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Abstract

We develop a revealed preference approach to analyze non-unitary con-
sumption models with intrahousehold allocations deviating from the cooper-
ative (or Pareto efficient) solution. At a theoretical level, we establish re-
vealed preference conditions of household consumption models with varying
degrees of cooperation. Using these conditions, we show independence (or
non-nestedness) of the different (cooperative-noncooperative) models. At a
practical level, we show that our characterization implies testable conditions
for a whole spectrum of cooperative-noncooperative models that can be verified
by means of mixed integer programming (MIP) methods. This MIP formula-
tion is particularly attractive in view of empirical analysis. An application to
data drawn from the Russia Longitudinal Monitoring Survey (RLMS) demon-
strates the empirical relevance of consumption models that account for limited
intrahousehold cooperation.
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1 Introduction

We present a nonparametric revealed preference characterization of non-unitary
household consumption models that are identified by varying degrees of coopera-
tion. This characterization allows us to develop a practical method for analyzing a
whole spectrum of noncooperative-cooperative consumption models. In addition, it
enables us to derive some interesting theoretical results, such as independence (or
non-nestedness) of consumption models with different degrees of cooperation. We
use our method to analyze household consumption data taken from the Russia Lon-
gitudinal Monitoring Survey (RLMS). To the best of our knowledge, this is the first
empirical application of consumption models that account for household behavior
that is not fully cooperative. This introductory section motivates our main research
questions, and relates them to the existing literature.

Non-unitary household consumption and cooperation. There is a growing
consensus that multi-person household consumption behavior should no longer be
treated as if it the household were a single decision maker that optimizes a household
utility function subject to the household budget constraint. Indeed, this so-called
unitary model of household consumption imposes empirically testable restrictions on
the household demand function (e.g. Slutsky symmetry) that are frequently rejected
when confronted with consumption or labor supply data of multi-person households.
See, for example, Fortin and Lacroix (1997), Browning and Chiappori (1998) and
Cherchye and Vermeulen (2008).

Because of these empirical problems of the unitary model, an emerging literature
explicitly acknowledges that households are composed of distinct individuals who are
endowed with their own preferences, and that household consumption decisions are
determined by an underlying intrahousehold decision mechanism. We refer to this
approach as the non-unitary approach to household consumption. Typically, non-
unitary consumption models allow for privately consumed goods as well as publicly
consumed goods within the household. In addition, following Apps and Rees (1988)
and Chiappori (1988, 1992), the usual assumption is that household allocations are
Pareto efficient; in the household consumption literature, Pareto efficiency corre-
sponds to the so-called cooperative within-household solution of the intrahousehold
allocation problem.! However, the Pareto efficiency assumption has been questioned
for the publicly consumed goods. Most notably, it has been argued that the informa-
tional requirement and the resulting cost of implementing cooperation may often be
unrealistic. See, for example, Browning, Chiappori and Lechene (2007) and Lechene
and Preston (2005, 2008).

In this paper we develop a framework for distinguishing between different non-

IFollowing Chiappori (1988, 1992), the consumption literature often refers to the cooperative
model as the ‘collective’ model of household behavior.



unitary consumption models in terms of the degree of cooperation. At this point,
it is worth noting that we see at least two reasons why it is important to know the
magnitude of intrahousehold cooperation. First, from a welfarist perspective, it gives
an idea of the welfare improvement that is possible within a certain household. If
it is possible to link the level of cooperation to household characteristics, it may be
possible to use this knowledge for welfare enhancement measures that correct the effi-
ciency loss originating from household behavior that is not fully cooperative. Second,
the issue has also important implications for the structure of optimal taxation and
policies that target to alter the intrahousehold income distribution. See, for exam-
ple, Blundell, Chiappori and Meghir (2005) for a discussion on such targeting issues
in a non-unitary setting. In this respect, different (cooperative-noncooperative) con-
sumption models may lead to other intrahousehold allocations. In fact, the literature
has revealed a need for non-unitary household consumption models situated between
a fully cooperative case and a fully noncooperative situation, in order to obtain a
realistic modeling of observed behavior. See, for example, d’Aspremont and Dos
Santos Ferreira (2009) for discussion.

In what follows, we will provide a characterization of the whole cooperative-
noncooperative spectrum. At the one extreme, the fully cooperative solution corre-
sponds to the Pareto efficient within-household allocation mentioned before. At the
other extreme, the fully noncooperative solution corresponds to a Nash equilibrium
allocation within the household. Finally, we also characterize the semicooperative
case, which is situated on a continuum between the cooperative case and the non-
cooperative case. We will argue that our characterization of this semicooperative
case has a natural interpretation in terms of the degree of cooperation within the
household.

The cooperative-noncooperative spectrum: literature review. By now,
the modeling of the fully cooperative case is quite complete. Browning and Chiap-
pori (1998) provide a local differential characterization of the cooperative model. A
general finding is that if the household acts cooperatively, then the unitary condition
of Slutsky symmetry no longer holds. By contrast, cooperative behavior imposes
that there exists a household pseudo-Slutsky matrix that can be decomposed as the
sum of a symmetric negative semi-definite matrix and a matrix of rank 1 (in the
case of two household members). As shown by Chiappori and Ekeland (2006), this
condition, together with homogeneity and adding up, is also locally sufficient for
the existence of individual utility functions and Pareto weights that reproduce the
observed behavior. Cherchye, De Rock and Vermeulen (2007, 2009a,b) complement
these local differential results by presenting a global revealed preference characteri-

zation of the same cooperative model. In the tradition of Afriat (1967) and Varian



(1982),% they derived necessary and sufficient conditions for household consumption
data to be consistent with the model. For the publicly consumed quantities, these
conditions require the existence of suitable Lindahl prices such that each individual
in the household satisfies the Generalized Axiom of Revealed Preference (GARP; see
Section 2) when using these individual Lindahl prices to evaluate the public goods.

At the other extreme of the spectrum, the fully noncooperative model assumes
that each individual within the household maximizes her/his own utility given the
consumption of the other household members. In this case, the household consump-
tion decision is determined by the Nash equilibrium solution with voluntary contri-
butions for the publicly consumed goods. See, among others, Lundberg and Pollak
(1993), Browning, Chiappori and Lechene (2007) and Lechene and Preston (2005,
2008). As for the (local) differential characterization of this model, data consistency
with the noncooperative model requires the existence of a pseudo-Slutsky matrix that
can be decomposed as a symmetric negative semidefinite matrix and a matrix with
rank less than the number of public goods plus 1 (again in the case of two household
members). Three remarks are important in view of our following exposition. First,
at present it is not known whether these noncooperative conditions are also (locally)
sufficient. Second, these noncooperative conditions are nested with the (differential)
cooperative conditions mentioned above: data consistency with the cooperative con-
ditions always implies data consistency with the noncooperative conditions, but not
vice versa. Finally, to the best of our knowledge a complementary global revealed
preference characterization of the noncooperative household consumption model is
nonexistent in the literature.?

Between the two (cooperative and noncooperative) extremes, we can conceive a
continuum of semicooperative cases. These cases differ in the degree to which a cer-
tain household member behaves cooperatively towards the other household members.
We are aware of only one study that investigates these intermediate cases. Specifi-
cally, d’Aspremont and Dos Santos Ferreira (2009) consider a semicooperative model
where the willingness to pay for public goods is between the Lindahl price vector
associated with the cooperative equilibrium and the market price vector. Focusing
on the local differential characterization of this semicooperative behavior, they also
derive corresponding rank conditions on the pseudo-Slutsky matrix. We will discuss
the characterization of d’Aspremont and Dos Santos Ferreira in more depth when
we relate it to our characterization of semicooperative behavior. At this point, it
is important to indicate that the above three remarks for the noncooperative model

extend to the semicooperative model of d’Aspremont and Dos Santos Ferreira.

2See also Samuelson (1938), Houthakker (1950) and Diewert (1973) for seminal contributions on
the revealed preference approach to analyzing consumption behavior.

3However, see Sprumont (2000) for a revealed preference characterization of the noncooperative
Nash solution in a choice-theoretic framework a la Richter (1966).



This study. We will develop an alternative framework for modeling household
consumption behavior characterized by varying degrees of cooperation; this frame-
work will contain the fully cooperative model and the fully noncooperative model
as limiting cases. We will explicitly discuss the relationship between our framework
and the one of d’Aspremont and Dos Santos Ferreira (2009). In contrast to most
research in the literature, we focus on the revealed preference characterization of
(cooperative, noncooperative and semicooperative) consumption behavior.

The revealed preference approach has a number of attractive features. First of
all, our characterization is global, which contrasts with the local characterization
obtained by the standard differential approach. Specifically, we get global conditions
that enable checking consistency of a given data set with a particular consumption
model; in the spirit of Varian (1982), we refer to this as ‘testing’ data consistency
with the model under study. Second, we are able to verify these conditions while
keeping their inherent nonparametric nature, i.e. the associated tests do not require
an a priori (typically non-verifiable) parametric specification of the intrahousehold
decision process (e.g. individual preferences). By contrast, the differential approach
(until present) usually maintains additional assumptions concerning the functional
form for the demand function (and thus individual preferences) when verifying the
abovementioned rank conditions of the pseudo-Slutsky matrix (e.g. Browning and
Chiappori (1998) start from a quadratic almost ideal demand system in their em-
pirical analysis). More specifically, our nonparametric tests apply mixed integer
programming (MIP) methods, which combine linear constraints with binary integer
variables. This MIP formulation is particularly attractive from a practical point
of view: for a given data set, it allows for testing data consistency with a specific
consumption model by applying standard MIP solution techniques.

