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Abstract
In this paper, it is shown that the intratemporal and intertemporal preferences of each
decision-maker in the household can be identified even if individual consumption is not observed. This identification result is used jointly with the Consumer Expenditure Survey (CEX)
to estimate the intratemporal and intertemporal features of individual preferences. This paper
is one of the first attempts to provide estimates of the wife’s and husband’s intertemporal preferences by taking into account that household behavior is the outcome of joint decisions. The
empirical findings indicate that there is heterogeneity in intertemporal preferences between wife
and husband. The identification and estimation results are important for at least two reasons.
First, they suggest that to answer policy questions the household decision process should be
characterized using one set of preferences for each decision-maker. Second, the estimates of
individual preferences provided in this paper can be used to evaluate policies aimed at affecting
household intertemporal behavior.
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Introduction

The evaluation of many public policies requires knowledge of the preferences that determine the behavior of multiperson households. Changes in tax rates on pension assets, asset-based means-tested
welfare programs, and marriage penalty relief programs are only a few examples. The traditional
approach for estimating preferences assumes that households behave as single agents. Under this
assumption, each household can be characterized using a unique utility function independently of
the household structure. Since the unique utility function depends on household total consumption,
which is observed, the intratemporal and intertemporal features of household preferences can be
identified and estimated using standard methods.
Numerous papers have rejected the hypothesis that households behave as single agents. For
instance, the results of Schultz (1990), Thomas (1990), Browning et al. (1994), Browning and
Chiappori (1998), and Mazzocco (2007) indicate that micro-level data are not consistent with
this hypothesis. The main implication of this finding is that public policies cannot be evaluated
using a unique household utility function, since as shown in Mazzocco (2004) important aspects of
intra-household risk sharing and specialization are ignored. Estimates of the preferences of each
decision maker in the household are required. The main obstacle in the identification and estimation
of individual preferences is that they depend on individual consumption, which is generally not
observed. The goal of this paper is to identify and estimate such preferences using the limited
amount of information which is available in household surveys. This is one of the first attempts to
identify and estimate the intertemporal features of individual preferences by taking into account
that household-level data are the outcome of joint decisions by household members.
This paper makes two main contributions. First, it is shown that the preferences of each decision maker in the household can be identified even if individual consumption is not observed,
provided that household consumption, individual labor supply, and individual wages are observed.
To illustrate the idea behind this result, consider a married couple. If individual consumption were
observed, individual preferences could be identified by standard methods using individual Euler
equations, i.e. one set of intertemporal optimality conditions for each agent, and intraperiod optimality conditions. Individual consumption is generally not observed, but household consumption,
individual labor supply, and wages provide information on this variable. In particular, if at least
one agent works in each period, the marginal rate of substitution between individual consumption
and leisure should equal the real wage. As a consequence, this agent’s consumption can be written
as a function of labor supply and wages. Since consumption of the second agent is equal to the
difference between total household consumption and consumption of the first agent, the spouse’s
consumption can also be written as a function of observed variables. These functions can be used to
substitute out individual consumption from the marginal utilities that define the individual Euler
equations and intraperiod optimality conditions. It can then be shown that these reduced-form
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optimality conditions and variations in household consumption, individual labor supply, and wages
provide sufficient information to recover the original utility functions.
As a second contribution, individual preferences are estimated using the described identification
result, a specific functional form for the individual utility functions, and data from the CEX. To
evaluate the performance of the identification result, individual preferences are first estimated for
single females and males with no children. For this group of households, individual consumption
is observed since it is equivalent to household consumption. Individual preferences can therefore
be estimated using the identification method proposed in this paper as well as standard methods.
The results indicate that the identification method performs well in the sense that the parameter
estimates obtained using the identification result are comparable to the estimates obtained using
standard methods. The empirical findings also suggest that there is heterogeneity in intertemporal
preferences between single females and single males: the intertemporal elasticity of substitution of
single males is more than twice the corresponding elasticity for single females.
The identification result is then applied to a sample of couples. Similarly to single individuals,
we find strong evidence of heterogeneity in intertemporal preferences between wives and husbands.
In particular, the intertemporal elasticity of substitution of wives is about half the elasticity for
husbands or, equivalently in this paper, wives are about twice as risk averse as husbands. A
comparison of the parameter estimates for single and married agents indicates that single males
are less risk averse than married males and that single females are more risk averse than married
females.
These findings have one main implication. In Mazzocco (2007), it is shown that households
behave as single agents only if individual preferences belong to the Harmonic Absolute Risk Aversion
(HARA) class with identical curvature parameter. The preference heterogeneity found in this paper
indicates that this condition is not satisfied. Therefore economists and policy makers should not
rely on preference estimates obtained using the standard unitary model to evaluate alternative
policy recommendations. Instead, policy analysis should be performed using individual preferences
and the corresponding parameter estimates.
This paper is related to the literature on the collective representation of household behavior.
Manser and Brown (1980) and McElroy and Horney (1981) are the first papers to characterize
the household as a group of agents making joint decisions. In those papers the household decision
process is modeled as a Nash bargaining problem. Chiappori (1988; 1992) extends their analysis
to allow for any type of efficient decision process. The theoretical model used in the present paper
is an intertemporal generalization of Chiappori’s collective model.
The intraperiod features of individual preferences have been identified and estimated in other
papers. For instance, Blundell et al. (2005), Blundell et al. (2007), Donni (2004), Chiappori (1988;
1982), Fong and Zhang (2001) show that different aspects of intraperiod preferences can be identified. Donni (2004) also estimates them. The present paper is, however, one of the first attempts
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to identify and estimate the intertemporal features of individual preferences using household data.
The paper is organized as follows. In section 2, the individual Euler equations are derived.
Section 3 outlines the identification procedure. Section 4 describes the empirical implementation.
Section 5 discusses econometric issues. Section 6 describes the data and section 7 presents the
estimation results. Section 8 concludes.

2

Euler Equations of Singles and Couples

In this section, we test the hypothesis that the constant rejection of household Euler equations is
generated by the fact that most of the households included in their estimation are composed of two
or more decision makers who make joint decisions based on their individual decision power. The
section will be divided into three parts. In the first subsection, we provide theoretical arguments
that explain why the inclusion of married and cohabiting couples in the estimation of Euler equations will generally result in their rejection. We then introduce a test that enables us to evaluate
whether our hypothesis can explain the rejections of the household Euler equations. In the second
subsection, we describe the data that will be used in the implementation of the test. In the last
subsection, we discuss how the tests is implemented, some econometric issues, and our empirical
results.

2.1

Rejections of Euler equations and Household Composition

In the past three decades, Euler equations have been extensively used to test intertemporal models
and to estimated preference parameters. The most frequently used test that relies on Euler equations is the excess sensitivity test proposed by Hall (1978) and Sargent (1978), which is based on
the following idea. Household should choose current and future consumption according to the Euler
equations using all the information available at the time of the decision. As a consequence, the
difference between the current marginal utility of consumption and next period expected marginal
utility of consumption should be independent of variables that are known to the household at the
time of the decision. Many papers have tested this implication of the standard intertemporal model
and regularly rejected it.
The model generally used to derive Euler equations, the unitary model, is well-suited to characterize the intertemporal decisions of households composed of a single individual. It is therefore
also a good model to estimate the intertemporal dimension of the preferences of single individuals,
such as their risk aversion or intertemporal elasticity of substitution. That model is not, however,
well-suited to represent the behavior of married or cohabiting couples for reasons that will be discussed in the next paragraph. In spite of this, papers that estimate Euler equations rely either on a
sample composed exclusively of couples, which is the case for instance in Attanasio and Browning
(1995) and Meghir and Weber (1996), or alternatively on a sample that includes both couples and
4

single individuals, as it is the case for example in Attanasio and Weber (1995) and Zeldes (1989). A
potential explanation for the constant rejections of the Euler equations is therefore that the model
used to derive them is not the proper model for most of the households included in the estimation.
To understand why the model employed to derive Euler equations is problematic when used to
characterize couples, we will introduce a generalization to an intertemporal setting of the collective model of the household, which is by now a standard framework to study household decisions.
The main feature of the collective model is that it explicitly recognize that the majority of households are composed of several individuals with potentially heterogeneous preferences who make
joint decisions. This is done by assigning a utility function to each household member and by
aggregating the individual preferences using the assumption that decisions are Pareto efficient. We
will denote with ui the utility function of member i and with µ the Pareto weight. Since in the
U.S. most households with several decision makers are couples, we will consider the case in which
households are composed of two members. To be consistent with the literature on the estimation
of Euler equations we will assume that individuals have preferences over non-durable consumption
c. Specifically, we assume that preferences are strongly separable between consumption and leisure
and that there is no distinction between consumption goods that are private and public within the
household. Following some of the papers that have estimated Euler equations, we will control for
potential non-separabilities between consumption and leisure in the estimation. Moreover, since
public consumption is an important aspect of household decisions, we will distinguish between private and public goods starting from the next section. In the model, household members live for T
periods and can transfer resources over time using a risk-free asset with gross return R. The only
P
source of uncertainty is household income, Y , which is the sum of members’ income, Y = y i .
To generalize the collective model to an intertemporal setting, one has to take a stand on the
ability of household members to commit to future allocations of resources. We will assume that
household members can commit to future plans. The conclusions of this section do not change
if a model without commitment is employed.1 Under full commitment and the assumptions on
preferences, the intertemporal collective model can be written in the following form:
" T
#
" T
#
X
X


max
µ (Z) E0
β t u1 c1t,ω + (1 − µ (Z)) E0
β t u2 c2t,ω
{c1t,ω ,c2t,ω ,st }t,ω
t=0
t=0
s.t.

2
X
i=1

cit,ω + bt ≤

2
X

i
yt,ω
+ Rt bt−1

(1)

∀t, ω

i=1

bT ≥ 0 ∀ω.
The Pareto weights µ and 1 − µ can be interpreted as the individual decision power of the two
household members. They generally depend variables that have an effect on the intra-household
1

The differences between collective models of the household with and without commitment are discussed in

Mazzocco (2001), Mazzocco (2007), and Chiappori and Mazzocco (2014).

5

decision power such as prices, wages, and income. We will denote with Z the vector that includes
those variables.
An important feature of the intertemporal collective model just introduced is that its solution
is identical to the solution of the following two stage formulation of the household problem. In
the first stage, the household allocates optimally lifetime resources across periods and states of
nature. In the second stage, conditional on the amount of resources allocated to a given period
and state of nature, the household chooses their optimal allocation between the two spouse. To
formally describe the two stages, it is convenient to start from the second stage. Denote with Ct,ω
an arbitrary amount allocated to period t and state ω. Conditional on Ct,ω , in the second stage
the household chooses the consumption of the two spouses as the solution of the following static
problem:
U (Ct,ω , µ (Z)) =

max

{c1t,ω ,c2t,ω }
s.t.



µ (Z) u1 c1t,ω + (1 − µ (Z)) u2 c2t,ω
2
X

(2)

cit,ω = Ct,ω ,

i=1

where U (Ct,ω , µ (Z)) is the household’s indirect utility function. In the first stage, the household
chooses the allocation of lifetime resources over time and across states of nature using the indirect
utility function derived in the second stage by solving the following standard intertemporal problem:
" T
#
X
max E0
β t U (Ct,ω , µ (Z))
(3)
Ct,ω

s.t.

t=0

Ct,ω + bt = Yt,ω + Rt+1 bt+1

∀t, ω.

(4)

The two-stage formulation of the household decision problem is useful because the household
Euler equation can easily be derived using the first stage of the household decision process and
standard steps. It takes the following form:
UC (Ct , µ (Z)) = βRt+1 E0 [UC (Ct+1 , µ (Z))] .

(5)

Equation (5) can be used to clarify why the model commonly used to derive household Euler
equations is problematic if applied to couples. Consider two households in which the two husbands
have identical risk aversion, the two wives have identical risk aversion, and the wives’ risk aversion
is greater than the husbands’ risk aversion. The two households are identical in any dimension
except that the wife in the first household has a college degree at the time of marriage, whereas
the other wife only has a high school diploma. The two households have therefore different vector
Z and different intra-household decision power µ (Z). Suppose that, given the higher education of
the wife in the first household, she has more decision power than the wife in the second household.
The first household will then be more risk averse than the second one, it will assign more value to
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consumption smoothing, and it will have a flatter consumption path. The difference in consumption
paths will be detected in the estimation of the Euler equations and will be explained using the only
variable that can rationalize it, education, and variables that are correlated with it, such as wages
and labor force participation. The reduced-form result will therefore be that education, wages, and
labor force participation have an effect on the household Euler equations even if they are known at
the time decisions are made. The intertemporal model will therefore be rejected because of excess
sensitivity.
Notice that the previous argument does not apply to singles, since for them the indirect utility
function U (Ct,ω , µ (Z)) simplifies to the standard utility function U (Ct,ω ). The excess sensitivity
test is therefore well-defined for households with only one decision maker. This result provides us
with a way of testing our hypothesis that the constant rejection of the household Euler equations is
generated by the fact that most households are composed of individuals with different preferences
who make joint decisions which depend on their decision power. If this hypothesis is correct, an
excess sensitivity test should reject the household Euler equations for the sample of couples, but it
should not reject them for the sample of singles. This is the subject of the next two subsections.

2.2

The Consumer Expenditure Survey (Maria will write the latest version)

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 is elicited with regard to expenditures for each of the three months preceding
the interview and with regard to income and demographics for the quarter preceding the interview.
Information on income is collected only in the first and fourth quarters and it measures income of
the year preceding the interview. We assume that the rate at which income is earned is constant
for the year. Under this assumption one can construct income for the first and fourth quarters by
dividing income by four.2 The data used in the estimation cover the period 1982-1995. The first
two years are excluded because the data were collected with a slightly different methodology.
Following Attanasio and Weber (1995) total consumption is computed as the sum of food at
home, food out, tobacco, alcohol, public and private transportation, personal care, maintenance,
heating fuel, utilities, housekeeping services, repairs and clothing. As in Attanasi and Weber (1995),
the price index is constructed in two steps. First, the components of the Consumer Price Index
published by the Bureau of Labor Statistic for each category of consumption are gathered. The price
index is then computed as the weighted average of these components where the weights corresponds
to the expenditure share spent by a give household on that particular component of consumption.
2

See Gervais and Klein (2008) for a detailed discussion of how income is measured in the CEX.
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Total consumption is deflated using this household specific price indexes. Household income is
computed as total household income plus transfers for the year preceding the interview. The wife’s
income is the sum of the components that can be imputed to her, i.e. income received from nonfarm business, income received from farm business, wage and salary income, social security checks,
and supplemental security income checks for the year preceding the interview. As in Attanasio and
Weber (1995), the real interest rate is the quarterly average of the 20-year Municipal bond rate
deflated using the household specific price index.
Rather than employing the short panel available in the CEX, we follow Attanasio and Weber
(1995) and use synthetic panels. These are constructed using two variables: the year of birth of
the head of the household and a dummy equal to 1 if the head is married and 0 otherwise.3 All
households are assigned to one of these cells which are constructed using a 7-year interval for the
head’s year of birth. The variables of interest are then averaged over all the households belonging
to a given cohort observed in a given quarter. To avoid the complicated error structure that the
timing of the interviews implies, we follow Attanasio and Weber (1995) and for each household in
each quarter we use only the consumption data for the month preceding the interview and drop
the data for the previous two months.
To construct the synthetic cohorts we exclude from the sample rural households, households
with incomplete income responses, and households experiencing a change in marital status. Only
cohorts for which the head’s age is between 21 and 60 are included in the estimation. With regard
to the minimum cohort size allowed in the estimation, two specifications are employed. In one case,
the same size cutoff of 150 observations is used for married and single households. The use of the
same cutoff has the disadvantage of generating samples of different size for singles and married.
To determine whether the differences in results for married and single households is a consequence
of the heterogeneity in sample size, a second specification is used that generates samples with the
same number of observations. In this case, for married households, cohorts with size smaller than
150 are dropped. For single households, a cohort is dropped if it has size smaller than 100. An
cohort-observation is then kept in a particular period if it is available for both the cohort of singles
and the cohort of married individuals. Table ?? contains a description of the cohorts. Table ??
reports the summary statistics for the CEX sample.

