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Abstract

In this paper, each household is characterized as a group of agents making joint decisions.
Under the assumption of full efficiency, it is shown that households with several adults can
be characterized by a unique utility function if and only if individual members have identical
discount factors, HARA utility functions with identical curvature parameter and identical be-
liefs. If this conditions are violated, the household objective function and consequently Euler
equations depend on the decision power of each spouse. If the assumption of full efficiency
is relaxed, | find that standard Euler equations of couples are replaced by inequalities, even if
the restrictions are satisfied. However, the Euler equations of singles should be fulfilled with
and without efficiency. Using the PSID as well as the CEX, these theoretical implications are
tested. | find that the standard model of household intertemporal behavior is consistent with
the consumption pattern of singles, but not with the consumption behavior of couples. Finally
it is shown that full efficiency has different predictions for household Euler equations from
the limited commitment version of the model. These predictions will be tested using both the

PSID and the CEX.



1 Introduction

In this paper, it is shown that the standard model of household intertemporal behavior is consistent
with the consumption pattern of US households with only one adult. However, the standard frame-
work is rejected for US couples. These results and the approach employed in the paper are new
in several respects. First, it is explicitly taken into consideration that households are composed
by several individual members with different preferences. In most of the consumption literature,
each household is characterized as if a single agent were making the decisions. Specifically, a
unique utility function is maximized under a budget constraint. Using the alternative approach, it
is shown that the testable implications of the standard intertemporal maximization model should
be satisfied by households composed by only one adult, but rejected for household with several
adults. Second, | consider a full commitment as well as a limited commitment version of intertem-
poral behavior and find that the two approaches have different implications for household Euler
equations. Third, the theoretical restrictions of the intertemporal optimization models are tested
using the Panel Study of Income Dynamics (PSID) as well as the Consumer Expenditure Survey
(CEX). | find that the assignment of individual preferences to household members and a proper
treatment of their interactions can be important theoretically as well as empirically.

The PSID and CEX are the most frequently used data sets to test the theoretical restrictions
of intertemporal optimization. In both data sets, the majority of the households are married or
cohabiting couples. Consequently, the outcome of any test is driven by the pattern of consumption
of households with several adults. Therefore the theoretical and empirical results of this paper
represent a possible structural explanation of the rejections of the theory reported in the past 20
years. Hall and Mishkin (1982), for instance, find that food consumption is excessively sensitive
to lagged labor income. Hayashi (1985) finds excess sensitivity using seven different consumption
goods. Flavin (1981) and Campbell and Mankiw (1989) strongly reject the Euler equations using
aggregate time-series data.

In this paper, the intertemporal allocation of resources is modelled as the joint decision of

household members. To that end, | characterize the household as a group of agents, each of them



being represented by individual preferences. By means of this framework, the following results
are shown.

a) Under the assumption of full efficiency, households with several adults can be character-
ized by a unique utility function if and only if strong restrictions on preferences are satisfied.
Specifically, if and only if all household members have identical discount factors, Harmonic Ab-
solute Risk Aversion utility functions with identical curvature parameter and identical beliefs. For
instance, under the standard assumption of Constant Relative Risk Aversion utilities, these re-
strictions are satisfied if and only if individual members have identical risk aversion, hypothesis
that is strongly rejected by Barsky, Juster, Kimball and Shapiro (1997). In all other cases, the
only objective function that can be assigned to the household depends on the decision power of
individual members and on all variables having an effect on it. Consequently, Euler equations of
couples should depend on all the factors affecting the intra-household allocation of resources, such
as individual income, differences in age and family composition.

b) If the assumption of full efficiency is relaxed to allow for limited commitment, the results
are even stronger. Euler equations of couples are replaced by supermartingales, even if the restric-
tions on preferences are satisfied. Therefore, tests of intertemporal optimization based on Euler
equations should reject the classical model even if liquidity constraints are not binding.

c) The full efficiency version of the model proposed in this paper has different implications
for household Euler equations from the limited commitment version. Under full commitment, the
factors affecting individual decision power should enter household Euler equations only as inter-
action terms with household consumption. If the assumption of full commitment is not satisfied,
those factors should enter household Euler equations both directly and as interaction terms with
household consumption.

d) The presence of those factors in household Euler equations generates additional testable
implications: the corresponding coefficients must satisfy proportionality conditions that are very
unlikely to be fulfilled unless the model at stake is correct.

e) Using the PSID and the CEX, | find that consumption of couples is excessively sensitive

to household income. However, | do not find excess sensitivity for households with only one



adult. Therefore | can reject the model that assigns a unique utility function to the household

independently of the family structure. But | cannot reject the alternative specification introduced in

this paper. The empirical results are consistent with the findings of Attanasio and Weber (1995). In
their insightful paper, Attanasio and Weber (1995) show that the intertemporal model of optimizing

behavior for consumption is consistent with US micro data if household preferences are modelled
S0 as to take into consideration changes in family composition and labor supply behavior over the
life cycle.

The model of household consumption introduced in this paper extends the collective model
developed by Chiappori (1988, 1992) in two directions. The collective model is first generalized
to a multi-period framework to analyze household intertemporal optimization. The extension to
a multi-period framework raises a commitment issue. In the paper | consider two possible ap-
proaches to household commitment. In the first model, household members can commit in their
first period to an allocation of resources for the future. In the second framework household mem-
bers can only commit to an allocation of resources for the current period but not for the future.
This distinction allows me to determine the impact of limited efficiency on Euler equations. Lund-
berg, Startz and Stillman (forthcoming) use a three-period collective model with no uncertainty
to explore the retirement-consumption puzzle. The topic analyzed in this paper is very different.
The emphasis is on the relation between household intertemporal behavior and family structure.
Moreover, the model that | propose is more general in several dimensions. Uncertainty is a crucial
component of household behavior as emphasized by Mazzocco (2001) and modelled in this paper.
| take into consideration the additive form of altruism. Finally, | allow for an arbitrary number
of periods. Lundberg and Pollack (2001) use a non-stationary multi-stage game to analyze the-
oretically the location decision of a married couple. They show that marital decisions involving
the future are in general not efficient. These results are consistent with the finding of this paper
that Euler equations are replaced by inequalities when the assumption of full efficiency is relaxed.
The approach of splitting the sample in two groups based on theoretical ground has been exten-
sively used in the literature. For example, Bernanke (1984), Hayashi (1985), Zeldes (1989) and

more recently Browning and Chiappori (1998) use this strategy. This paper differs from the pre-



vious literature as it allows for self selection. Moreover, this is the first paper that estimates Euler
equations separately for singles and couples.

The paper is organized as follows. In section 2, the full efficiency Intertemporal Collective
Model (ICM) is introduced. Afterwards, the assumption of full efficiency is relaxed and the case
of limited commitment is analyzed. It is shown that the full efficiency collective model is equiv-
alent to a two-stage framework in which first the household allocates optimally total resources
across individual members. Second, given the allocation of resources, each spouse maximizes her
own utility subject to individual budget constraints. This alternative formulation is much more
tractable theoretically as well as empirically. Section 3 establishes the conditions on preferences
and efficiency under which the standard Euler equations are satisfied. Moreover, it discusses the
consequences for the estimation of Euler equations if these restrictions are violated. In section 4,
tests to evaluate the standard unitary model against the ICM are outlined. Section 5 describes the
data. Section 6 discusses some econometric issues. Section 7 reports the estimation results. Some

concluding remarks are presented in the final section.

2 The Intertemporal Collective Model

To answer several policy questions, precise estimates of the intertemporal and intratemporal rate
of substitutions are required. In the past twenty years, economists have estimated these coeffi-
cients using household Euler equations. With rare exceptions, all these works are based on the
crucial assumption that household intertemporal behavior can be characterized as if a single agent
were making the decisions. In reality, the majority of households are composed by several agents
making joint decisions. In the CEX, about 66 percent of the interviewed households are married
or cohabiting couples. A similar pattern is displayed in the PSID. It is therefore important to
determine the impact of this assumption on the estimation of Euler equations.

| will consider a household living faf’ periods and composed lyagents. Agentis charac-
terized by individual preferences over a private composite gdodnd a public composite good,

@, an individual discount factorj;, and individual beliefs. Individual preferences are assumed



to be separable over time and to be represented by a von Neumann-Morgenstern utility function,
u’ (¢',Q"). A probability measuré™ (w) describes the individual beliefs, wherec 2 is a po-
tential state of the world. In each period {0, ..., 7'} and state of the economy < €2, member

is endowed with an exogenous stochastic income stl{q,ﬁr(rt, w For any given(t, w),

)}teT,weQ'
the household can either consume or save. One risk-free asset is traded in the ecoftomy.

and R (t) denote respectively the amount of wealth invested in the risk-free asset and the gross
return on the risk-free asset. Total household income and total household consumption are de-
noted withY (¢t,w) = >0, ¢’ (t,w), C (t,w) = S i, ¢ (t,w). LetZ = {z1,..., 2z}, be the

set of variables affecting the individual decision power. Throughout the paper, utility functions
are assumed to be continuous, continuously differentiable, have positive first derivative and nega-
tive second derivative. All functions are assumed to be measurable with respect to the probability

measurer.