Two further features imply notable differences with the differential results de-
scribed above. First, the testable revealed preference conditions are not only neces-
sary but also sufficient for data consistency with specific (cooperative, noncooperative
and semicooperative) consumption models. Second, we will show that the conditions
for the semicooperative model (or, in a limiting case, the conditions of the fully non-
cooperative model) are not nested with the cooperative conditions: data consistency
with the (global) semicooperative conditions is neither necessary nor sufficient for
data consistency with the (global) cooperative conditions. This makes it interesting
to compare the empirical validity of different models. In fact, we can meaningfully
verify data consistency with a given model (and compare different models) even if
there are only a few observations and without restriction on the number of privately
consumed goods (see Section 4.4 and Section 5).

We demonstrate the practical usefulness of our approach through an empirical ap-

plication to data taken from the RLMS. As indicated above, as far as we know, this is



the first application of noncooperative and semicooperative household consumption
models to a real-life data set. Interestingly, this application demonstrates the empir-
ical relevance of our theoretical insights on independence (or non-nestedness) of, on
the one hand, the revealed preference conditions for the fully cooperative model and,
on the other hand, the revealed preference conditions for other (not fully coopera-
tive) models. As such, it motivates considering noncooperative and semicooperative
models in addition to the (more common) cooperative model in empirical analysis of
household consumption behavior.

The rest of this study is organized as follows. To set the stage, Section 2 re-
captures the revealed preference characterization of individually rational behavior.
Section 3 introduces a general household game concept, which applies to the con-
sumption decisions of multi-person households. This concept will provide the starting
point for our discussion in Section 4, which gives a revealed preference characteriza-
tion of the cooperative-noncooperative spectrum introduced above. This section also
discusses independence (or non-nestedness) between the conditions of non-unitary
consumption models characterized by different degrees of cooperation. Section 5 in-
troduces the MIP approach for empirical verification of the different conditions, and
presents our empirical application. Section 6 summarizes and formulates a number

of concluding remarks.

2 The rational individual benchmark

In this section, we provide a brief introduction to the theory of revealed preferences.
Specifically, we consider the optimization problem of a rational single individual.
This will ease our following discussion of non-unitary consumption models, which
assume rational individuals.

Consider an individual with a utility function U. Throughout, we will assume that
utility functions U are continuous, concave, non-satiated and non-decreasing in their
arguments. Let 7' = {1,...,|T|} be a set of observations. Given a (strictly positive)
price vector p; and income Y; (t € T'), we assume that the rational individual chooses
the consumption bundle ¢ in her/his budget set that maximizes her/his utility. In

particular, the rational individual solves the following optimization problem (OP-I):*

q € arg m(?XU (q) s.it. (pr,q) <Y,

A data set S = {py, q; her consists of a collection of strictly positive price vectors

p: and a collection of positive demand vectors ¢;. We use the following concept of

4Observe that, under our maintained assumptions for the utility function U, we have that in
equilibrium the budget restriction should hold with equality. The same applies to problems OP-H.A
and OP-H.B below.



individual-rationalizability.

Definition 1 (individual-rationalizability) Consider a data set S = {p, ¢ }ter-
The set S is individual-rationalizable if there exist a utility function U such that for

allt € T, the bundle q; solves OP-I given the price vector p, and income Yy = (py,q;).

Varian (1982) established that the set S is individual-rationalizable if and only if
it satisfies the Generalized Axiom of Revealed Preference (GARP).

Definition 2 (garp) Consider a data set S = {p;,q¢}ier. The set S satisfies
GARP if there exists a binary relation R such that the following holds. If (py,q;) >
(pt,qv) then q;Rq,. Next, qRq, if ¢Rqs, qsRq, ..., ¢Rq, for some sequence s, I, ...,
z. Finally, if . Rq, then (py,qv) < (Pv:q)-

In words, R captures the revealed preference relation in the data set .S. We have
q:Rq, if ¢ is directly revealed preferred to g, (i.e. (py,q) > (pt,qv)) or indirectly
revealed preferred to g, (i.e. there exists a sequence s, [, ..., z such that ¢, Rqs, ¢sRq;,
.., ¢zRq,). Finally, if ¢, Rq,, then we must have (p,,q,) < (p,,q), i.e. ¢, cannot be
more expensive than any revealed preferred ¢;.

The following theorem is probably the single most important result in revealed
preference theory (see Varian, 1982, based on Afriat, 1967).

Theorem 1 Consider a data set S = {py, g }1er- The following conditions are equiv-

alent:

1. There exists a utility function U that individual-rationalizes S.
2. S satisfies GARP.

3. For allt € T, there exist a positive number U; and a strict positive number X\,
such that, for allt,v € T,

U —U, <\, <pv7qt - QU> .

This result has two important implications. First, data consistency with GARP
is necessary and sufficient for individual-rationalizability of the data; see condition
2. Next, condition 3 provides an equivalent characterization in terms of the so-
called Afriat inequalities, which allow an explicit construction of the utility levels
associated with each observation ¢ (i.e. utility level U, for observed ¢). In our
following discussion of consumption models, we will mainly concentrate on the GARP
characterization of rational individual behavior. As we will show, this focus on GARP
enables us to formulate testable implications of consumption models in mixed integer
programming (MIP) terms (see Section 5). However, in principle our GARP-based
characterization of consumption models can equivalently be expressed in terms of

Afriat inequalities (by building on Theorem 1; see also the proof of Theorem 4).



3 The household game

To keep our exposition simple, we focus on 2-person (A and B) households in
what follows. However, extensions to households with more than 2 members are
fairly straightforward. Individuals have to decide over the consumption of a bun-
dle of |J| private goods (J = {1,...,|J|}) and a bundle of |K| public goods (K =
{1,...,|K|}). Given private and public consumption in the household, the util-
ity of the individuals A and B is given by the functions U%(¢*, Q* + Q®) and
UB(¢%, Q4+ QP), with ¢* and ¢ the private consumption bundles of A and B, and
Q* and QP the contributions to the public goods from A and B.> The fact that we
explicitly distinguish between A and B’s contributions to the public consumption
may seem a bit unconventional. However, this distinction will be essential for mod-
eling behavior that deviates from fully cooperative (or Pareto efficient) household
behavior (e.g. Lechene and Preston, 2005, 2008, and d’Aspremont and Dos Santos
Ferreira (2009) make similar distinctions).

The household consumption levels depend on the intrahousehold decision making
process. As discussed in the Introduction, we will consider three types of non-unitary
household models, which will have different equilibrium characterizations: the coop-
erative case, which assumes a Pareto efficient intrahousehold solution; the nonco-
operative case, which assumes a noncooperative Nash equilibrium solution; and the
semi-cooperative case, which is situated on a continuum between the cooperative and
the non-cooperative solutions. To formalize this idea, we will discuss the three mod-
els as particular cases of what we call the household game. Essentially, this household
game describes each consumption decision as resulting from a two-step process. In
a certain sense, this two-step representation generalizes the two-step representation
of the cooperative consumption model; see, for example, Chiappori (1988, 1992).
Just like for the cooperative model, it is important to remark that our two-step
representation of the household game should not necessarily correspond to the ac-
tual decision making process within the household. We only assume that observed
household behavior can be represented as if it follows from a two-step procedure.

In the first step of the household game, the total household income Y is divided
between A and B, which defines the individual incomes Y4 and YZ (with Y4 +
YB =Y). In this study, we abstract from explicitly modeling this first step. In
general, however, this intrahousehold income distribution can be seen as a function
of exogenous variables such as prices, household expenditures and other variables

that affect household decisions but not the preferences or the household budget (i.e.

SThroughout, we will abstract from externalities associated with privately consumed quantities.
Importantly, however, our setting can actually account for such externalities. Specifically, if an in-
dividual is the exclusive consumer of a particular private good, then we can account for externalities
for this good by formally treating it as a public good.



so-called extra-environmental parameters in the terminology of McElroy (1990) or
distribution factors in the terminology of Browning, Bourguignon, Chiappori, and
Lechene (1994)). In the second step, each individual (A and B) decides on the
optimal level of the own private consumption and the own contribution to the level
of public goods, by maximizing her /his own utility subject to a personalized budget
constraint defined by the individual income. In doing so, the individual faces the price
vectors p and P for her/his choice of private consumption and public contribution.
In addition, in the general version of the household game, each individual receives
a donation from the other individual per unit of public good that she/he purchases.
We denote these donations for each good k € K by 74 and 72; 74 and 78 represent
the vectors of donations. We see at least two interpretations for these intrahousehold
donations related to public goods. First, one can see these donations as voluntary
contributions: as B benefits from the purchase of Q#, it may be the case that
she/he is willing to contribute to the purchase of this bundle. Next, one can also
interpret them as representing an implicit tax that B has to pay for the benefit of
receiving Q. Both interpretations express that intrahousehold donations (i.e. a
given specification of 751 and 72) refer to the degree of (voluntary or obligatory)
cooperation within the household. This donation concept will play a crucial role in
our further exposition. Specifically, it will allow us to characterize a whole spectrum
of cooperative-noncooperative household consumption models.

