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Abstract

This paper develops a revealed preference methodology for exploring whether time inconsistencies in
household choice are the product of nonstationarities at the individual level or the result of individual
heterogeneity and renegotiation within the collective unit. An empirical application to household-level
microdata highlights that an explicit recognition of the collective nature of choice allows the vast ma-
jority of household behaviour to be rationalised by theory that assumes preference stationarity at the
individual level. For our particular short panel data set, simply permitting limited intrahousehold het-
erogeneity in time preferences allows the choices of 98.4% of the sample to be rationalised by a model
that assumes exponential discounting at the individual level. We also �nd that couples characterized by
lower divergence in spousal discount rates are older, more likely to have children and wealthier, which
we take as indications of experiencing higher match quality.
JEL Classi�cation: D11, D12, D13, C14.
Keywords: time consistency, collective choice, full e¢ ciency, renegotiation, revealed preference.

1 Introduction

Understanding the dynamics of intertemporal choice is a valuable, and increasingly salient, goal for modern
society. Life expectancy, and life expectancy upon retirement, are on an upward trajectory, pushing issues
of pension provision and retirement planning to the forefront. These trends are especially important given
the rapid transition to de�ned-contribution pension schemes in developed countries, under which the char-
acteristics of dynamic choice and individual self-control issues have more relevance (Thaler and Benartzi
2004). Traditional economic models of intertemporal choice are increasingly criticised for adding little to the
analysis of issues surrounding these trends, lacking normative, descriptive and predictive value.

The discounted utility benchmark. Samuelson�s (1937) canonical �discounted utility�(DU) model is
the standard framework by which economists conceptualise intertemporal choice. Consider a consumer who
faces a consumption stream Cij = fqtgt=i;:::;j , with qt the consumption quantities at time t. Under the
DU model, consumer preferences are represented by the following functional form:

U(Cij) =

jX
t=i

�t�1u(qt);
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where u is a felicity function and � = 1=(1 + �), with � 2 [0;1) denoting the consumer�s discount rate.
These preferences are time consistent : the choice between alternatives does not depend on when in time that
choice occurs. Thus, if receiving X at t is preferred to receiving Y at t + d, the decision maker will always
prefer X at � to Y at � + d. Results from Koopmans (1960) provide an axiomatic foundation to the DU
model and highlight that preferences are time consistent only if they can be expressed in the above format.
However, it is its virtues of simplicity and tractability, rather than claims concerning its normative

validity or predictive accuracy, that explains the widespread application of the DU model. Samuelson
himself expressed skepticism over the descriptive worth of the approach, commenting that �it is completely
arbitrary to assume that the individual behaves so as to maximise an integral of the form envisaged in [the
discounted-utility model]�. Yet, ease and elegance won out and the framework quickly became the standard
way of representing intertemporal preferences in dynamic optimisation frameworks.
Despite its theoretical virtues, casual observation and empirical studies consistently cast doubt on the

validity of the DU model. Decision makers systematically behave in a time inconsistent manner, acting
impatiently today while planning to act patiently in the future. For example, $100 may be preferred today
to $110 tomorrow, but $110 in 31 days to $100 in 30 days. Such �preference reversals�are well documented
in the psycology (Green, Fristoe and Myerson 1994; Kirby and Hernstein 1995) and economics literature (for
a survey, see Frederick et al. 2002). Good intentions are often expressed regarding saving and responsible
consumption, but the implementation of such plans tends to fall by the wayside. For example, in Choi et
al.�s (2001) survey of 401(k) participants, 86% of the self-reported undersavers who expressed an intention
to increase their savings rate, had made no changes to their behaviour four months later.

Collective choice and time inconsistency. Research e¤ort has largely focused on modelling the sources
of time inconsistency at the individual level. Standard methods of modelling discounting have been a
prime target of criticism, with the behavioural economics literature increasingly favouring frameworks that
assume hyperbolic discount functions. Hyperbolic discount functions are characterised by a relatively high
discount rate over short horizons and a relatively low rate over long horizons. This lack of constancy in the
discount rate introduces a con�ict between today�s and future preferences and a �present bias�to decision
making. Hyperbolic discounting has been o¤ered as an explanation for many stylised facts, from under-
saving and excess co-movement of income and consumption (Laibson 1997, 1998; Angeletos et al. 2001)
to procrastination, addiction and lack of exercise (O�Donoghue and Rabin 1999, 2001; Gruber and Koszegi
2001; della Vigna and Malmendier 2006).
This paper takes a di¤erent approach. We consider how acknowledging the collective nature of choice

can rationalise time inconsistencies in revealed preferences. The preference structure associated with the DU
approach is often applied to model group behaviour without modi�cation. Under this �unitary�approach,
one assumes the collective acts as a single decision making unit, and therefore can be treated as if a rational
individual. No explicit allowance is made for the separateness of persons and preference heterogeneity within
a group.
Yet, many dimensions of intertemporal choice are better modelled as the outcome of group, rather than

individual, decision making. Savings decisions are typically made at the household level, and the allocation
of budgets over time within �rms and committees are the product of multi-party deliberation. Even in the
context of individual choice, one can consider the existence of multiple selves with distinct personalities
rather than a single decision making unit. Thaler and Shefrin (1981) contrast the long-sighted �planner�
within us to the short-sighted �doer�, while Metcalfe and Mischel (1999) contrast our �hot� and �cool�
systems. There is scienti�c evidence in support of the multiple selves hypothesis. Psychological studies
�nd that di¤erent decision making systems interact within the brain during the evaluation of intertemporal
prospects, and that these systems respond di¤erently to the temporal dimensions of reward (Ainslie et al.
2005; McClure et al. 2004, 2007). Such evidence supports the application of collective choice models to
characterise the behaviour of individuals.
Acknowledgement of the collective nature of choice can help to rationalise the apparent time inconsisten-

cies in household choice behaviour. In a group context, inconsistencies can arise simply from the aggregation
of heterogeneous preferences. Both variation in individual discount rates and innovations in the Pareto
weight summarising the household decision making process represent relevant considerations in this regard.
First, consider the e¤ect of discount rate heterogeneity. Deriving a time independent discount rate from
the underlying preferences of a heterogeneous population has long been recognised as problematic (Marglin
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1963; Feldstein 1964). When time preferences within a group di¤er, the collective preference is typically time
inconsistent, even when the underlying population has perfectly time consistent preferences (Jackson and
Yariv 2011; Zuber 2010). A present bias can be introduced to household choice through the aggregation of
heterogeneous preferences. As time passes, the preferences of more impatient individuals are weighted less
in the group�s overall maximisation problem, causing the e¤ective aggregate discount rate to increase over
time. In fact, Jackson and Yariv (2011) show that, for a uniform distribution of discount rates in an other-
wise homogeneous population, group utility maximisation generates aggregate behaviour that corresponds
to hyperbolic discounting.
Further, renegotiations of the household choice rule can generate nonstationarities in family behaviour.

Relative decision making power within the collective unit can vary, and di¤erences in time preferences can
prompt periodic innovations in the intrahousehold preference weighting. Other things equal, it is optimal to
relatively favour impatient group members in early periods and patient members in later periods. However, as
time passes and impatient members start to receive lower shares of the group surplus, there is an incentive for
them to demand a renegotiation of allocations in their favour or threaten to leave the group. Renegotiations
prompt changes in the intra-household preference weighting, generating nonstationarities in the collective
preference.
Although it is true that nonstationarities at the individual level will translate into a failure of time

consistency at the collective level, understanding whether the primary locus of inconsistent behaviour is
at the individual self or group level is important from both a methodological and policy perspective. The
DU preference structure is tractable and parsimonious. Thus, if it cannot be rejected on the basis of choice
behaviour, an appeal to Occam�s razor provides a compelling analytic reason for its retention. Further, policy
design should be in�uenced according to whether time inconsistent behaviour is the product of individual
nonstationarities or collective aggregation issues.