2.1 The Unitary Model

Consumption is generally measured only at the household level. To overcome this obstacle, most
of the literature on intertemporal optimization assumes that household preferences can be repre-
sented by a unique von Neumann-Morgenstern utility functiéf¢, Q). Hence, the household

allocates resources over time and across states of the world according to the following program:

max )
{Ct7Qtyst}t6T’weﬂ

T
> BU (Ct,Qa] (1)

t=0

n
s.t. Cy + PQy¢ + s¢ < ny + Risyq Vi, w

=1
st >0 Yw.
This approach overlooks that the household is composed by several agents with different prefer-

ences, interacting in a complex way. In particular, in this framework the distribution of decision

power between members is not explicitly modelled and only full efficiency can be constdered.

!Becker (1991) offers a justification for this approach.



2.2 The Full-Efficiency Intertemporal Collective Model

To take into consideration that households are composed by several agents making joint decisions,
each individual member is represented by individual preferences. Building on the seminal work of
Chiappori (1988, 1992), it is assumed that household decisions are efficient, i.e. the corresponding
allocation of resources is always on the Pareto frontier. In an intertemporal framework, household
efficiency requires two assumption. First, members must be able to commit &tto an alloca-

tion of resources for any future timg,and state of nature;. Second, household members must
have symmetric information. Under these assumptions, household intertemporal decisions can be
represented by means of the following Pareto problem:

max E!

i i=1,...,n
{Cth’st}tET,wEQ

T
Zﬁ{ul (Cgv Qt)] (2)
t=0

T

Zﬂfu"(ci,Qt)] >, (Z) i=2,...n

t=0

st p;: B

n n
Zci + PQ¢ + st < Zy,? + Risp—1 Vi,w

i=1 =1

st > 0 Vw,

for some set of reservation utilitigs,; },_, .. In general, each,; is a function of all the variables
affecting the individual decision poweZ,. For a givenZ, the set of efficient outcomes obtains as
..... ,, varies within its domain. The full commitment assumption is implicit in the partic-
ipation constraints of problem (2). Indeed, the household commits to an allocatioa &tand
sticks to it for the nexi” periods even if the relative power of themembers changes over tirfe.

The full efficiency ICM can be formulated using an alternative two-stage framework. In the
first stage, the household decides how much to consume of the public good and the optimal dis-

tribution of total income between the agents for each paiit,w). In the second stage, each

2t is useful to note that with this framework it is possible to take into consideration the additive form of altruism,

Ut (cl, e ..,c",Q) = ui(ci,Q) + Z 5j¢uj(0j7 Q).

J#i



agent chooses individual private consumption and savings, given her share of total income and
the chosen quantity of the public good for ed¢hw). The two-stage approach is appealing for
two reasons. It is mathematically and empirically more tractable. Moreover, the first stage gives

a complete description of the efficient distribution of available resources betweemibmbers.

i=1,...,n

Formally, let{p’ (t,w) },cr 7,

be an arbitrary distribution of available non labor income among
the n members for each pait,w). Let{Q (t,w)},cr ,cq bE an arbitrary consumption of the
i=1,...,n

public good for each paift,w). Then, given{p' (t,w)},_p ", and{Q (t,w)},cp weq. In the

second stage agensolves the following program:

Vi({pi,wa Qtvw}tET,wGQ) = max EZ

i i
{Ct’st}teT,weﬂ

T
> Bt (d, Qt)] 4)

=0
s.t.ch4 st < ph4 Rysi_y V(t,w)

st >0 Yw.

In the first stage, the household determines the optimal allocation of total income between the

members, solving the following program:

To see this note that (2) can be written using the Kuhn-Tucker multipliers associated with the participation constraints:

T
> Biut(er, Q)

t=0

max  g@'Eo + ..+ p"Eo

{ci,Q,s}v

i=1,...,n

T
> Buu (el Q)} €)

t=0

Zci + PiQ¢ + s¢ < Zyé + Risi—1 YV (t,w)

=1 =1

st >0 Yw, e Q

This formulation is equivalent to a model with additive altruism in whjich..., i™ are the sum of Pareto weights and

altruism parameters.



max Vl({p%,um Qt7w}t6T,w€Q) (5)

s.t. Vi({p;w, Qt’w}tETWEQ) >u; 1=2,...,n

Zpt+PtQt<Zyt (t,w)

The following proposition states that the two-stage interpretation is equivalent to the full effi-

ciency intertemporal collective model.

Proposition 1 Let {ctw,Qtw,sw}teT’”"eQ be a solution of the two-stage model. Lset, =
i=1,....,n

>y st for every(t,w). Then{c ,, Qi Stw, }tET -~ is a solution of the ICM, (2). Let

i=1,...,n i=1,...,n

{0 Quw, st w}teT ., beasolution of the ICM, (2). Then there exist a sharmg I{l"d?W}teT e

consumption of the public godd); ..}, 1 ., @nd individual savingg s} u)} with sy, =

i=1,...,n
teT,we)’

tET wEQ’

Sy St,w for every (¢,w), such that{pw,ct’w,st’w} is a solution of the two-stage

model.

Proof. First and Second Welfare Theorem with productian.

2.3 The Limited-Commitment ICM

In the full efficiency ICM, it is assumed that individual members have symmetric information and
can commit to an allocation of resources for the future. The assumption of symmetric information
is likely to be satisfied for most households. The assumption on commitment is much stronger.
To verify the effect of limited commitment on household intertemporal behavior, in this section
I will consider a framewaork in which household members can commit within periods but not on
future plans, i.e. the intertemporal allocation of resources must satisfy individual participation

constraints for each period and state of the world. Formally, the household behaves according to

10



the following program:

T
> Bimut (e, Qi)+ - + Eg

t=0

max E}
7
{ct’Qt’st}zeT,wesz

T
zazunwcﬁ,czt)] ©

t=0

s.t. p; (T,w) 1 EY

T—r o )
t .
E iul(c§+T,Q§+7)] > Uiy (87-1) Yw,7>0i=1,..,n
t=0¢=0

T T
Y G+PQi+s <) yi+ Risia Y(tw)

=1 i=1

br +s7 >0 Vw.

for some set of reservation utiIitie{sli’t’w (st,l)}iz:;gﬂ, which may depend on household sav-
ings and more generally of.
The main difference between the full efficiency and limited commitment ICM is summarized

i=1,...,n

by the multipliers{y;} in (2) and the set of multiplier$y; (¢,w)}, e cq N (3). p; can

i=1,.n
be interpreted as the decision power of membatrt = 0 in the collective decision process. For
any pair(t,w), u; (t,w) is the decision power of membeét (¢,w). Thus the solution of (2) is
only affected by the distribution of decision power betweentieembers at = 0. Whereas the
optimal allocation in (3) is a function of the distribution of power betweentineembers at each

pair (s,w).

3 Household Euler Equations

In the past twenty years, Euler equations have been derived and estimated using the unitary model.

Specifically, household intertemporal behavior has been tested by means of the following equation:

Uc (Ct, Qt) = BE; [Uc (Ciy1, Qir1) Reya] (7)

Household Euler equations can also be derived using the ICM. Under the assumption of full ef-

ficiency and separability over time and across states of nature, it is always possible to construct

11



household preferences solving the following representative agent problem:
V(C,Qu2) = max [iF (w)p (Z)u' (¢',Q) + ...+ BuF" (W)pn (Z)u" (", Q)

s.t. En:ci +PQ=C

i=1
whereu(Z) = {ui(Z2)},-, _, are the individual Pareto weights. It is then straightforward to

derive the following household Euler equation using standard arguments:

Ve (Cr, Qi 1i(Z2)) = BEL [Ve (Cry1, Qt, u(Z)) Req1] - (8)

If the assumption of full commitment is not satisfied, it is still possible to derive household pref-
erences and the corresponding Euler equations using the approach developed in Marcet and Mari-
mon (1992) and Marcet and Marimon (1998). It is possible to show that the limited commitment
ICM can be rewritten using the following formulation:

T T

( max }Z Eg [B1Mu' (¢}, Q) — puntiy o] + o+ Y B [ My u™ (¢, Qt) = pin sty ]
¢, Qu,stp g t=0

T T
chz; + PQ¢ + 54 < Zyi + Risiq V(t,w)
i=1 i=1

s > 0 Vw,

whereM; ; = Z';:O it i 1S the Kuhn-Tucker multiplier corresponding to the participation
constraint of membei at time¢ and y; o is the initial Pareto weight of agent Under the as-
sumption thaty, , is independent of savings and other decision variables, it is possible to exploit
the separability of preferences over time and across states of the world to determine household
preferences by solving a representative agent problem atteach

V(C,Q,M(Z))= max BiFY w)My(Z)u' (c",Q) + ... + BuF™(w) My (Z) u™ (", Q)

QYic1. . n

s.t. ici + PQ =C.

i=1

12



Consequently, if the assumption of limited commitment is not satisfied, household Euler equations

can be written in the form,

Ve (Cy, Qt, My(Z)) = BE; [Ve (Ciy1, Qt, My(Z)) Reqa], 9)

i.e. Euler equations still depend on individual decision power, but the distribution of decision
power can change over time if the individual outside options vary.