The empirical analysis of the household game starts from a data set S = {py,
Pi, i, Qi}ier. For every observation t € T, the vectors Q; and ¢; (= ¢* + ¢P)
represent the household bundles of public and private goods demanded at ¢; and we
write ¢ j, and @, for the demanded quantity of private good j or public good k at
t (j € J, ke K). Thus, using p; for the (strictly positive) price vector of the private
commodities, P, for the (strictly positive) price vector of the public commodities and

Y; for household income, the household faces the following budget constraint:

(pe,q) + (P, Q) < Y3,

The first step of the household game then defines the individual incomes YA and
Y2 (YA + Y,P =Y;). Throughout, we will assume that the empirical analyst only
observes Y; and not ¥;* and Y,Z. In the second step, individual A pays <pt,qA> and
<Pt, QA> for her/his purchase of private and public goods corresponding to any choice
of ¢* and Q*. In addition, she/he receives the amount 72Q4 from B while she/he
pays 71Q® to B for any Q” representing B’s contribution to the public goods. Thus,
A’s optimization problem in this second step is given by (OP-H.A)

{a, @'} e arg max U (¢, Q"+ Q7) sit. (prg")+(P = 77.Q")+(r1.0F) < V.



Similarly, B solves (OP-H.B)
{67, 07} € arg max U (¢, Q7' + Q%) sit. {prg”) (P = 7,Q%)+(r7. Q) < Y.

In what follows, we define an equilibrium of the household game as an allocation
{q, ¢, Q4, QF} that simultaneously solves OP-H.A and OP-H.B for a particu-
lar choice of YA, V;Z, 7/ and 7B. In the next section, we will see that the three
equilibrium concepts in this paper depend entirely on the choice of 7/ and 72.

Before considering these equilibrium concepts in more detail, we characterize
the equilibrium for the general version of the household game. To this end, we
consider the marginal utility levels Uét and Ugt of A and B at the equilibrium
allocation.’ Further, let us introduce the notation P = U4, /A, and PP = U5 /A7,
with A and A? the Lagrange multipliers (associated with the budget constraint) at
the equilibrium for A and B evaluated in observation ¢t. The vectors P/ and P/
represent the marginal willingness to pay (MWTP) for the bundle of public goods
associated with A and B. In particular, ]Stf}f represents the amount of income that A is
willing to give up (at equilibrium) in order to receive one additional unit of the public
good k. For each public good k (which is consumed by a strictly positive amount),
the first order equilibrium conditions for OP-H.A and OP-H.B (for Q;; > 0) imply

max{p{f‘k + Tfk; fﬁc + Tfk} = Py (1)

This equality requirement is easily interpreted as an equilibrium condition. To see
this, let us consider the two possible inequality situations. First, if Jsf‘k + Tfk > Py
then the MWTP of A for one additional unit of % (i.e. IStAk) is larger than the price
A has to pay for it (i.e. P, — 77). Hence, A will increase her/his contribution to
good k. A directly similar interpretation applies to the situation lf’tBk + Tfk > P .
And, thus, maX{]Btf‘k + Tfk;]%i + {4} > P, implies a disequilibrium. Next, if
max{f’t‘j‘k + T f’ti + Tf}k} < P, then either A or B (whoever contributes positively
to good k) will want to decrease her/his contribution to k. Again, this implies a
disequilibrium situation.

As a concluding remark, we point out two assumptions that we will maintain
in the next two sections. First, we will assume that the empirical analyst only
observes the aggregate private demands ¢;, and not the individual bundles ¢ and
qP. However, it is easy to extend our analysis to include information on ¢/* and ¢Z,
i.e. the private consumption of the individuals A and B is partly observed. See our
empirical application in Section 5 for a specific example. Next, we will assume that

all components of the aggregate demands (); are strict positive. Again, we could

61f U4 and U® are not differentiable, we can take the subdifferentials that characterize the
optimal allocation.



easily relax this assumption by introducing some additional notation, but this would
only complicate the discussion while not really adding any new insights. In fact, our
empirical application in Section 5 will consider data sets with some components of
@: equal to zero; our basic theoretical insights developed below apply with equal

strength to this setting.

4 The cooperative-noncooperative spectrum

The household game discussed in the previous section allows us to provide a revealed
preference characterization of a whole spectrum of cooperative-noncooperative mod-
els of household consumption. As indicated above, different degrees of intrahousehold
cooperation then correspond to different specifications of the intrahousehold dona-
tions (i.e. 74 and 72). To formalize this idea, we first discuss the two extreme
cases mentioned in the Introduction, i.e. the fully cooperative model and the fully
noncooperative model. Subsequently, we present the semicooperative model, which

is situated on a continuum between these two limiting models.

4.1 The cooperative solution

The cooperative model assumes that the household consumption decision coincides
with a Pareto optimal allocation. An allocation {¢, ¢Z, Q4, QP} is Pareto optimal
if for all allocations {¢"4, ¢'?, Q"+ Q'P} that satisfy the same household budget
constraint, U4 (¢4, Q" + Q'B) > U4 (¢, Q4 + QP) implies UB(¢B, Q"4 + Q'P) <
UB(¢P, Q4 + QF). For our setting with concave utility functions, a Pareto optimal
allocation {g, ¢?, Q4, QP} is usually characterized as maximizing a weighted sum
of individual utilities U# and U® subject to the given budget constraint; in this
characterization, the weights of U4 and UP are commonly referred to as Pareto
weights. The revealed preference characterization of this cooperative model has been
discussed by Cherchye, De Rock and Vermeulen (2007, 2009b). In what follows, we
briefly recapture this characterization by integrating it with the household game
framework set out in the previous section. This will set the stage for our next
discussion of the noncooperative and semicooperative models.

As discussed in the previous section, the household game defines an equilibrium
bundle {¢;', ¢Z, Q, QF} for a given income distribution Y4, ¥, and vectors 77,
7B. Now assume that (in equilibrium) A considers to buy an additional unit of good
k. In order to pay for this extra consumption, A receives from B a contribution of
Tfk. In a cooperative equilibrium, a natural assumption is that B pays according
to her/his valuation of this extra consumption. In other words, B agrees to pay

exactly her/his MWTP for this additional consumption; and this value is given by



Pfk. Thus, for the cooperative solution we have

so that the equilibrium condition (1) becomes

max{]-:’t‘i + pfk; ]556 + ]5{3@} = P, or
ptﬁe + EBk = Pt,k- (2)

In words, for every public good k£ and at each observation ¢, the sum of the MWTP
of individuals A and B (Pﬁc and Pﬁ) must equal the price P; ;. As such, f’t‘i and
15,5% can be interpreted as Lindahl prices and, thus, in this case the household game
equilibrium corresponds to an equilibrium with Lindahl prices. This conforms to the
well-known one-to-one correspondence between Lindahl price equilibria (with varying
incomes Y;* and Y;?) and the set of Pareto optimal allocations (with varying Pareto
weights for the individuals).

Given all this, we can next introduce the revealed preference characterization
of this cooperative consumption model. We first define the concept of cooperative-

rationalizability.

Definition 3 (cooperative-rationalizability) Consider a data set S = {p;, P,
G, Qi}ier- The set S is cooperative-rationalizable if there exist utility functions
U4 and UB, individual private consumption bundles qi*, ¢’ € R‘jr]' that sum to q; and
public consumption bundles Q*, QF € ]R'f' that sum to Q; such that {qi*, ¢, Q#, QF}
simultaneously solves OP-H.A and OP-H.B under the condition 7 = P/ and P =
PB.

The next result gives the revealed preference conditions corresponding with such

cooperative-rationalizability.

Theorem 2 Consider a data set S = {py, P, qi, Q¢ }rer- The following conditions

are equivalent:

1. There exists a pair of utility functions U4, UP that cooperative-rationalizes S.

2. For all t € T, there exist price vectors ]5;4,]5,53 € ]R'f' and quantity vectors
q,qf € RE' such that

' +a’ = a, (C.1)
PA+ PP =P, and (C.2)
{pt7 PtAJ qz47 Qt}tGT CI,TLd {pta PtB7 th, QT}tGT Satisfy GARP. (C3)



Condition C.3 implies that cooperative-rationalizability implies a GARP condition
(i.e. individual-rationalizability) at the level of individuals A and B. The specificity
of the cooperative model is that these GARP conditions use Lindahl prices (P and
f’tB ) for evaluating the publicly consumed quantities; see condition C.2. It will be
interesting to compare this condition with the conditions that apply to the fully
noncooperative model and the semicooperative model.

Before doing so, we briefly recapture the so-called sharing rule concept that is
intrinsic to the cooperative model of consumption behavior. Essentially, the sharing
rule defines the individual income shares Y;* and Y,? corresponding to cooperative-
rationalizable household consumption behavior; see, for example, Chiappori (1988,
1992) for extensive discussion. In this respect, we recall that a data set S only
contains information on Y; and not on Y;* and Y;”. However, in principle it is possible
to empirically identify Y4 and Y;Z (i.e. the sharing rule) if the set S is cooperative-
rationalizable. Note that, from (2) the intrahousehold income distribution is given

as
(poaty + (P1Q) = Y and (paf) + (PE.Q,) = V. 3)

Thus, for a given data set S, if we can identify ¢/, ¢, pf and f’tB (given the empirical
conditions C.1-C.3), then we can identify the income shares Y;* and Y,? that underlie
the observed cooperative consumption behavior. We refer to Cherchye, De Rock and
Vermeulen (2009b) for a detailed discussion of this identifiability result that starts
from the revealed preference characterization in Theorem 2.” In what follows, we will
see that this identifiability result does not hold in general for consumption models

that are not fully cooperative.