Our contribution. This paper puts forward a nonparametric characterisation of household intertemporal
choice and develops a revealed preference methodology for analysing the sources of collective time incon-
sistency. The approach taken follows in the spirit of Afriat (1967), Diewert (1973), and Varian (1982) and
incorporates insights gained from the extension of the revealed preference methodology to an intertemporal
setting by Browning (1989) and Crawford (2010), and to the collective model by Cherchye, De Rock and
Vermeulen (2007). Our empirical strategy allows for the recovery of theory-consistent spousal discount rates
and an assessment of the degree of intrahousehold commitment. The framework presented allows us to
explore whether time inconsistencies in household choice can be rationalised by preference heterogeneity and
renegotiation within the collective unit rather than individual nonstationarities. We demonstrate the value
of our approach via a practical application to household microdata.
Our metholodology is novel in this context and has clear advantages over existing empirical tests of time

consistency and household intertemporal behaviour. Current tests of dynamic collective choice models and
time discounting are parametric and tend to reject the assumptions of constant discounting (see Frederick
et al. 2002) and a time-independent intrahousehold preference weighting (Lich-Tyler 2004; Mazzocco 2007).
However, this may be due to restrictive parametric assumptions, rather than a failure of the underlying,
functional form free, theoretical framework.
Empirical studies of discounting and time consistency are sensitive to the parametric speci�cation em-

ployed. The common assumption of linear consumption utility imparts an upward bias to discount rate
estimates and is thought to contribute to the unrealistically high discount rates observed in the literature.
Although recent developments have seen the linear-utility speci�cation somewhat relaxed (Anderson et al.
2008; Andreoni and Sprenger 2012), estimates are still dependent on the set of functional form assumptions
made concerning the form of the utility function. The experimental nature of existing time discounting
studies can also be critiqued. Dohman et al. (2012) highlight that elicited preferences are not procedurally
independent and discount rate estimates are hugely sensitive to the experimental design.
Turning to studies of intrahousehold commitment and renegotiation, Mazzocco�s (2007) tests of intertem-

poral decision making and the constancy of the intrahousehold preference weighting centre on how �distrib-
ution factors�(Browning et al. 1994) enter log-linearised household Euler equations.1 The risk of misspeci-
�cation is high in this context. Carroll (2001), using simulated data, �nds that log-linearisation introduces

1Distribution factors are factors that in�uence the relative power of family members but are independent of their preferences.
See also Section 2.1 for a formal discussion.
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signi�cant bias to the estimation of preference parameters, concluding that empirical estimation of approx-
imated Euler equations should be abandoned. Furthermore, this strategy requires the observation of all
relevant distribution factors. This requirement is hugely demanding, especially given the limited information
available in household survey data.
The methodology and empirical application presented in this paper avoids such criticisms. Our revealed

preference approach is wholly nonparametric and, thus, our results are not contingent on any particular
speci�cation of family member utility functions. Rather than directly estimate the preference parameters
that best ��t�with some assumed functional speci�cation, we ask whether there exists a non-empty feasible
set to the system of inequalities implied by maximising household behaviour within the framework imposed
by economic theory. The existence of a non-empty feasible set to these inequalities is then a necessary and
su¢ cient condition for household behaviour and the theory in question to be consistent. Using this approach,
we are able to determine whether time inconsistencies in the revealed household preference can be explained
as a result of discount rate heterogeneity and/or imperfect commitment within the collective unit, or whether
one must additionally allow for nonstationarities at the individual level. In fact, if our nonparametric tests
support a particular theoretical model, then this may provide also provide a strong motivation for parametric
studies using exactly this model. In this sense, our nonparametric assessment here may also be seen as a
complement to existing parametric studies.
Our tests are also explicitly designed for use with household consumption data, although they can also

be pro�tably applied to an experimental setting. Our empirical application is thus one of the few in recent
years to be fully grounded in �real world�household behaviour, rather than make use of choice data that
has been elicited in an arti�cally constructed environment. This allows us to avoid many of the procedural
nuances that plague experimental studies.
We �nd that accounting for the collective nature of choice allows us to rationalise time inconsistencies in

aggregate household behaviour without positing nonstationarities in individual preferences. Simply allowing
for some limited heterogeneity in familial discount rates allows the behaviour of 98.4% of households in our
sample to be rationalised by standard models of household intertemporal behaviour.

Outline. This paper proceeds as follows. Section 2 de�nes time consistency of the collective preference and
outlines the associated revealed preference restrictions for establishing the time consistency of group choice.
Section 3 uses these revealed preference conditions to evaluate the empirical validity of a time consistent
household consumption for a Spanish panel of household microdata. We �nd that the hypothesis of time
consistent household choice is heavily rejected for our data set, even using nonparametric revealed preference
restrictions. Given this result, Section 4 explores how a recognition of the collective nature of household
choice can rationalise nonstationarities in the revealed collective preference and derives a nonparametric
methodology for testing hypotheses on the sources of time inconsistent household behaviour. Section 5
continues our empirical application and provides strong empirical support for a collective rationalisation
of observed time inconsistencies. This section also considers the relationship between intrahousehold time
preference heterogeneity and observable household characteristics. Section 6 concludes this paper.

2 Time consistency and collective choice

The aim of this paper is to provide a framework for exploring the sources of time inconsistencies in household
choice. Speci�cally, we wish to determine whether explicitly accounting for the collective nature of choice can
allow one to rationalise patterns of household behaviour without positing nonstationarities at the individual
level. This section formally de�nes the concept of time consistency tested in this paper and derives simple
revealed preference conditions that can be used to determine the time consistency of observed household
choice.

2.1 The �collective�preference

Collective models explicitly recognise the separateness of persons within the household, allowing for complete
heterogeneity in family member felicity functions and discount rates. For notational simplicity, we focus on
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a two-member household, constituted of members m 2 fA;Bg. The extension of results to an M -member
(M > 2) household is straightforward.
Individual preferences are represented by a time-additive discounted utility function, de�ned over private

and public consumption. We assume N private goods and K public goods. At a given time t, private
quantities qmt 2 RN+ , with associated (discounted) prices pt 2 RN++, are consumed non-jointly, while public
quantitiesQt 2 RK+ ; with associated (discounted) prices Pt 2 RK++, are consumed jointly and non-exclusively.
Thus, associated with each member m is a concave and strictly increasing felicity function um and discount
rate �m 2 [0;1), such that a stream of public and private consumption Cmij = fqmt ;Qtgt=i;:::;j is evaluated
as

Um(Cmij ) =

jX
t=i

�t�1m um(qmt ;Qt);

where �m = 1=(1 + �m).
Collective models do not assume a priori that individual preferences can be aggregated into a single

time-independent household felicity function and the framework does not specify a single intrahousehold
bargaining process. Rather, it simply assumes that some cooperative decision making process exists and that
this process leads to Pareto e¢ cient outcomes over the a¤ordable budget set.2 Given these assumptions, one
can de�ne the Pareto weight !t to summarise the bargaining process in period t. Consider a time horizon
jT j, T = f1; :::; jT jg. For household H, the �collective�preference over some lifecycle consumption pro�le
CH = fqAt ;qBt ;Qtgt2T is then given by

UH(CH) =
X
t2T

�
�t�1A uA(qAt ;Qt) + !t�

t�1
B uB(qBt ;Qt)

	
;

with !t = f(Zt), where Zt denotes the set of relevant �distribution factors� at time t. The standard
theory places no restrictions on what variables count as relevant distribution factors, beyond requiring that
they are independent of individual preferences (Browning et al. 1994). This lack of structure makes our
nonparametric framework especially attractive as, unlike parametric tests of intertemporal behaviour, our
methodology does not require a formal speci�cation of the factors that jointly determine !t.