2.3

Excess Sensitivity Test for Singles and Couples

In this subsection, we test the formulated hypothesis that the rejections of the Euler equations are
generated by the aggregation of individual preferences in households with more than one adult.
We do this in two steps. We first follow previous papers and estimate the Euler equations on the
sample that includes both singles and couples. We then divide the sample in a subsample composed
exclusively of singles and a subsample composed only of couples and estimate the Euler equations
3

The husband is assumed to be the head of the household in a married or cohabiting couple.
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separately on the two subsamples. If our hypothesis is correct, we should reject the household
Euler equations only for couples. If the rejections are explained by other hypothesis, such as the
existence of preference shocks and non-separabilities between consumption and leisure, the Euler
equations should be rejected for both couples and singles.
To be consistent with the empirical approach used in the literature on the estimation of Euler
equations, we employ the functional form used in most of those papers. Specifically, we estimate
Euler equations of the following form:
∆ log (Ci,t+1 ) = α + ζ log Rt+1 + i,t+1 ,

(6)

where ζ represents the intertemporal elasticity of substitution, i,t+1 is a residual which captures
the expectational error at time t, and the constant is a function of the discount factor and of the
second and higher moments corresponding to the distribution of t+1 . Using standard arguments,
this equation can be derived by log-linearizing the Euler equation (5) derived earlier in the paper.4
Here is where our assumption that individuals only have preferences over non-durable consumption,
without distinguishing between private and public goods, is important. Absent this assumption,
we would not be able to estimate the same Euler equations employed in the literature.
To account for changes in household composition and preference shocks, we follow Attanasio
and Weber (1995) and Zeldes (1989) and assume that the demographic variables and preference
shocks z enter the instantaneous utility function multiplicatively through an exponential function,
which implies that
Ui,t = U (Ci,t ) exp φ0 zi,t



In the estimation, the vector z will be composed of family size, number of children, and a set of
seasonal dummies.
The Euler equation (6) is derived under the assumption that household consumption is strongly
separable from leisure. To measure the effect of possible non-separabilities between consumption
and leisure, we follow Browning and Meghir (1991), Attanasio and Weber (1995), and Meghir
and Weber (1996) and model the leisure variables as conditioning variables, namely variables that
may affect preferences over the goods of interest, but are not of primary interest. Specifically,
following Attanasio and Weber (1995) and Meghir and Weber (1996), the Euler equations will also
4

There is mixed evidence on the effect of the log-linearization on the parameter estimates. Carroll (2001) and

Ludvigson and Paxson (2001) find that the approximation may introduce a substantial bias in the estimation of the
preference parameters. On the other hand, Attanasio and Low (2004) show that using long panels it is possible to
estimate consistently log-linearized Euler equations. It is important to remark that under the standard assumption
in the intertemporal literature that couples behave as single agents, the linearization of the Euler equations has the
same effect on singles and married. To see this notice that couples behave as single agents only if exact aggregation
is satisfied. This is equivalent to the existence on a unique utility function for the couple that does not depend on
prices, income, and other exogenous variables. Under the assumption that a unique utility function exists for couples,
Euler equations and hence their linearized version are independent of family structure.
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be estimated by including different combinations of the following variables: the head’s leisure, a
dummy equal to 1 if the head works, and, for couples, similar variables for the spouse.
To summarize, the following Euler equation is estimated:
∆ log (Ci,t+1 ) = α + γ log Rt+1 + φ0 ∆z̄i,t+1 + i,t+1 ,

(7)

where z̄i,t+1 includes demographic and labor supply variables.
Before reporting the results, we discuss some econometeric issues. The error term of equation
(7), i,t+1 , contains the expectation error implicit in the Euler equation. Since part of the expectation error is generated by aggregate shocks, i,t+1 should be correlated across households. This
implies that Euler equations can be consistently estimated only if households are observed over a
long period of time as suggested by Chamberlain (1984). In the CEX, one of the main advantages
of using synthetic panels is that cohorts are followed for the whole sample period. This should
reduce the effect of aggregate errors on the estimation results.
The Euler equations are estimated using the Generalized Method of Moments (GMM). Under
the assumption of rational expectations, any variable known at time t should be a valid instrument
for GMM. However, measurement errors may introduce dependence between variables known at
time t and concurrent and future variables even under rational expectations. To address this issue
we only use variables known at t−1. The GMM estimates are obtained using the efficient weighting
matrix, which is generated using a consistent GMM estimator in a first step. Given the longitudinal
nature of the dataset employed in the estimation, it is important to allow each household to have
a different and unrestricted covariance structure. To that end, the covariance matrix is computed
using the efficient weighting matrix in the GMM procedure. As shown in Wooldridge (2002), this
covariance matrix is general enough to allow for heteroskedasticity and arbitrary dependence in the
residuals.
We can now discuss our empirical findings. The results obtained by estimating the household
Euler equations on the sample that includes both singles and couples are reported in Table 2.
The first three columns describe the results when a two-step GMM estimator is used, whereas in
columns 4 through 6 we discuss the results obtained employing a 2-stage least squares estimator
to evaluate the effect of the efficient weighting matrix. Since the results are similar, we will only
discuss the first set of estimates. In the first column, we report the outcome of the test when
we only include demographic variables in the estimation. The results are consistent with the
findings of previous papers: the intertemporal elasticity of substitution is positive and around 0.15,
but statistically insignificant; changes in family size and number of children have a positive effect
on consumption growth; the coefficient on time-t log income is large, positive, and statistically
significant, indicating that the excess sensitivity test rejects the intertermporal model. In column
2, we add to the estimation a dummy equal to 1 if the head works and a similar dummy for
the spouse as variables capable of capturing potential non-separabilities between consumption and
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leisure. The coefficient on the head’s dummy is negative large and statistically significant, which
suggests that households in which the head works are better able to smooth consumption. This
variable is therefore capable of explaining part of the variation in consumption growth, but the
coefficient on income is even larger than in the first column and statistically significant. In the
third column, in addition to the two labor dummies, we add the log of the head’s and of spouse’s
quarterly leisure. The estimated coefficients are consistent with the ones described in column 2.
Households in which the head works longer hours are better able to smooth consumption shocks.
Remarkably, once we control for the head’s leisure, the spouse’s work dummy becomes positive and
statistically significant. This result can be explained using an added-worker effect argument: with
a significant probability, a spouse chooses to participate in the labor market when the households
is hit by an adverse shock that increases consumption volatility. In spite of the introduction of
the two leisure variables, the coefficient on time t income is still positive, large, and statistically
significant, indicating that the household Euler equations are rejected.
We will now describe the results obtained by estimating the household Euler equations separately on the samples of singles and couples, which are reported in Table 3. We only present the
results obtained using the two-step GMM estimator because the ones obtained using 2-stage least
squares are similar. The first column reports the estimates for the sample of singles. The results
are similar to the ones obtained for the entire sample except that now the coefficient on income is
about two thirds the size of the coefficient estimated for the entire sample and statistically indistinguishable from zero. In this first specification, there is therefore no evidence of excess sensitivity
for singles. In the second column, we present the results obtained by estimating the same specialization for couples. The intertemporal elasticity of substitution, the coefficient on family size,
and the coefficient on number of children are all estimated to be positive. More importantly, the
coefficient on income is positive, more than twice the size the coefficient for singles, and statistically significant. For couples, we can therefore reject this specification of the Euler equations. In
columns 3 and 4, we add to the estimation for singles and couples the work dummy for the head
of the household and, if present, for the spouse. In both samples, the coefficient on the dummy
is positive, large, and statistically significant. This finding can be explained by non-separabilities
between consumption and leisure: households with a head that changes employment status from
not working to working increase their expenditure on goods related to their job such as gasoline
and clothing. The main result, however, does not change. The coefficient on period-t income is
still small and insignificant for singles and large and statistically significant for couples. In the last
two columns, we report the estimates when we include in the specification the log of the head’s
quarterly leisure and, for couples, the same variable for the spouse. The leisure variable is positive
for the head of a single household, but not statistically significant. For couples, the coefficient
on the wife’s leisure is positive and large, but statistically insignificant. Similarly to the previous
specification, the coefficient on income is negligible and insignificant for singles, but large, positive,
11

and statistically significant for couples.
We can therefore conclude that, even with the addition of demographic variables and variables
that account for possible non-separabilities between consumption and leisure, Euler equations are
rejected for couples because of excess sensitivity. We cannot, however, reject them for singles.
These findings indicate that the excess sensitivity displayed by the Euler equations when estimated
on the entire sample is generated by couples. As such, they provide strong evidence in favor of our
hypothesis that the rejection of the Euler equations is produced by the aggregation of individual
preferences in households with several decision makers.
Recently, a growing number of papers in micro and macro economics have developed intertermporal models of the households in which household members are characterized using individual
utility functions.5 To answer relevant questions, these papers require reliable estimates of the intertemporal preferences for women and men. The results of this section imply that the parameters
characterizing the intertemporal preferences, such as the intertemporal elasticity of substitution,
cannot be estimated using household Euler equations and samples composed of all households or
samples composed of only couples. One possible way of addressing this issue is to rely only on singles for which households Euler equations are not rejected. One limitation of this approach is that
it only works if there is no selection into marriage based on intertemporal preferences. For instance,
if the more risk averse women and the less risk averse men are less likely to find a partner, the
intertemporal preferences estimated on the sample of singles are not well suited to characterize the
intertemporal preferences of married individuals. In the rest of the paper, we develop an alternative
method to identify and estimate the intertemporal preferences of married women and men which is
not affected by the selection issue mentioned above. Our method will also enable us to understand
whether selection into marriage is a real concern when estimating intertemporal preferences. If it
is not, the sample of singles can safely be used to recover the intertemporal aspects of individual
preferences.

3

Household and Individual Euler Equations

Consider a two-person household living for T periods in an uncertain environment. In each period
t ∈ {0, ..., T } and state of nature ω ∈ Ω, member i receives non-labor income y i (t, ω), supplies
labor in quantity hi (t, ω), and chooses expenditure on a private composite good ci (t, ω) and on
children Q (t, ω). Since children are for the most part a public good for their parents, Q (t, ω) will
be modeled as public consumption. Let C (t, ω) be household total private consumption and let
li (t, ω) = 1 − hi (t, ω) be leisure of member i, where the time endowment is normalized to 1. The
price of private and public consumption will be denoted by p (t, ω) and P (t, ω), and agent i’s wage
5

Some examples are Casanova (2010), Gemici and Laufer (2012), ?), Greenwood, Guner, and Knowles (2003),

Jones, Manuelli, and McGrattan (2003), and Doepke and Tertilt (2010).

12

by wi (t, ω). Household members can save jointly using a risk-free asset. Denote by s (t, ω) and
R (t), respectively, the amount of wealth invested in the risk-free asset and its gross return.6 Each
household member is characterized by individual preferences, which are assumed to be separable
over time and across states of nature. The corresponding utility function U i is assumed to be
increasing, concave, and twice continuously differentiable. The corresponding utility function Ui is
assumed to be increasing, concave, and twice continuously differentiable. Agent i’s utility function
can depend on agent j’s private consumption and leisure but only additively, i.e.



U i c1 , c2 , l1 , l2 , Q = ui ci , li , Q + δi uj cj , lj , Q ,
where δi is the altruism parameter. It is assumed that the two spouses have the same discount
factor β.7
The next two subsections describe two different approaches to identifying and estimating the
intertemporal and intratemporal features of the preferences that characterize household decisions.

3.1

Household Euler Equations

The theoretical and empirical literature on intertemporal decisions has traditionally assumed that
households behave as single agents independently of the number of decision makers. This is equivalent to assuming that the utility functions of the individual members can be collapsed into a
unique utility function which fully describes the preferences of the entire household. Following this
approach, suppose that household preferences can be represented using a unique von Neumann
Morgenstern utility function U C, l1 , l2 , Q and a household discount factor β. Intertemporal
decisions can then be determined by solving the following problem:8
" T
#
X

max
E0
β t U Ct , lt1 , lt2 , Qt
{Ct ,lt1 ,lt2 ,Qt ,st }
t=0
s.t. pt Ct + Pt Qt + st ≤

2
X

(8)


yti + wti hit + Rt st−1 ∀t, ω

i=1

sT ≥ 0 ∀ω.
The first order conditions of the unitary model (8) can be used to derive the following standard
household Euler equations for private consumption:




pt
1 2
1
2
.
UC Ct , lt , lt , Qt = βEt UC Ct+1 , lt+1 , lt+1 , Qt+1 Rt+1
pt+1
6
7

The results of the paper are still valid if risky assets are introduced in the model.
This assumption is made for expositional purposes. If the individual discount factors are different, it can be

shown that the identification method proposed here still works with small modifications.
8
The dependence on the states of nature is suppressed to simplify the notation.

13

Since the variables defining these intertemporal optimality conditions are observed in various
datasets, in the past two decades the standard household Euler equations have been used to test
the intertemporal decisions of the household and to estimate the parameters that characterize its
behavior.
This approach has one major limitation: the parameter estimates of the intertemporal unitary
model can be used to understand household behavior and to answer policy questions only if households behave as single agents. Mazzocco (2007) shows that this assumption is satisfied if and only if
the following strong restrictions on individual preferences are satisfied: (i) household members have
identical discount factors; (ii) the individual preferences belong to the HARA class and have identical curvature parameters. The evidence based on household Euler equations indicates that this
assumption is violated. In particular, in the past twenty years economists have rejected household
Euler equations using either the sample of couples or the sample of couples jointly with singles.9
Mazzocco (2008) estimates the standard household Euler equations for couples and separately for
singles using the CEX and the Panel Study of Income Dynamics (PSID). He finds that the standard
household Euler equations are rejected for couples, but not for singles. Two additional tests based
on household Euler equations are performed in Mazzocco (2007; 2008) and the outcome suggests
that the behavior of a group of agents differs from the behavior of single agents. Additional evidence against the unitary model has been collected in a static framework for instance by Thomas
(1990), Browning, Bourguignon, Chiappori and Lechene (1994), Browning and Chiappori (1998).
These empirical findings indicate that it may be important to estimate an alternative model
that better characterizes the intertemporal behavior of the household.

3.2

Individual Euler Equations

This section relaxes the assumption that the individual utility functions can be collapsed into a
unique utility function. Without this restriction, it must be established how individual preferences
are aggregated to determine household decisions. Following Chiappori (1988; 1992) and Mazzocco
(2004; 2007), it is assumed that every decision is on the ex-ante Pareto frontier, which implies
that household intertemporal behavior can be characterized as the solution of the following Pareto
problem:
"
max
µE0
{c1t ,c2t ,lt1 ,lt2 ,Qt ,st }
s.t.