4.2 The noncooperative solution

Fully noncooperative household behavior means that individual A is not willing to
contribute to the purchase of Q? and vice versa, which implies 7! = 72 = 0. In
this instance, the programs OP-H.A and OP-H.B correspond to the usual definition
of a Nash equilibrium; see, for example, Lechene and Preston (2005, 2008). Given

7/ = 78 = 0, the equilibrium condition (1) for the household game reduces to

max{ B}, B4} = Pos. (4)

The interpretation of this condition is directly analogous to the one of (1) discussed
above.
Let us then consider the revealed preference conditions of this noncooperative

model for a data set S = {p;, P}, qt, Q¢ }ter. Similar to before, we define the concept

"Chiappori and Ekeland (2009) provide related identifiability results that start from a differential
characterization of the cooperative model.



of noncooperative-rationalizability.

Definition 4 (noncooperative-rationalizability) Consider a data set S = {p;,
P, qi, Qitier. The set S is noncooperative-rationalizable if there exist utility func-
tions U and UP, individual private consumption bundles ¢*,qP € R'jr]‘ that sum
to q; and public consumption bundles Qi*,QF € R‘f‘ that sum to QQ; such that
{g2, 4B, Q4 QBY simultaneously solve OP-H.A and OP-H.B under the condition

=718 =0.
We obtain the following result.

Theorem 3 Consider a data set S = {pi, P, qi, Qi }rer- The following conditions

are equivalent:

1. There exists a pair of utility functions U, UP that noncooperative-rationalizes

S.

2. Forallt € T and k € K, there exist price vectors PtA, ]StB € R'fl and quantity

vectors ¢, qP € R‘jr” such that

4 + a7 = a, (NC.1)

max {]%flk, ]552} = P, and (NC.2)

{pta ﬁtAv ina Qt}tETand {pta pth tha Qt}tET satz'sfy GARP. (NC3>
Moreover, it follows that

]—Z’t‘i < Py if and only if Qf}k =0 and ka = Qur, and (NC.4)

Pti < P\ if and only if ka =0 and ka = Q- (NC.5)

The interpretation of NC.1-NC.3 is similar to the one of C.1-C.3 in Theorem 2.
The main difference is restriction NC.2 in Theorem 3, which replaces restriction C.2
in Theorem 2. The restrictions NC.4 and NC.5 follow from the fact that, if ]5& < Py
(f’ti < P, 1), then A (B) will sell back any positive amount of the public good k. This
implies Q7 = 0 (Q7, = 0) and, thus, Qf, = Qux (Qf}, = Q:x). Note that we can
have JBtAk + Zsﬁ > P, ., which contrasts with (2) that applies to the cooperative case.
In fact, this difference between EAk + Pti and P, indicates an efficiency loss in the
consumption of public goods caused by Pareto inefficient (or not fully cooperative)
behavior.

Two further remarks are in order. First, if we had imposed the additional as-

sumption that for all ¢ € T and k£ € K the contributions Qf}k and ka are everywhere



strictly positive, then we would have derived a simpler characterization of noncoop-
erative behavior. Specifically, it can be verified that condition NC.3 in Theorem 3
would have reduced to requiring bundles ¢/ and ¢? that sum to ¢; such that the
sets {ps, P, ¢, Qi }rer and {ps, P;, ¢, Q:}ser both satisfy GARP. However, the as-
sumption that all ka and ka are positive is problematic. Specifically, Browning,
Chiappori and Lechene (2007) have shown that generically (i.e. in all but a partic-
ular set of cases) the number of public goods to which both individuals contribute
is less than or equal to one. This suggests only assuming that Qf}k and fok are
non-negative, which effectively obtains the characterization in Theorem 3.8

The final remark pertains to our earlier discussion of (3) for the cooperative
model. We have indicated that, in principle, under cooperative-rationalizability the
(unobserved) within-household income distribution (i.e. the sharing rule) can be
identified from the observed set S. This identifiability result does not generally hold
under noncooperative-rationalizability. Specifically, it directly follows from the bud-
get constraints in OP-H.A and OP-H.B that, under noncooperative-rationalizability,

the income shares of the two individuals are given by:
<pt7924> + <-F)t7 11‘/4> - }/;A and <pt7th> + <Pta tB> - YtB‘ (5)

Given this, conditions NC.4 and NC.5 imply that Y;* and Y, are uniquely identified
only if for all £ and ¢ we have f’tﬁc < P, (so that Qf}k = 0 and ka = Q) Or
PB < Py (so that QF, = 0 and Q) = Q). This last situation conforms to
the so-called separate spheres Nash equilibrium concept; see Lundberg and Pollak
(1993) and Browning, Chiappori and Lechene (2007). On the other hand, as soon
as there is one public good k to which both individuals contribute for some ¢ (i.e.
15;36 = lf’tBk = PB,), it is impossible to exactly recover the income shares Y;* and
Y,? that underlie the observed noncooperative behavior. Specifically, in this case
ka and QtBk can take any value (under the sole condition ka + QtBk = ka) and,
thus, the expenditures on good k can not be assigned to the individual household
members. Interestingly, this result complies with the so-called local income pooling
result, which also applies to situations where both individuals contribute to the
same public good in a noncooperative setting; see Kemp (1984), Bergstrom, Blume
and Varian (1986) and Browning, Chiappori and Lechene (2007). However, even
though we cannot identify Y;* and Y,® in such a situation, it is still possible to
recover upper and lower bounds on values for Y, and Y;? that are consistent with a
noncooperative-rationalization of the given data set. These bounds then account for

the total (non-assignable) expenditures on the jointly contributed public goods.

$However, see Lechene and Preston (2005) for some example settings where the assumption of
strictly positive Qék and ka is always satisfied.



4.3 The semicooperative solution

In contrast to the cooperative and noncooperative cases discussed before, there is
no obvious way to model semicooperative household consumption behavior. In this
section, we forward a model that extends the interpretation of the previous (limiting)
models to situations characterized by intermediate levels of intrahousehold coopera-
tion. We believe this model captures most characteristics of both models in a realistic
and intuitive way. To enhance the intuition of the model, we will compare it with -to
the best of our knowledge- the only alternative semicooperative model that has been
suggested in the literature, i.e. the model of d’Aspremont and Dos Santos Ferreira
(2009).

Following our reasoning in the previous sections, we characterize the semicoop-
erative model in terms of the parameters 77 and 72. We recall that the cooperative
case corresponds to 74 = P and 78 = PP, while the noncooperative case corre-
sponds to 7 = 72 = 0. This naturally suggests to characterize the semicooperative

case by 774, 78 such that

0<7‘A<PtA and OnggptB,or

0<% <1 and 0<67 <1

Let us interpret this semicooperative model in terms of the household game de-
scribed above. Assume that (in equilibrium) individual A wants to increase her/his
contribution to public good k by one unit, and individual B’s MWTP for this increase
is f’ﬁf However, individual B is not fully cooperative and, thus, she/he is unwilling
to pay this entire amount to A when purchasing the additional public good. On the
other hand, she/he is not fully noncooperative either. Therefore, individual B will
contribute Tfk situated between zero and Pt]i and, thus, there exists a constant QEk
such that B is willing to contributes kapﬁg to the purchase of the good. This cor-
responds to the interpretation of the intrahousehold donations (73 and 72) in terms
of voluntary intrahousehold cooperation; in this case, ka represents a subsidy from
B to A. When interpreting the same donations in terms of obligatory cooperation,
we can think of Gfk as a tax rate which individual B faces on his MWTP for the fact
that A purchases the public good. Finally, we obviously have that Gfk = ka. =1 for
all ¢t and k corresponds to fully cooperative behavior, and ka = ka = 0 for all £ and
k complies with fully noncooperative behavior.

For given ka and ka, the equilibrium condition (1) for the household game is
given as

max{pt’ﬁc + kaﬁfk; ﬁtBk + efkptﬁc} = P (6)



The intuition of this condition is directly similar to the one of (1), which was ex-
plained before. We remark that we can have JStBk + lf’tAk > P, for some k if ka #0
or ka # 0. Like for the fully noncooperative case, such an inequality indicates an
efficiency loss due to limited cooperation.

Let us then formulate the corresponding revealed preference conditions. We first

define the concept of semicooperative-rationalizability.

Definition 5 (semicooperative-rationalizability) Consider a data set S = {p;,
Py, qi, Qi}ier. The set S is semicooperative-rationalizable if there exist ka and
95 . € [0,1], utility functions U4 and UP, individual private consumption bundles
i, qP € R'jr” that sum to q; and public consumption bundles Q:*, QF € R'f‘ that sum
to Q; such that {qi*, ¢%, Q% QF} simultaneously solve OP-H.A and OP-H.B under

" A _ pA DA B _ pB pB
the condition Ty}, = 0, P/} and 7p) = 0, P75

The following theorem characterizes the collection of data sets that are semicooperative-

rationalizable.