2.2 Time consistency

Given a household�s time series of consumption choices, the �rst question of interest is whether there exists
a time consistent household utility function that could have generated this choice pattern.
What does it mean for the collective preference to be time consistent? Following conditions given by

Koopmans (1960), time consistency is seen primarily as a stationarity restriction: the passing of time should
not have an e¤ect on the preference ordering over �xed consumption streams. Formally, consider a consump-
tion stream CHij = fqAt ;qBt ;Qtgt=i;:::;j : The collective preference over this consumption stream is de�ned
as

UH(CHij ) =

jX
t=i

�
�t�1A uA(qAt ;Qt) + !t�

t�1
B uB(qBt ;Qt)

	
:

Let CHi0j0 represent an �updated� counterpart of C
H
ij (i; j 2 T , i < j), which denotes the consumption

streams CHij shifted forward into the future by some amount 0 � � � jT j � j, and let fCHij ;CHklg the
combination of two (non-overlapping) consumption streams CHij and C

H
kl (i; j; k; l 2 T , i < j, k < l and j < k

or l < i). Then, we can formally de�ne time consistency of the collective preference.

De�nition 1 The collective preference is time consistent if the following two conditions are satis�ed:

1. For any i; j 2 T with i < j;

UH(CHij ) > U
H(eCHij ) if and only if UH(CHi0j0) > UH(eCHi0j0):

2See, for example, Chiappori (1988, 1992) and Browning and Chiappori (1998) for detailed discussions of the Pareto e¢ ciency
assumption in collective household models. Mazzocco (2007) discusses this framework in a intertemporal context.
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2. For any i; j; k; l 2 T with i < j, k < l and, in addition, j < k or l < i,

UH(fCHij ;CHklg) > UH(feCHij ;CHklg) if and only if UH(fCHij ;CHklg) > UH(feCHij ;CHklg):
The �rst condition in De�nition 1 imposes stationarity on the collective preference; the ranking of con-

sumption streams should not depend on when in time those streams are situated. The second condition
requires the ranking of consumption streams to be independent of periods with identical consumption bun-
dles.

Conditions for time consistency. Results originally given in Koopmans (1960), and applied to a collec-
tive setting by Jackson and Yariv (2012), imply that time consistency of the collective preference requires
the ability to re-express the household preference in the following format:

UH(CHij ) =

jX
t=i

�t�1uH(qAt ;q
B
t ;Qt);

for � 2 (0; 1]. Thus, time consistency in our setting requires the existence of a single, constant household
discount rate and a stationary household felicity function.
For the collective preference to be recast in the above format, two conditions need to hold. First,

household members must discount the future at the same rate, �A = �B = �. Second, the intrahousehold
decision making mechanism must give rise to a constant Pareto weight across the lifetime of the household,
!t = ! for all t. Under these conditions, for the lifecycle consumption pro�le CH we get

UH(CH) =
X
t2T

�
�t�1A uA(qAt ;Qt) + !t�

t�1
B uB(qBt ;Qt)

	
=

X
t2T

�t�1uH(qAt ;q
B
t ;Qt);

where
uH(qAt ;q

B
t ;Qt) = u

A(qAt ;Qt) + !u
B(qBt ;Qt):

Thus, only if the two conditions hold, the collective preference is time-consistent. The household can be mod-
elled as a time-consistent representative agent with a latently separable, time-independent felicity function
and constant discount rate.

2.3 Revealed preference conditions

Following the above, we assume jT j observed consumption choices for household H, T = f1; :::; jT jg. For
each observation t, we know the privately consumed quantities, qt, and the publicly consumed quantities,
Qt, as well as the corresponding (discounted) prices, pt and Pt: This de�nes a set of observations S =
fqt;Qt;pt;Ptgt2T . Note that we only assume that aggregate private quantities qt; but not the individual
private quantities qAt and q

B
t (with q

A
t + q

B
t = qt); are observed:This assumption is motivated by the fact

that, in most household surveys (including the one we use in our own application), information on �who gets
what�is limited and the decomposition of private consumption into that consumed by household members
is generally unobserved.
The revealed preference approach to establishing the time consistency of household behaviour asks

whether one can �nd necessary and su¢ cient conditions under which observed choices can be rationalised
by a stationary collective preference subject to the lifecycle budget constraint.

De�nition 2 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the time consistency
model if there exist, for all t 2 T , private quantities qAt ; qBt 2 RN+ (with qAt + qBt = qt) and, in addition, a
concave, strictly increasing felicity function uH and discount factor � 2 (0; 1] such thatX

t2T
�t�1uH(qAt ;q

B
t ;Qt) �

X
t2T

�t�1uH(�At ; �
B
t ; �

H
t )
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for all a¤ordable consumption plans f�At ; �Bt ; �Ht gt2T (with �
A
t ; �

B
t 2 RN+ and �Ht 2 RK+ ) that satisfyX

t2T
[p0t(q

A
t + q

B
t ) +P

0
tQt] �

X
t2T
[p0t(�

A
t + �

B
t ) +P

0
t�
H
t ]:

In words, the data can be rationalised by a time consistent household preference if observed choices
maximise discounted lifetime household utility out of a¤ordable lifetime consumption plans for a coherent,
stationary collective preference. We recognise that this de�nition of rationalisable behavior assumes perfect
foresight and perfect capital markets. However, we consider how the robustness of our empirical results to
the relaxation of these assumptions in Section 3.
The next theorem states the revealed preference conditions for a data rationalisation as de�ned above.

We refer the reader to Appendix A for proofs of all our main results.

Theorem 1 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the time consistency
model if and only if there exist, for all t 2 T , a utility number uHt 2 R and a positive constant � 2 (0; 1]
that, for any s,t 2 T; satisfy

uHs � uHt �
1

�t�1
[p0t(qs � qt) +P0t(Qs �Qt)]:

Theorem 1 is an equivalence result. In words, if there exists a household discount rate � and constants
fuHt gt2T such that the stated inequalities hold, then there exists a stationary household felicity function and
discount rate that provide a perfect within-sample rationalisation of the data. The existence of a non-empty
feasible set to the inequalities implies that one cannot reject the hypothesis of discount rate homogeneity
and a stable intertemporal weighting of individual preferences within the household. Determining the actual
existence of such a non-empty feasible set is easily done empirically. Conditioning on �, the inequalities
de�ned by Theorem 1 are linear in unknowns and thus can be veri�ed using standard linear programming
techniques, which we use in our following empirical application.

3 An empirical test of time consistency

In this section we test the time consistency conditions in Theorem 1 for household panel data, taken from the
Spanish Continuous Family Expenditure Survey (the Encuesta Continua de Presupuestos Familiares, ECPF).
We strongly reject the hypothesis of a time consistent collective preference, as de�ned above. We also examine
the robustness of this result, evaluating the possibility that actual behaviour is e¤ectively time consistent
but some of the (admittedly strong) assumptions underlying our revealed preference conditions are violated.
Speci�cally, we consider measurement error, imperfect capital markets and imperfect foresight. However, we
�nd that none of these alternative explanations convincingly �rationalises� the observed rejections of time
consistency. This result motivates our focus on individual heterogeneity within households as a source of
time inconsistency in the revealed household preference in Sections 4 and 5.