2
X

T
X

#
β t u1 (c1t , lt1 , Qt ) + (1 − µ) E0

t=0

T
X
β t u2 (c2t , lt2 , Qt )
t=0

2
X


yti + wit + Rt st−1 ∀t, ω
pt cit + wit lti + Pt Qt + st =

i=1

i=1

0 ≤ lti ≤ 1 ∀i, t, ω,
9

"

See Browning and Lusardi (1995) for a survey.
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sT ≥ 0 ∀ω,

#
(9)

where µ is a combination of Pareto weights and altruism parameters, and it can be interpreted as
the relative decision power at the time of household formation.
Under standard assumptions, the following Euler equations for consumption can be derived:




pt
i
i
i
i
i i
∀ i = 1, 2.
(10)
uc ct , lt , Qt = βi Et uc ct+1 , lt+1 , Qt+1 Rt+1
pt+1
Two remarks are in order. First, the individual Euler equations are not affected by the aggregation
problem that affects the standard household Euler equations, since they are satisfied independently
of the number of household members. Second, the leisure Euler equations could be added to the
consumption Euler equations to characterize the intertemporal behavior of the household. However,
they are satisfied only if the corresponding agent supplies a positive amount of labor in each period
and state of nature. Since this assumption is excessively strong, only the consumption Euler
equations will be employed.
To discuss the identification of individual preferences it is helpful to rewrite the household
problem using a two-stage formulation. Under the assumption that individual preferences are
separable over time and across states of nature, the solution of the household problem (9) is
equivalent to the solution of the following two-stage problem. In the second stage, conditional on
the amount of resources available in period t and state ω, the household chooses how much to spend
on consumption and leisure. Formally, let Ȳ (t, ω) be the amount of resources available in period t
and state ω. In the second stage, the household solves the following static problem for each t and
ω:

V Ȳt , w1t , w2t , pt , Pt =
s.t.

max

c1t ,lt1 ,c2t ,lt2 ,Qt
2
X



µu1 c1t , lt1 , Qt + (1 − µ) u2 c2t , lt2 , Qt


pt cit + wit lti + Pt Qt = Ȳt

i=1

0 ≤ lti ≤ 1

for i = 1, 2.

The standard Marshallian demand functions for public consumption, household private consumption, and leisure can be derived as the solution of this second-stage problem. They depend on
the prices of public and private consumption, the individual wages, and the resources available


in period t and state ω, i.e. Qt = Q pt , Pt , w1t , w2t , Ȳt , Ct = c1t + c2t = C pt , Pt , w1t , w2t , Ȳ ,


lt1 = l1 pt , Pt , w1t , w2t , Ȳt , and lt2 = l2 pt , Pt , w1t , w2t , Ȳt . In the first stage the household chooses
the optimal allocation of resources to each period and state of nature by solving the following
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dynamic problem:
T
X



max
E0 β t V Ȳt , w1t , w2t , pt , Pt
{Ȳt ,st } t=0
s.t. Ȳt =

2
X


yti + wit + Rt st−1 − st

∀t, ω

i=1

sT ≥ 0 ∀ω.
The two-stage formulation will be used to describe the type of variation required in the identification
of the individual preferences for expenditure on children.
Three main assumptions characterize the intertemporal collective model (9) and the corresponding Euler equations. First, the household Euler equations as well as the individual Euler equations
characterize only the intertemporal behavior of households that are not borrowing constrained.
There is mixed evidence on the importance of liquidity constraints. For instance, Zeldes (1989)
and Gross and Souleles (2002) find that borrowing constraints characterize a significant fraction of
the U.S. population. Runkle (1991), Meghir and Weber (1996), and Carneiro and Heckman (2002)
find that at most a small fraction of households are liquidity constrained. The theoretical and
empirical results of this paper hold for household that are not borrowing constrained in the period
considered in the analysis.10
Second, it is assumed that there is no household production or equivalently that household production is determined exogenously. Under this assumption, if individual labor supply is observed,
individual leisure is also observed. The generalization of the identification and estimation results
to a framework with household production is an important research topic, but it is left for future
research.
Third, it is assumed that household decisions are always on the ex-ante Pareto frontier, which
implies that the individual members must be able to commit to future allocations of resources at
the time of household formation. To test whether the assumption of ex-ante efficiency represents
a good approximation of household decisions the following standard efficiency condition will be
analyzed jointly with the Euler equations:

u1c c1t , lt1 , Qt
 = µ.
u2c c2t , lt2 , Qt

(11)

If individual private consumption and individual labor supply were observed, individual preferences could be estimated using the individual Euler equations and the efficiency condition. Unfortunately, consumption is only measured at the household level. The next section is devoted to
showing that the parameters that characterize household intertemporal behavior can be identified
10

Future borrowing constraints affect household decisions in period t and t + 1. This effect is captured in the

individual Euler equations by the information set at t. Consequently, as long as the individual Euler equations are
satisfied during the survey period, the identification and estimation results hold.
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using the consumption Euler equations and the intraperiod conditions even if consumption is not
observed at the individual level.

4

A General Example

In this section we will consider an example which illustrates how the intertemporal conditions
help in the identification of the parents’ preferences for expenditure on children. In an attempt to
provide a clear intuition of the identification results, in this session we will consider an environment
with no uncertainty. we will only discuss the case in which only agent 1, the father, works since in
this case the identification of the parameters of interest is more difficult to achieve.
In the example discussed in this section we will consider a specific functional form for the
parents’ preferences. It is assumed that each parent has a utility function that is non-separable in
public consumption and has the following form:

σ
θ
U li , ci , Q = ci i li i (Q)γi + δi ln Q.
The utility function is a standard Cobb-Douglas utility function augmented to include a public
good. The public good enters individual preferences in two different ways: through a separable
function and through a function in which public consumption is non-separable from leisure and
private consumption. This feature of the utility function will enable me to describe which variation
is required for the identification of the non-separable part of the preferences for public consumption
and which variation is needed to recover the separable part.
The problem of identifying the parameters of interest can be stated in the following way. The
econometrician knows public consumption, household private consumption, the father’s leisure, the
father’s wage, the prices of private and public consumption, and the amount of resources that
the household decides to allocate to each period. Since the mother does not work, no variation
in her wage and leisure is observed. A dataset in which all these variables are observed is the
Consumer Expenditure Survey (CEX). Using these variables, the econometrician can recover non

parametrically the Marshallian demand functions Q = Q p, P, w1 , Ȳ , C = C p, P, w1 , Ȳ , and

l1 = l1 p, P, w1 , Ȳ , which are the solution of the second stage of the household problem. They
will therefore be assumed to be known. Note that the Marshallian demand function for the mother’s
leisure cannot be recovered because by assumption there is no variation in her leisure. Since the
Marshallian demand functions are known, the derivatives of public consumption, private consumption, and the father’s leisure with respect to wages, resources, and prices are also known. Given
this information, the econometrician is interested in recovering the preference parameters and the
decision power parameter.
In the parametric examples considered in this section, identification can be easily analyzed using
the first order conditions for private consumption, leisure, and public consumption. The following
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approach will be employed. The first order conditions will be used to derive a set of equations that
depend on the parameters of interest and variables that are known. The equations can then be
solved for the parameters of interest. If a unique solution exists, the model is identified. If more
than one solution exist, the model is not identified.
We will start with the derivation of the first order conditions. Denote by λt the multiplier of
the budget constraint of the household problem in period t and let µ1 = µ and µ2 = 1 − µ. In
the example considered here, the first order conditions for private consumption of parent i can be
written in the form
β t µi σi cit

σi −1

lti

θi

(Qt )γi = pt λt ,

the leisure first order condition of the working parent takes the form
β t µ1 θ1 c1t

σ1

lt1

θ1 −1

(Qt )γ1 = w1t λt ,

and the public consumption first order condition can be written as
β

t

2
X
i=1





δi
γi −1
i σi i θi
= Pt λt ,
µi γi ct
lt (Qt )
+
Qt

where lt2 = 1 for the mother. Finally, in an environment without uncertainty, the first order
condition that captures the optimal allocation of resources over time has the following form:
λt = Rt+1 λt+1 .
Using these first order conditions one can derive the five optimality conditions that will be employed in the identification of the parameters of interest: (i) an equation stating that the marginal
rate of substitution between consumption and leisure of the working parent must equal his real
wage; (ii) the efficiency condition for private consumption; (iii) the efficiency condition for public
consumption; (iv) the private consumption Euler equation for the mother; (v) the private consumption Euler equation for the father.11 In the present example, the first optimality condition has the
following form:
w1t
θ1 c1t
=
.
1
σ1 lt
pt
The private consumption efficiency condition can be written as
σ1 c1t
σ2
11

σ1 −1

 θ1

Qγt 1
1−µ
=
.

σ
−1
γ
2
µ
c2t
Qt 2
lt1

(12)

The model considered in this paper is over-identified in the sense that the number of optimality conditions that

can be used to recover the parameters of interest is greater than the number of parameters. For instance, the public
consumption Euler equation could be used in place of one of the five conditions employed in this section. The
optimality conditions that are not used in the identification of the parameters can be used to test the model.

18

Using the first order conditions for public and private consumption, the public consumption efficiency condition can be written as follows:
δ1
1
δ2
1
γ1 c1t
γ2 c2t
Pt
+
+
+
= .



σ1 Qt σ1 c1 σ1 −1 l1 θ1 Qγ1 +1 σ2 Qt σ2 c2 σ2 −1 Qγ2 +1
pt
t
t
t
t
t
Finally, the father’s private consumption Euler equation takes the form
βRt+1

pt
pt+1



c1t+1
c1t

σ1 −1 

1
lt+1
lt1

θ1 

Qt+1
Qt

γ1
= 1,

whereas the mother’s can be written as follows:
 2 σ2 −1 

ct+1
pt
Qt+1 γ2
βRt+1
= 1.
pt+1
Qt
c2t
We will now discuss how the parameters of the non-separable part of the father’s preferences
σ1 , θ1 , and γ1 can be recovered by using his private consumption Euler equation. The Euler equations depend on private consumption which is not observed. However, one can use the optimality
condition that relates the marginal rate of substitution of the father to his real wage to derive the
father’s private consumption as a function of own leisure and own real wage, i.e.
c1t =

σ1 w1t 1
l .
θ1 p t t

In each period the sum of individual private consumption must equal total household private
consumption Ct , which is observed. As a consequence, the mother’s private consumption can also
be written as a function of variables that are observed, i.e.
c2t = Ct −

σ1 w1t 1
l .
θ1 pt t

The private consumption Euler equation of the father can now be written in terms of variables that are observed by substituting out individual consumption. After the substitution, this
intertemporal optimality condition becomes

βRt+1

pt
pt+1

σ1 

w1t+1
w1t

σ1 −1 

1
lt+1
lt1

σ1 +θ1 −1 

Qt+1
Qt

γ1
= 1.

By taking the logarithm of both sides, it can be rewritten in the following simpler form:


pt
1
∆ ln Qt+1 + ρ11 ∆ ln lt+1
= −ρ12 ∆ ln w1t+1 − ρ13 ln
− ρ14 ln (Rt+1 ) − ρ14 ln β.
pt+1
where ρ11 =

σ1 +θ1 −1
,
γ1

ρ12 =

σ1 −1
γ1 ,

ρ13 =

σ1
γ1 ,

and ρ14 =

1
γ1 .

(13)

Two features of this optimality condition

are worth a discussion. First, this equation depends on five unknown parameters ρ11 , ρ12 , ρ13 , ρ14 , and
β, and observed variables. Second, in an environment with uncertainty one needs this equation
plus four additional moment conditions to identify the five parameters. The standard approach in
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the estimation of parameters contained in Euler equations is to use lagged variables to construct
the four additional moment conditions. With the goal of providing some insight on the variation
required in the data to identify these parameters, instead of considering the standard case with
uncertainty we will discuss the case of no uncertainty.
Consider a change in the amount of resources allocated to period t, Ȳt , generated for instance by
a variation in the father’s wage in period t0 6= t, t + 1. The household will respond to this variation
by changing how the father’s leisure, the father’s private consumption, and public consumption
evolve between t and t + 1. This intertemporal change depends on the father’s taste for leisure and
private consumption relative to his taste for public consumption, which is described by ρ11 . It can
be determined by differentiating the father’s private consumption Euler equation (13) with respect
to Ȳt and it can be described using the following equation:
∆ ln QȲt ,t+1 + ρ11 ∆ ln lȲ1 t ,t+1 = 0,
where QȲt ,t+1 and lȲi t ,t+1 are the partial derivatives of public consumption and leisure with respect to
Ȳt . This implies that one can recover the father’s taste for leisure and private consumption relative
to his taste for public consumption by simply observing the intertemporal change in father’s leisure
and public consumption in response to a change in resources available in a given period, i.e.
ρ11 = −

∆ ln QȲt ,t+1
.
∆ ln lȲ1 ,t+1
t

Now that the relative taste parameter ρ11 is known, it is straightforward to identify the parameter
ρ13 which provides information on the father’s taste for private consumption relative to his taste for
public consumption. Consider a change in the price of private consumption at t. The household
varies the father’s leisure and public consumption according to the following optimality condition:
∆ ln Qpt ,t+1 + ρ11 ∆ ln lp1t ,t+1 = −ρ13

1
.
pt

As a consequence, ρ13 can be recovered if one observes a change in pt and the corresponding change
in leisure and public consumption. Specifically,

ρ13 = −pt ∆ ln Qpt ,t+1 + ρ11 ∆ ln lp1t ,t+1 .
Finally one can recover the parameter ρ12 , which provides different information on the father’s taste
for private consumption relative to his taste for public consumption, if variation in the father’s wage
in period t is observed. The effect of this variation on the father’s leisure and public consumption
can be determined by differentiating the father’s private consumption Euler equation with respect
to his wage. The following equation describes the effect:
1
∆ ln Qw1t ,t+1 + ρ11 ∆ ln lw
= ρ12
1t ,t+1
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1
.
w1t

The parameter ρ12 is therefore equal to

1
ρ12 = w1t ∆ ln Qw1t ,t+1 + ρ11 ∆ ln lw
.
1t ,t+1
Now that the reduced form parameters ρ11 , ρ12 , and ρ13 are known, it is straightforward to recover
the father’s preference parameters for the non-separable part of his utility function. They are equal
to the following functions of the reduced form parameters:
σ1 =

ρ13
,
ρ13 − ρ12

θ1 =

ρ11 − ρ12
,
ρ13 − ρ12

γ1 =

ρ13

1
.
− ρ12

Since γ1 has been recovered, the reduced-form parameter ρ14 is also known. The discount factor
can then be identified by solving the private consumption Euler equation for β.
The father’s private consumption can also be recovered since it only depends on the parameters
σ1 and θ1 . As a consequence, the mother’s private consumption is also identified. It should be
remarked that individual consumption can be identified only because of the particular functional
form chosen for the utility functions. In general, individual consumption can be identified only up
to an additive constant. In the example considered here, the constant is assumed to be zero.
We will now describe how the mother’s preference parameters for private consumption and the
non-separable part of her preferences for public consumption can be recovered using her private
consumption Euler equation. Her taste for leisure, however, cannot be identified since no variation
in her labor supply is observed. Since the mother’s private consumption is now known, there is no
need to substitute out private consumption from her Euler equation, which can be written in the
form

where ρ21 =



pt
− ρ22 ln β,
∆ ln Qt+1 + ρ21 ∆ ln c2t+1 = −ρ22 ln Rt+1
pt+1
σ2 −1
γ2

and ρ22 =

1
γ2 .