Given the extensive use of the unitary approach to estimate Euler equations it is important to
determine under which restrictions individual preferences can be aggregated in a unique utility

function so that,

Ve (Ct, Qr, u(2)) = Uc (Ct, Q1) (10)

or alternatively,

Ve (Ct, Q, M(Z)) = Uc (Cy, Qy) (11)

Moreover, if these conditions are fulfilled, it is crucial to determine which additional assumptions

are required for household Euler equations to be satisfied.

Definition 1 For any given level of), defineu, (¢') = u* (¢, Q). An ISHARA household is a
household satisfying the following conditions: (i) all members have identical discount factor

and beliefsF' (w) ; (i) for i = 1, ..., n,

i\ Vi
iy (@) = (w2

Vi
with vy = ... = ~,, i.e. individual preferences conditional on the public good are Harmonic

Absolute Risk Aversion with identical curvature paraméter.

It is worth noting that the assumption of HARA preferences with identical shape parameter

is very restrictive. For instance, if all agents have CRRA preferences, the household is ISHARA

3Note that in the conditional utility functi(miQ (cl) a; and-y; will be in general complex functions @). Therefore
preferences will not be in general separable betwgemdc’ even under the assumption that the household belongs to
the ISHARA class.

13



if and only if all members have identical preferences. The following result is a generalization of
Gorman aggregation to an intertemporal framework and states that an ISHARA household is a

sufficient and necessary condition for a unique utility function to exist.

Assumption 1 Each agent has strictly positive Pareto weights, {.@,-}i:h_,n.
Assumption 2 For eachi = 1, ..., n, iif,%“i/ (x) = oo.

Assumption 3 For eachi = 1, ..., n, the probability measuré; (w) has a density; (w).

Theorem 1 The household can be represented using a unique utility function that does not depend

on the Pareto weights if and only if the household belongs to the ISHARA class.

Proof. In the appendix.m

To understand theorems 1, observe that the unitary and collective frameworks are equivalent if
and only if the optimal allocation of total income between members has no effect on the aggregate
behavior of the household. Intuitively, for this to happen two conditions must be satisfied. First,
each agent’s income expansion path must be linear. If not, exploiting the nonlinearity, it is always
possible to find two households with identical aggregate incomes, but different allocation of re-
sources and hence different intertemporal behavior. This has an important consequence: even if all
agents have identical utility functions, the standard and collective framework are not necessarily
equivalent. Second, the slope of the linear income expansion path must be identical across agents.
The strong implication is that household members must have the same sensitivity to risk and un-
certainty and this is not supported by empirical evidence. For instance, Barsky, Juster, Kimball
and Shapiro (1997) find that the correlation of relative risk tolerance across household members is
only 0.12. Only ISHARA households satisfy both conditions.

The following result is a simple corollary of theorem 1 and it claims that under the assumptions

of full efficiency and ISHARA households the standard Euler equation (7) is satisfied.

i=1,...,n

Corollary 1 Let{c' (t,w),Q (t,w)},cp 2,

be the solution of the full efficiency ICM. $ett,w) =

Sct (t,w) for every(t,w). Assume that the household belongs to the ISHARA class. Then, the
=1

14



following household Euler equation is satisfied:
UC (C (ta LU) )Q (ta w)) = ﬁEt [UC (C (t + 17"‘)) 7Q (t + 17 CU)) Rt-‘rl] :

Proof. In the appendix.m

This result suggest that, for non-ISHARA households, the only aggregator that can be used to
characterize household preferences will depend on the distribution of decision power and on the
set of variables having an effect on it.

It is important to establish whether this result still applies if full efficiency is replaced by
limited commitment. In particular, suppose that households belong to the ISHARA class, but
individual members cannot commit for the future. The following result states that household
Euler equations are replaced by supermartingales, even if the conditions for Gorman aggregations

are satisfied.

Assumption 4 The reservation utility of each member, in each period and state of the world is

and increasing function of household savings, i.e.

8@i,t+1 (w)

> j ) 12
51 (@) = 0 foranyi, t, w (12)

Theorem 2 Consumption Euler equations are replace by consumption supermartirfyales,
UC (C (ta CU) )Q (ta w)) > /6Et [UC (C (t + 17"‘)) 7Q (t + 17 CU)) Rt-‘rl] ) (13)

Two remarks are in order. First of all, condition (13) resembles in part the results obtained in
the literature on limited commitment.In this literature, the inequality applies to each agent, but
not necessarily to the group. Theorem 2 suggests that a similar inequality applies to the household,
if it belongs to the ISHARA class. Second, condition (13) is isomorphic to the findings of the
literature on liquidity constraints. Consequently, a test designed to detect liquidity constraints

using this inequality has no power against the alternative of limited commitment.

“Intuitively savings should have a positive effect on individual outside options. If savings affect negatively the
reservation utility of at least one agent, then consumption Euler equations are still replaced by inequalities, but the

direction of the inequality depends on the relative effect of savings on individual outside options
5See for example Ligon, Thomas and Worral (1990), Kocherlakota (1996) and Attanasio and Rios-Rull (2000)
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In the next section, these results will be used to set up three tests to verify the empirical

relevance of the ICM.

4 Testing Household Intertemporal Behavior

The unitary model and the ICM generate different household Euler equations. Since household
Euler equations are generally highly non-linear it is difficult to determine how these differences
affect household Euler equations. A possible solution is to linearize the Euler equations using a
Taylor expansion.

In this section, | will restrict the analysis to households viittiecision makers. At the same
time, | will generalize the analyzes to consider also household Euler equations for the public
good. In the following theorem, log-linearized household Euler equations are derived using the

full efficiency ICM. Let¢, and¢- be defined as follows:

61 (é, 0, Z) = In {VC (exp {m (OE[C]) }  exp {m (QE[Q])} K (exp {m (ZE[Z]) })) }
. (é, 0, Z) ~In {VQ (eXp {1n (OE[C]) } exp {1n (QE[Q])} " <exp {1n (ZE[Z]) })) }

whereC' = In % Q= Z = In 7 and is equal toy if the full efficiency ICM is

Q
In Zgr-
considered and equal 1 if the limited commitment ICM is considered.

Assumption 5 ¢; (C‘,Q, Z) : ©; — R, whereg; € C3, ©; € R? x R™ is open, convex and
0 € ©,, fori=1,2.

Theorem 3 Under assumption 5, the household Euler equations for the full efficiency ICM can

be written as follows:

Ct+1 Qt—i—l
1 = In R 1 i3l
n C, =aot+arnfy) +azln 0, —|—;a3n 6
2 2
+as (ln Ctjrl) - (ln C:t> + ag (ln Qtﬁ) — (ln Qf)
C C Q Q

+aor |:1 gl le - ln C’ Cf;:| + Ro (é Q Z) (1 +6t+1,C)7
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Q C “ zi, C “ zi . Q
In <L _ 0o+ 01 InRepq +S21n AL Z di3In Zln AL Z di4ln Zln witl
i1 “i i=1 Zi Q

Q1 Ct t t
2 2
+65 <ln Qtj_l> — <ln Q ) ]
Q Q

+ J6

(ln Ctj_l)z — (lncjt>2
C C

Cii1, Qi1 Ci, Qi A A A
+67 [m & =gt~z g |+ Fo (¢.@.2) +m(1+err).
with

_ oul(Z) — ou(2)

g — VeVeeu — Vee Ve On ( )C'z’i, g = VeVeou — VeqVeu 0 ( )Qii,
' Voo Ve 0z; ’ VooVe 0%

5., = YaVacu = VacVou 01 (2) o o VoVaou = VooVau 91 (2) 5 -
" VooVo 0z; v VooVo 0z; v

whereC = E[C], Q = E[Q)], z = E[z], Rc and R, are the remainders of the Taylor’s formula

andec andeg are the expectation errors.

Proof. In the appendix.m

It is interesting to note that using the full efficiency ICM, the factors determining individual
decision power enter the household Euler equations only as interaction terms with the private and
public good. To have some insight note that under the assumption of separability over time and
across states of nature, the household intertemporal optimization can be analyzed by considering
a specific period and state of nature at a time. Under the assumption of full efficiency only the
relative power of household members at titne- 0 is relevant in the decision process, i.e. any
change in individual outside options has no effect on the allocation of resources. Hence, each
period and state of nature is characterized by an identical fungtign. Consequently, a change
in one of the factorsz;, has a different effect oft’, w’) relative to(¢”, ") only because optimal
consumption att’, ') differs from the optimal consumption &’ "), i.e. for each(t,w) the
change inu(Z2) is identical but it occurs at a different point of thiew)-Pareto frontier. Since the
Taylor expansion is calculate at the average valug,a) andZ for each pair(t, w), the first order
term in z; will be equal to zero. All the effect is captured by the interaction terms, which evaluate

how the average value of optimal consumption differ from the actual value.
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To be able to distinguish between the full efficiency ICM and the limited commitment ICM,
it is important to derive a log-linearized version of the household Euler equation with limited
commitment. The following theorem establishes that the factors affecting the individual decision
power enter the intertemporal optimization condition, not only as interaction terms with private

and public consumption as in the full efficiency case, but also directly.