Theorem 4 Consider a data set S = {p;, P, q;, Q¢ }rer- The following conditions

are equivalent:

1. There exists a pair of utility functions U*, UP that semicooperative-rationalizes

S.

2. Forallt € T and k € K, there exist numbers Qf"k, QEk € [0, 1], price vectors
PA PP ¢ R'f' and vectors q*, qP € ler” such that

4 +q° =, (SC.1)
max { Pk + 07, P, PR+ 03P} = Py, and (SC.2)
{pt7 ptAv QZL‘; Qt}tET and {pb ptB7 QtB7 Qt}tGT SatiSfy GARP. (SC3)

Moreover, it follows that

ﬁ,ft - Gfkp,ft < Pyy if and only if Qft, = 0 and Qpy = Quy, and  (SC.4)
HSklf’,ft - ]—T’ft < Pyy if and only if QF, = 0 and Qfy = Q. (SC.5)

The interpretation is readily similar to the one of Theorem 3. Like in the nonco-
operative case, we have that the individual income shares (Y, and Y;?) underlying
observed semicooperative behavior are not identifiable in general. Mutatis mutandis,
our discussion of (5) caries over to this semicooperative case.

In what follows, we will assume constant Gfk and 951@7 ie. ka — 6% and Gfk =

for all ¢t and k. This will substantially simplify our exposition. The fact that the



parameters 8 and 67 are independent of ¢ means that the subsidy (i.e. voluntary
donations) or tax rate (i.e. obligatory donations) does not change over observations.
It is possible to relax this assumption, but this comes at the cost of a considerable
increase of the computational complexity of the testable MIP conditions. Next,
constant 0* and 6% also imposes that the donations 7/ and 78 are proportional to
the MWTP vectors P* and PP. In other words, if individual B’s MWTP for some
good k; is twice her/his MWTP for some other good ks, then her/his contribution
per unit of k; will also be twice as large as her/his contribution per unit of k.
Although it is also possible to relax this assumption (again at the cost of additional
computational burden), we will stick to it as we believe it is quite intuitive and
plausible in the current context.

As a final note, it is useful to compare our model with the one of d’Aspremont
and Dos Santos Ferreira (2009). Consider a data set S and let {¢/*, /%, Q/*, Q/P} be
a cooperative (Pareto efficient) equilibrium for the household game, with 77 and 75
the associated Lindahl prices (i.e. 7! and 72 give the MWTP vectors for A and B
at this cooperative equilibrium; see our above discussion of the cooperative model).
Then, the model of d’Aspremont and Dos Santos Ferreira is characterized by the

following first order condition:”
max{pfk + 93”5}«3 ptBk + HAWZ?k} = Py . (7)

This equilibrium condition is closely similar to the condition (6) that applies to
our model. However, there is one crucial difference. Specifically, in the model of
d’Aspremont and Dos Santos Ferreira the intrahousehold donations per unit of any
public good k (captured by 6% and ” in (7)) is proportional to the MWTP for this
public good in the Pareto efficient equilibrium (77}, and 7/, in (7)). By contrast, in
our model these donations are proportional to the MWTP for the same goods in the
semicooperative equilibrium (]St‘j‘k and f’ti in (6)). Thus, depending on the value of
04 and 67, the two models may lead to different outcomes. In addition, our above
discussion makes clear that the two semicooperative models have a rather different
interpretation, even though they have a similar structure.

A main motivation to focus on our version of the semicooperative model, and
not on the one of d’Aspremont and Dos Santos Ferreira, is that our model only uses
information on the MWTP for quantities that are effectively observed (i.e. in the
data set S), while the alternative model of d’Aspremont and Dos Santos Ferreira
requires information on the MWTP for quantities in some unobserved cooperative

equilibrium (associated with the same data set S). The fact that we only use observ-

9d’Aspremont and Dos Santos Ferreira (2009) originally expressed their equilibrium condition
in a different form. However, the formulation in (7) is easily obtained by slightly rearranging this
original formulation.



able quantity information is interesting from a practical point of view. Specifically,
as we will explain in Section 5, it allows us to reformulate the revealed preference
condition in Theorem 4 in MIP terms. As far as we can see, it is not possible to
obtain a similar MIP formulation for the revealed preference characterization of the
model of d’Aspremont and Dos Santos Ferreira, precisely because this model requires

unobservable quantity information.

4.4 Independence

We can show that the revealed preference conditions for noncooperative behavior are
independent of the revealed preference conditions for cooperative behavior: a data
set that satisfies the cooperative conditions does not necessarily satisfy the noncoop-
erative conditions, and vice versa. Specifically, the two examples in Appendix 2 show
that there is neither any inclusion nor any exclusion relation between the collection
of data sets that satisfy the conditions in Theorem 2 and the collection of data sets
that satisfy the conditions in Theorem 3. For simplicity, these examples focus on
the (limiting) fully cooperative and fully noncooperative cases. However, in principle
we can construct similar (but substantially more complex) examples that pertain to
the (intermediate) semicooperative model characterized in Theorem 4. Thus, we can
conclude that models characterized by different degrees of cooperation are generally
independent of each other.

This independence/non-nestedness conclusion is important for at least two rea-
sons. Firstly, this result stands in sharp contrast with the findings in the (local)
differential approach to modeling non-unitary consumption behavior. As discussed
in the Introduction, the rationalizability conditions for the noncooperative and semi-
cooperative models derived in that approach are generally nested with the rational-
izability conditions for the cooperative model: if a given data set passes the (local)
condition for cooperative rationalizability, then it should also pass the test for nonco-
operative rationalizability, but not vice versa. Secondly, our empirical application in
Section 5 will show that this independence is not a theoretical curiosity but also has
empirical relevance. Specifically, this application does effectively include data that
are cooperative-rationalizable but not noncooperative-rationalizable, and (different)
data that are noncooperative-rationalizable but not cooperative-rationalizable.

Apart from independence, the examples in Appendix 2 demonstrate two further
features of our revealed preference conditions that are important in view of empir-
ical applications. First, they show that we can meaningfully test data consistency
with specific household consumption models (and compare the empirical validity of
different models) even if only a few observations are available. Second, because all
consumption is public in both examples, such empirical analysis in principle does

not require privately consumed goods. In fact, this last feature implies an additional



difference with the existing differential characterizations of noncooperative and semi-
cooperative models: these differential characterizations typically require (much) more
privately consumed goods than publicly consumed goods in order to obtain empir-
ically testable restrictions; see Lechene and Preston (2005, 2008) and d’Aspremont
and Dos Santos Ferreira (2009).

5 Empirical application

We apply our method to data drawn from the Russia Longitudinal Monitoring Survey
(RLMS). Cherchye, De Rock and Vermeulen (2009b,c) studied the same data set.
These authors focused on consistency of these data with the cooperative model of
household consumption. We extend these earlier studies by providing complementary
results pertaining to noncooperative and semicooperative consumption models. In
doing so, we also generalize the MIP methodology introduced by these authors (for
the cooperative case) to apply to models of noncooperative and semicooperative
household behavior.

Our following analysis will concentrate on consistency testing, and will par-
ticularly illustrate the empirical relevance of the independence result articulated
above (see Section 4.4). If household behavior is found consistent with a particular
(cooperative-noncooperative) model, then subsequent analysis can focus on recov-
ering/identifying the specificities of the decision model that underlies the (rational-
izable) observed consumption behavior. For brevity, we do not consider recovery
issues in this application. However, we will return to recovery (based on our MIP

methodology) in the concluding section.

5.1 Verification

To be able to verify the GARP conditions in Theorems 2-4, we reformulate these
conditions in mixed integer programming (MIP) terms. We focus on formulating the
MIP program for the semicooperative model, with endogenous variables 04, 68 ¢
[0, 1]. Tt follows from our above discussion that the program for the fully cooperative
and fully noncooperative models correspond to 8 = 6% = 1 and 64 = 6% = 0,
respectively.

To obtain the MIP formulation, we define the binary variables z}}, € {0,1},
with 2} = 1 interpreted as (¢, Q;) R™ (¢)',Q.) (where (¢,Q:) R™ (¢, Q.),
M = A, B, has a straightforwardly similar meaning as ¢;Rq, in Section 2). Then,
a data set S satisfies the necessary and sufficient condition for semicooperative-

rationalizability in Theorem 4 if and only if the following MIP problem is feasible:

For all t,v € T and all k € K, there exist strictly positive vectors 15{4, ]StB , binary



variables z, x1% € {0,1}, and parameters 64, 07 € [0,1] such that (for s,t,v €T,
ke K, M= A, B):"

PA+608PP < P, (8)

04P* + PP < P, (9)

Py — p{f‘k — 93155@ < 21:C4, (10)

Pix — 0P} — P < (1= 2,4)C, (11)

' +4’ = a, (12)

(poa = a)+ (PM,Q = Qu) <aliC, (13)
aph o, <1+, (14)

(1=a0)C0 > (po, @y — @) + <PUM, Qv — Qt> ; (15)

with Cy > Py, and Cy > 'Y, for allt and k.