The identification of the mother’s preference parameters can

be achieved using the logic used for the father. Consider a change in the resources available in
period t generated by a variation in one of the exogenous variables in period t0 6= t, t + 1. This
change modifies how the household allocates resources between t and t + 1. The corresponding
intertemporal change for the mother can be described by differentiating her private consumption
Euler equation with respect to Ȳt , i.e.
∆ ln QȲt ,t+1 + ρ21 ∆ ln c2Ȳt ,t+1 = 0.
This type of variation enables one to recover the mother’s taste for private consumption relative to
her taste for public consumption ρ21 , i.e.
ρ21 = −

∆ ln QȲt ,t+1
,
∆ ln c2Ȳ ,t+1
t

The inverse of the taste for public consumption ρ22 can now be recovered if variation in the price of
private consumption at t and the corresponding changes in intertemporal decisions are observed.
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These changes are described by the following equation:
∆ ln Qpt ,t+1 + ρ21 ∆ ln c2pt ,t+1 = −ρ22

1
.
pt

which implies that

ρ22 = −pt ∆ ln Qpt ,t+1 + ρ21 ∆ ln c2pt ,t+1 .
Finally, the mother’s preference parameters for private and public consumption can be recovered
using the information on the reduced-form parameters ρ21 and ρ22 . Specifically,
σ2 =

ρ21 + ρ22
,
ρ22

γ2 =

1
.
ρ22

Only three of the parameters of interest remain to be identified: the decision power parameter
µ and the parameters that describe the separable part of the individual preferences for public
consumption δ1 and δ2 . Intuitively, one should expect that these parameters cannot be identified
by simply using the private consumption Euler equations, since they provide no information on the
individual decision power and on the separable part of the preferences for the public good. Some
additional restrictions imposed by the model on individual behavior must be employed to identify
the remaining parameters.
The decision power parameter can be recovered using the private consumption efficiency condition (12). In this equation all the parameters and variables are known except µ. One can therefore
identify the individual decision power by solving this equation for µ. The parameters δ1 and δ2 can
be recovered using the public consumption efficiency condition in two different periods. The public
consumption efficiency condition at t and t + 1 can be written in the following form:
A1t + δ1 Bt1 + A2t + δ2 Bt2 =

Pt
,
pt

and
1
2
A1t+1 + δ1 Bt+1
+ A2t+1 + δ2 Bt+1
=

Pt+1
.
pt+1

i
where Ait , Bti , Ait+1 and Bt+1
are functions of known parameters and observed variables. The

parameters that characterize the separable part of the individual preferences for public consumption
can therefore be recovered by solving these two equations for δ1 and δ2 . They can be written in
the form
δ1 =

2
2
2
Bt2 A1t+1 + Bt2 A2t+1 − A1t Bt+1
− A2t Bt+1
− Bt2 Pt+1 + Pt Bt+1
,
2
1 B2
Bt1 Bt+1
− Bt+1
t

δ2 =

1 A1 − B 1 A2 + B 1 P − B 1 P
Bt1 A1t+1 + Bt1 A2t+1 − Bt+1
t
t t+1
t+1 t
t+1 t
.
1 B2 − B1B2
Bt+1
t
t t+1

and

The results presented in this section suggest that the parents’ preferences for expenditure on
children can be identified even if only one parent works and the individual preferences are nonseparable in public consumption. The information on preferences for expenditure on children can
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be used to predict how much parents in different income quartiles will invest in their children.
Policies that attempt to improve the cognitive and non-cognitive abilities of children living in
deprived environments can then be designed to reflect potential differences in early investments
across income quartiles.

5

A General Identification Result

The identification result presented in the previous section will be extended to the general set of
utility functions described in section ??. Identification is achieved in four steps. In the first step,
individual consumption is derived as a function of observed variables using the optimality condition
that relates the individual marginal rate of substitution between consumption and leisure to own
real wage. In the second step, individual consumption is substituted out of the individual marginal
utilities using the consumption function obtained in the first step. In the third step, intra-period and
intertemporal optimality conditions are derived using the reduced-form marginal utilities obtained
in the second step. It is then shown that the reduced-form marginal utilities and individual decision
power can be identified using this set of conditions. In the last step, the individual utilities are
recovered exploiting the information on the reduced-form marginal utility functions.
Suppose that in each period at least one agent chooses to supply a positive amount of labor.
Without loss of generality, it will be assumed that agent 1 satisfies this restriction. Under this
assumption, the first order conditions at t for the intertemporal collective model imply that agent
1’s marginal rate of substitution between private consumption and leisure must equal the real wage,
i.e.,


u1l c1t , 1 − h1t , Qt
1 1

=
q
c
,
h
,
Q
= w̄1t ,
t
t
t
u1c c1t , 1 − h1t , Qt
w1t
. If the inverse function of q is well-defined, agent 1’s consumption can be written
pt
as the following unknown function of individual labor supply, public consumption, and real wage:12
where w̄1t =


c1t = g w̄1t , h1t , Qt .
Since household private consumption is observed and in each period Ct = c1t + c2t , agent 2’s private
consumption can also be written as a function of observed variables as follows:

c2t = Ct − g w̄1t , h1t , Qt .
12
The consumption function g is well-defined if the marginal rate of substitution q is strictly increasing in consumption, which is a standard assumption in the labor literature. More formally, lemma 1 in the appendix shows
that g is well-defined if




u1lc c1t , 1 − h1t , Qt u1c c1t , 1 − h1t , Qt − u1cc c1t , 1 − h1t , Qt u1l c1t , 1 − h1t , Qt 6= 0.
(14)

The function g corresponds to the m-consumption function introduced by Browning (1998).
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Using the function g, the unobserved individual private consumption can be substituted out of the
marginal utilities that define the intratemporal and intertemporal optimality conditions. Denote
with fk1 and fk2 the reduced-form marginal utilities with respect to good k for agent 1 and 2 obtained
with this substitution. Then fk1 and fk2 can be defined as follows:



fk1 w̄1t , h1t , Qt = u1k g w̄1t , h1t , Qt , 1 − h1t , Qt

k = c, l, Q,




fk2 Ct , w̄1t , h1t , h2t , Qt = u2k Ct − g w̄1t , h1t , Qt , 1 − h2t , Qt

k = c, l, Q.

(15)
(16)

An example for fk1 and fk2 can be easily derived using the parametric specification assumed in the
previous section. For instance, in that case the father’s reduced-form marginal utility for private
consumption is characterized by the reduced form parameters α1 = σ1 − 1, α2 = σ1 + θ1 − 1,
 α 1
, and by the preference parameter γ1 .
α3 = σ1 σθ11
The reduced-form marginal utilities can be used to rewrite the individual private consumption
Euler equations in terms of observed variables. To that end, the assumption that agent 1 supplies
a positive amount of labor must be fulfilled for two consecutive periods. Under this restriction, the
intertemporal optimality conditions can be written as follows:




pt
1
1
1
1
fc w̄1t , ht , Qt = βEt fc w̄1t+1 , ht+1 , Qt Rt+1
,
pt+1




pt
2
1 2
2
1
2
fc Ct , w̄1t , ht , ht , Qt = βEt fc Ct+1 , w̄1t+1 , ht+1 , ht+1 , Qt Rt+1
.
pt+1
Since household private consumption, public consumption, individual labor supply, individual
wages, and the interest rate are observed, the reduced-form marginal utilities fc1 and fc2 , and
the discount factor β can be identified using the private consumption Euler equations and methods
that have been developed for the identification of Euler equations.13
The remaining reduced-form marginal utilities can be identified using the intra-period optimality
conditions and the public consumption Euler equation. Observe that agent 1’s marginal rate
of substitution between private consumption and leisure must be equal to the real wage even if
individual consumption is substituted out using the consumption function g. This implies that



u1l g w̄1t , h1t , Qt , 1 − h1t , Qt
fl1 w̄1t , h1t , Qt

=
 = w̄1t .
u1c g w̄1t , h1t , Qt , 1 − h1t , Qt
fc1 w̄1t , h1t , Qt
Now consider a realization of the exogenous variables pt , Pt , w1t , w2t , and of the amount of resources
Ȳt , which are all observed.14 Conditional on this realization, the household members choose the
13

As mentioned in the introduction, in principle the Euler equations can be identified non-parametrically. However,

until a paper on non-parametric identification of Euler equations is written the identification result of this paper relies
on parametric methods of identification of Euler equations.
14
Note that Ȳt is not exogenous but it depends on all exogenous variables in each period. It can therefore be varied
by changing one of the exogenous variables at t0 6= t. In the remainder of the section, it will therefore be treated as
an exogenous variable.
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optimal amount of Ct , Qt , h1t , and h2t , which are also observed. For the observed w̄1t , h1t , Qt , the

function fc1 w̄1t , h1t , Qt is known from the private consumption Euler equations. Consequently, one


can recover fl1 w̄1t , h1t , Qt for the observed w̄1t , h1t , and Qt by setting it equal to w̄1t fc1 w̄1t , h1t , Qt .
By using the same argument for every realization of pt , Pt , w1t , w2t , and Ȳt , the entire function fl1
can be identified.
The individual decision power can be identified using a similar idea. The private consumption
efficiency condition can be written using the reduced-form marginal utilities in the following form:

fc1 w̄1t , h1t , Qt
1−µ
=
.
1
2
2
µ
fc Ct , w̄1t , ht , ht , Qt
For every realization of pt , Pt , w1t , w2t , and Ȳt , the functions fc1 and fc2 are known from the Euler
equations. The relative decision power µ is therefore also identified.
The reduced-form marginal utilities of public consumption can be recovered using the public
consumption Euler equation and the public consumption efficiency condition. To understand how
these functions can be recovered, note that the public consumption Euler equation can be written
in the form


1
βEt fQ


 1−µ 2
1
fQ Ct , w̄1t , h1t , h2t , Qt =
fQ
w̄1t , h1t , Qt +
µ




Pt
1−µ 2
1
2
1
f Ct+1 , w̄1t+1 , ht+1 , ht+1 , Qt+1 Rt+1
w̄1t+1 , ht+1 , Qt+1 +
,
µ Q
Pt+1

where µ and β are known from the private consumption efficiency condition and Euler equations.
The public consumption Euler equation enables one to recover the following function:

 1−µ 2

1
G Ct , w̄1t , h1t , h2t , Qt = fQ
w̄1t , h1t , Qt +
fQ Ct , w̄1t , h1t , h2t , Qt .
µ

(17)

Household decisions must also satisfied the following public consumption efficiency condition:


1 w̄ , h1 , Q
2 C , w̄ , h1 , h2 , Q
fQ
fQ
1t t
t
t
1t t
t
P
t
+
 = t.
(18)
1
1
2
1
2
pt
fc w̄1t , ht , Qt
fc Ct , w̄1t , ht , ht , Qt
Note that for every realization of pt , Pt , w1t , w2t , and Ȳt the functions fc1 and fc2 , and the decision
power parameter µ are known. The reduced-form marginal utilities for public consumption can
1 and f 2 for every realization of p ,
therefore be identified by solving equations (17) and (18) for fQ
t
Q

Pt , w1t , w2t , and Ȳt .
Under the additional assumption that agent 2 chooses to supply a positive amount of labor,
agent 2’s reduced-form marginal utility of leisure can also be identified by equating her marginal
rate of substitution between private consumption and leisure to the real wage, i.e.,

fl2 Ct , w̄1t , h1t , h2t , Qt
 = w̄2t .
fc2 Ct , w̄1t , h1t , h2t , Qt
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The function fc2 is known from the Euler equations for every realization of the exogenous variables
pt , Pt , w1t , w2t , and Ȳt . Thus, fl2 can be identified by setting it equal to w̄2t fc2 .
All the reduced-form marginal utilities are therefore identified. However, the information on
individual preferences is contained in the original marginal utilities. The following proposition
shows that the original marginal utilities are identified if the reduced-form marginal utilities are
known and variation in all the exogenous variables is observed.
Proposition 1 If both agents supply a positive amount of labor and either u1 or u2 satisfies the
invertibility condition (14), the marginal utilities u1c , u2c , u1l , u2l , u1Q , u2Q , the decision power µ, and
the consumption function g are identified up to the additive constant of g.
If only agent 1 supplies a positive amount of labor and u1 satisfies the invertibility condition
(14), all the marginal utilities are identified except the marginal utility of leisure for the spouse that
does not work. Moreover, µ and g are identified up to the additive constant of g.
Proof. In the appendix.

To provide the intuition underlying proposition 1, note that if the function g w̄1 , h1 , Q is
known the original marginal utilities can be easily identified by means of equations (15) and (16).

We will now discuss how g w̄1 , h1 , Q can be recovered using variation in variables that are observed
in the data. Since some insight for the case of a household with only one worker was provided in
the previous section, here we will consider the case of a household in which both parents work.
Equation (16) implies that for every realization of the exogenous variables agent 2’s reduced-form
marginal utilities of private and public consumption must satisfy the following identities:



fc2 C, w̄1 , h1 , h2 , Q = u2c C − g w̄1 , h1 , Q , 1 − h2 , Q .

(19)




2
fQ
C, w̄1 , h1 , h2 , Q = u2Q C − g w̄1 , h1 , Q , 1 − h2 , Q .

(20)

and

Consider variations in the exogenous variables that generate a group of households with identical
w̄1 , h1 , h2 , and Q but different C. This group of households enables one to recover u2c,c , i.e. how
agent 2’s marginal utility of private consumption varies with agent 2’s private consumption holding
everything else constant. To see this observe that fc2 is known, which implies that it is known how
fc2 varies with C if w̄1 , h1 , h2 , and Q are held constant. Since (19) is satisfied for every feasible C,
how u2c varies with C holding w̄1 , h1 , h2 , and Q constant must be equivalent to how fc2 varies with
C if w̄1 , h1 , h2 , and Q are held constant. Finally, how u2c varies with C holding w̄1 , h1 , h2 , and
2 . The same argument applied to equation
Q constant corresponds to u2cc . Consequently, u2cc = fcc
2 .
(20) implies that u2Qc = fQc

Consider now changes in the exogenous variables that generate the group of households for
which C, w̄1 , h2 , and Q are constant, but h1 varies. This group of households provides joint
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information on u2cc and gh1 . To explain this note that it is known how fc2 varies with h1 if C, w̄1 ,
h2 , and Q are held constant. By (19), how u2c varies with h1 holding C, w̄1 , h2 , and Q constant
must be equivalent to how fc2 varies with h1 if C, w̄1 , h2 , and Q are held constant. Finally, observe
that by varying h1 on the right hand side of (19), one obtains information on u2cc gh1 . This implies
2 .
that u2cc gh1 = −fch
1

Consider the variation in the exogenous variables that generates the group of households for
which C, h1 , h2 , and Q are constant, but w̄1 varies. Using the argument employed for the previous
group of households, it can be shown that u2cc gw̄1 = −fc2w̄1 . Consider the variation in pt , Pt , w1t , w2t ,
and Ȳt that generates the group of households for which C, h1 , h2 , and w̄1 are constant, but Q varies.
The logic employed for the previous two groups of households indicates that −u2cc gQ + u2cQ = fc2w̄1 .

All the information required to identify how g w̄1 , h1 , Q varies with w̄1 , h1 , and Q is now
 2
2
known. Using the first and second group of households one obtains that gh1 = −fch
fcc . The
1
 2
2
first and third group of households imply that gw̄1 = −fcw̄1 fcc . Using the first and fourth


2 − f2
2 . Finally, since it is known how
group of households it can be shown that gQ = fQc
fcc
cw̄1

g w̄1 , h1 , Q varies with w̄1 , h1 , and Q, the function g is known up to an additive constant. It
is then straightforward to recover the original marginal utilities using the reduced-form marginal
utilities and g.
An implication of Proposition 1 is that the individual preferences over private consumption,
public consumption, and leisure can be identified. This leads to the following corollary.
Corollary 1 If both parents work, the individual preferences over public consumption, private consumption, and leisure are identified up to an additive constant.
If only one parent works, the individual preferences over public and private consumption for
both parents and the preferences over leisure for the working parent are identified up to an additive
constant.
This Corollary indicates that the preferences for expenditure on children of the mother and
father can be identified even if only one of them supplies a positive amount of labor hours. This
result should help researchers in predicting which of different policies designed to improve the
cognitive and non-cognitive abilities of children will be the most effective.
The implementation of the identification method proposed in this paper requires a longitudinal
dataset that contains information on leisure, public consumption, private consumption, and wages.
A dataset with these features is the CEX, which is a longitudinal dataset with information on all the
required variables. Individual labor supply and wages are observed. Detailed data on expenditure
on different consumption items are collected. Moreover, the expenditure data include information
on the main components of children expenditure, namely expenditure on children clothing, children
shoes, school books, and other educational expenses. All these variables are observed for four
consecutive quarters. A drawback of the CEX is that food consumption is only measured at the
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household level. It is therefore not possible to determine which fraction is consumed by children,
which represents public consumption. As a partial solution, the econometrician can either assume
that food consumption is separable from other consumption goods and leisure or she can impute
the fraction of food items consumed by children using information on the type of goods purchased
by the household and the family structure.
This section shows that individual preferences can be identified without assuming a particular
utility function. In the following sections, specific utility functions will be used jointly with the
identification result presented in this section to estimate the key parameters of the intertemporal
collective model.