Theorem 4 Under assumption 5, the household Euler equation for the limited commitment ICM

can be written as follows:

In

C,
s =ag+arlnRiy; +azln Q1 +Z ln——l—ZaMln
’l

G Q =
(1 QtH) _<1 Qt>]
n—= n —
Q Q

Zi Ct+1 Ct
+;a6<ln2'> + oy <ln C) <1 C)

ron 1 S 21 S D R (0.0.2) + L+ eunn )

+ ag

Qt41 Cit1 2~ zi Ciy1l <= zi . Qi1
| = 011 091 03 1n — Ojaln —1 a 0;51n —1
n 0, o+d1lnRi 1+ 021n e +;3n§i+; ,4112%11 é, —1—2 5 IlZin )

m N\ 2 2 2 2
+;56 <1HZ> + o7 <1n0g1> —(n%) <angl> —(ln%t>]

Cgl In Qtfl Qt} + Rg (C‘,Q, 2) +1In(1+etr1,0),

+ Jg

+d9 [ln —In —1
C

with
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Vee 0z v b4 Voo Ve 0z;
oy = VEVeou = VeaVe, 01 2) 5. 5 VouOn(Z)
A Voo Ve 0z; v A VQQ 0z; v
VoVocou — VacVau 01 (2)

Q3 = Zis

_ VoVoou — VooVou 01t (Z)
Gz 615 = Y2Veau — VooV o ( )Qz‘i,

04 =
4 VooVo 0z;

whereC = E[C], Q = E[Q)], zi = E[zi], Rc and R are the remainders of the Taylor’s formula,
ec andeg are the expectation errors\/; = Zizo wr and p; is the Kuhn-Tucker multiplier at

timet.

18



Proof. In the appendix.m

To understand why the factofs enter directly the Euler equation in the limited commitment
ICM, note that in this version of the model, the relative power of each household member can vary
over time through changes in the individual outside options. Consequently, a variation in the factor
z; will affect differently the distribution of decision power at timel/;, relative to the distribution
of decision power at + 1, M1 = My + py41.

The following result is a simple corollary of theorems 3 and 4.

Corollary 2 If the household is composed by one decision maker, household consumption Euler

<1 0t+1)2 < ct>2
n = — 1 —<
C C

equations simplify to the following standard form:

In Cri1 =ap+aInRyp1 +asln Qi+ +
Ct Qt

2
+ag (angl) —<l Cz;> +Rc< C,Q,Z) +In(1+e1.0),
Qé“_aowllnRHlMan t“+55 < ) <1n€f>
t
2
+36 <1anl> —( Cé;) + Rg (C’,Q,Z>+ln(l+et+17c2),

By means of theorems 3, 4 and corollary 2 it is possible to set up a first test to evaluate the
ability of the unitary and collective framework to approximate household intertemporal behavior.

TEST 1. Under the assumption of rational expectations, Euler equations of households with
only one decision maker should not exhibit excess sensitivity to income or other variables known
at time¢. However, income and other factors known at titvehould enter significantly house-
hold Euler equations, if these variables affect the individual decision power. This test can be
implemented estimating separately Euler equations for single and couples after controlling for
self selection.

The approach of splitting the sample in two groups based on theoretical ground has been ex-
tensively used in the literature. For example, Bernanke (1984), Hayashi (1985), Zeldes (1989) and

more recently Browning and Chiappori (1998) make use of this strategy. Theorems 3 and 4 make
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clear that test 1 evaluates the unitary model against the ICM, but it is not possible to distinguish
between the full-efficiency and the limited commitment version of the model. However, if test 1
rejects the unitary model, by means of theorems 3 and 4 it is possible to construct an additional
test to discern between the two versions of the ICM.

TEST 2. Under the assumption of full commitment, the factérshould not enter the house-
hold Euler equations directly, but only as interaction terms with private and public consumption.
If limited commitment is a correct specification of household intertemporal behavior, the factors
Z should enter both directly and as interaction terms in the household Euler equations.

If test 1 rejects the unitary model, test 2 enables one to distinguish between the two versions
of the ICM. However, other competing models may be consistent with the outcome of tests 1 and
2. The next corollary to theorems 3 and 4 contains the ingredients to derive a proportionality
condition that is unlikely to be fulfilled if the ICM is not a correct characterization of household

behavior.

Corollary 3 If the full efficiency ICM is a correct representation of household intertemporal be-

havior, then,

;3 iz T aig 0ia o
o5 = Y =5 =%y
@j,3 3,3 Qg4 Ji4

for any pair of factors;, z;. If the limited commitment ICM is a correct representation of house-

hold intertemporal behavior, then,

a3 03 Qi4 g ;5 Oi5
PO o i g, =5 = bij = = vij,
Q3,3 7,3 Q.4 J4 5,5 B

;}:

for any pair of factors;, z;.

A test to determine the empirical validity of the full efficiency ICM or limited commitment
ICM can now be constructed.

TEST 3. Euler equations for private consumption and the public good should be estimated
simultaneously. Then the proportionality condition can be tested.

To perform this test at least two consumption goods and two factors are required.
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5 Data

In the estimation of household Euler equations two different data sets are employed: the Panel
Study of Income Dynamics (PSID) and the Consumer Expenditure Survey (CEX). Both data sets
have advantages and disadvantages. The PSID is a true panel, but unfortunately it contains only
data on food consumption. The CEX is a survey eliciting detailed information on almost any
category of consumption, but it is a rotating panel. In particular, households are followed for only

4 quarters and then dropped from the sample. The next two subsections describe the two data sets.

5.1 PSID

The PSID has gathered data on income and consumption annually each spring from 1968, follow-
ing the same households and their split-offs over time. In the estimation, | use the data collected
from 1975 to 1987. | do not use the data from 1968 to 1974 because the marginal tax rate was not
calculated before 197%I do not use data from 1988 to 1993, the last available wave, because the
food consumption questions were not asked in 1988 and 1989. Two variables are crucial in the
tests derived in the previous section: household total consumption and income.

Consumption The PSID does not contain data on total consumption. The only measure of
consumption reported in the survey is annual household expenditure on food. There are advan-
tages and disadvantages in utilizing 8ID. The use of food consumption in the estimation of
the Euler equation is justified only if food is separable from other consumption compdnknts.
is also well documented the existence of measurement errors in the data contained in tRe PSID.
However, the estimation of the Euler equation requires the service flows of consumption goods
for a given period. Food expenditure is less likely to contain durable parts. Finally, a legiti-

mate question is whether the empirical relevance of the ICM can be determined using only food

5The marginal tax rate can be computed using the NBER’s TAXSIM model. However, this is likely to introduce

additional measurement errors.
"There is mixed evidence regarding the separability between food and other consumption goods (see for example

Deaton and Muellbauer (1980) and Mankiw, Rotenberg and Summer (1985))
8See for example Altonji and Siow (1987) and Runkle (1991).
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consumption. Intuitively any type of consumption should be appropriate. The PSID collects in-
formation on three separate components of food expenditure: the cost of food consumed at home;
the amount spent in restaurants; the value of food purchased with food stamps. Any empirical
work utilizing consumption data from the PSID struggles with the timing of the question con-
cerning food consumption. In fact, it is not clear what period the survey question refers to. The
food consumption question in the PSID questionnaire is, ” How much do you spend on the food
that you use at home in an average week?” From 1977 this question has been asked following
the food stamp question "Did you receive or buy food stanhest, montl?”. If the answer was
affirmative, the following question was asked, "In addition to what you spent on food stamps, did
you spend any money on food that you use at home?” and, if yes "How much?”. Therefore, it
seems evident that the surveyors are trying to extract information about food consumption for the
period that immediately precedes the interview. Hence, given that the interviews take place in
March or April, | interpret the answers as concerning food consumption for the first quarter of the
interview year and choose accordingly the timing of the interest rate and of the inflation rates. |
also experiment with the alternative interpretation that the consumption question refers to the prior
calendar year and obtain similar res@lt$o have total food consumption, | deflate food consumed
at home and away from home by their respective consumer price indexes (CPI) and sum the two
real components.

Disposable incomeDisposable income is computed as total household income, minus taxes,
plus transfers.

