
This equation must have a solution, hence the standard discriminant condition:
(—27,ab + yya — b — a + 1)* > 4 (yyab + b) (a — 1 + ,ab — ~,b)

Conversely, assume this condition is satisfied. Let ¢ (wy,y) be a solution of the
quadratic equation above (note that there are at most two such solutions). We

know that if this function corresponds to a solution, then it is such that:

F [\Ij (wf,v(wf,y),y)] = ¢(wf,y)
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Then the partials ¥, ,¥,, and ¥, are identified - although, of course, on the
frontier only. Specifically, one can define three functions K, L and M such that:

Yo [wf,’y(wf,y)73/] = K(wf’y): (aﬁb) (a_l_m>

Uy, [wr,y(wyp,y)y) = L(wy,y) = (a#f)fyy (a - ﬁf@/))

\Ify[wf,’y(wf,y)»y] = M<wf’y): (aig}) (a_l_gb(wa?y)>

Now, let us consider the testable restrictions implied by these results. First,

that F” can be written as a function of ¥ only has a consequence, namely that

Pug Yoy + Vo, Yy LA Ky, Yy
Py Wy + W,y M + K-y, Ty

which implies that the function ¢ can be written as some function of ~.
Moreover, ¥, , ¥,,, and ¥, are the partials of the same function. This implies

the following condition:
Ly — My, = vy Kuw; — Yu, Ky

Since the functions K, L, M and ¢ are exactly identified from the functions a, b and
v, these two equations are testable restrictions upon the latter functions. Finally,
the quadratic equation defining ¢ may have two solutions. But, generically, one
(at most) will satisfy the two conditions above. In addition, the function F is
identified up to an additive constant.

In summary: the function ¥ and function F' are identified up to an additive

constant on the male participation frontier.
A.2. Identification outside the frontier

We now consider the general problem of identifying the sharing rule off the
participation frontier. Let us start by the participation set P. We will assume that

for all (wy,y): a(wy,y).v,(wys,y) + 1 # 0. Under this assumption we have:

Lemma 2. On P, V¥ is identified up to an additive constant.
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Proof. We know that ¥ must satisfy the partial differential equation (2.5), i.e.:
—,,, + AV, =A—-1 (A.2)

In addition, the values of the partials on the frontier have been identified above.
The basic idea, now, is that the latter provide boundary conditions for the partial
differential equation. From standard theorems in partial differential equation the-
ory, this defines ¥ (up to an additive constant) provided the following condition is

fulfilled. First, remark that, at any point on the frontier, (A.2) can be written as :
VViu=A-1

where VU denotes the gradient of ¥, and « is the vector (0, —1, A)’. Now, the

condition is that « is not tangent to the frontier L. Since the equation of L is :

Wy, — y(wy,y) =0
and given that, on the frontier, A coincides with a, this condition states that, for
all (wy,y) :
a(wy, y)y(wr,y) +1#0 (A.3)

If this relation is fulfilled on the frontier, then the PDE (2.5), together with
the boundary condition, defines ¥ up to an additive constant.

Practically, there are cases where the PDE can be solved analytically. Then the
solution is defined up to a function of 2 variables; and this function is identified
by its values upon the frontier. The next section provides an example on a specific
functional form. Even when the PDE cannot be solved analytically, it is always
possible to numerically compute ¥ using the PDE and the boundary condition on

the frontier. See Appendix A for the detail of the algorithm. B

In the non-participation set (N), the approach is exactly the same :
Lemma 3. Assume that, for all (wy,y) :
b(wy,y)-yy(wy,y) +1 70 (A4)
Then on N, W is identified up to an additive constant.
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Proof. As above, using the PDE
B
(remember that F” has been exactly identified above). B

Note, incidentally, that generically both (A.2) and (A.4) are fulfilled almost
everywhere on the frontier.

For any (arbitrary) value of the constant, the equations (2.4) and (2.7) allow to
recover the Marshallian demand H; then preferences can be identified in the usual
way. Finally, note that integration requires at that stage additional restrictions.
While Slutsky symmetry is not binding with only two goods, the sign of compen-
sated own price elasticity still has to be positive, a constraint that can readily be
verified.

To see the intuition underlying the restrictions of the collective model note that
they reflect the fact that wages have three effects. Two are the familiar income and
substitution effects of price (or wage) changes. The third effect, which is specific to
the collective model, is that any wage (or income) variation may affect the sharing
rule (say, through its impact on bargaining power). The nature of the collective
approach is that this latter effect is not restricted. However, any given change in
the sharing rule must impact on a member’s labor supply in the same way whatever
the origin of the change. This, together with the fact that the sharing rule affects
the disposable income of both agents, generates the restrictions implied by the

collective setting.

B. Unrestricted Estimates
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