6

Empirical Implementation

The next two subsections will outline the preference and heterogeneity assumptions used in the
estimation of individual preferences and the class of measurement errors that are allowed.

6.1

Preferences

The empirical analysis will focus on the estimation of individual preferences for private consumption
and leisure. The implicit assumption is that private consumption and leisure are strongly separable
from public consumption. Since this assumption is more realistic for the group of households with
no children, the estimation will be performed using this restricted sample.
The possiblei choice to characterize individual preferences is the Cobb-Douglous utility function
1−σ 1−ρi
( ) (T −hi ) i
. With this utility function, the implementation of the identification method
1−ρi

h

σ
ci i

developed in this paper is straightforward. Unfortunately, the Cobb-Douglas utility function imposes strong restrictions on the relationship between consumption and leisure, as the share of
resources allocated to each good must be constant. The data do not support this restriction, as
the share of resources allocated to consumption increases with income. In the PSID, a regression
of the share of consumption on income generates a coefficeint of 0.23 with a standard error of 0.10.
To allow for a more general pattern between the share of consumption and resources, we adopt the
following more flexible utility:
"
i

i

i

u c ,h



=

1+γi #1+ρi
1+ηi
hi
ci
− θi
,
1 + ηi
1 + γi

with ρi < 0, ηi < 0, γi > 0, and θi > 0. Since the pioneering work by ?), ?), and ?), the utility
function inside the square brackets has been used extensively in labor economics to allow for a
flexible relationship between consumption and leisure or, analogously, between consumption and
labor supply. By applying the power 1 + ρi , the utility function is generalized to allow for nonseparabilities between consumption and leisure and a richer intertemporal response to change in
28

prices (?), Ziliak and Kniesner (2005) and Keane (2011)). As pointed out by ?) and the rest of
the section will clarify, there is a clear distinction between the parameters ηi , γi , and θi and the
parameter ρi . The first set can be identified using only the equation that relates the marginal rate
of substitution between consumption and hours of work, whereas the identification of ρi requires
panel data and Euler equations.
In the estimation, we allow for unobservable heterogeneity through the labor taste parameter
θi . Specifically, we assume that θi = exp{δi + i }.

6.2

Estimation for Singles

For singles, we can estimate the model’s parameters using both standard methods and our identification result. We can therefore evaluate its performance using this subsample. The estimation is
executed in two steps following ?). In the first step, we estimate the parameters ηi < 0, γi > 0, and
θi > 0 using the relationship between the marginal rate of substitution between consumption and
leisure and the ratio of their prices. In the second step, we estimate the intertemporal parameter
ρi using the standard Euler equation. We then implement the second step using our identification
result. We first use the parameters estimated in the first step to derive the consumption function

c1 = g w̄1 , h1 which, under the assumption of this section, takes the following form
1

1

g w̄ , h




=

θ1
w̄t1

1
η

h1t

γ

η

.


We then estimate ρi using the reduced-form Euler equation obtained using g w̄1 , h1 . We then
compare the estimates of ρi obtained using the two alternative approches.
First step. The first order conditions of a single individual imply the following relationship between the marginal rate of substitution between consumption and hours of work and the individual’s
wage:

γ
θi hi i
.
c
=
w̄1
By taking logs and replacing θi = exp{δi + i }, we have,

i ηi

ln hi = −

1
1
ηi
ln δi + ln w̄1∗ + ln ci + i .
γi
γi
γi

In the previous equation, the effect of the intertemporal aspects of the individual decisions on
labor supply are accounted for by consumption. This variable incorporates all the past and future
variables that influence the decision process. Because of this, ln ci is endogenous. We do not have
human capital accumulation in the model. But in the empirical part, we allow for the possibility
that wages are affected by it, by treating ln w̄1∗ as endogenous. We account for the endogeneity
of these two variables by employing the strategy proposed by ?) and use the following two sets of
instruments instruments. The first set is composed of two measures of individual earning potential.
For those that are employed hourly, the first alternative measure is represented by the reported
29

hourly wages, whereas for those that are not employed hourly, the first alternative wage measure
is constructed as total labor earnings divided by 40 hours a week times 52 weeks. The second
alternative wage measure is an individual-specific permanent component of the wage obtained by
regressing the observed wage on individual and year fixed effects. The second set of instruments
includes the following demographic variables: age, age squared, year fixed effects, gender and race
dummies, number of children, and a disability dummy.
Second step. The intertemporal parameter ρi can now be estimated using Euler equations.
Using the standard approach, the Euler equation can be written as follows:
 
 


Xi,t+1 ρi ci,t+1 ηi
= 1,
E βRi,t+1
Xi,t
ci,t
where Xi,τ =

(ciτ )

1+ηi

1+γi

− θi

1+ηi

(hiτ )

. Its estimation requires knowledge of the variable Xi,τ for

1+γi

τ = t, t + 1, which is not observed in the data. We can, however construct it using the first step
estimates and an idea developed in ?). Note that
θi = exp{δi + i } = exp{γi ln hi − ln w̄1∗ − ηi ln ci }.
We can therefore estimate θi using consumption, hours, wages, and the estimates for δi and γi
obtained in the first step. With the estimated θi , we can then construct the variable Xi,τ and, since
consumption is observed for singles, estimate the Euler equation using standard methods.
The intertemporal parameter ρi can also be implemented using the identification result and
 1

θ1 η1 1  γη1
1
1
1
h1 1 . To that end, we first estimate θi
the consumption function c = g w̄ , h =
w̄11
using the approach described above. We can then construct the variable Xi,τ and the consumption
function and estimate the following transformed Euler equation:
"
 !ηi #


1 , h1
Xi,t+1 ρi g w̄t+1
t+1

E βRi,t+1
= 1,
Xi,t
g w̄t1 , h1t
1+ηi

where Xi,τ =
Results.

g (w̄τ1 ,h1τ )
1+ηi

− θi

(hiτ )

1+γi

1+γi

.

The estimation results for men and women obtained using the standard method are

presented in the first two columns of Table ??. All standard errors are bootstrapped using ... at
the household level. For single men, we find that the estimated power coefficient on consumption
η is equal to −1.88, with a standard error of 0.4 and the estimated power coefficient on hours of
work γ is equal to 0.62 with a standard error of 0.77. Their labor taste parameter θ is equal to
5.51 × 10−9 with a standard error of 0.45. The estimated power parameters on consumption and
hours are equal, respectively, to −2.15 with a standard error of 0.36 and to 0.36 with a standard
error of 0.51. Their labor taste parameter is equal to 3.58×10−9 with a standard error of 1.75×10−7
and their intertemporal parameter is estimated to be 1.02 with a standard error of 0.12.
30

The intertemporal parameter for single men and women can be estimated using both the standard and the identification method derived in this paper. With the standard method, we estimate
the Euler equation using the observed individual consumption, whereas with the identification
method we estimated the Euler equation after having replaced individual consumption with the

consumption function g w̄i , hi . For single men, the intertemporal parameter σ is estimated to
be 1.26 with standard errors equal to 0.14 using the standard method and 1.31 with standard
errors equal to 0.23 using the identification method. The estimated parameter is therefore similar
in size and statistically indistinguishable using the two methods. The main consequence of using
the identification method is an increase in standard errors, which should be expected. For single
women, we also find that the two methods produce statistically indistinguishable estimates. Using
the standard method their intertemporal parameter is estimated to be 1.02 with a standard error
of 0.12, while the identification method produces an estimate that is equal to 1.05 with a standard
error of 0.14.

6.3

Estimation for Couples

To estimate the parameters of interests for couple, we have to consider that only total household
consumption is observed. We do this by estimating the parameters in three steps.

For this utility function, it is straightforward to show that the consumption function g w̄1 , h1



corresponding to these preferences can be written in the following form:
1

1

g w̄ , h




=

θ1
w̄t1

1
η

h1t

γ

η

.

heterogeneity. A subscript h will be used to denote an observation for household h.
The main idea underlying the identification of individual preferences is that individual consumption can be written as a function of individual labor supply and own wage. In particular, given the
functional form assumed for the utility functions, individual consumption and the individual value

of leisure, w̄t1 T − h1t , should be linearly related and therefore perfectly correlated. This implication of the model can be tested using the sample of singles, since their individual consumption
is observed. In the CEX, the correlation is 0.30 for single females and 0.26 for single males. This
indicates that there is a positive relationship between individual consumption and value of leisure
as predicted by the model. But it also suggests that there is additional heterogeneity characterizing
the function g. A potential interpretation of this finding is that, for a given T − hi , the perceived
value of leisure varies with age, education and seasonal dummies, because the available alternatives
vary with these variables. This source of heterogeneity will be captured by assuming that agent i’s
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utility function depends on effective leisure, ˆli , where effective leisure is defined as


ˆli = T − h1 exp α0 zt,h ,
i
t,h
t,h
and zt,h is a vector containing the wife’s and husband’s age, an education dummy for the wife and
for the husband, and a seasonal dummy. This implies that15


 σ1 1
1
w̄t,h T − h1t,h exp αi0 zt,h .
c1t,h = g w̄t,h
, h1t,h , zt,h =
θ1
As an additional source of heterogeneity, it will be assumed that the logarithm of the ratio of
the Pareto weights varies across households according to an unknown distribution with mean lµ.
This implies that log (µh ) can be written in the form
log (µh ) = lµ + ηh ,
where η is a mean-zero random variable. It is important to remark that under ex-ante efficiency
the household ratio of Pareto weights cannot change over time.
Finally, to determine which class of measurement errors can be allowed in the model, we will
add measurement errors in private household consumption and individual wages. It will be assumed
that the measurement errors satisfy the following three conditions. First, they are additive in the
∗ and w i∗ be true
logarithm of private household consumption and individual wages. Second, let Ct,h
t,h

private household consumption and wages for household h in period t and denote with Ct,h and
i the observed variables. It is assumed that the true variables can be written in the following
wt,h

form:
∗
= log Ct,h + δC + t,h ,
log Ct,h

i
i∗
+ δwi + t,h ,
= log wt,h
log wht

i are two constants and 
where δC and δw
t,h is a mean-zero random variable which is common

to private consumption and wages.16 Third, in each period t, the common component t,h are
independent of the information known to the household.17
Let γi = σi (1 − ρi ), λi = θi (1 − ρi ), and ξi = (1 − σi − θi ) (1 − ρi ). The assumptions on preferences and household heterogeneity imply that the transformed marginal utilities for consumption
have the following form:
 γ1 −1

γ +λ −1
σ1
1
1 γ1 −1
fc = σ1
w̄t,h
T − h1t,h 1 1 (Qt,h )ξ1 e((γ1 +λ1 −1)α1 zt,h ) e(γ1 −1)(δw1 +t,h )
θ1
15

An alternative interpretation of the low correlation between consumption and value of leisure is that the assump-

tion on preferences is restrictive.
16
Under the standard assumption that measurement errors have zero mean, the constants δC and δwi must be
equal to zero and the consumption and wage measurement errors must be identical.
17
Preferences will also be estimated for single agents. In married households two respondents provide information
on consumption and wages, whereas in single households only one respondent is present at the interview. To take
this into account, in the estimation of preferences for singles we will also allow for measurement errors εsC,t,h and
εsw,t,h that are specific to singles.
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γ2 −1
 α1 z
λ
σ1 1 (δ 1 +t,h )
δC +t,h )
1
(
t,h
− w̄t,h e w
T − ht,h e
T − h2t,h 2 (Qt,h )ξ2 eα2 λ2 zt,h .
= σ2 Ct,h e
θ1
σ1 exp (δw1 )
Hence, if one defines φ̂ =
, the individual Euler equations (5) can be written in the
θ1 exp (δC )
following form:


!γ1 −1
!γ1 +λ1 −1 
ξ1
1
w̄t+1,h
T − h1t+1,h
Qt+1,h
pt 
=
β1 Et 
e(γ1 +λ1 −1)α1 (zt+1,h −zt,h ) Rt+1,h
1
1
Q
p
w̄t,h
T − ht,h
t+1
t,h
fc2



e(γ1 −1)(δw1 +t,h )
h
i.
(γ1 −1)(δw1 +t+1,h )
Et e
The individual Euler equations (5) can be written in the following form:



γ2 −1
!λ2 
ξ2
1
1
α1 zt+1,h
2
C
−
φ̂
w̄
T
−
h
e
t+1,h
T
−
h
t+1,h
t+1,h
Q

t+1,h
t+1,h



β2 Et 
×
Qt,h
1
T − h2t,h
T − h1t,h eα1 zt,h
Ct,h − φ̂w̄t,h
e

α2 λ2 (zt+1,h −zt,h )


pt
e(γ2 −1)(δC +t,h )
i.
h
Rt+1,h
=
pt+1
Et e(γ2 −1)(δC +t+1,h )

Finally, if one takes the logarithm of the efficiency equation (5), this condition can be written as
follows:

1
+ (γ1 + λ1 − 1) log T − h1t,h + (ξ1 − ξ2 ) Qt,h −
(γ1 − 1) log w̄t,h




1
T − h1t,h eα1 zt,h − λ2 log T − h2t,h −
(γ2 − 1) log Ct,h − φ̂w̄t,h
(α1 (γ1 + λ1 − 1) + α2 λ2 ) zt,h = lµ + ηh + (log σ2 − log σ1 ) − (γ1 − 1) log φ̂ + (γ2 − γ1 ) (δC + t,h ) .
Taking the unconditional expectation of both sides, agent 1’s Euler equations become


!γ1 −1
!γ1 +λ1 −1 
ξ1
1
T − h1t+1,h
w̄t+1,h
Q
p
t+1,h
t 
β1 E 
= 1,
e(γ1 +λ1 −1)α1 (zt+1,h −zt,h ) Rt+1,h
1
Qt,h
pt+1
w̄t,h
T − h1t,h
(21)
agent 2’s Euler equations can be written as



γ2 −1
! λ2 

1
1
α1 zt+1,h
C
−
φ̂
w̄
T
−
h
e
t+1,h
T − h2t+1,h
t+1,h
t+1,h
Qt+1,h ξ2




×
β2 E 
Qt,h
1
T − h2t,h
Ct,h − φ̂w̄t,h
T − h1t,h eα1 zt,h

pt
α2 λ2 (zt+1,h −zt,h )
e
Rt+1,h
= 1,
pt+1
and the efficiency condition becomes


1
E (γ1 − 1) log w̄t,h
+ (γ1 + λ1 − 1) log T − h1t,h + (ξ1 − ξ2 ) Qt,h −




1
(γ2 − 1) log Ct,h − φ̂w̄t,h
T − h1t,h eα1 zt,h − λ2 log T − h2t,h
− (α1 (γ1 + λ1 − 1) + α2 λ2 ) zt,h ] = lµ + (log σ2 − log σ1 ) − (γ1 − 1) log φ̂ + (γ2 − γ1 ) δC .
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(22)

(23)
(24)
(25)

Using the CEX data, the coefficients γi , λi , φ̂, αi , βi , and lµ + (log σ2 − log σ1 ) − (γ1 − 1) log φ̂ +
(γ2 − γ1 ) δC will be estimated by applying the Generalized Method of Moments (GMM) to these
three equations. The remaining parameters of the individual utility functions can then be recovered
using the following equations:
γi = σi (1 − ρi ) ,

λi = θi (1 − ρi ) ,

ξi = (1 − σi − θi ) (1 − ρi ) .

Finally, it is important to remark that the mean of the logarithm of the ratio of the Pareto weights
lµ can be identified only if it is assumed that the constant δC is equal to zero.