The interpretation is as follows. Constraint (12) imposes that the private con-
sumption bundles ¢/ and ¢” sum to the observed aggregate quantities ¢;, as re-
quired by condition SC.1. Further, constraints (8)-(11) comply with condition SC.2
in Theorem 4. Specifically, (8) and (9) impose the given upper bound constric-
tion for P and PP. Next, (10) imposes Py, < PA + 0°Ph if 2, = 0, while
(11) imposes P;j < HAptf‘k + 1539 if 2, = 1. Because z € {0,1}, this implies
max{ﬁtf‘k + 9315%;15& + ¢9A]5tf‘k} = P, and thus condition SC.2 is satisfied. Fi-
nally, constraints (13)-(15) correspond to the GARP conditions for each individ-
ual M (= A or B) (condition SC.3 in Theorem 4). Specifically, (13) states that
(g — o) + (Y, Q= Q) > 0 implies a, = 1 (or (g, Q) RV (aV',Q.)).
Next, constraint (14) imposes transitivity of the individual revealed preference re-
lations RM: if oM =1 (ie. (¢, Q1) RM (¢M,Q,)) and 22 =1 (ie. (¢, Q)
RM (qf}\/[,Qv)) then x% =1 (ie. (qf\/[,Qt) RM (qf)W,Qv))) And (15) requires
(ol =)+ (PY.Qu=Q)y < 0if el =1 (e (4, Q) RV (4, Qu)

Clearly, all constraints are linear for the cooperative case (with 04 = 0P = 1)
and the noncooperative case (with 64 = 6P = 0). Linearity implies that the above
program can be solved by standard MIP methods for a given data set S. As for the
semi-cooperative case, the constraints are obviously linear if we know the values of
and #”. If we do not know these values (which is usually the case), then we suggest

to conduct a grid search that checks the above problem (through MIP methods) for

10T he strict inequality <pt, ! — q{,‘/[> + <]5tM, Q: — QU> < x%}Ct is difficult to use in IP analysis.

Therefore, in practice we can replace it with <pt7q£” — qf)w> + <PtM, Q: — QU> +e< x%Ct for €
(> 0) arbitrarily small.



a whole range of possible values for 64 and 6”. In fact, this can provide a definite
answer on whether the data satisfy the rationalizability condition in Theorem 4 with
arbitrarily large probability. To see this, we first note that the parameter space
6+ x 67 is [0,1] x [0,1], which is of size 1. Let us assume that the subspace with
04 and 0 obtaining a semicooperative-rationalizability of the given data set has at
least size €. Then, we get that any random draw out of [0,1] x [0,1] has at least
probability € to lead to a rationalization. In other words, with probability less then
(1 —¢) no rationalization is found. So, if we take n random draws from [0, 1] x [0, 1],
then with probability at least 1 — (1 —¢)", we must find a rationalization. By taking
n large enough, we can make this probability as close to 1 as desirable for any given
. In our following application, we will use an equally sparsed grid search with step
0.1 for 8*,6” € [0,1], which implies n = 121.

5.2 Data

We refer to Cherchye, De Rock and Vermeulen (2009b,c) for a detailed discussion of
the RLMS data that we use. These authors also provide more specific information
on the assignability procedure that we present below. For compactness, we restrict
ourselves to a brief summary here.

Our sample consists of 148 adult couples, with both (female and male) household
members employed. We consider each of the 148 households separately, which avoids
(often debatable) preference homogeneity assumptions across male or female mem-
bers of different households. This illustrates the use of our method for a panel data
set. However, it is worth emphasizing that revealed preference methods such as ours
are equally applicable to (repeated) cross-section data sets. In this respect, we refer
to Blundell, Browning and Crawford (2003, 2008) for some recent methodological
advances.

Our data set covers the period from 1994 to 2003. We have consumption data
for each year except for the years 1997 and 1999, so that we end up with 8 (= |T|)
observations (prices and quantities) per household. We consider bundles consisting
of 21 (= |J| + |K|) nondurable goods: (1) food outside the home, (2) clothing, (3)
car fuel, (4) wood fuel, (5) gas fuel, (6) luxury goods, (7) services, (8) housing rent,
(9) bread, (10) potatoes, (11) vegetables, (12) fruit, (13) meat, (14) dairy products,
(15) fat, (16) sugar, (17) eggs, (18) fish, (19) other food items, (20) alcohol and (21)
tobacco. We assume that wood fuel, gas fuel and housing rent are public (|K| = 3),
while the other goods are private (|J| = 18).

Our application will show the possibility of including specific information on ¢
and th , i.e. we can assign private consumption to individuals A and B. Formally,

this means that assignable quantities ¢ (M = A, B) act as lower bounds for the



quantities ¢, i.e.
M M
qG =g

Essentially, the procedure starts from a base scenario for the distribution of the
privately consumed quantities across the two household members. Because assignable
quantity information is not directly available from the RLMS data set, this base
scenario uses the observed consumption of male and female singles (or one-person
households).!’ In subsequent steps, we consider less and less assignability, i.e. we
account for (ever larger) deviations from the base scenario distribution. Formally,
using ¢?M for the private quantities of member M that correspond to the hypothesized
base scenario, we define

aM __ bM
qy = KRG,

with 0 < k < 1. The parameter s captures the extent to which we allow for deviations
from the base scenario distribution. For example, x = 1 implies ¢¢" = ¢, while
k < 1 implies ¢#M < ¢*M. Generally, lower x values imply less stringent restrictions
for the private quantities. Varying the value of £ will allow us to compare different

cooperative-noncooperative models under varying degrees of assignability.

5.3 Results

To structure our discussion, we first provide empirical results for the (limiting) co-
operative (with #* = 6% = 1) and noncooperative (with 6% = #” = 0) models
for the full sample of households. Subsequently, we report on the (intermediate)
semicooperative model (with 8,67 € [0,1]) for specific households.

Table 1 presents pass rates for the cooperative model and the noncooperative
model under different degrees of assignability (captured by ). The table reveals that
pass rates increase if k decreases. This is not surprising given that lower x values
comply with less assignable information for the privately consumed quantities. For
one household, we need x = 0.60 for a rationalization in terms of the cooperative
model as well as the noncooperative model. If we look at the aggregate pass rates
in Table 1, we do not find much difference between the cooperative model and the
noncooperative model. To some extent, this provides empirical support for both
types of non-unitary models (conditional on the base scenario that is assumed).

Still, even though the two models provide a rather good overall fit of observed
household behavior, there are some notable differences for specific households. For
example, for k = 0.90 the noncooperative model rationalizes the behavior of two

more households than the cooperative model, while for x = 0.80 we observe a bet-

UFor example, it is observed that the average budget share of alcohol for male singles is (about)
5 times the corresponding budget share for female singles. Given this, in the base scenario the male
consumes 5/6 of all alcohol bought by the household and the female consumes 1/6.



ter fit of the cooperative model. Table 2 provides more detailed results pertaining
to individual households. Specifically, it reports on (i) the number of households
that are noncooperative-rationalizable but not cooperative-rationalizable and (ii) the
number of households that are cooperative-rationalizable but not noncooperative-
rationalizable. The table suggest that the adequate behavioral model varies with the
household under consideration: for some households the cooperative model provides
a better fit of observed behavior than the noncooperative model, while the oppo-
site holds for other households. Generally, this motivates the empirical relevance of
considering noncooperative models of household behavior in addition to the (more
common) cooperative model.

As a further base of comparison, we have also calculated power results for the dif-
ferent model specifications. Specifically, for each household and each x we compute
a power measure that quantifies the probability of detecting random behavior. Ran-
dom behavior is then modeled using a bootstrap method: for each observation, with
given prices and income, we define quantities by randomly drawing budget shares
(for the 21 goods) from the set of 1184 (= 148 x 8) observed household choices.'?
Thus, our power assessment gives information on the expected distribution of vi-
olations under random choice, while incorporating information on the households’
actual choices.

Table 1 reports on the distribution of the power measure defined over the 148
households under study. These results are based on Monte Carlo-type simulations
that include 1000 iterations. We find that the power varies a lot across households
and models: while it is reasonably high for some households (see in particular the
maximum and 3rd quartile values for higher k), it is also very low for other households
(see the minimum and 1st quartile values). Generally, these results suggest that
assignable quantity information can be particularly helpful to enhance the power of
tests for non-unitary models (with or without cooperation). Next, we recall that our
analysis uses only 8 observations per household. Obviously, power can only improve
when more observations become available.

In the context of the present study, it seems particularly interesting to compare
the power of the cooperative and noncooperative models.!> For the data under
consideration, we observe that the power distribution for the noncooperative model
is situated somewhat below the one for the cooperative model for each value of
k. However, the difference is very small; we can safely conclude that the power

distributions are generally close to each other. In our opinion, this provides additional

12See Bronars (1987) and Andreoni and Harbaugh (2006) for general discussions on alternative
procedures to evaluate power in the context of revealed preference tests such as ours.

13To compute the power results in Tables 1, we have used the same distribution of randomly
drawn budget shares to evaluate the cooperative and noncooperative models. Obviously, this is
needed to meaningfully compare the power of the two types of models. A similar qualification
applies to the power results in Table 3.



motivation for considering non-unitary models with limited cooperation in addition

to the fully cooperative model.