The real after-tax interest rate The interest rate is the first quarter average of the 1l-year
Treasury bill rate. | use the marginal tax rate on earned income for husband and wife fosyiear
as estimated by the Survey Research Center of the University of Michigan. The measure of the

inflation rate is the growth of overall food CPI between the first quarter ofyaad year + 1.

9Zeldes (1989) and Runkle (1991) give the same interpretation of the question on food consumption, whereas Hall

and Mishkin (1982) and Lawrance (1991) use the alternative interpretation.
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5.2 CEX

Since 1980, the CEX survey has been collecting data on household consumption, income and
different types of demographics. The survey is a rotating panel organized by the Bureau of Labor
Statistics (BLS). Each quarter about 4500 households, representative of the US population, are
interviewed: 80% are reinterviewed the following quarter, while the remaining 20% are replaced
by a new randomly selected group. Each household is interviewed at most for four quarters and
detailed information are elicited in regard to expenditures for each of the three months preceding
the interview, and in regard to income and demographics for the quarter preceding the interview.
The data used in the estimation cover the period 1980-1995.

Consumption The CEX data set contains monthly data on consumption. Total consumption
is computed as the sum of food at home, food out, tobacco, alcohol, other nondurable goods and
services such as heating fuel, public and private transportation, personal care and semidurable
goods which include clothing and shoes. In particular, from the definition of total consumption
| exclude consumer durables, housing, education and health expenditure. Total consumption is
deflated using the Consumer Price Indices published by the BLS. Specifically, the price index for
the composite good is calculated as a weighted average of individual price indices, with weights
equal to the expenditure share for the particular consumption good.

Disposable incomeDisposable income is computed as total household income, minus taxes.

The real after-tax interest ratd he interest rate is the 3-month Treasury bill rate. The marginal
tax rate on earned income is computed using the NBER’s TAXSIM model. The measure of the
inflation rate is the household specific price index.

Rather than employing the short panel dimension of the CEX, | construct synthetic panels. The
synthetic panels are constructed using two variables: the year of birth of the head of the household
and a dummy equal tbif the head is married antlotherwise. All households are assigned to one
of these cells. | then average the variables of interest over all the households belonging to a given

cohort observed in a given quarter. To avoid unnecessary overlapping between quarters, for each

Each household is interviewed for 5 quarter, but the first interview is used to make contact and no information is

publicly available.
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Table 1: cohort definition for couples and singles

cohort Year of Birth Agein 1980 Average Cell Size Average Cell Size  Used in

Couples Singles Estimation

1 1905-1909 71-77 61 71 no

2 1910-1914 66-72 118 107 no

3 1915-1919 61-67 153 113 yes
4 1920-1924 56-62 178 119 yes
5 1925-1929 51-57 193 118 yes
6 1930-1934 46-52 196 102 yes
7 1935-1939 41-47 210 103 yes
8 1940-1944 36-42 248 128 yes
9 1945-1949 31-37 312 170 yes
10 1950-1954 26-32 322 205 yes
11 1955-1959 21-27 319 238 yes
12 1960-1964 16-20 263 241 yes
13 1965-1969 11-15 193 205 no

household in each quarter, | use only the consumption data for the month preceding the interview

and drop the data for the previous two months. Table 5.2 contains a description of the cohort.

5.3 Selection of the PSID Sample

The PSID data set contains a subsample in which low-income households are overrepresented.
| eliminate this group to have a representative sample of the US economy. | include split-off
families as separate families, but eliminate from the sample the observations associated to their
first year as a new family to reduce the measurement errors. | eliminate outliers from the sample.
Specifically, an observation is considered an outli€nifc; 111/ cit) > 1.1, i.e. if the level of

food consumption rose or fell by more than a factor of 3 in a year. | only include in the sample

24



households whose head is between the ages of 19 and 75. Finally, | do not use an observation if

consumption or income data were estimated by the Survey Research Center.

5.4 Selection of the CEX Sample

| exclude from the sample rural households, households living in student housing, household in
which the head is younger than 19 and older than 75 and households with incomplete income
responses. | drop households experiencing a change in marital status. Finally a cohort is dropped

if the cell size is lower tham00.

6 Econometric Issues

The household Euler equations derived in section 4 contain the logarithm of the expectation error.
By assumption, the expectation error te#yp,; has mean zero and is orthogonal to the informa-
tion set at time&. However, it could be correlated across households because of macro shocks. To
solve this problem, | will assume, as in Zeldes (1989), that ¢; ++1) can be decomposed in the
product of two orthogonal components with mean zero: an aggregate component that is common
to all households(l + e§+1), and an idiosyncratic componertt, + €;,+1). By construction,

In (1 + €;++1) does not necessarily have zero expectation, implying that the error term of the log-
linearized Euler equations is not, in general, a mean zero variable. To solve this problem, notice

that the expected value of the second order Taylor expansibn(of+ é;,+1) is given by,

B lin (14 &i001)] = — 07041,
whereo?, | = Var;[e;s1]. As a consequencg i1 = In(1+e;411) — %aﬁtﬂ has mean
zero. Taking into account all this and assuming tat [e; ++1] is constant over time and across
families, the log-linearized Euler equations can be estimated consistently inchddinge; ¢ 1]
in the constant. The likely presence of aggregate shocks implies that Euler equations can be
consistently estimated only if households are observed over a long period of time. Indeed, if this

condition is satisfied, aggregate expectation errors are averaged out. In the PSID, most households
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are observed for the entire sample period. Therefore aggregate errors should be aver&igked out.
regard to the CEX, since | construct synthetic cohorts and these cohorts are followed for the whole
sample period, the aggregate error should not affect the estimation results. This solves the small
T problem discussed by Chamberlain (1984).

In the theoretical part of the paper, a public good is always included in the Euler equations for
two reasons. Some of the tests derived in section 4 requires the joint estimation of Euler equations
for two different goods. More important, there is at least one public good that is likely to affect
household intertemporal behavior: consumption of children. In most households, children are
not decision makers. Consequently, they do not enter the household decision process directly.
However, their consumption should be in the utility functions of their parents. Unfortunately, the
consumption of children is not measured in the PSID and CEX. As a partial solution, | use the
number of children as a proxy for consumption of children.

In the estimation of Euler equations with the CEX, two demographic variables are always
included: the age of the head of the household and family size growth. When the PSID data set is
used, family size growth is replaced by annual food needs growth, since only food consumption is
observed.

I will assume that the number of children, age and family size at timiel are known to
the household at timg implying that they will be uncorrelated with the error term. In general
the after-tax interest rate will not be known at timand will probably be correlated with the
expectation error because of the correlation between consumption and the marginal tax rate at
t + 1. To solve this problem, | instrument the after-tax interest rate. Since total income may
be affected by measurement errors, this variable is also instrumented. Under the assumption of
rational expectations, variables known at timghould be valid instruments. Measurement errors
may introduce dependence between variables known atttiamel future variables, even under
rational expectations. To avoid this problem | only use variables known-at. The following
instruments are used in the estimations: the second, third and fourth lag of the nominal interest

rate; the second, third and fourth lag of consumption growth; the second, third and fourth lag of

"The PSID sample is not a balanced panel, implying that different households are in the survey for different periods.
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family size; the second, third and fourth lag of childrén.

In the derivation of household Euler equations, labor supply decisions are never considered.
The implicit assumption is that consumption and leisure are separable. The PSID contains only
food consumption. Consequently, | will assume separability between food and other goods. When
Euler equations are estimated using the CEX data set, all consumption goods are aggregated in a
composite good. Hence, | will assume that all the conditions of the composite good theorem are
satisfied.

To perform the tests, | divide the sample in two groups using marital status at.tiffilee
first group is composed by singles, widows, divorcees and separated couples. The second group
contains married and cohabiting couples. If the Euler equations are estimated using OLS, the
estimates are likely to be affected by self selection bias. Therefore, | employ a Heckman two-step
estimator adding the inverse Mill's ratio to the Euler equations derived in this section.

The main implication of the theoretical part is that the family structure is extremely important
for the determination of the Euler equation, as it affects the household decision process. While it
is beyond the scope of this paper to model theoretically how households choose between different
family structures, from an econometric point of view it is crucial to take it into consider&tion.

Let D™

7,8,
Let £ [iji(X, t) |St} andFE [V;?(X,t) ]St] be, respectively, the expected value of being single

be a dummy variable equal toif agent; is married or cohabiting in household

and married today for agentin household;, where X is the set of variables affecting’; and
Vi and§, is the information known at time. | will make the simplifying assumption that

E [iji(X,t) ]St] andr [%?;(X, t) |§t} are linear functions of current variables;.
Vii(Xot) = X7 + €5
VIHXt) = X" + ey

with £ [e;{i,t |St} = 0, h = s,m. Denote withf/j’;?(X, t) the best feasible match available to

2In the estimations with the quarterly CEX data, three seasonal dummies are also included.
BFor a discussion on the variables affecting the marriage decision see for instance Lillard et al. (1995) and Rindfuss

and VandenHeuvel (1990).
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agenty, i.e.