7

Econometric Issues

The transformed Euler equations of agent 2 cannot be log-linearized. Consequently, individual
preferences will be estimated using the non-linear transformed Euler equations jointly with the
efficiency condition. The non-linearities in the Euler equations imply that we can only allow for
the class of measurement errors introduced in the previous section, which is a special case of
the measurement errors that can be allowed in linear models. To evaluate the effect of the nonlinearities on the coefficient estimates, the sample of single households will be used. In particular,
the estimation of individual preferences for single households requires only the transformed Euler
equation of agent 1, which can be log-linearized. The individual preferences can therefore be
estimated using a linear and a non-linear version of the model. The estimates can then be compared
to examine the effect of a larger class of measurement errors.
The identification result of Proposition ?? holds only if the consumption function g is well
defined. This requires that at least one household member decides to supply a positive amount of
labor in two consecutive periods. In the sample of couples used in the estimation the fraction of
households in which the husband supplies a positive amount of labor for the entire survey period is
around 80%, whereas the fraction in which the wife works during the survey is around 70%. In spite
of this, in the estimation the wive’s labor supply and wage will be used to derive the consumption
function g for the following two reasons. First, there is more variation in the labor supply of married
women relative to married men. Second, the correlation between individual consumption and value
of leisure is higher for single females relative to single males, which suggests that the correlation
should be higher for married women relative to married men. All this implies that the sample
used in the estimation can be composed only of households in which the wife works during the
survey period. As a consequence, if the residuals of the transformed Euler equations are correlated
with the labor force participation decisions of the wife, the estimation results will be affected by a
selection bias.
To quantify the selection bias, we will use the sample of single households. Denote with Dt1
i
a dummy equal to 1 if agent 1 works in period t and let ζt+1
be the error term corresponding to
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the transformed Euler equations of agent i. Since individual preferences are estimated using the
sample of households in which agent 1 works at t and t + 1, the parameter estimates of both couples
and singles are unbiased only if
 i

1
E ζt+1
Dt1 = 1, Dt+1
= 1 = 0,
i
i.e. only if ζt+1
is independent of the participation decisions in period t and t + 1. Suppose this

independence assumption is not satisfied. For both couples and singles, the labor force participation
decision of agent 1 can be formulated using the model proposed in this paper. In particular, in
each period t agent 1’s marginal rate of substitution between leisure and consumption is equal to
the real wage if Dt1 = 1, but it is greater than the real wage if Dt1 = 0. Under the functional form
assumptions for the individual utilities, this implies that
c1t ≤ φw̄t1 T

if Dt1 = 1,

c1t > φw̄t1 T

if Dt1 = 0.

It is assumed that the wage equation is determined outside the model and that it can be written
as
log wt1 = Xt β + et ,
where Xt includes labor market experience, its square, and a price index that is household and
region specific. The selection equations in period t can then be written in the form
log c1t − log φ − log T − Xt β ≤ et

if Dt1 = 1,

log c1t − log φ − log T − Xt β > et

if Dt1 = 0.

i , e , and e
Suppose that ζt+1
t
t+1 are normally distributed with mean vector 0 and covariance matrix



σζ2i

ρζ i ,t ρζ i ,t+1





1

ρ



.


1
Then, by Tunali (1986),
 i

1
i
E ζt+1
Dt1 = 1, Dt+1
= 1 = σζ i ρζ i ,t ξti + σζ i ρζ i ,t+1 ξt+1
,
where
φ (Xt β) Φ
ξt =

Xt+1 β − ρXt β

(1 − ρ2 )1/2
G (Xt β, Xt+1 β, ρ)

!
φ (Xt+1 β) Φ
,

ξt+1 =

Xt β − ρXt+1 β

(1 − ρ2 )1/2
G (Xt β, Xt+1 β, ρ)

!
,

and where φ, Φ and G are, respectively, the standard univariate normal density function, the
standard univariate normal distribution function, and the standard bivariate normal distribution
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function. Individual consumption is observed for singles without children. Consequently, for this
group of households the individual Euler equations can be estimated jointly with the labor force
participation equations to quantify the selection bias. Following Newey and McFadden (1994), the
Euler equations adjusted for selection are estimated using GMM in one step by adding as moment
conditions the first order conditions of the bivariate probit, which determines the probability of
1 . A similar approach
being in one of the four possible labor supply states defined by Dt1 and Dt+1

could be used for couples, but stronger assumptions are required.18
The residuals of the individual Euler equations contain the expectation error implicit in these
intertemporal optimality conditions. Since part of the expectation error is generated by aggregate
shocks, it could be correlated across households. As suggested by Chamberlain (1984), this implies
that the Euler equations can be consistently estimated only if the sample period covered by the
data is long enough to contain all the stages of the business cycle. For this reason, data from 1982
to 1998 are used in the estimation.
The Euler equations and the efficiency conditions will be estimated using the continuous updating GMM. The choice of this GMM estimator is based on work by Hansen, Heaton, and Yaron
(1996) and Donald and Newey (2000) indicating that the continuous updating GMM estimator has
smaller bias than the more common two-step efficient GMM estimator, with and without autocorrelation. Under the assumption of rational expectations, any variable known at time t should be a
valid instrument for GMM. The existence of measurement errors, however, may introduce dependence between variables known at time t and concurrent and future variables, even under rational
expectations. To address this problem, only variables known at t − 1 are used. This requires three
consecutive observations for the same household: two to compute the growth rate for consumption,
leisure, and wages, and at least one additional observation to construct the instrument set. In the
CEX, labor supply and labor income data are only measured in the first and last interview, which
implies that only two consecutive observations are available for each household. To address this
problem, the set of instruments is constructed employing lagged cohort variables, where the cohort
variables are computed using 7-years intervals for the head’s year of birth.
18

To estimate agent 1’s participation equations for couples, individual consumption must be substituted out using

the first order conditions for consumption, which depend on the budget constraint multiplier in the corresponding
period. Using the Euler equations and an approach similar to Heckman and MaCurdy (1980) and Browning et al.
(1986), the multiplier in each period can be written as a function of the multiplier at 0 and the sequence of interest
rates. If a long panel is available, the participation equations can therefore be estimated jointly with the individual
Euler equations and efficiency conditions by using a fixed effect estimator. Unfortunately, the panel used in this
paper covers only two consecutive period, which implies that the participation equations can be estimated only if it
is assumed that the initial multiplier is constant across households or by using as a proxy for the multiplier initial
wealth.
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8

CEX Data

The CEX survey is a rotating panel organized by the Bureau of Labor Statistics (BLS). Each
quarter about 4,500 households, representative of the U.S. population, are interviewed: 80 percent
are reinterviewed the following quarter, while the remaining 20 percent are replaced by a new
randomly selected group. Each household is interviewed at most for four quarters and detailed
information is collected on expenditures, income, and demographics. Following Meghir and Weber
(1996) household level data for the available quarters are used in the estimation. The sample
employed in this paper covers the period 1982-1998. The first two years are excluded because the
data were collected with a slightly different methodology.
The CEX collects consumption data in each quarter of the survey. Labor supply and labor
income data, however, are gathered only during the first and last interviews unless a member of the
household reports changing his or her employment. In the second and third interviews the labor
variables are set equal to the data reported in the first interview. Consequently, in the estimation
I use quarterly variables computed using the first and last interviews.
Quarterly household consumption of singles is computed as the sum of food at home, food away
from home, tobacco, alcohol, public and private transportation, personal care, clothing, house
maintenance, heating fuel, utilities, housekeeping services, and transportation repairs, which is the
definition used in Attanasio and Weber (1995). Household consumption of couples is obtained
by subtracting the expenditure on goods that are clearly public consumption from the definition
used for singles, namely house maintenance, heating fuel, and housekeeping services. Quarterly
individual labor supply is calculated as the number of hours usually worked per week multiplied
by 13 weeks. The total amount of time that an agent can divide between labor supply and leisure,
T , is set equal to 1183, which is equal to 13 hours per day times 7 days a week times 13 weeks
a quarter.19 Quarterly leisure can then be computed as T minus quarterly labor supply. The
individual hourly wage rate is determined using three variables: the amount of the last gross pay,
the time period the last gross pay covered, and the number of hours usually worked per week in
the corresponding period. The after-tax wage rate is computed using federal effective tax rates
generated by the NBER’s TAXSIM model. The gross interest rate is obtained compounding the
20-year municipal bond rate for the three quarters that separate the first interview from the last.
Household consumption, individual after-tax wages, and the gross interest rate are deflated using
a household specific price index. The index is calculated as a weighted average of the consumer
19

The 13 hours per day are computed by allocating 8 hours to sleep, 1 hour to the time required to reach the

workplace, and 2 hours to exogenous household production. We also experimented with 12 and 14 hours per day.
This change has a small effect on the estimation of σ, which can be explained by noting that, for any level of labor
supply, T determines the amount of leisure. However, the main findings of the paper do not change. An alternative
approach would be to use a time survey to compute T for married females and males, and for single females and
males.
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price indices published by the Bureau of Labor Statistics, with weights equal to the expenditure
share for the particular consumption good.
The identification result requires that at least one household member supplies a positive amount
of labor in two consecutive periods. Consequently, we drop from the sample couples in which the
wife does not work during at least one of the two quarters used in the estimation. For singles, we
drop a household if the head does not work in one of the two quarters. Households with children and
households in which the head is older than 65 and younger than 22 are also excluded. Households
with missing values in one of the variables defining the individual Euler equations and efficiency
condition are dropped. For couples, a household is not used in the estimation if the husband’s or
the wife’s labor supply is lower than 20 hours, or the wife’s real after-tax hourly wage is larger than
50 dollars. For singles, we drop a household if the head’s labor supply is less than 20 hours or the
real after-tax hourly wage is larger than 50 dollars.20 Summary statistics in 1984 dollars for the
main variables are reported in table 1.
Table 1: Summary Statistics
Independent Variable

Mean for Singles

Mean for Couples

1563.8
42.7
7.7
-

2545.1
44.4
32.1
38.8
9.2
6.6

Number of Observations

9464

5064

Number of Families

2366

1266

Real Consumption per Quarter
Head’s Labor Supply per Week
Spouse’s Labor Supply per Week
Conditional Spouse’s Labor Supply per Week
Head’s After Tax Wage per Hour
Wife’s Before Tax Wage per Hour

9

Results

To evaluate the performance of the identification result, individual preferences are initially estimated for single agents using several specifications. First, preferences are estimated using standard
household consumption Euler equations and the intraperiod condition. Under the assumptions on
preferences and heterogeneity of section 6, the two equations can be written as follows:
"
#


 

Ct+1,h γ1 −1 T − ht+1,h λ1 Qt+1,h ξ1 αθ(zt+1,h −zt,h )
pt,h
E
βRt+1,h
e
= 1,
Ct,h
T − ht,h
Qt,h
pt+1,h
20

(26)

The fraction of couples in which the wife’s wage is larger than 50 dollars is around 0.5 percent. The fraction of

single males and females is around 0.2 percent. The fraction of couples in which the wife works less than 20 hours is
5 percent of the sample. The fraction of singles in which the head works less than 20 hours is around 1 percent for
males and around 2 percent for females.
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h
i

1
E log Ct,h − log φ̂ − log w̄t,h
T − h1t,h − α0 zt,h = 0.

(27)

This specification corresponds to the approach traditionally used by the intertemporal literature,
except that the intraperiod condition is included in the estimation to pin down the intraperiod parameter σ.21 Second, preferences of singles are estimated using agent 1’s transformed consumption
Euler equations (21) and the identification result. Note that the transformed Euler equations (21)
contain the same information as equations (26) and (27), since they are obtained by substituting
the intraperiod condition in the standard Euler equations.
The standard estimation and the estimation based on the identification result will be implemented using log-linearized as well as non-linear Euler equations. All specifications are estimated
with and without selection correction terms.
The results for the log-linearized version of the model are reported in table 2 for females and
table 3 for males. The estimates obtained using the identification result are similar to the ones
obtained using the standard method. The estimates for the coefficient ρ are about 1.7 for single
males and 5 for single females. The parameter σ is precisely estimated only if the intraperiod
condition is added to the estimation as an additional moment condition. In this case the wife’s
σ is around 0.15, whereas the husband’s is around 0.50. Note that in the estimation of couples’
preferences an intraperiod condition will be used in the form of the efficiency equation. This will
enable me to precisely estimate σ.
The results obtained using the non-linear version of the model are reported in table 4 for single
females and table 5 for single males and are similar to the estimates obtained using the log-linearized
Euler equations. This suggests that the estimation results do not vary if measurement errors and
unobserved heterogeneity are generalized to the class that can be allowed in linear models. The
addition of the selection terms to the model does not produce significant differences in the results,
which are reported in tables 6, 7, 8, and 9. In all specifications the selection terms are never
statistically significant. This finding can be interpreted in two different ways. Either we are not
able to precisely estimate the labor force participation decision, or the unobservable heterogeneity
in the participation decision is independent of the Euler equation error term. In most specifications
both experience and its square have a statistically significant effect on the participation decision.
This suggests that the second interpretation is plausible and that selection biases should not have
significant effects on the estimation of individual preferences for couples.
The main empirical results are the estimates for couples, which are obtained using the transformed Euler equation (21) for the wife, the transformed Euler equation (22) for the husband, and
the efficiency condition (25). The results are reported in tables 10. The wife’s ρ is estimated to
be around 4.4, whereas the husband’s ρ is estimated to be around 2.5. Moreover, the difference
between the wife’s estimated ρ and the husband’s is statistically significant. The wife’s and hus21

Theoretically, σ can be estimated using only the standard household consumption Euler equations. But empiri-

cally σ can be precisely estimated only if the intraperiod condition is added to the estimation.
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band’s σ are estimated to be around 0.28. Table 10 also reports the estimate of the mean relative
decision power under the assumption that the constant δC in the measurement errors is equal to
zero. Note that the estimation of the model produces an estimate of the logarithm of the expected
value of µ. The reported estimate is obtained by taking a first order Taylor expansion of it. The
mean relative decision power is measured to be around 0.82, but the standard errors are five times
as large. The last column of table 10 reports the results of the estimation of the standard unitary
model with separability between consumption and leisure. The estimate of ρ is 3.7, which is between the estimated ρ for married females and married males and within the range of estimates
obtained in the past.
Finally, to test the assumption of ex-ante efficiency, the individual Euler equations (21) and
(22) are also estimated without including the efficiency condition (25). Using a distance statistic
test with one degree of freedom, ex-ante efficiency cannot be rejected at any standard significance
level.
To understand which features of the data generate the differences in intertemporal elasticities
of substitution between females and males, consider a single agent. The parameter σ measures the
consumption budget share of this individual. In the CEX, the average consumption budget share
is around 0.25 for both single females and males. These numbers are consistent with the estimates
obtained in this paper which are between 0.12 and 0.55.
To determine how ρ is identified, for a given σ define the composite good C̄ = cσ l1−σ . Note that
if a single agent decides to save one unit of C̄ in period t, she will be able to increase consumption at
t + 1 by Rt+1 (pt /pt+1 )σ (wt /wt+1 )1−σ . We can therefore interpret Rt+1 (pt /pt+1 )σ (wt /wt+1 )1−σ
as the gross return on C̄, where Rt+1 captures the return for investing one unit of C̄ in the
risk-free asset, and (pt /pt+1 )σ and (wt /wt+1 )1−σ measure the change in prices between t and
t + 1 of the two goods that form C̄, weighted using the corresponding budget shares. Using the
log-linearized model, it is straightforward to show that 1 /ρ measures the percentage change in

C̄t+1 C̄t generated by a one percent increase in Rt+1 (pt /pt+1 )σ (wt /wt+1 )1−σ . This elasticity can

be determined in the CEX by implementing an IV regression of the logarithm of C̄t+1 C̄t on the
logarithm of Rt+1 (pt /pt+1 )σ (wt /wt+1 )1−σ . If σ is set equal to the average consumption budget
share, the estimated coefficient is 0.16 for single females and 0.56 for single males, which explains
the estimated heterogeneity in intertemporal preferences.22
It is now straightforward to understand how the data generates a different ρ for males and
females. Consider two identical single households except that the first one has a female head whereas
the second one has a male head. Since males and females have identical σ, these two households face

the same return on C̄ and given this return they choose C̄t+1 C̄t optimally. Consider an increase in
22

we use an IV regression instead of an OLS regression to replicate the GMM estimation and to take

into consideration that labor supply is used to construct the dependent variable C̄ as well as the regressor
Rt+1 (pt+1 /pt )σ (wt+1 /wt )1−σ .
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the rate of return. In the data both single females and males increase the ratio C̄t+1 C̄t . However,
the increase in period t + 1 consumption relative to period t is larger for males, which suggests that
females have a higher willingness to pay for a smooth consumption path.
Two remarks are in order. First, there is weak evidence of selection in the marriage market
based on individual preferences. In particular, agents that are at the extremes of the risk aversion
distribution are less likely to be married. Second, according to the results, the elasticity of intertemporal substitution for males is around twice the elasticity for females. Since in the proposed model
σ
1−σi
the parameter ρ is the coefficient of relative risk aversion for the composite good ci i T − hi
,
the results also imply that females are more risk averse than males. In Mazzocco (2007) it is shown
that the standard unitary model represents a good approximation of household intertemporal behavior if and only if the individual preferences satisfy a generalization of Gorman aggregation to an
intertemporal framework. The heterogeneity in the estimated ρ implies that Gorman aggregation
is not satisfied. Consequently, simulations of competing policies based on the standard unitary
model are generally misleading, because they do not consider the full extent of intrahousehold risk
sharing and specialization that can be obtained if individual preferences are heterogeneous.
One example is the evaluation of the adequacy of household saving at the time of retirement.
As shown in Mazzocco (2004), the effect of risk sharing on household saving can be divided into
two parts. First, individual members pool their earnings and consequently eliminate part of the
uncertainty faced by the household. Under convex marginal utilities, income pooling always has
the intuitive effect of reducing saving. Second, household members insure each other by allocating pooled income according to individual risk preferences and decision power. This insurance
component of risk sharing can have the counterintuitive effect of raising household saving. The
heterogeneity in risk aversion reported in this paper indicates that the insurance component explains a significant fraction of the accumulation and reduction of household wealth. However, as
shown in Mazzocco (2004), the unitary model, and therefore any simulation based on it, completely
ignores this component of risk sharing. The traditional justification for using the unitary model
in simulations in spite of this drawback is that there are no estimates that can be used to fix the
parameters that characterize the individual intertemporal preferences. The estimates provided in
this paper fill this void.