3.1 The data

The ECPF is a quarterly budget survey in which households are randomly rotated at a rate of 12.5% each
quarter. Participating households are surveyed in the same week of each successive quarter, with each adult
family member completing an expenditure diary in which they record their spending during the survey week.
The data used are drawn from the period 1985-1997 for a sub-sample of couples in which the husband is
in full time employment and the wife is out of the labour force in all periods. The requirement of stable
employment status is to allow the potential nonseparability of leisure and consumption to be ignored for the
time being, as our theoretical framework does not presently consider the household labour supply decision.
For matters of comparability, we only consider those households that participated in the survey for eight
consecutive quarters ( jT j = 8), which is the maximum number of observations in the ECPF. This still leaves
a sizeable sample of 1585 households.
We consider household choice over a commodity bundle of 15 nondurable goods. Each good is classi�ed

as either �private�or �public�consumption. Our bundle of private consumption consists of 11 (= N) goods:
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(1) Food and non-alcoholic drinks, (2) Alcohol, (3) Tobacco, (4) Clothing and footwear, (5) Nondurable
medicines, (6) Medical services, (7) Transportation, (8) Petrol, (9) Leisure (cinema, theatre, clubs for sport),
(10) Personal services, (11) Restaurants and bars. Our bundle of public consumption consists of 4 (= K)
goods: (1) Rent, (2) Energy, (3) Home Services (heating, water and furniture repair) and (4) Nondurables at
home (cleaning products). Prices are calculated from published prices aggregated to correspond to the listed
expenditure categories, discounted by the average interest rate on consumer loans.3 We refer to Browning
and Collado (2001) and Crawford (2010) for more details on the ECPF data.

3.2 Revealed preference tests

Revealed preference tests of a given model are de�ned by hypotheses of the following form:
H0 : Household behaviour can be rationalised by the model.
H1 : Household behaviour cannot be rationalised by the model.
Our tests thus yield �yes/no�answers; either household behaviour is consistent with the model in question

or it is not. A �yes� result implies that the model cannot be rejected on the basis of observed behaviour.
However, it does not necessarily imply that the model is �the truth�. Popper (1959) points to the logical
asymmetry between veri�cation and falsi�cation. No number of observed passes of model X allows one to
derive the universal statement: �All households can be rationalised by model X�. However, failure of a
revealed preference tests allows us to logically derive the conclusion: �The household cannot be rationalised
by model X�.
As explained in Section 2, testing whether household consumption choices can be rationalised by a time-

consistent household utility function boils down to checking the linear conditions de�ned by Theorem 1 for
a given value of the discount factor �. Therefore, in our empirical application we conduct a grid search on
�. In particular we report results for a grid search of individual discount factors on [0:9; 1] with a spacing
of 0.005.4 At this point it is worth noting that all our following results (reported in Tables 1-9 and Figures
1-4) are robust to alternative grid search speci�cations (including a grid search across the full interval (0; 1]).
These robustness checks can be obtained from the authors on request.
We also remark here that our tests allow for unrestricted preference heterogeneity across households, as

captured by the individual-speci�c felicity functions. The theory-consistency of each household�s behaviour
is tested independently and the data is not pooled at any stage. Therefore, when we refer to �the data�, we
in fact refer to �the data for some household h�.

3.3 Test results

Table 1 reports the test results obtained from applying the revealed preference conditions in Theorem 1 to the
ECPF data. Only two households in our sample of 1585 households can be rationalised by a time-consistent
collective preference. Putting it di¤erently, the pass rate is an exceptionally low 0.13%, representing a
decisive failure of the time consistent model. This result is consistent with Crawford (2010), who reports a
pass rate of less than 5% for a closely similar model and his particular sample of ECPF households. Thus,
we can safely conclude that the data does not endorse the applicability of the time consistent model as it
stands to explain household intertemporal choice behaviour.

Table 1: Time consistency
Number of households Percentage (%) of households

Pass rate 2 0.13

The following subsections report additional results that lay claim to the robustness of our �nding. Further,
in Section 5, we evaluate the time consistent model in terms of two performance measures that are frequently
used in revealed preference analysis such as ours: discriminatory power and predictive success. The results
reported in Section 5 provide further empirical evidence against the time consistent model for explaining
observed household behaviour.

3The actual (quarterly) interest rate on savings and/or loans faced by a particular household (i�t ) may di¤er from the publicly
listed (quarterly) interest rate on consumer loans (it). However, the results prove robust if we account for some deviations, e.g.
by assuming i�t = it � �, where � = �0:01 or �0:02.

4This corresponds to a search for discount rate on [0; 0:11], which given the quarterly periodicity of our data is not unrea-
sonable.
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3.4 Robustness checks

Our revealed preference tests are based upon a number of very exacting conditions and make some implicit
assumptions that do not speci�cally relate to the time consistency of household behaviour. It is plausible
that measurement error or a failure of perfect foresight and perfect capital market assumptions, rather than
any time inconsistencies in household choice, explain the decisive rejection of the time consistent model. In
the following sections, we explore the impact of relaxing these background assumptions on the pass rate
of the time consistent model and end by concluding that none of these factors can fully account for the
empirical failings of the model.

3.4.1 Measurement error

The strong rejection of the time consistent model could be the result of errors in listed expenditure data,
rather than deviations of actual choice from model�s prescriptions. Revealed preference tests are �sharp�in
that household behaviour is either consistent with the model in question or it is not. Thus, small deviations
in observed quantities away from the �truth�could have a large impact on pass rates. We apply Varian�s
(1985) procedure to explore the possibility that measurement error is behind the rejection of our revealed
preference tests. We restrict ourselves here to an outline of the main intuition behind our measurement error
procedure; a formal presentation is given in Appendix B.
Consider a data set S that does not meet the conditions de�ned by Theorem 1. Our measurement error

procedure �rst estimates the minimal adjustments of the quantity data required to obtain consistency with
the revealed preference conditions, and then calculates the standard deviation on measurement error in
quantities that would be necessary for the null hypothesis of theory rationalisable behaviour to be accepted
at some sign�cance level �.
For a household observation t, let qt;n represent the observed quantity of the n-th private good and Qt;k

the observed quantity of the k-th public good. Due to measurement error, these quantities may deviate from
q�t;n and Q

�
t;n; the true (but unobserved) values of the private and public quantities. The divergence between

listed and true quantities are quanti�ed by the �relative quantity errors�

�t;n =
q�t;n � qt;n
qt;n

and "t;k =
Q�k;n �Qk;n

Qk;n
;

As we cannot observe the true values, q�t;n and Q
�
t;n, we approximate the necessary measurement error

required for listed expenditure data to pass the revealed preference conditions by calculating the minimal
adjustments of the quantity data required to obtain theory consistency. Under the assumption that relative
quantity errors are independently normally distributed with zero mean and constant variance �2, we then
calculate the �critical� standard deviation �� on measurement error needed such that the null hypothesis
of theory-rationalisable behaviour cannot be rejected at some signi�cance level �. We then reject rational-
isability at a signi�cance level � if this �� exceeds our prior beliefs about the �true� standard deviation
�.
For each household and any signi�cance level �, we can compute a critical standard deviation �� for

household behaviour to be rationalisable by the time consistent model. Figure 1 shows the kernel distribution
that corresponds to a signi�cance level � = 0:05, and Table 2 shows summary statistics on the distribution
of �� for various signi�cance levels. Our results are relatively insensitive to the chosen rejection level �. We
observe considerable inter-household variation in ��, ranging from zero for the two households that were
consistent with the time consistent model in the absence of measurement error, to approximately 17%. Thus,
the entire sample can be rationalised by the time consistent model if we believed that the standard deviation
of relative quantity errors ranged to 17%. To rationalise three-quarters of the households in our sample, we
still require a standard deviation on relative quantity errors of approximately 8%. These results indicate
that substantial measurement error in observed quantities is required if we are to rationalise a majority of
households by the time consistent model. Given the unlikelihood that the error in the ECPF data is that
large, we reject the hypothesis that measurement error explains the decisive rejection of the time consistent
model.
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Figure 1: Kernel plot of �� distribution
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Table 2: Summary statistics of �� distribution
Mean Min Q1 Median Q3 Max

� = 0:01 0.0614 0 0.0420 0.0592 0.0786 0.1610
� = 0:05 0.0640 0 0.0437 0.0616 0.0819 0.1677
� = 0:10 0.0654 0 0.0447 0.0630 0.0837 0.1715

3.4.2 Imperfect capital markets and imperfect foresight

Our theoretical framework assumes perfect capital markets and perfect foresight. These assumptions are
clearly very strong even though we only consider household behaviour over a relatively short, two-year period.
We here explore the impact that relaxing these assumptions could have on the pass rate of the time consistent
model.