[Table 1 about here]

[Table 2 about here]

As a final exercise, we consider the semicooperative model. Specifically, Table
3 reports on two households selected on the basis of the results in Table 2: for
k = 1.00, household 1 can be rationalized in terms of the noncooperative model but
not in terms of the cooperative model, and households 2 can be rationalized in terms
of the cooperative model but not in terms of the noncooperative model. Table 3
gives test results (1 = pass; 0 = fail) and power estimates for the semicooperative-
rationalizability conditions corresponding to 121 combinations of 8, #% € [0, 1], when
using x = 1.00.1

The results suggest that our methodology can be useful to define bounds on the
values of 84 and 67 that are consistent with semicooperative-rationalizable behavior
for specific households. Given that 8 and 67 indicate the degree of cooperation of
each individual household member, these bounds tell us about the extent to which
observed household consumption behavior is characterized by (limited) intrahouse-
hold cooperation. Interestingly, the results in Table 3 show that different household
members may well be characterized by other degrees of cooperation in the semico-
operative equilibrium (i.e. #* and #” have different bounds). In our opinion, an
interesting following step can relate these findings on (varying) intrahousehold coop-
eration to specific characteristics of the household and/or household members. Such
an exercise falls beyond the scope of the current study (also because of limited data
availability). In this respect, our discussion in the concluding section will point out
that combining experimental data with our methodology constitutes an interesting

avenue for addressing this type of questions.

[Table 3 about here]

6 Concluding discussion

We have presented a revealed preference toolkit for analyzing non-unitary house-

hold consumption behavior identified by varying degrees of cooperation. We started

14Results for other x values and other households are available upon request.



from global characterizations of non-unitary rationalizable behavior, which comple-
ment the existing local differential characterizations. Our toolkit allows for empirical
analysis of such behavior while avoiding (typically nonverifiable) parametric structure
for the household decision process. Such analysis can make use of MIP techniques,
and is thus easy-to-implement. Our application to RLMS data suggests the empiri-
cal relevance of considering household consumption models that account for limited
cooperation in addition to the (more common) model that assumes fully cooperative
behavior.

To focus our discussion, we have concentrated on the characterization of con-
sumption models with different degrees of cooperation, and testing consistency of
observed behavior with alternative model specifications. If observed behavior is
consistent with a particular model (i.e. can be rationalized), then a natural next
question pertains to recovering/identifying the decision model that underlies the (ra-
tionalizable) observed consumption behavior. Such recovery can start from the MIP
methodology presented in this paper. In this respect, see Cherchye, De Rock and
Vermeulen (2009b), who consider these questions for the cooperative model; their
analysis is directly extended to the noncooperative and semicooperative models dis-
cussed here. Their basic argument is that nonparametric revealed preference recovery
on the basis of an MIP characterization of rational behavior boils down to defining
feasible sets characterized by the MIP constraints.

We see at least two interesting applications of recovery. First, recovery can focus
on the individuals’ MWTP for the publicly consumed goods. As indicated above,
lack of intrahousehold cooperation implies that the sum of these individual MWTP
deviates from the observed prices for the publicly consumed goods. The MIP method
can be used for quantifying this discrepancy between MWTP and observed prices
(as a measure for the efficiency loss caused by limited cooperation) in empirical ap-
plications. Next, one can try to recover the income distribution that is associated
with rationalizable behavior while accounting for limited cooperation. As a matter
of fact, the literature on cooperative household consumption behavior has paid con-
siderable attention to analyzing the intrahousehold distribution underlying observed
cooperative-rationalizable behavior. See, for example, Browning, Bourguignon, Chi-
appori and Lechene (1994), Blundell, Chiappori and Meghir (2005), Browning, Chi-
appori and Lewbel (2006) and Lewbel and Pendakur (2008), who focus on various
welfare-related questions associated with sharing rule recovery. The methodology
presented in this paper allows for analyzing similar questions for noncooperative and

semicooperative models.!®

However, we recall our discussion (at the end of Section 4.2) on identifiability problems for
noncooperative and semicooperative household consumption behavior when both individuals con-
tribute the same public goods. In this case, it is only possible to recover upper and lower bounds
on the individual income shares that account for the total (non-assignable) expenditures on these



Finally, the current study has concentrated on analyzing household consumption
behavior. However, the same methodology can also be used to analyze multi-person
group behavior. Indeed, a lot of situations involve groups of individuals spending
a joint budget; e.g. decisions of committees, clubs, villages and other local orga-
nizations, or firms with multiple decision makers. Chiappori and Ekeland (2006,
2009) suggest the cooperative (Pareto efficient) model as a natural benchmark for
assessing the collective rationality of such group decisions. Our methodology allows
for assessing group decisions that do not meet this benchmark. In this respect, an
interesting avenue for follow-up research consists of analyzing group consumption
behavior on the basis of data gathered by means of a laboratory experiment. In
fact, it has been argued that the nonparametric revealed preference methodology is
particularly useful in combination with such experimental data. See, for example,
Sippel (1997), Harbaugh, Krause and Berry (2001) and Andreoni and Miller (2002)
for earlier applications that experimentally analyze individually rational behavior.
For example, experiments can use our methodology to focus on specific conditions
(e.g. individual and group characteristics or other exogenous circumstances that
can be manipulated) that ‘trigger’ (different degrees of) cooperative/noncooperative

behavior in multi-person consumption decisions.

Appendix 1: proof of Theorem 4

We will only prove Theorem 4. The proofs of Theorems 2 and 3 are directly similar
to this one and, therefore, we leave them to the reader.

1=2. Pick any t € T" and consider the OP-H.A and OP-H.B. Let thj\]/& and Ug{
(M = A, B) be the subgradients for the function UM at bundle (¢, Q,), and A
and )\f the Lagrange multipliers for the budget constraints in OP-H.A and OP-H.B.
The first order conditions for OP-H.A and OP-H.B are:
Uq’?a < \'pi,

U(ﬁ; S )\tht7
Uy, S NP —17),

Ugt S )\tB(Pt - T?)

The inequalities are replaced by equalities in case the quantities of the goods under

consideration are strictly positive. Next, concavity of the utility functions U# and

jointly contributed public goods.



U® implies for all t,v € T

UA(%SA’ Qt) UA qv 7QU < q Qt q?> + <USU7 Qt - Qv> )
UB(qFJ Qt) UB q'u ,Qv < 5> Qt q'uB> + <UQBUJ Qt - Qv> .

For all t € T, define U4, /' = PA and U5 /N = PP, UA(¢/",Qr) = U and
UB(¢P,Q,) = UP. This gives:

U = U <A <<pmq£4—qu‘>+ <P1:47Qt_Qv>>7
UP = U2 <A ((ponaf —al) + (PP - Q).

Using Theorem 1, we know that these two conditions are equivalent to the conditions
that {p,, P2, ¢, Q¢ yeer and {py, PP, qP, Qi }rer satisfy GARP. This obtains SC.3.

Also, observe that, for the semi-cooperative equilibrium, 7, = 49 Ph and 1f), =
0. P4 for all k € K and t € T. If PA + 0" P, < Py, we know that Q7. = 0 and,
thus, QtBk = Qi > O Then, the first order condition for k£ € K in OP-H.B must be
binding, so that 9t . k + Pti = P, ;. This obtains the first part of SC.1. Reversing
the roles of A and B shows the other part of SC.1. Similarly, one can verify SC.4
and SC.5.

2=>1. From the GARP conditions and Theorem 1 we know that there exist positive

numbers U2, UFP and strict positive numbers A and A\” such that:

Ut = UM <A ((pv,q{‘ — gy + <15vA, Qi — Qv>) :
UP U} <A) ((Pv,th —ql)+ <15f,Qt - Q>> .

Define the functions U4 and U? such that:

U ", Q) = min {UL + X2 ((poa* = 0y + (PLQ - Q) }.
UB(¢%,0Q) = min {UB D (<pv,qB — P+ <Pf,@ _ Q>)} .

veT

Notice that U4 and U? are continuous, concave, strictly monotone and that for all
teT, U Q) = U and UB(¢P,Q;) = UP. See, for example, Varian (1982).
We need to show that the functions U4 and U? provide a semicooperative ratio-
nalization of the data set. For brevity, we only provide the argument for U4, but a
straightforwardly analogous reasoning applies to UZ. For all t € T, define Q# and Q7
so that if P; k—I—QB PB < P, then th = 0and Q7 = Qux, and 1f¢9tkP Pti < Py
then th = 0 and QY = Qu (see SC.4 and SC.5). (If P/ + efkai = P, and

ka ik T Pk & = Dur then we can randomly allocate @)y between Qi and QF,.)



Next, consider ¢ € T' and a bundle (¢, Q*) with Q = Q“ + QP such that
(oo a®) + D | (P = 05 PEQE + 04 PAQE
k
< (pnagi) + Z [(Pt,k: - kapfk)ka + kaptﬁchk} , Or
k
(peoa™) + (P — 05 PL)Q
k

< <pt, q24> + Z(Pt,k - efkéfk)ka (16)
k

Then, we have to prove U4(¢4, Q) < U%(¢*,Q;). To obtain this result, we first
note that, by construction, <F~’tA,Q{1> = > o (Pp — kaﬁti)ka. Thus, because

15&—1— kaéi < P, (which implies <Z5tA,QA> < S (Prg — kaﬁti)Qf), we get
<15tA,QA — Qf> <3 (P — 95,615&) (Qf — ka). Using this, we then obtain

U4(q", Q)
= rvnei%l{UvA—F)\f <<pv’qA_q51>+ <]511A’Q_Q”>>}

< UA+ A8 (<pt, ¢ —aq') + <]5tA’ @ - Qt>>
= U+ A ((pt, ¢ —a') + <ptA’ QA_Q?»