10

Conclusions

In this paper it is shown that the preferences of each decision maker in the household can be
identified and estimated even if individual consumption is not observed. The main finding is that
there is a significant difference in individual preferences, with the wife exhibiting a greater desire
for smooth consumption.
The main implication of this result is that intertemporal decisions cannot be analyzed using a
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unique utility function for the entire household, because this approach ignores important aspects
of intra-household risk sharing and specialization. This implies that any policy analysis related to
household intertemporal decisions should be implemented by characterizing each household member
by means of individual preferences.
The analysis can be extended in at least one directions. In this paper it is assumed that the
time devoted to household production is exogenously given. Under this assumption, it can be
incorporated in the available time T . An important project which is left for future research is to
generalize the identification result to an environment that allows for endogenous choices of domestic
labor. In the meanwhile, empirical works should model T as a function of exogenous variables that
determine domestic labor. In this way, differences across households in domestic labor are captured
by the heterogeneity in T .
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Doepke, Matthias, and Michèle Tertilt. 2010, Nov. “Does Female Empowerment Promote Economic Development?” Working papers id:3189, eSocialSciences.
Donni, Olivier. 2009. “A Simple Approach to Investigate Intrahousehold Allocation of Private
and Public Goods.” The Review of Economics and Statistics 91 (3): 617–628 (August).
Fong, Y, and J. Zhang. 2001. “The Identifiability of Unobservable Independent and Spousal
Leisure.” Journal of Political Economy 109 (1): 191–202.
Gemici, Ahu, and Steve Laufer. 2012. “Marriage and Cohabitation.” Working Paper, NYU.
Greenwood, Jeremy, Nezih Guner, and John A. Knowles. 2003. “More on Marriage, Fertility, and
the Distribution of Income*.” International Economic Review 44 (3): 827–862.

43

Hall, Robert E. 1978. “Stochastic Implications of the Life Cycle-Permanent Income Hypothesis:
Theory and Evidence.” Journal of Political Economy 86 (6): pp. 971–987.
Jones, Larry E., Rodolfo E. Manuelli, and Ellen R. McGrattan. 2003. “Why are married women
working so much?” Staff report 317, Federal Reserve Bank of Minneapolis.
Keane, Michael P. 2011. “Labor Supply and Taxes: A Survey.” Journal of Economic Literature
49 (4): 961–1075.
Manser, Marylin, and Murray Brown. 1980. “Marriage household decision-making: a bargaining
analysis.” International Economic Review 21:31–44.
Mazzocco, Maurizio. 2001. “Essays on household intertemporal behavior.” Ph. D. Dissertation,
University of Chicago, Deptartment of Economics, August.
. 2007. “Household Intertemporal Behaviour: A Collective Characterization and a Test of
Commitment.” Review of Economic Studies 74:857–895.
McElroy, Marjorie B. 1990. “The empirical content of Nash-bargained household behavior.”
Journal of Human Resources 25:559–583.
McElroy, Marjorie B., and Mary Jean Horney. 1981. “Nash-bargained household decisions: toward
a generalization of the theory of demand.” International Economic Review 22:333–349.
Meghir, Costas, and Guglielmo Weber. 1996. “Intertemporal Nonseparability or Borrowing Restrictions? A Disaggregate Analysis using a U.S. Consumption Panel.” Econometrica 64 (5):
pp. 1151–1181.
Sargent, Thomas J. 1978. “Rational Expectations, Econometric Exogeneity, and Consumption.”
Journal of Political Economy 86 (4): pp. 673–700.
Schultz, Paul. 1990. “Testing the Neoclassical Model of Family Labor Supply and Fertility.”
Journal of Human Resources 25 (4): 599–634.
Thomas, Duncan. 1990. “Intra-household resource allocation: An inferential approach.” Journal
of Human Resources 25:635–664.
Zeldes, Stephen P. 1989. “Consumption and Liquidity Constraints: An Empirical Investigation.”
Journal of Political Economy 97 (2): pp. 305–346.
Ziliak, James, and Thomas Kniesner. 2005. “The Effect of Income Taxation on Consumption and
Labor Supply.” Journal of Labor Economics 23 (4): 769–796.

44

A

Proofs

A.1

Lemma 1

The following Lemma determines the condition under which the marginal rate of substitution
function q can be inverted and therefore the consumption function g is well-defined.

Lemma 1 The function g w̄1t , h1t , Qt is well-defined if




u1lc c1t , 1 − h1t , Qt u1c c1t , 1 − h1t , Qt − u1cc c1t , 1 − h1t , Qt u1l c1t , 1 − h1t , Qt 6= 0,
for any realization of the exogenous variables.
Proof. For any realization of the exogenous variables define


d1 c1 , h1 , Q, w̄1 = q 1 c1t , h1t , Q − w̄1t = 0.

∂d1
By the implicit function theorem, g 1 w̄1 , h1 , Q is well-defined if
6= 0. Which implies the
∂c1
result.

A.2

Proof of Proposition 1

In the second stage of the household problem, the household chooses optimal consumption and
leisure in each period and state of nature given w1,t,ω , w2,t,ω , pt,ω , Pt,ω , and Ȳt,ω according to the
following problem:
max

1 ,l2 ,Q
c1t,ω ,c2t,ω ,lt,ω
t,ω
t,ω

s.t.

2
X

1
2
µu1 (c1t,ω , lt,ω
, Qt,ω ) + (1 − µ) u2 (c2t,ω , lt,ω
, Qt,ω )


i
pt,ω cit,ω + wi,t,ω lt,ω
+ Pt,ω Qt,ω ≤ Ȳt,ω

i=1

The price of the private good, pt,ω , the price of the public good, Pt,ω , agent 1’s wage, w1,t,ω ,
and agent 2’s wage, w2,t,ω , represent four independent sources of exogenous variation. The fifth
source of variation is Ȳt,ω . It is important to remark that Ȳt,ω is endogenously determined and it is
a function of the exogenous variables in any period and state of nature. This has two implications.
First, a change in one of the exogenous variables at t0 6= t and ω 0 6= ω varies Ȳt,ω . Second, a change
in an exogenous variable at t0 6= t and ω 0 6= ω can vary household decisions in period t and state ω
only through Ȳt,ω . In the remainder of the proof a change in Ȳt,ω should be interpreted as a change
in an exogenous variable in period t0 and state ω 0 that varies Ȳt,ω .

Consider first the case in which both agents work. Note that if the function g w̄1t , h1t , Qt can
be identified, the original marginal utilities can also be identified by means of the reduced-form
∂g
,
marginal utilities which are known. In the remainder of the proof it will be shown that
∂ w̄1

∂g
∂g
1 , Q can be identified up to an additive
,
and
can
be
identified,
which
implies
that
g
w̄
,
h
1
∂h1
∂Q
constant.
Consider an arbitrary period t and state ω. Given w1 , w2 , p, P , and Ȳ , optimal household
private consumption, public consumption, agent 1’s labor supply, and agent 2’s labor supply can
be written in the following form:




C = C w1 , w2 , p, P, Ȳ , Q = Q w1 , w2 , p, P, Ȳ , h1 = h1 w1 , w2 , p, P, Ȳ , h2 = h2 w1 , w2 , p, P, Ȳ .
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Agent 2’s reduced-form marginal utilities of private consumption and public consumption are
defined as follows:



fc2 C, w̄1 , h1 , h2 , Q = u2c C − g w̄1 , h1 , Q , 1 − h2 , Q .
(28)



2
fQ
C, w̄1 , h1 , h2 , Q = u2Q C − g w̄1 , h1 , Q , 1 − h2 , Q .
(29)
By construction these equations are satisfied for any combination of w1 , w2 , p, P , and Ȳ . Consider
an arbitrary w1 , w2 , p, P , and Ȳ . Let dw1 , dw2 , dp, dP , and dȲ be a small change in the exogenous
w1
dp, which implies that dw̄1 = 0; (ii) dw2 , dp,
variables with the following properties: (i) dw1 =
p
dP , and dȲ are the solution of the following linear system:


∂C
∂C w1 ∂C
∂C
∂C
dw2 +
dp +
dȲ = dC 6= 0,
+
dP +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ


∂Q
∂Q
∂Q w1 ∂Q
∂Q
dp +
dw2 +
+
dP +
dȲ = dQ = 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ

 1
∂h1
∂h1
∂h w1 ∂h1
∂h1
+
dp +
dP +
dȲ = dh1 = 0,
dw2 +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
 2

∂h2
∂h w1 ∂h2
∂h2
∂h2
dȲ = dh2 = 0,
dw2 +
+
dp +
dP +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
i.e., the change varies household private consumption, but household public consumption, agent
1’s labor supply, and agent 2’s labor supply stay constant. The change in fc2 implied by dw1 , dw2 ,
dp, dP , and dȲ can be computed as follows:23
dfc2 =

∂fc2
∂f 2
∂f 2
∂f 2
∂f 2
∂f 2
dC + c dw̄1 + c1 dh1 + c2 dh2 + c dQ = c dC.
∂C
∂ w̄1
∂h
∂h
∂Q
∂C

Similarly, the change in u2c implied by dw1 , dw2 , dp, dP , and dȲ can be written in the following
form:
∂u2
du2c = − 2c dC.
∂c
Since equation (28) is satisfied for any w1 , w2 , p, P , and Ȳ , the change in fc2 must equal the change
in u2c . Consequently,
∂fc2
∂u2
= − 2c .
∂C
∂c
∂fc2
∂u2c
is known,
is also known.
∂C
∂c2
w1
Consider a change dw1 , dw2 , dp, dP , and dȲ with the following properties: (i) dw1 =
dp,
p

Since

23

Alternatively, one could totally differentiate fc2 with respect to the exogenous variables w1 , w2 , p, P , and Ȳ and
then impose the constraints implied by the system of linear equations.
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which implies that dw̄1 = 0; (ii) dw2 , dp, dP , and dȲ are the solution of the following linear system:


∂C
∂C w1 ∂C
∂C
∂C
dȲ = dC = 0,
dw2 +
dp +
+
dP +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ


∂Q
∂Q w1 ∂Q
∂Q
∂Q
dw2 +
dp +
+
dP +
dȲ = dQ = 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
 1

∂h1
∂h w1 ∂h1
∂h1
∂h1
dw2 +
dp +
dȲ = dh1 6= 0,
+
dP +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
 2

∂h2
∂h w1 ∂h2
∂h2
∂h2
dw2 +
dp +
+
dP +
dȲ = dh2 = 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
i.e., the change varies agent 1’s labor supply, but household private consumption, public consumption, and agent 2’s labor supply stay constant. According to equation (28), the implied change in
fc2 must equal the implied change in u2c . Consequently, the following equation must be satisfied:24
∂u2c ∂g
∂fc2
=
−
.
∂h1
∂c2 ∂h1
∂fl2
∂u2c
∂g
and
are known,
is identified.
1
2
∂h
∂c
∂h1
w1
Consider a change dw1 , dw2 , dp, dP , and dȲ with the following properties: (i) dw1 6=
dp,
p
which implies that dw̄1 6= 0; (ii) dw1 , dw2 , dp, dP , and dȲ are the solution of the following linear
system:
Since

∂C
∂C
∂C
∂C
dp +
dP
dw1 +
dw2 +
∂w1
∂w2
∂p
∂P
∂Q
∂Q
∂Q
∂Q
dp +
dP
dw1 +
dw2 +
∂w1
∂w2
∂p
∂P
∂h1
∂h1
∂h1
∂h1
dw1 +
dw2 +
dp +
dP
∂w1
∂w2
∂p
∂P
∂h2
∂h2
∂h2
∂h2
dw1 +
dw2 +
dp +
dP
∂w1
∂w2
∂p
∂P

∂C
dȲ = dC = 0,
∂ Ȳ
∂Q
+
dȲ = dQ = 0,
∂ Ȳ
∂h1
+
dȲ = dh1 = 0,
∂ Ȳ
∂h2
+
dȲ = dh2 = 0,
∂ Ȳ

+

i.e., the change does not vary household private consumption, public consumption, agent 1’s labor
supply, and agent 2’s labor supply. By equation (28), the implied change in fc2 must equal the
implied change in u2c , which implies that the following equation must be satisfied:
∂fc2
∂u2 ∂g
= − 2c
.
∂ w̄1
∂c ∂ w̄1
∂u2c
∂fc2
∂g
and
are known,
is identified.
2
∂ w̄1
∂c
∂ w̄1
2 must equal the implied change in, respectively,
Similarly since the implied change in fc2 and fQ
u2c and u2Q , the following equations must be satisfied:

Since

∂fc2
∂u2 ∂g
= − 2c
,
∂ w̄1
∂c ∂ w̄1
24

The steps used to derive this equation are equivalent to the steps used to derive (A.2).
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2
∂fQ

∂ w̄1

=−

∂u2Q ∂g
.
∂c2 ∂ w̄1

2
∂u2Q
∂fc2 ∂fQ
∂g
∂u2c
,
, and
are known, which implies that
and
are identified.
∂ w̄1 ∂ w̄1
∂ w̄1
∂c2
∂c2
Finally, consider a change dw1 , dw2 , dp, dP , and dȲ with the following properties: (i) dw1 =
w1
dp, which implies that dw̄1 = 0; (ii) dw2 , dp, dP , and dȲ are the solution of the following linear
p
system:


∂C w1 ∂C
∂C
∂C
∂C
dw2 +
dp +
+
dP +
dȲ = dC = 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ


∂Q w1 ∂Q
∂Q
∂Q
∂Q
dw2 +
dp +
+
dP +
dȲ = dQ 6= 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
 1

∂h1
∂h w1 ∂h1
∂h1
∂h1
dw2 +
dp +
+
dP +
dȲ = dh1 = 0,
∂w2
∂w1 p
∂p
∂P
∂ Ȳ
 2

∂h2
∂h2
∂h w1 ∂h2
∂h2
dw2 +
+
dP +
dȲ = dh2 = 0,
dp +
∂w2
∂w1 p
∂p
∂P
∂ Ȳ

Note that

i.e., the change varies public consumption, but it does not vary household private consumption,
agent 1’s labor supply, and agent 2’s labor supply. According to (28), the implied change in fc2
must equal the implied change in u2c , which implies that
∂fc2
∂u2 ∂g
∂u2
= − 2c
+ c.
∂Q
∂c ∂Q
∂Q
2
∂fc2 ∂uQ
∂u2c
∂g
Observe that
,
,
and
are known. Consequently,
is identified.
∂Q ∂c2
∂c2
∂Q
∂g ∂g
∂g
Since
,
are known, the function g is identified up to the constant of integration.
, and
1
∂h ∂ w̄1
∂Q

i up to
It is then straightforward to use g w̄1 , h1 , Q to recover uic , uil , and uiQ from fci , fli , and fQ
the additive constant of g.
It is important to remark that the proof requires that the following matrix of coefficients of the
linear systems is of full rank:


∂C ∂C ∂C ∂C
 ∂w2 ∂p ∂P ∂ Ȳ 
 ∂Q ∂Q ∂Q ∂Q 




 ∂w2 ∂p ∂P ∂ Ȳ 
 ∂h1 ∂h1 ∂h1 ∂h1  .