Imperfect capital markets. Under the assumption of perfect capital markets, households are able to
borrow and save at the same interest rate. To relax this assumption, we use a method analogous to De-
muynck and Verriest (2012). Again, we refer the interested reader to Appendix B for a formal presentation.
Intuitively, we allow households to face some (unobserved) borrowing constraint that hinders their ability
to smooth consumption across time periods. If this additional constraint never binds, the revealed pref-
erence conditions for the time consistent model are unchanged from the ones in Theorem 1. However, a
binding borrowing constraint causes household consumption to deviate from its optimal path: a binding
borrowing constraint in period t implies that total household consumption in t is less than it would be under
unconstrained borrowing.5

Table 3 presents our results. Accounting for a binding borrowing constraint allows the pass rate of the
time consistent model to increase to approximately 24%. Although this represents a sizeable improvement, it
is still very modest. In Section 5 we show that an allowance for individual heterogeneity has a substantially
more bene�cial impact on our rationalisability results.

Table 3: Perfect capital markets versus imperfect capital markets
Perfect capital markets Imperfect capital markets

Pass rate (%) 0.13 23.66

Imperfect foresight. Finally, we relax the assumption that the household has perfect foresight with
respect to all relevant information, such as future prices, incomes and interest rates. In many settings, this
assumption is utterly implausible. However, given the short nature of our panel, the assumption may not

5This generally entails weaker revealed preference conditions (see Corollary 1 in Appendix B).
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be overly restrictive. In the absence of market imperfections, assuming perfect foresight is equivalent to
assuming a time-constant marginal utility of wealth. We relax the assumption of perfect foresight over the
entire time horizon in a simple way, by reducing the set of observations for which a time-constant marginal
utility of wealth is imposed. In particular, we sequentially reduce the length of a time series on a household
from jT j = 8 to jT 0j, 2 � jT 0j � 7: By construction, the pass rate will decrease monotonically as the set of
observations shrinks.
Table 4 reports our test results. The time consistent model is still heavily rejected if perfect foresight

is imposed for longer periods, suggesting that households may not be able to accurately forecast prices and
incomes that are far into the future. However, in Section 5 we will see that perfect foresight over the entire
time horizon of eight quarters cannot be rejected for the vast majority of households as soon as we allow
for intrahousehold heterogeneity in discount rates. Therefore, we argue that the heavy rejection of the time
consistent model cannot be solely attributed to the failure of our perfect foresight assumption.

Table 4: Imperfect foresight
Time horizon jT 0j 2 3 4 5 6 7 8
Pass rate (%) 90.54 51.80 20.19 4.86 1.20 0.25 0.13

In summary, this section has sought to establish the empirical validity of a time consistent model of
household consumption behaviour. We have decisively rejected the hypothesis that this model provides an
adequate framework for explaining observed patterns of family choice in our sample. This result is robust
to relaxing the assumptions of no measurement error, perfect capital markets and perfect foresight upon
which our testing framework is pre�xed. Given this negative result, in the following sections we explore
whether an explicit recognition of the collective nature of household choice can allow for the rationalisation
of consumption patterns.

4 Collective choice and time inconsistency

The collective preference cannot be recast in the required format for time consistency in the presence of
either heterogeneity in individual time preferences or innovations in the Pareto weight. The failure of
these assumptions manifest themselves in di¤erent ways in observed choice behaviour. This section explores
these sources of time inconsistency in greater depth and utilises Mazzocco�s (2007) theoretical framework to
develop an empirical strategy for distinguishing between the di¤erent sources of time inconsistent household
behaviour.

4.1 Individual heterogeneity

Within the collective unit, individual heterogeneity and innovations in the Pareto weight, !t, can both
introduce time inconsistencies to household consumption patterns, even if individuals within the family have
perfectly time consistent preferences.
With intrahousehold discount rate heterogeneity, one cannot collapse individual discount rates into a

single household rate of time preference, �tA + �
t
B 6= (�A + �B)

t. This implies that members�preferences
are weighted di¤erently in the household allocation problem at di¤erent points in time, even if the Pareto
weight remains constant. Other things equal, the preferences of the more patient member become relatively
more important in future time periods, introducing a time inconsistency to the collective preference.
Jackson and Yariv (2011) prove that for a group of otherwise homogeneous individuals choosing a common

consumption stream, any heterogeneity in time preferences necessitates a present biased collective preference,
and that with a uniform distribution of discount rates in a population, the collective utility function is
hyperbolic. Thus, time inconsistencies in group behaviour need not be derivative of nonstationarities at the
individual level. Rather, present biases in household choice can arise from the aggregation of heterogenous
time preferences.
Individual heterogeneity is the only source of time inconsistency in Mazzocco�s (2007) "full e¢ ciency"

model. The model assumes the existence of a perfect commitment mechanism, removing the possibility of
intrahousehold renegotiation. This implies the existence of a single, �xed Pareto weight to summarise the
household decision making process.
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For a given data set S = fqt;Qt;pt;Ptgt2T the full e¢ ciency model corresponds to the following ratio-
nalisation condition.6

De�nition 3 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the full e¢ ciency model
if there exist, for all t 2 T , private quantities qAt ; qBt 2 RN+ (with qAt + qBt = qt) and, in addition, concave,
strictly increasing felicity functions uA and uB, discount factors �A; �B 2 (0; 1] and a Pareto weight ! > 0
such thatX

t2T

�
�t�1A uA(qAt ;Qt) + !�

t�1
B uB(qBt ;Qt)

	
�
X
t2T

n
�t�1A uA(�At ; �

H
t ) + !�

t�1
B uB(�Bt ; �

H
t )
o

for all a¤ordable consumption plans f�At ; �Bt ; �Ht gt2T (with �
A
t ; �

B
t 2 RN+ and �Ht 2 RK+ ), which satisfyX

t2T
[p0t(q

A
t + q

B
t ) +P

0
tQt] �

X
t2T
[p0t(�

A
t + �

B
t ) +P

0
t�
H
t ]:

As for the time consistent model, the constant Pareto weight ! incorporates the combined impact of
all changes in distribution factors over time; it can be considered as the average relative power of family
members across the lifetime of the household. Thus, with the existence of a perfect commitment mechanism,
the only source of time inconsistent aggregate behaviour is discount rate heterogeneity. If �A = �B = �
then the collective preference could be recast in a time consistent format with a stationary household felicity
function.

Revealed preference conditions. How can we test for the importance of individual heterogeneity as a
source of time inconsistency? Discount rate heterogeneity negates the possibility of representing the collective
preference in representative-consumer format. Given this, the composition of household consumption and
its distribution between family members plays a central role in revealed preference tests of the full e¢ ciency
model. This has two important implications for the revealed preference conditions associated with the full
e¢ ciency model. First, for privately consumed goods, the information on qAt and q

B
t is relevant. Second,

for publicly consumed goods, the relevant �prices�for an individual family member will be so-called Lindahl
prices, PAt and P

B
t . These prices coincide with a family member�s marginal willingness to pay and, given

the maintained assumption of cooperative decision making, sum to observed prives, PAt + P
B
t = Pt.