VLX) = X3+ €54 = g VIR(X.)

whereK is the set of feasible households available to ageiihen the selection decision can be

written as follows,

DYy =1if (Xj,i,t@" + éﬁ,t) — (X[t +¢€54) 20 (14)
D75 =0 otherwise.

sy

Given the definition oD% ,, the Euler equation for househaldan be written as follows:

Jii,t?
GCirpr = O +Yie + i if €in < —Xjiih (15)
G £+1 = M+Y; "+ T]EH otherwise (16)

wheree;; = é}-”,i’t - ej,i,t, Gy = Bg” — B¢ andY;, is the set of variables characterizing the Euler
equation. Under the assumption that for ea@nd forh = s, m, (nf‘, e;) is a bivariate normal

distribution with mean vectdr and covariance matrix,

2
an,h pT]»h
1

the household Euler equations can be consistently estimated applying a standard argument to equa-

tions (15) and (16) to deriv¥',

GCiip1 = 0"+ YigV” + pnsomsAiy + €511 (17)
GC@T&—H ="+ Yi,t'ym + pn,man,m)\??t + 62’;4_1- (18)
Wherepn’sgn’sAfvt = E nit—f—l |D'ZL = 07 }/;7t ' p777m0-777mA?} = E T]:,YILL/-FI |‘D’ZL = 17 Yiyt ' )\Zt IS

the inverse Mill's ratio and, , | are the new residuals, with zero conditional mean. The two-stage

estimation procedure can now be spelled out. First, estimatésart obtained by estimatirg

¥For a thorough discussion of the Heckman two-steps estimator see Heckman (1976, 1979), Lee (1978).
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cross-sectional probit specifications by maximum likelihodel. | will then estimate equations
(17) and (18) by OLS, substituting the estimateéid andA™ for A?, andA”.

To calculate the asymptotic covariance matrix for the parameter estimates, | follow Chamber-
lain (1984) and MaCurdy (1982). Let" = pnhaflh. Moreover, letd, A, andZ be defined as

follows:
0 = (517"'7ﬂT)

¢ = ("), k=sm

7= (n)
A ONs aNE ANk
90 00" 80 |’

where NT is the total number of observations. Then the asymptotic covariance matrix for the

parameter estimates of equations (17) and (18) is,
Var (€)= (22)7 2/ [Var (n") + o2\ Var (8) AV] 2 (2'2) !

whereVar (n*) is the covariance matrix of the residual of the standard Euler equations. Since the
first step estimates are obtained usihgross-sectional probits, | follow Chamberlain (1984) and
MaCurdy (1982) to determin¥ar (0) Specifically, letQ (6) be the likelihood function of the
probit. Lety, A and.J be defined as follows:

0
v (x.0) =92

A=E [ (X,0)¢(X,0)]

- B[]

00’

5The estimation of” cross-sectional probit specifications by maximum likelihood enables one to allow for a general
structure of the variance-covariance matrix without computing multiple integrals. Since the inverse Mill’s ratio is
computed using a panel, it is important to allow for this generalization. The cost is a loss in efficiency. When the CEX
data are used in the estimation, the first step estimates are computed by means of a single probit, because | do not have

enough observations each period to comgutgoss-sectional probits.
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Then'S,
Var(é)::JilAJ—P (19)

Finally, to allow each family to have a different and unrestricted covariance structure, | follow

White (1984) and Keane and Runkle (1992) and estirifate (") as follows,

N
Var (nk> =INy® %Zuzu;, (20)
i=1

whereu; is the vector of estimated Euler equation residuals for family

Depending on the data set employed in the estimation, two different exclusion restrictions are
used. With the PSID, it is assumed that the number of siblings of the head of the household and
race dummies are correlated with the marriage decision, but not with the consumption decision.
The CEX does not report the number of siblings of the head. Dummies indicating the origin or

ancestry of the head are used to proxy for the number of siblings and the race dummies.

7 Results

Tables 4 and 5 in the appendix contain a summary of means for the main variables. Tables 2 and 3
contain the estimates for singles and couples when the log of household total income is included

in the Euler equations as a proxy for the factors affecting individual decision power.

7.1 Testl

Group 1. The ICM has one clear prediction: the household Euler equation should not be violated
for families with one adult. Tables 2 and 3 suggest that this hypothesis is not rejected using both
the PSID and the CEX. The coefficient on the log of available income atdisaot significant

and small in magnitude. The coefficient on the interest rate is positive. The coefficient on age is

negative. The coefficient on family size growth is positive as expected and strongly significant.

8sinced is estimated by means @f cross-sectional probits] will be a block diagonal matrix with the generic

t-block equivalent to the information matrix &t
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The coefficient on the public good, number of children, is negative. The self selection correction
term is not significant.

Group 2. Euler equations for couples exhibit excess sensitivity to income using the PSID as
well as the CEX. Specifically, the coefficient on the log of disposable income is significant and,
more important, its magnitude is two and one half times the magnitude of the coefficient obtained
for group 1 in the CEX, and almost ten times larger in the PSID. The coefficient on age is negative.
The coefficient on family growth is positive and strongly significant. Finally the coefficient on
the interest rate is positive as expected. As for groups 1 the sample selection coefficient is not

significant.

7.2 Test2

To be added.

7.3 Test3

To be added.
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Table 2: PSID data set. Group 1: singles, divorcees, separated and widows. Group 2: married and

cohabiting couples (standard errors in brackets).

Euler Equation Estimates for Two Subgroup

Independent Variable Groupl Group?2

age of head -0.001 -0.0011
[0.00023] [0.00043]

growth in annual food needs 0.39 0.27
[0.064]  [0.056]

growth in n. of children -0.0026 0.0008

[0.0049] [0.0021]
real after-tax interest rate 0.53 0.48
[0.31] [0.14]

log of disposable income -0.004 -0.039
[0.021]  [0.014]
inverse Mill’s ration 0.0088 -0.012
[0.012]  [0.028]
number of observations 3727 15258
number of families 797 2178
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Table 3. CEX data set. Group 1: cohorts composed by singles, divorcees, separated and widows.

Group 2: cohorts composed by married and cohabiting couples (standard errors in brackets).

Euler Equation Estimates for Two Subgroup

Independent Variable Groupl Group?2
age of head -0.0003 -5.5e-06
[0.0003] [0.0002]
growth family size 0.28 0.84
[0.13] [0.27]
growth in n. of children -0.021 -0.041

[0.026] [0.018]
real after-tax interest rate 0.63 0.87
[0.19]  [0.20]
log of disposable income 0.015 0.037
[0.015] [0.013]
inverse Mill’s ration -0.013 0.003
[0.018] [0.015]

number of observations 464 544

number of cohorts 10 10
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8 Conclusions

In the paper, each household is represented as a group of agents making joint decisions. By means
of this framework, it is shown that, under the assumption of full efficiency, the household can be
represented by means of a unique utility function if and only if all members have identical discount
factors and HARA preferences with identical shape parameter. If these conditions are not satis-
fied, the intertemporal allocation of resources will depend on the distribution of decision power.
In particular, the traditional Euler equation will not be satisfied. For the limited commitment case,
it is shown that, even if these restrictions are fulfilled, the household Euler equation is replaced by
an inequality. It is also shown that the full efficiency ICM has different predictions for Euler equa-
tions from the limited commitment ICM: under full commitment, the factors affecting individual
decision power should enter household Euler equations only as interaction terms with household
consumption; if the assumption of full commitment is not satisfied, those factors should enter
household Euler equations both directly and as interaction terms with household consumption.
The standard unitary framework as well as the ICM predict that the traditional Euler equation
should not be violated for households with one decision maker. The two frameworks have opposite
implications for households with several decision makers, however. The unitary model predicts
that the standard Euler equation should not be violated, whereas the ICM predicts that it should
be rejected. These predictions are tested using the PSID as well as the CEX. | find that Euler
equations are not violated for households with one adult. However, Euler equations are strongly
rejected for couples with both members in the labor force. The theoretical and empirical results
indicate that it is crucial to model households with several decision makers as groups of agents

with heterogeneous preferences and different decision power.
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A Appendix

A.1 Proof of theorem 1

(Sufficiency) Rubinstein (1974).
(Necessity) The second part of Theorem 1 will be proved in four steps.
First, the intertemporal decision process can be divided in two steps. In the first step, for an ar-

bitrary sequence of public consumptidi®; ., }, the household decides the optimal sequence of

1=1,....n
weQteT”

guence of private consumption and savings for any given sequence of the public good, the house-

private consumption and saving{ac};’w, St,w} In the second step, given the optimal se-
hold chooses the optimal sequence of the public good.