 ∂w2 ∂p ∂P ∂ Ȳ 
 ∂h2 ∂h2 ∂h2 ∂h2 
∂w2 ∂p ∂P ∂ Ȳ

There are two cases in which this condition is not satisfied: (i) at least one of the demand functions
is independent of all the exogenous variables; (ii) the rows or columns are linearly dependent.
Since the first case is not realistic, I will only discuss the second one. The rows of the matrix are
linearly dependent if the variation in one of the demand functions generated by changes in the
exogenous variables provides no additional information conditional on the variation in the other
demand functions. The columns are linearly dependent if a change in one of the exogenous variables
provide no additional information on how the demand functions C, Q, h1 , and h2 vary conditional
on the variation generated by the other exogenous variables. This emphasizes that the identification
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of individual preferences requires that independent variations in C, Q, h1 , and h2 are observed and
that the exogenous variables can generate it.
Consider the case in which only agent 1 supplies a positive amount of labor. In this case, h2
is always equal to zero, no variation in w2 is observed, and the reduced-form marginal utility fl2
is not known. In the first part of the proof, the equation defining fl2 and variation in h2 were
never used. Consequently, the previous argument can also be applied to households in which only
one agent supplies a positive amount of labor by dropping h2 from equations (28) and (29), the
corresponding linear equation from the three linear systems, and by setting dw2 = 0. g w̄1 , h1 , Q
is therefore identified up to the additive constant and all marginal utilities are identified except u2l .

A.3

Derivation of Euler Equations when Consumption and Leisure are Strongly
Separable

The utility function takes the following form:
U (c, l) =

c1−ρ
l1−γ
+θ
.
1−ρ
1−γ

The marginal utilities are therefore,
Uc (c, l) = c−ρ

and

Ul (c, l) = θl−γ .

The function g (w, T − h) that determines consumption can then be written as follows:
 ρ
γ
1
wρ (T − h) ρ .
c = g (w, T − h) =
θ

(30)

The standard Euler equation has the following form:



ct ρ
βE
Rt = 1.
ct+1
The marginal utility of consumption after replacing c with g (w, T − h) can be written as follows
fc1 =

θ2ρ
.
w2ρ (T − h)γ

Hence, the transformed Euler equation takes the following form:
"
#
 

wt 2ρ
T − ht γ
βE
Rt = 1.
wt+1
T − ht+1
The intratemporal condition can be derived by taking logs of equation (30) to obtain,
γ
ln c = −ρ ln θ + ρ ln w + (T − h)
ρ
We can estimate the standard order equation using the non-linear formulation just derived or the
following log-linear approximation:
ln ct+1 − ln ct =

1
1
ln β + ln Rt + δXt + t .
ρ
ρ

For our approach,
ln (T − ht+1 ) − ln (T − ht ) =

1
1
2ρ
ln β + ln Rt −
(ln (wt+1 ) − ln (wt )) + δXt + t .
γ
γ
γ
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B

Tables

B.1

Log-linearized Euler Equations for Singles.

Ind. Variable
ln (Rt+1 )
∆ ln (famsize)
∆kids
∆hw
∆ ln (hl)

Table 2: Estimation of Euler
2-stage GMM
0.148
0.106
[0.125]
[0.137]
0.362∗
0.367
[0.202]
[0.237]
0.043
0.063
[0.108]
[0.123]
−0.552∗∗
[0.244]
-

∆ww

-

∆ ln (wl)

-

0.278
[0.231]
-

0.168∗∗
[0.075]
43.4
0.33
337
7

0.201∗∗
[0.087]
36.2
0.55
337
7

ln (yt )
J-Statistic
P > χ2
n. of observ.
n. of cohort

Equations for all Households
2-stage Least Squares
0.013
0.156
0.173
0.096
[0.145]
[0.155]
[0.166]
[0.178]
0.367
0.449∗
0.440
0.520
[0.320]
[0.238]
[0.272]
[0.369]
0.061
0.006
0.045
0.038
[0.133]
[0.119]
[0.131]
[0.146]
−0.239
−0.542∗∗
−0.274
[0.289]
[0.274]
[0.314]
∗
0.249
0.333∗∗
[0.140]
[0.161]
0.450∗
0.251
0.384
[0.265]
[0.233]
[0.277]
−0.037
−0.034
[0.053]
[0.056]
0.202∗∗
0.168∗∗
0.187∗∗
0.206∗∗
[0.092]
[0.085]
[0.092]
[0.100]
30.7
0.72
337
337
337
337
7
7
7
7

Asymptotic standard errors are in brackets. All specifications include a constant and three seasonal dummies. The instrument set is the same across columns and includes the first lag of family size growth and of
the change in two education dummies, the first equal to one if the head only attended elementary school, the
second equal to one if the head attended high school but did not graduate; the first, second, and third lags
of nominal municipal bond interest rate, the change in number of children, the change in number of children
younger than 2, labor supply growth of the spouse if present, real consumption growth, real municipal bond
interest rate, and marginal tax growth; the first, second, third, and fourth lags of the change in dummy
equal to one if the head works and in a dummy equal to one if the wife works and is present, nominal
3-month treasury bill rate growth; the second and third lags of salary growth; the second, third and fourth
lags of income growth and head’s leisure growth. hw and ww are dummies equal to 1 if the head works and
if the spouse works. ln (hl) and ln (wl) are the logs of head’s and spouse’s quarterly leisure. yt−1 , yh,t−1
and yw,t−1 are household, head’s and spouse’s income at t − 1. (**) and (*) indicate that the coefficient is
significant, respectively, at the 5 and 10 percent level.
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Table 3: Estimation of Euler Equations for For Singles and Couples
Ind. Variable
Singles
Couples
Singles
Couples
Singles
ln (Rt+1 )
0.029
0.366
0.278
0.596
0.227
[0.751]
[0.433]
[0.822]
[0.475]
[0.830]
∆ ln (famsize)
0.222
0.083
0.152
−0.010
0.278
[0.253]
[0.366]
[0.292]
[0.356]
[0.311]
∆kids
−0.050
0.267∗∗
0.035
0.306∗∗
−0.060
[0.168]
[0.136]
[0.179]
[0.136]
[0.196]
∗∗
∗∗
∆hw
0.976
0.559
1.200∗∗
[0.378]
[0.291]
[0.421]
∆ ln (hl)
0.457
[0.489]
∆ww
0.175
[0.189]
∆ ln (wl)
ln (yt )
J-Statistic
P > χ2
n. of observ.
n. of cohort

0.118
[0.121]
32.7
0.53
333
7

0.266∗∗
[0.083]
43.5
0.32
366
7

−0.024
[0.142]
24.8
0.85
333
7

0.187∗∗
[0.091]
38.4
0.45
366
7

−0.025
[0.145]
23.9
0.85
333
7

Couples
0.606
[0.492]
−0.230
[0.383]
0.368∗∗
[0.146]
0.354
[0.332]
−0.231
[0.281]
0.601∗
[0.347]
0.708
[0.514]
0.186∗∗
[0.093]
38.2
0.37
366
7

Asymptotic standard errors are in brackets. All specifications include a constant and three seasonal dummies. The instrument set is the same across columns and includes the first lag of family size growth and of
the change in two education dummies, the first equal to one if the head only attended elementary school, the
second equal to one if the head attended high school but did not graduate; the first, second, and third lags
of nominal municipal bond interest rate, the change in number of children, the change in number of children
younger than 2, labor supply growth of the spouse if present, real consumption growth, real municipal bond
interest rate, and marginal tax growth; the first, second, third, and fourth lags of the change in dummy
equal to one if the head works and in a dummy equal to one if the wife works and is present, nominal
3-month treasury bill rate growth; the second and third lags of salary growth; the second, third and fourth
lags of income growth and head’s leisure growth. hw and ww are dummies equal to 1 if the head works and
if the spouse works. ln (hl) and ln (wl) are the logs of head’s and spouse’s quarterly leisure. yt−1 , yh,t−1
and yw,t−1 are household, head’s and spouse’s income at t − 1. (**) and (*) indicate that the coefficient is
significant, respectively, at the 5 and 10 percent level.
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Table 4: Log-linearized Individual Euler Equations for Single Females: Identification Result vs
Standard Methods.
Parameters
Identification
Standard
ρ
5.02
5.21
[2.49]
[1.08]
σ
0.30
0.12
[0.44]
[0.07]
J-Statistics
15.2
37.9
P > χ2
0.71
0.73
number of observations
1228
Asymptotic standard errors in brackets. All models are estimated with GMM using the following instruments: first
to second lags of after tax real wage growth, marginal tax growth; first to fourth lags of real consumption growth,
income growth, gross pay growth, labor supply growth, the household specific price index growth. All instruments
are calculated at the cohort level.
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Table 5: Log-linearized Individual Euler Equations for Single Males: Identification Result vs Standard Methods.
Parameters
Identification
Standard
ρ
1.72
1.65
[0.96]
[0.43]
σ
0.08
0.55
[0.73]
[0.26]
J-Statistics
9.5
33.8
P > χ2
0.96
0.87
number of observations
1138
Asymptotic standard errors in brackets. All models are estimated with GMM using the following instruments: first
to second lags of after tax real wage growth, marginal tax growth; first to fourth lags of real consumption growth,
income growth, gross pay growth, labor supply growth, the household specific price index growth. All instruments
are calculated at the cohort level.
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B.2

Non-linear Euler Equations for Singles.

Table 6: Individual Euler Equations for Single Females: Identification Result vs Standard Methods.
Parameters
Identification
Standard
ρ
5.26
5.44
[0.57]
[0.72]
σ
0.08
0.31
[0.12]
[0.06]
J-Statistics
14.6
34.7
P > χ2
0.33
0.34
number of observations
1228
Asymptotic standard errors in brackets. All models are estimated with GMM using the following instruments:
first lag of after tax real wage growth; first to third lags of real consumption growth, marginal tax growth,
real gross interest rate growth; first to fourth lags of income growth, the household specific price index
growth; all instruments are calculated at the cohort level.

Table 7: Individual Euler Equations for Single Males: Identification Result vs Standard Methods.
Parameters
Identification
Standard
ρ
1.96
1.62
[0.63]
[0.39]
σ
0.45
0.51
[0.56]
[0.24]
J-Statistics
5.5
20.9
P > χ2
0.85
0.75
number of observations
1138
Asymptotic standard errors in brackets. All models are estimated with GMM using the following instruments:
first and second lags of labor supply growth; first to third lags of leisure growth; first to fourth lags of income
growth, log of real gross rate of return; third and fourth lags of real consumption growth; all instruments
are calculated at the cohort level.
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B.3

Log-linearized Euler Equations for Singles, Controlling for Selection.

Table 8: Log-linearized Individual Euler Equations for Single Females: Identification Result vs
Standard Methods Controlling for Selection.
Parameters
Identification
Standard
ρ
5.40
5.03
[2.27]
[1.23]
σ
0.16
0.10
[0.15]
[0.05]
Inverse Mills’ Ratio t
2.12
4.24
[2.10]
[3.45]
Inverse Mills’ Ratio t + 1
−1.69
−4.47
[5.22]
[3.93]
J-Statistics
14.22
33.5
P > χ2
0.58
0.79
number of observations
1228
See note table 2.

Table 9: Log-linearized Individual Euler Equations for Single Males: Identification Result vs Standard Methods Controlling for Selection.
Parameters
Identification
Standard
ρ
2.14
1.70
[1.09]
[0.31]
σ
0.10
0.18
[0.20]
[0.09]
Inverse Mills’ Ratio t
0.19
−0.53
[0.75]
[0.88]
Inverse Mills’ Ratio t + 1
−0.65
4.62
[2.14]
[3.76]
J-Statistics
9.3
33.2
P > χ2
0.90
0.80
number of observations
1138
See note table 3.

55

B.4

Non-linear Euler Equations for Singles, Controlling for Selection.

Table 10: Non-linear Individual Euler Equations for Single Females: Identification Result vs Standard Methods Controlling for Selection.
Parameters
Identification
Standard
ρ
5.41
5.13
[0.85]
[1.11]
σ
0.14
0.32
[0.19]
[0.08]
Inverse Mills’ Ratio t
−0.74
−0.50
[4.09]
[2.34]
Inverse Mills’ Ratio t + 1
1.29
2.33
[6.38]
[4.36]
J-Statistics
14.9
32.6
P > χ2
0.14
0.29
number of observations
1228
See note table 4.

Table 11: Non-linear Individual Euler Equations for Single Males: Identification Result vs Standard
Methods Controlling for Selection.
Parameters
Identification
Standard
ρ
1.90
1.84
[0.65]
[0.29]
σ
0.45
0.26
[0.35]
[0.15]
Inverse Mills’ Ratio t
−0.40
2.08
[2.63]
[2.65]
Inverse Mills’ Ratio t + 1
0.47
−1.84
[1.76]
[2.10]
J-Statistics
5.62
23.4
P > χ2
0.59
0.44
number of observations
1138
See note table 5.
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B.5

Euler Equations for Couples.

Table 12: Individual Euler Equations for Couples with the Efficiency Condition.
Parameters
Wife
Husband
Parameter
Unitary Model
Difference
with Separability
ρ
4.42
2.51
1.91
3.69
[0.43]
[0.78]
[0.88]
[0.40]
σ
0.29
0.27
0.02
[0.12]
[0.13]
[0.19]
µ
0.82
[4.32]
J-Statistics
56.9
24.4
P > χ2
0.33
0.55
number of observations
1266
Asymptotic standard errors in brackets. The estimate of µ is obtained by computing a first order Taylor expansion
under the assumption that the constants in the measurements errors are equal to zero. All models are estimated with
GMM using the following instruments: first to second lags of marginal tax growth; first to third lags of wife’s and
husband’s gross pay growth; first to fourth lags of real household consumption growth, household income growth,
wife’s and husband’s after tax real wage growth, wife’s and husband’s labor supply growth.

Table 13: Individual Euler Equations for Couples without the Efficiency Condition.
Parameters
Wife
Husband
Parameter Difference
ρ
4.23
2.62
1.61
[0.43]
[0.66]
[0.78]
σ
0.24
0.17
0.07
[0.13]
[0.13]
[0.18]
µ
J-Statistics
P > χ2
Efficiency Test
Distance Statistics
P > χ2
number of observations

56.1
0.36
0.8
0.37
1266

See note table 10.
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