< UM+ <<]9t7 gt — QZ4> + Z(Ptk — kapﬁc) (Q? - Qék))
%

Uy

IN

This provides the wanted result, i.e. {g, Q#'} solves OP-H.A.

Appendix 2: independence - examples

Throughout, we will use € to represent a strictly positive but sufficiently small num-
ber.

Example 1: cooperative-rationalizable but not noncooperative-
rationalizable
We first construct a data set that is cooperative-rationalizable but not noncooperative-

rationalizable. The data set contains 3 observations (7' = {t,v,w}) and 3 public

goods (K = {1,2,3}). More specifically, the set S contains the following informa-



tion:

1 € €
Qi=1|¢e|, Qu=111, Quw=1¢c| and
€ € 1
7 4 4
P=14]1, P=171, P,=14

4 4 7

To show cooperative-rationalizability, we consider the following specification:

7—¢g? 4—¢ €
EA: 4—¢ 1, f’UA: 3.5 |, f’f: e | and

4—¢ £ g2

g2 £ 4—¢
PE=1¢], PE=| 35 [, PE—|4-¢

5 4—¢ 7—¢?

This specification clearly meets the condition ]554 + f’SB =P, (s € T). By com-
puting for both members all inner vector-products, ISSM Qu(s,u € T,M = A, B), it
is straightforward to verify that {PA,Q;}er and {PP, Q;}ier both satisfy GARP.
As such the data set meets the necessary and sufficient conditions for cooperative-
rationalizability in Theorem 2.

We still need to prove that the data set S is not noncooperative-rationalizable.
Recall that we must have max {P;‘k, ﬁfk} = P, for all s € T"and k € K. Thus,
we have to specify ]5{‘1 =7 or ]Sfl = 7. Without loss of generality, we assume
Ptf‘l = 7. Then, given that ¢ is small enough, it directly follows that Q,R*(Q, and
Q:R*Q,,. Similarly, for observation v, there must be an individual M (= A or B)
so that p% = 7. Because the set {P*, Q;}ier has to satisfy GARP (and Q,R*Q,),
we have to choose M = B and thus Q,R?Q, and Q,R”(Q,,. Finally, we must specify
M (= A or B) so that ]5%3 = 7. Any choice of M makes that GARP is violated
either by the set { P2, Q, }ser (because Q,R4Q,,) or by the set { PP, Q, }ser (because
Q.R?Q.,). We conclude that the given data set does not meet the necessary and

sufficient conditions for noncooperative-rationalizability in Theorem 3.

Example 2: noncooperative-rationalizable but not cooperative-

rationalizable

We next construct a data set that is noncooperative-rationalizable but not cooperative-

rationalizable. Specifically, we consider the following data set S with 4 observations



(T = {t,v,w, z}) and 4 public goods (K = {1,2,3,4}):

100 20 5 10
11 € 10 4
= y Wo = y Ww = y Wz = and
@ .| @ 0| ¢ 4
20 100 5 10
1 € € 1
1
Pt - : ) P’U = : ) Pw = ) PZ = ©
€ € 1 1
€ 1 € 1

We first demonstrate that this data set is noncooperative-rationalizable. To see this,

we consider the following specification:

1 € € 1
~ A € ~ 4 € ~ 4 1 ~ 4 15
P/ = , Br= Ll Po= , P = and
€ € € 1
5 g3 £ £
g3 € € €
N g3 N € - € N €
PtB_ JPvB: 7Pf: ’PzB:
€ € 1 1
g3 1 € 1

This specification clearly meets the condition max {f’s‘f‘k, PSBk} =P (seTandk €
K). Again, it is straightforward to verify that the sets {15{4, Q¢ }er and {IBtB, Qtter
both satisfy GARP. Therefore, we conclude that the given data set meets the neces-
sary and sufficient conditions for noncooperative-rationalizability in Theorem 3.
Next, it can be verified that the given data set does not pass the condition for
consistency with the cooperative model that is given in Proposition 2 of Cherchye,
De Rock and Vermeulen (2007); the reasoning is similar to the one in their Example
1. For brevity, we do not include the argument here, but it can be obtained upon
request. We thus conclude that the given data set violates the necessary and sufficient

condition in Theorem 2.
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Table 1: Pass rates and power; cooperative and noncooperative models

Cooperative model (07 = % = 1)

Value of k | Pass (on total of Power (probability of detecting random behavior)
on 148 households) | minimum 1st quartile median 3rd quartile maximum
1.00 137 0.000 0.063 0.087 0.123 0.230
0.90 143 0.000 0.029 0.040 0.056 0.110
0.80 147 0.000 0.011 0.018 0.025 0.056
0.70 147 0.000 0.003 0.007 0.011 0.039
0.60 148 0.000 0.000 0.002 0.005 0.018
Noncooperative model (8 = #% = 0)
Value of k | Pass (on total of Power (probability of detecting random behavior)
on 148 households) | minimum 1st quartile median 3rd quartile maximum
1.00 137 0.000 0.062 0.087 0.115 0.215
0.90 145 0.000 0.022 0.034 0.045 0.093
0.80 146 0.000 0.009 0.015 0.022 0.048
0.70 147 0.000 0.003 0.006 0.010 0.036
0.60 148 0.000 0.000 0.002 0.004 0.011




Table 2: Independence; cooperative and noncooperative models

Rationalizability: not cooperative but noncooperative

Value of £ | Number: not cooperative (1 = #% =1) ... but noncoop (8" = 6% = 0)
1.00 11 1
0.90 5 3
0.80 1 0
0.70 1 0
0.60 0 0
Rationalizability: not noncooperative but cooperative
Value of £ | Number: not noncoop (6 = 6% = 0)... .. but coop (8" = 0% = 1)
1.00 11 2
0.90 3 1
0.80 2 1
0.70 1 0
0.60 0 0




Table 3: Pass rates and power; semicooperative models

GA

Household 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

9B 0 Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.160 0.157 0.154 0.159 0.161 0.168 0.168 0.169 0.169 0.170 173

0.1 Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.158 0.157 0.154 0.159 0.161 0.168 0.168 0.169 0.169 0.170 173

0.2 Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.157 0.157 0.154 0.159 0.161 0.168 0.168 0.169 0.169 0.170 173

0.3 Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.157 0.157 0.154 0.159 0.161 0.168 0.168 0.169 0.169 0.170 173

0.4 Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.157 0.157 0.155 0.159 0.161 0.168 0.168 0.169 0.169 0.170 173

0.5  Pass (0/1) 1 1 1 1 1 1 1 0 0 0 0
Power 0.154 0.154 0.154 0.158 0.161 0.168 0.168 0.169 0.169 0.170 173

0.6  Pass (0/1) 1 1 1 1 1 1 0 0 0 0 0
Power 0.160 0.160 0.160 0.159 0.162 0.169 0.169 0.169 0.169 0.170 173

0.7 Pass (0/1) 0 0 0 0 0 0 0 0 0 0 0
Power 0.170 0.170 0.170 0.170 0.171 0.170 0.169 0.169 0.169 0.170 173

0.8 Pass (0/1) 0 0 0 0 0 0 0 0 0 0 0
Power 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.169 0.170 173

0.9  Pass (0/1) 0 0 0 0 0 0 0 0 0 0 0
Power 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.169 0.170 173

Pass (0/1) 0 0 0 0 0 0 0 0 0 0 0
Power 0.173 0.173 0.173 0.173 0.173 0.173 0.173 0.173 0.173 0.173 173

Household 2 HA 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

QB 0 Pass (0/1) 0 0 0 0 0 0 1 1 1 1 1
Power 0.108 0.102 0.102 0.102 0.100 0.104 0.106 0.103 0.105 0.107 .108

0.1  Pass (0/1) 0 0 0 0 0 0 1 1 1 1 1
Power 0.108 0.103 0.102 0.102 0.099 0.103 0.105 0.103 0.105 0.107 .108

0.2 Pass (0/1) 0 0 0 0 0 0 1 1 1 1 1
Power 0.109 0.103 0.101 0.101 0.099 0.103 0.105 0.103 0.105 0.107 .108

0.3 Pass (0/1) 0 0 0 0 0 0 1 1 1 1 1
Power 0.107 0.104 0.101 0.101 0.099 0.102 0.104 0.103 0.105 0.107 .108

0.4  Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.108 0.107 0.105 0.103 0.101 0.102 0.104 0.103 0.105 0.107 .108

0.5 Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.107 0.107 0.105 0.103 0.101 0.103 0.105 0.104 0.105 0.107 .108

0.6 Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.103 0.103 0.104 0.103 0.101 0.103 0.104 0.104 0.105 0.107 .108

0.7 Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.102 0.102 0.102 0.102 0.102 0.102 0.104 0.104 0.105 0.107 .108

0.8  Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.105 0.106 0.108 .108

0.9  Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1
Power 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.105 0.106 0.108 .108

Pass (0/1) 1 1 1 1 1 1 1 1 1 1 1

) B I

1NV