The remaining parts of the theorem deal with the first step of the intertemporal decision pro-
cess. Specifically, all the results should be interpreted conditional on the public good. To simplify

the notation | will suppress the dependence on the public good.

weQteT
i=1,..n

{mi},—y _,>0and lir%ui' () = oco. Moreover suppose that is continuous, strictly increas-
e T—

Lemma 1 Let {¢* (t,w),s™ (t,w)} be the optimal household allocation. Assume

ing, strictly concave and twice continuously differentiable. Then there exist {idesv) },cq e

andtransferg W'}, | suchthafp (t,w)} cqer AW },o, , and{c™ (t,w),s™ (t,w) }“EQ’tGT

i=1,..n

is an Arrow-Debreu equilibrium with transfers, or equivalently,

(l) for each: = ]_7 LT, {Ci* (t,(U) , Si* (t, w)}MEQ,tET

1=1,..n

solves
T

max Z E' [Blu; (ci (t,w))]

{Ci*vsi*}weﬂ,teT t=0
T . .
s.t. Z/ p(t,w)c (t,w)dw = W".
=0 7
(i) for eacht, w,
Y (tw) =Y (tw)+ R(t)s(t—Lw) —s(tw);
i=1

(ii) for eachs, t, w,
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pt,w)R(t)s* (t—1lw)—p(t—1lw)s" (t—1,w) >

pt,w)R(t)s(t—1l,w)—p(t—1,w)s(t—1,w).

Proof. The technology = f (x) = Rx is convex. The utility functions are strictly concave
and increasing. LeX’ = {¢’ € "2 x RT! : ¢! > 0} be the consumption set of agentvhere
ng denotes the cardinality d®. Then X' is convex and) € X'. Preferences are continuous

by continuity ofu’ for i = 1,...,n. Finally, {u;}

i=1,...,

L, >0 andiiir(l)ui’ () = oo imply that
(Wl, ey W”) > 0. Hence the second welfare theorem with production can be applied and the
result follows. m

LetW =" , Wandc (t,w; W*) be optimal consumption &t, w) if individual wealth is

equal tol’?. Then household exact aggregation is defined as follows:

Zci (t,w; WZ) =C(t,w; W) Vt,w,
i=1

i.e. for each time and state of the world, total household consumption depends only on total

resources$V, but not on its allocation between household members.

Lemma 2 Household exact aggregation is satisfied if and only if for each faiv) individual

Engel curves are linear with identical slope, i.e.
¢ (t,w; Wl) =a' (t,w) +b(t,w) W' Vi, t,w.

Proof. Lemma 1 implies that the household problem can be written as a static problem. By
Gorman (1951), in a static framework, exact aggregation is satisfied if and only if for each con-
sumption good individual Engel curves are linear with identical slope. In this framework this is
equivalent to

¢ (t,w; Wl) =a' (t,w) +b(t,w) W' Vi, t,w.

The next lemma establishes conditions on preferences for the Engel curves to be linear with

identical slope and hence for exact aggregation to apply.
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Lemma 3 Individual Engel curves are linear with identical slope if and only if household mem-
bers have identical discount factors, individual utility functions are HARA with identical curvature

parameter.

Proof. By lemma 1, the solution of the household problem can be determined solving for

i =1, ...,n the following program:

T
max Blu; (¢ (t,w)) F (dw) (21)
i ;/Q w; (¢ (1)) Fi (dw

{e*s™}pea ter
T . .
s.t. Z/ p(t,w)c (t,w)dw = W"
t=0 /{2
By assumption, for each= 1, ..., n, the probability measurg; (w) has a density; (w). There-
fore the program (21) can be written in the form,

T .
max Z /Q Blu; (¢! (t,w)) f; (w) dw

{c™s" Y peater 15
T
s.t. Z/p(t,w) ¢ (t,w) dw = W".
t=0 /¢

The corresponding Lagrangian is,

T ' '
L= ;/Q [Bluz (C (t,w)) fz (w) — )\Z'p (t,w) I (t7w)} dw7

where)\; is the Lagrangian multiplier. By the calculus of variations, the following equations are

necessary conditions fdic** (¢,w) } to be a solution of the household problem:

weLteT
BEfi (W) ul (ci (t,w)) = \ip (t,w) Vt,w.

Hence, . A
fittwui (¢ (tw) _ p(tw)

- = Vit k,w, W,
Ji(t+ ko)) (¢ (t+ k) P(E+EW)

where f; (t,w) = BLf; (w). Itis now possible to apply theorems 2 and 3 in Brennan and Kraus
(1978) to conclude that individual Engel curves are parallel straight lines if and only if the follow-

ing to conditions are jointly satisfied:
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(i) all household members have HARA utility functions with identical curvature parameter;
(i) fi (t,w) = f; (t,w) for anyi, j,, w.
Since f; (t,w) = Btfi (w), condition (ii) is satisfied if and only if all agents have identical

discount factors and identical probability measure ¢vem

A.2 Proof of corollary 1

In order to prove corollary 1 and theorems 2 the following results are required. The following

lemma is theorem 198 in Hardy, Littlewood and Polya (1934).

Lemma 4 Letz; and z2 be nonnegative random variables defined(6h§) and finite almost
1
everywhere. Set = z; + 3. If v € R andy < 0, then the functiod [ z7dP)~ is concave inc

or equivalently (given homogeneity of degree 1),

([ar) = ([aar) +( [ar)

Let A and B be two constants. IfP{w € Q : Az;(w) = Bzra(w)} < 1, and
P{weN: 2 (w) =22(w) =0} =0,then

([#ar) > ([ar) +([aar) "

Proof. See Hardy, Littlewood and Polya (1934.

Following Ash (1972), let a random objedf; be a mappingX; : (,%) — (', F), for
some measurable spadés §) and (Y, §’). Defines (X}) to be thes-field generated by, i.e.
the minimumo-field that makesX; measurable betweeghandg’. The following lemma gives a

characterization of the filtratiof; },.,- in terms of random variables.

Lemma5 Let {3:},., be the filtration associated wit§. Then for every € T there exists a

random objectX; : (2, F) — (€', §’) such thatr (X;) = F.

Proof. Define X, as follows,
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(7‘) Xt (Q,S") - (Qvgt) )
(73) X is the identity map, i.eX; (w) = w Yw € Q.

VA€, X7 (A) = {weQ: X, (w) € A} = Aby construction, which implieX; ! (3;) =

e
Then by theorem 6.4.2 in Ash (1972){X;) = X; ' (§¢) = 3¢ =

The following lemma claims that a conditional expectation givenfeeld can be written as a

function of a well-chosen random object.

Lemma6 Leth (w) = E Y |§:] andg (x) = E[Y | X; = z]. Then there exists a random object

Xi: (Q,F) — (2, 8:) such that,

h(w) = (g0 X) (w)Vw € Q.

Proof. By Lemma 5, there exists a random objégt: (2,F) — (92, 3:) such thav (X;) =

X (@) =3
Letg (z) = E[Y | Xy = z]. Then by theorem 6.4.3 in Ash (1972),

9(Xi (W) = E[Y |o(Xy)] = E[Y [§:] = h(w) Vw € Q.

Let X; be the random object defined in lemma 5 ara realization ofX;.

Lemma7 AssumeY : (©,5) — (R,%R) is a nonnegative random variable. For everyand
B € R, let P (z, B) be a probability measure i3 for each fixedz and a Borel measurable
function ofz for each fixedB, i.e. P (z, B) is the conditional distribution of” givenX; = z. Let
v € R. Then

EY"| Xy =x]= | Y'P (z,dy).
!

Proof. The argument of the proof follows closely Ash (1972) section 6.3.5 part (d).
By constructiony : (©2,§) — (R,R) andX; : (2,5) — (2,T¢) -
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LetQ' =R x £, § =R xF, m (z,y) =z andmy (z,y) = v.
VA € §; let Px, [A] = P{we Q: X, (w) € A}, i.e. Px, is the probability on(€2, §:)
induced fromP by X;.

Define P, as follows,

P,y [A,B]= [ P(z,B)dPx, (x).
/

By the product measure theoref,, is the unique probability measure §hdetermined by
Px, andP (z, ).

Consider(ms)” = 37 : (R,R) — (R,R). [y dP (z,dy) exists byY (w) > 0 Vw € Q.
Then, by Fubini’'s theorem and definition 8%,

ﬂgdny = /W;I{XteA}dny =

{XteA} Q

- / / m (2,)" L () P (x,dy) Py, (x) =
QR

g

A

/yVP (z,dy)| dPx, (x).

R

By definition of conditional expectation, this implies,

Erj| Xy =z]=FE[Y"|X;=z]= /Y”P(m,dy).
R

Finally, for (4) to be well-defined we have to assign a conditional probability governing the
transition between andt + 1. Let X; be the random object defined in lemma 5 and par-
ticular realization ofX;. For everyz andB < 3, let P (z, B) be a probability measure iB
for each fixedz, and a Borel measurable function offor each fixedB. Consider a random
variableY : (2,3) — (R,R). For everyz andA € R, let Py (z,A) = Py (z,Y ! (4)) =
Py (z,{w e Q:Y (w) € A}), i.e. Py (z, A) is the conditional distribution induced froi of a
random variablé” : (©2,§) — (R, ), givenX; = z.
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It is now possible to prove corollary 1.