Theorem 2 gives the condition under which household choice can be rationalised by the full e¢ ciency
model. If choices can be rationalised by the model, we cannot reject the hypothesis that time inconsistencies
in aggregate behaviour are the result of discount rate heterogeneity within the family.

Theorem 2 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the full e¢ ciency model
if and only if there exist, for all t 2 T , private quantities qAt ; qBt 2 RN+ (with qAt + q

B
t = qt), Lindahl prices

PAt ; P
B
t 2 RN+ (with PAt + PBt = Pt), utility numbers uAt , u

B
t 2 R and constants �A; �B 2 (0; 1] that, for

any s; t 2 T , satisfy

uAs � uAt � 1

�t�1A

�
p0t(q

A
s � qAt ) +PA0t (Qs �Qt)

�
;

uBs � uBt � 1

�t�1B

�
p0t(q

B
s � qBt ) +PB0t (Qs �Qt)

�
:

In words, if we can �nd a discount factor �m and constants fumt gt2T for each household member m 2
fA;Bg, along with feasible private quantities and Lindahl prices, such that the inequalities de�ned by
Theorem 2 hold, then there exists a pair of felicity functions and constant discount rates that provide a
perfect within-sample rationalisation of the household data. Conversely, if we cannot �nd values of all

6One important di¤erence between our theoretical framework and that of Mazzocco�s (2007) �full e¢ ciency�model is the
assumption of perfect foresight. Revealed preference tests of martingale processes lack content as, without a speci�cation of the
expectation process, one can always posit an unexpected shock to rationalise behaviour. Following Mazzocco, our framework
also assumes perfect capital markets. We recognise that these assumptions are very strong; see also our Section 3.3. Still, in
our empirical application we will �nd that nearly all observed household behavior in our sample can be rationalised even when
maintaining these assumptions. See Section 5 for more discussion.
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relevant variables such that these inequalities hold, then there does not exist a theory-consistent speci�cation
of household member preferences and a constant Pareto weight that rationalise the observed consumption
stream. This allows us to test whether time inconsistencies in choice can be explained by appeal to discount
rate heterogeneity alone. If a non-empty feasible set is associated with the full e¢ ciency constraints, one
cannot reject the hypothesis that time inconsistency in household choice is simply the product of individual
heterogeneity within the collective unit. One does not necessarily require nonstationarities in individual
preferences or renegotiations of the household choice rule over time to rationalise the observed behaviour.

4.2 Renegotiation

If household behaviour is inconsistent with the full e¢ ciency model, an appeal to more than just discount
rate heterogeneity is required. The second condition for time consistency of the collective preference is the
existence of a constant Pareto weight across the full lifetime of the household. Whether this is necessarily
attained depends upon the existence of a perfect intrahousehold commitment mechanism. Without a perfect
commitment device, the Pareto weight can vary over time to re�ect renegotations of the household choice
rule. These renegotiations thus open up an additional mechanism for time inconsistent behaviour.
Mazzocco�s (2007) �no-commitment�model weakens the assumption of perfect intrahousehold commit-

ment. Instead, the household solves the lifetime bargaining problem subject to additional incentive com-
patibility constraints. Mazzocco (2007) classes a consumption stream as incentive compatible if it does not
provide an incentive for any family member to quit the household at some point to take their �outside op-
tion�. An individual�s outside option is de�ned as the utility they could derive from divorcing and contining
in the world alone.7

Using the method developed by Marcet and Marimon (1998), the no-commitment model can be for-
mulated as a recursive saddle point problem and theory consistent behaviour corresponds to the following
rationalisation condition.8

De�nition 4 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the no-commitment
model if there exist, for all t 2 T , private quantities qAt , qBt 2 RN+ (with qAt + qBt = qt) and, in addition,
concave, strictly increasing felicity functions uA and uB, discount factors �A; �B 2 (0; 1], Pareto weights
!At ; !

B
t > 0, multipliers '

A
t and '

B
t and outside utilities u

A
t and u

B
t such thatX

t2T
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In this de�nition, 'mt represents the Lagrange multiplier onm�s incentive compatibility constraint, and u
m
t

gives the utility associated with m�s outside option, that is, the stream of utility that m could receive when
leaving the household at period t. The household choice rule, summarised by the set of intrahousehold
preference weights, !mt ; is sequentially renegotiated to re�ect changes in the slackness of the incentive
compatibility constraints: !A1 = 1, !At = !At�1 + '

A
t and !

B
1 = !, !Bt = !Bt�1 + '

B
t . Assuming positive

gains to marriage continuation for at least one spouse in every time period, there will always be at least

7This de�nition is akin to Shaked and Sutton�s (1984) formulation of outside options.
8This formulation implicitly embodies the requirement that a particular consumption pro�le must be incentive compatible.

i.e. for each member m = fA;Bg
jT j�tX
s=0

�smu
m(qmt+s;Qt+s) � umt :

In words, by remaining within the household each household member must achieve welfare at least as great as when exiting via
divorce.
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one individual who is strictly better o¤ if the marriage continues rather than dissolving through divorce.
Thus, the incentive compatibility condition can only bind for one family member at any point in time, i.e.
if 'At 6= 0 then 'Bt = 0, and vice versa. In periods where the incentive compatibility constraint binds for
some member, the weight assigned to her preferences is increased until she is indi¤erent between taking
their outside option and staying within the household. This new weighting of family member preferences
then prevails in subsequent time periods until an incentive constraint again binds and another reweighting
of preferences is implemented.
Stationarity of the household per-period felicity function can now also be undermined by renegotiations

of the household choice rule, which take place whenever an incentive compatibility constraint binds. That
allocations are sensitive to outside option heterogeneity is clear from the family maximisation problem;
umt appears explicitly in the household objective function. However, the interaction between discount rate
heterogeneity and incentive compatibility is more subtle. Consider a couple who are identical in every
respect except for their patience, �A < �B . The optimal lifecycle plan would see a more present-weighted
consumption pro�le for A than B. Thus in early periods, A would receive a greater relative share of per-
period expenditure, and the opposite in later periods. However, without a commitment mechanism, this plan
may be infeasible. In some period, as her per-period resource share drops, A could conceivably do better by
quitting the household, especially given the low weight she attaches to future marital surpluses.The Pareto
weight will then be renegotiated to re-emphasise A�s preferences in the household allocation problem to
prevent her from dissolving the household.

Revealed preference conditions. The no-commitment model implies the existence of a set of mutually
exclusive subsets within there is no renegotiation and thus, the same Pareto weight is applied.9 To introduce
the potential for renegotiation into our revealed preference set-up, consider a partition of the set T into �
mutually exclusive subsets T� of the form

T = fT1; :::; T�g,

with
T = [��=1T� and T�s \ T�t = ; if � s 6= � t,

such that
�1 < �2 implies t1 < t2 for all t1 2 T�1 and t2 2 T�2 .

Each subset represents a distinct �Pareto weight regime�, thus !ms = !mt for all s; t 2 T� . Let the Pareto
weight in subset T� thus be denoted !m� : We then have the following testability result.

Theorem 3 For a partition T, the set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the
no-commitment model only if there exist, for all t 2 T , private quantities qAt ; qBt 2 RN+ (with qAt + qBt =
qt), Lindahl prices PAt ; P

B
t 2 RN+ (with PAt + PBt = Pt), utility numbers uAt , u

B
t 2 R and constants �A;

�B 2 (0; 1] that, for any s; t 2 T� (� 2 f1; :::;�g), satisfy

uAs � uAt � 1

�t�1A

�
p0t(q

A
s � qAt ) +PA0t (Qs �Qt)

�
;

uBs � uBt � 1

�t�1B

�
p0t(q

B
s � qBt ) +PB0t (Qs �Qt)

�
:

The interpretation is similar to before. In this particular case, innovations in the Pareto weight de�ne
the partitions of the set T: Thus, within sub-periods T� , the Pareto weight is constant and choices must
satisfy the revealed preference inequalities associated with the full e¢ ciency model (in Theorem 2).

9For rich enough data sets we can de�ne these subsets by using information on outside options. In our own application (in
Section 5), however, we do not have such information and, therefore, we consider all possible partitions T.
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5 Rationalising observed time inconsistency

In this section, we resume our empirical application to the ECPF data. We �nd that simply allowing for
limited intrahousehold heterogeneity in the discount rate allows the behaviour of 98.4% of families to be
rationalised without recourse to hyperbolic discounting at the individual level. Given this positive result, we
conduct a detailed investigation of the theory-consistent di¤erences in spousal discount rates.
Furthermore, although the vast majority of household behaviour can be explained without any mention

of intrahousehold renegotiation, we provide results for a strengthened version of the conditions in Theorem 3,
which assumes equal discount factors for the individual household members A and B, �A = �B :We consider
the success of this strengthened version of Theorem 3 to allow for an assessment of the relative importance
of time preference heterogeneity and renegotiation in generating observed time inconsistency. Our results
suggest that, for our short panel, discount rate heterogeneity is the more relevant channel for explaining
patterns of household choice.
Similar to Section 3, we conduct �yes/no�tests for the models that account for individual heterogeneity.

Thus, the interpretation of the test results reported below is directly analogous to before: the pass rate
gives the proportion of households that can be rationalised by a given a model. Our testing procedure
is slightly modi�ed from that of Section 3 to account for the collective nature of choice. We test the
conditions in Theorems 2 and 3 using a two-dimensional grid search over individual discount factors on
[0:9; 1]2, with a spacing of 0.005. Further, to test the strengthened version of Theorem 3, we consider
alternative scenarios de�ned by the maximum number of renegotiations that are permissable in the two-year
period that a household is observed: this maximum can range from 0 (i.e. time consistent behaviour) to 7
(i.e. the Pareto weight changes in each di¤erent consumption quarter).

5.1 Test results

Table 5 presents our results. Let us �rst consider the full-e¢ ciency collective model, which allows for �-
heterogeneity within the household but imposes a single choice rule for the period of consideration. The
results associated with the full e¢ ciency model stand in stark contrast to those reported in Section 3 for
the time consistent model. We can explain the behaviour of the overwhelming majority of households using
the framework of this extremely simple intertemporal collective model, under which the only source of
time inconsistency in household revealed preferences is variation in the time preferences of family members.
No further recourse to nonstationarities at the individual level is required. We �nd this result surprising
given the strong assumptions of perfect foresight, perfect commitment and perfect capital markets that the
theoretical framework incorporates. However, we cannot reject the hypothesis that these assumptions are
valid in the short term, or at least for two years. For 98.4% of households we are able to �nd a well-behaved
felicity function and a constant discount rate for each family member that provide a perfect within-sample
rationalisation of their choice behaviour.10

We next consider the pass rate associated with the strengthened version of Theorem 3 that admits rene-
gotiation but assumes �-homogeneity. Unsuprisingly, allowing for more frequent renegotiations of the Pareto
weight is associated with an increase in the pass rate.11 For the extreme scenario that allows innovations
in the Pareto weight between any two consecutive periods (quarters in our case) the pass rate amounts to
92.75%. However, as soon as we require a stable Pareto weight over two periods or more, the pass rate drops
quite dramatically.

Table 5: Individual heterogeneity
Full e¢ ciency and �-heterogeneity

Pass rate (%) 98.36
Renegotiation and �-homogeneity

Renegotiations (max.) 0 1 2 3 4 5 6 7
Pass rate (%) 0.13 1.08 7.07 22.34 50.29 74.83 89.28 92.75

10Here it is worth to remark that Mazzocco (2007) actually rejected the full e¢ ciency model in his empirical application. Our
�ndings suggest that this rejection could be the result of biases introduced by misspeci�cation, omitted relevant distribution
factors or the synthetic nature of the panel used, rather than a failure of commitment itself.
11This is unsurprising since increasing the number of (possible) renegotiations generally obtains less stringent rationalisability

conditions.
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We conclude that accounting for the collective nature of household choice allows the intertemporal behav-
iour of families in our sample to be explained using simple models that assume constant discounting at the
individual level. For the given data set, our results provide particularly strong empirical support for a model
which locates the primary source of time inconsistent family behaviour with intrahousehold �-heterogeneity.
This full-e¢ ciency model seems plausible given the short time span of our sample.

5.2 Discriminatory power and predictive success

Thus far, we have only considered pass rates of the various intertemporal models presented in this paper.
However, alongside the pass rate, empirical applications of revealed preference analysis often consider two
additional performance metrics: discriminatory power and predictive success. In this section, we compute
these metrics for the three behavioural models under study, to complement the pass rates already reported.12

As we will explain, predictive success gives a holistic measure of the empirical performance of a behavioural
model by simultaneously accounting for the pass rate and discriminatory power. As such, it is particularly
interesting to compare models by using this metric. We �nd that this comparison provides additional
empirical support for the full e¢ ciency model as framework for explaining the choice behaviour of households
in our sample.

Discriminatory power. Following Bronars (1987), we de�ne the discriminatory power of a revealed
preference test for a particular behavioural model as the probability of detecting behaviour that is not
rationalisable by the model.
Bronars suggests an iterative procedure to compute his power metric, which we apply to each household

in our sample. At every iteration, the procedure simulates random behaviour (i.e. behaviour that is not
generated by any optimising model) by drawing jT j � (N + K) random budget shares from the uniform
distribution. For a given household, these budget shares then de�ne a new random consumption stream
fqRt ;QR

t gt2T that exhausts total wealth.13 We then test the revealed preference conditions of the model
under evaluation on the correspondingly de�ned set fqRt ;QR

t ;pt;Ptgt2T . In our application, we iterate this
procedure 1000 times and calculate the proportion of the randomly generated consumption streams that fail
the revealed preference restrictions of the behavioural model.
We use the proportion of randomly generated consumption streams that fail the revealed preference

restrictions to calculate a household-speci�c measure for discriminatory power. This proportion proxies
the true probability that random household behaviour will fail the restrictions of the behavioural model for
observed prices and total household expenditure. For example, if 50% of all randomly generated consumption
streams fail to meet the requirements of a revealed preference test, then there is approximately a 50% chance
that our tests will correctly reject random choice behaviour. Generally, high power signals a restrictive model
and there is a high probability that revealed preference tests will detect irrational/random behaviour.
At this point, recall that we conducted a grid search on the discount factor (� for the time consistent

model and (�A; �B) for the collective models) to compute pass rates for the di¤erent models. Computing
power requires an analogous grid search at each iteration. We de�ne a household speci�c grid size, conditional
on whether the observed household choices are rationalisable by the model under study. For the collective
models, if observed behaviour is not rationalisable, then at each iteration we de�ne the same grid size as
before: the interval [0:9; 1]2 with a spacing of 0.005. However, if observed behaviour can be rationalised by
the model in question, we use this information to de�ne a �ner grid. Speci�cally, we search only over (�A; �B)
for which the di¤erence (�A � �B) is not greater than the minimum di¤erence under which the observed
behaviour is rationalisable.14 This adjusted grid search substantially limits the computational burden of our
power assessment, while accounting for the information on individual time preferences as revealed by the
observed behaviour. We proceed similarly for the time consistent model. For nonrationalisable behaviour,
we consider � in the interval [0:9; 1], with a spacing of 0.005, and, for nonrationalisable behaviour, our �ner
grid contains all � no lower than the maximum value under which rationalisability is obtained.