Proof. | will prove the theorems fon = 2. The proof for an arbitrary. can be obtained
iteratingn — 1 times the same argument. Given the assumption of ISHARA households, without
loss of generality | will assumgR,; = 1. By proposition 1 the solution of the ICM (2) is
equivalent to the solution of the two-stage budgeting model. The assumption of HARA preferences
ensures that second stage (4) has an interior solution. The first order conditions for the second stage
(4) imply,

d =) (E[u () 131]) fori=1,2.

Given assumption 2,

(") (B [u” (1) I8:]) = ((E

. . c
Fixanw € €. Definez;, | = a; + 1 By Lemma?7,
v

W @) = B | (s00) 718 (@) = B | (sh) 71X (@) = 2]

7
By definition of permissible income proces§+1 =a;+ Gl >0Vw,i=1,2. LetP,: (z,B) =
Y

P? (B). ForanyB € R,

PP (B)=P" (€ B)=P" ({weQ:z (w) € B}),

i.e. P¥ is a probability measure induced froR¥ by 2. By Lemma 7 and the change of variable

theorem,

B [() T @) =] = [ () Tarrs G @) Vet e). e
R %

The first order conditions of the first stage (5) imply,

P{weq: Az} (w) = Bz} (W)} =1V (t,w), (A.2)
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for some constantl and B. This condition is simply the Borsh rule. Lemma 4, equations (A.1)

and (A.2) imply,

1

a4+ = o / (zt1+1 (u}))-7 dP? (w) -ar1 | +7 / (zt2+1 (u}))-7 dP* (w) -as | =
% %

1 1

= 7 /(ztlﬂ)_vdPx + /(Zfﬂ)_ﬂydP"” — (a1 +a9) | =
% %

.
2=

2=

(ztl+1 + Zzezﬂ)_7 dp® —(a1+a2) | =

|
2
7‘)&\

2=

1 2 -
g ’7 / (al + aQ + Ct+1 (W) —’i/_ Ct+1 (W)> dPJJ - (al + a2) —=
%

= (U) (B U (e + ) I8]) -
Applying U’ to both sides,
U'(ct) = E (U (cr41) I3e] -

A.3 Proof of theorem 2

Proof. The FOC's for the limited commitment ICM imply the following:

u/l(cl) =F

kL / kL ou k2 ou
<1+ t+1,w> ul(ct1+1)+ 1w Pit1w  Mirlw 241w 22)

K’,} Ktl Dsy Ktl Dsy

uy(c?) = By

2
K;

7.2 7.1 7.2
kt—i—l,w ) +kt+1,w aﬂl,t—i—l,w +kt+1,w 6u2,t+1,w
1+ ua(Ciyq) > 5 ,
Kt 8St Kt 8st

Wherefc,}ﬂw > 0 is the Kuhn-Tucker multiplier associated with the participation constraint ad-

justed for the discount factor and the probability function dfdt,w) = SF_ &% (1,w) > 0.
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Yittle _ o for everyi. Then (22) simplifies to,

0
Assumem
ul! (cl) =FE|l1+ ]%tlﬂ’w ul (c1 ) |§¢
t f(tl t+1
2 (.2 ]27752+1,w 2 (2
u? () =E || 1+ K2 u? (ci1) 18t | 5
which implies,
ot < (") (B [u" (cha) 1))
< () (B [w” () 18])
Given the assumption of HARA preferences,
. —y -1
iny—1 i (i _ A i1 K '
(") " (B[ (i) Be]) =7 | | B[l + =) [ —ai .

2 The first order conditions of (3) imply,

Fix anw € Q. Definez;, | = a; +
(A.2))

P{we Q: Az (w) = Bz (w)}] < 1.

1 =
5

Lemma 4, equations (A.1) and (A.2"), and the assumption on preferences imply,
o1
=

drd || [Eae) @] al || [Ea @)@ | o

% %
_1 _1
v
= /(z,}ﬂ)‘”dpﬂﬁ + /(zfﬂ)”dpx — (a1 + a2)
% %
_1
5
<7 / (2441 + 2001) dP? — (a1 + a2)
%
1
1 4 2 (w) - !
c
=7 / (a1 + ag + G ) 5 1 ) dpP® — (a1 + a2)

%
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= (U) B[V (b + i) 18:]).

Applying U’ to both sides and using the fact tiidtis decreasing,
U/ (Ct) > F [U’ (Ct+1) |St] .

. ou,
Assumed " | ki, LY > Then by (22),

Hle gg, (w)
I%tl—&—l w / 1
(1 + Rl up (Cryr)

7.2
1+ i Up(c2, )
2 2\C11

> B [uy(ch)]

> Fy |:u2(61%+1)] ;

which implies,
et < (") (B [u" (ch1) I5:])
¢ < () (B[u” () I5:]).
O,
Hence, applying the same argument a&% = 0 for everysi, it follows,
U/ (Ct) > F [U/ (Ct+1) ]3,5] .

A.4  Proof of theorem 3 and 4
Proof. The one-variable function$; : I; — R andds : Is — R are defined as follows:
91 (t) = ¢1(tC,1Q,12)
Ia(t) = ¢2(tC,1Q, t2)
wherel; = (—a,a) andly = (—b,b). Applying the one-variable Taylor’s formula with remainder,
Di(t) = 0;(0) + 94(0)t 4+ 97 (0)t? + r4(t), fori=1,2, (23)

with
I :
ri(t) = / (t — 5)309(s)ds.
3 Jo
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Applying the chain rule, we have,

J _ 00i(tC1Q,t2) o | 0i(tC,1Q,tZ) A 09:(1C,1Q,t7)
V(t) = C+ - Q+> %
oC oQ 7 0
" 82¢Z(t0 tQ,t2) g  2¢i(tC tQtZ) ~, 82@(1&(] tQ tZ)
oty - LG D g P D) g 2 oA

Z;

l

%

O2pi(tC tQ,tZ) ~ » O2pi(tC,tQ,tZ) . D20 (tC Q. tZ) .
— C+ 2,C +
* Z 0QoC Q Z 9%,0C Z 9%:00

J

Hence, from (23), witht = 1,

o (0 . 2 R 2.0 00) .
¢i(C,Q, Z) = ¢;(0) + 8@(})) 8@ Q Za@ 5+ 0°¢i(0 )024_%2(0)@2

’L

oC 0C? 90?2
(24)
8¢i(0) » 8i(0 % 829i(0) ~ . 8?¢i(0) » A 5
"‘ S yn + =~ CVZA'z + % + R 9 9 Z
zj: 027 ‘ z]: oCoQ CO+ z]: 000z, z]: 0Q0%; Q2 (€.@.2)
Finally by definition ofé; (C, Q, Z), we have,
2
3?1 _ Veor 9k . 0°r _ VoVecor — VerVoe Ok . (25)
0Z%; Vo 0z dCo%; VC 0z;
2
Pin _ VoVogs 2VC,,J/CQ Ok s, 062 _ Vou Ok (26)
aQaéi VC 322- VQ 8 i
2 _ 2
8A¢>2 _ V0VQCH QVQHVQC a—RCz,', 8A¢2 _ VQVQQ,1 VQKVQQ (9/€Q 2, (27)
0Co3; Vo 0z 0Q0z; VQ

wherex = p if the full efficiency ICM is considered anel = M if the limited commitment ICM
is considered.
Under the assumption of rational expectations, the household Euler equations can be written

in the form,

Vo (Cig1, Qey1, K(2)) BRi41
VC (Ctv Qta ’%(Z))

wheree; 1 is the expectation error. Taking logs and using= In V¢ and¢, = In Vg, we have,

=14e41

6i(Cri1, Quit, Zis1) — 0i(Cr, Qe, Zt) = —In B — In Rypq + In(1 + ep41) fori=1,2.
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Table 4: PSID summary statistics

Variable Mean for Singles Mean for Couples
consumption growth -0.014 -0.0005
age of head 42.6 41.8
growth in annual food needs -0.0029 -0.0039
annual real consumption 2999.2 4832.7
annual after tax income 16806 30237
number of observations 3205 15366
number of families 716 2115

Consider first the full efficiency ICM. The relative Pareto weights constant over time.

Moreover the vector of factorg is also constant over time. Hence, from (24), (25), (26), (27),

C=In % andQ = In %, the result follows.

Consider the limited commitment ICM. Note that,
Myt = My + pey1 for any (t,w). (28)

Consequently,
OM; 1 _ OM; n Opet
8Zi 822' 8Zi

Hence, from (24), (25), (26), (270; = In % andQ = In % the result follows.m

for any (t,w). (29)

A.5 Summary statistics

Tables 4 and 5 contains sample means of the main variables used in the estimation.
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Table 5: CEX summary statistics

Variable Mean for Singles Mean for Couples
consumption growth 0.0004 -0.0015
age of head 46.6 46.7

growth in family size -0.0009 -0.0031

monthly real consumption 552.1 882.1
annual after tax income 15959 29063
number of observations 908 906
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