12For the collective model that allows for renegotiation, the following results all pertain to the speci�cation that allows
innovations in the Pareto weight between any two consecutive periods, of which the pass rate amounts to 92.75% (see Table 5).
13This simulated random behaviour corresponds to Becker�s (1962) notion of irrational behaviour as behaviour that randomly

exhausts the available budget.
14 In Section 5.3 we explain our procedure to recover this minimum di¤erence (�A��B) that is consistent with rationalisability.
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Results. Figure 2 shows the kernel distribution of discriminatory power for the three models under study,
and Table 6 gives corresponding summary statistics. Some notable features emerge. First, the time consistent
model has very high discriminatory power. For over half of the households, discriminatory power equals
100%, and the average power is no less than 99.97%. This is not too surprising given the extremely low
pass rate (0.13%) that we obtained before. In contrast, the collective model that allows for renegotiation
within the household but assumes homogenous discount rates has generally low power: the average value
is only 8.99%, and the maximum value amounts to no more than 13.30%. Finally, the model that admits
intrahousehold �-heterogeneity, while assuming a constant Pareto weight, takes an intermediate position:
average power is 47.73%, which is high for revealed preference tests of the collective model (see Cherchye,
De Rock and Vermuelen, 2009). There is also signi�cant heterogeneity in discriminatory power across
households: minimum power equals 0% and maximum power, 100%. The full e¢ ciency model performs
relatively well in terms of discriminatory power.

Figure 2: Kernel plot of power distribution
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Renegotiation and �-homogeneity
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Table 6: Summary statistics of power distribution (in %)

Mean Min Q1 Median Q3 Max
Time consistency 99.97 99.60 99.90 100.00 100.00 100.00

Full e¢ ciency and �-heterogeneity 47.73 0.00 22.00 48.70 72.02 100.00
Renegotiation and �-homogeneity 8.99 3.80 7.60 9.40 10.40 13.30
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Predictive success. We also compute a predictive success metric to compare the di¤erent models that
we study. This metric was recently axiomatised by Beatty and Crawford (2011) and is based on an original
proposal of Selten (1991). It combines the pass rate and power of a particular behavioural model into a
single metric: for each household, it subtracts 1 minus the power measure from the pass measure (1 or 0).
As such, the predictive success measure can be interpreted as a power-adjusted pass rate. The measure is
always situated between -1 and 1.
The higher the average predictive success measure, the better the empirical performance of the behav-

ioural model under evaluation. A predictive success value in the neighbourhood of -1 pertains to a household
that fails the rationalisability conditions, implying a pass measure equal to 0, even though the power of the
test is low and thus relatively easy to pass (i.e. discriminatory power is close to 0). Conversely, a predictive
success value in the neighbourhood of 1 indicates a household that passes the model restrictions in a situation
where the model has high power. This represents the �ideal�scenario if you will. Finally, a predictive success
value equal to zero suggests that the model is not informative for the household at hand: the model does
not outperform the uninformative assumption that households exhibit random consumption behaviour, for
which the power is 0 and the pass measure equals 1, by construction.
Figure 3 and Table 7 summarise the predictive success results for the three models under study. These

results suggest that both the time consistent model and the no commitment model with homogenous discount
factors are uninformative for our sample of households. For many households, they cannot distinguish
between �rationalisable�and �random�behaviour, although for di¤erent reasons. The very stringent time
consistency model rejects almost any behaviour, which e¤ectively makes it a neutral predictor. By contrast,
the no commitment model with homogenous discount factors is not very restrictive for our Spanish data set
and thus su¤ers from low power (see Figure 2). As a result, although the model achieves a high pass rate,
it barely outperforms the neutral time consistent model in terms of predictive success.
Both these models are outperformed by the full e¢ ciency model with heterogeneous discount factors, as

is readily apparent from Figure 3 and Table 7. We can even establish a (partial) stochastic dominance result
in terms of predictive success. If we disregard the small set of households that are not rationalizable by the
full e¢ ciency model, which amounts to only 1.6% of the sample, the whole predictive success distribution
pertaining to the remaining sample is situated to the right of the distributions pertaining to the other two
models. These results suggest that the full e¢ ciency model is a particularly useful one for describing the
short term dynamics of the consumption behaviour of the households studied here.
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Figure 3: Kernel plot of predictive success distribution
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Table 7: Summary statistics of predictive success distribution (in %)

Mean Min Q1 Median Q3 Max
Time consistency 0.09 -0.40 -0.10 0.00 0.00 100

Full e¢ ciency and �-heterogeneity 46.09 -100.00 22.00 48.70 72.02 100
Renegotiation and �-homogeneity 1.73 -94.80 7.00 9.10 10.30 13.30

5.3 Time preference recovery

The analysis above suggests that the full e¢ ciency model, allowing for time preference heterogeneity, performs
well for the data at hand. Given this implied importance of discount rate heterogeneity in accounting for
household consumption behaviour, we now explore the nature of the theory-consistent set of household
discount rates, and consider whether the necessary degree of unobservable preference heterogeneity correlates
with observable family characteristics.

Minimum heterogeneity. For each household that can be rationalised by the full e¢ ciency model, we
recover the discount rates that make observed consumption behaviour consistent with the rationalisability
conditions in Theorem 2. One drawback of our revealed preference methodology is that the identi�cation of
these discount rates is necessarily weakened by the lack of structure our framework imposes on individual
preferences and the household choice problem. Our recovery problem is thus underdetermined and preferences
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are only set identi�ed in the sense of Manski (2007). We refer to this set of potential time preferences as the
set of "theory consistent discount rates".
We deal with this non-uniqueness by reporting results for the minimal amount of discount rate hetero-

geneity necessary to rationalise the household consumption stream. To determine the minimum di¤erence
(�A � �B) in the discount rate grid, we iterate the testing procedure by considering the allowable grid
points in a speci�c order. We initially set �A � �B = 0, which corresponds to the time consistent model,
and thus is rejected for all but two households. For the remaining households, we ask if behaviour can be
rationalised for �A � �B = 0:005, by testing for a non-empty set to the inequalities de�ned by Theorem 2
with �A 2 [1; 0:995; :::; 0:905] and �B = �A � 0:005. For the remaining non-rationalisable households, the
di¤erence is then set at 0.01, and so on until the maximum di¤erence is reached when �A = 1 and �B = 0:90.
We are able to assume that �A � �B without loss of generality because the data set does not contain

assignable goods, whose consumption can be tied to a particular household member. Thus, the Afriat
inequalities for m = fA,Bg are fully symmetric. Therefore, we make no assumptions on, and cannot test
for, whether the husband or wife is the more patient household member. If assignable information were
available, analysis using our methodology could be easily extended to address gender-related questions.
The distribution of the minimum heterogeneity level over all 1559 rationalisable households is summarised

in Table 8, and shown with more detail in Figure 4.

Table 8: �-heterogeneity
Mean Min Q1 Median Q3 Max

Min (��A � ��B) 0.0199 0 0.0100 0.0150 0.0250 0.0950

Only limited heterogeneity is required to rationalise the behaviour of most households. Almost three
quarters of the households that are consistent with Theorem 2 only require �A � �B � 0:025 to rationalise
their behaviour. The kernel plot in Figure 4 con�rms that the distribution of minimal heterogeneity shows
a high and relatively narrow peak for limited amounts of within-household heterogeneity in time prefer-
ences. We also note that the maximum allowable heterogeneity level of 0.10 is not observed for any of the
rationalisable households.

Figure 4: �-heterogeneity
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Appeal to observed heterogeneity. We investigate whether patterns in minimum unobservable time
preference heterogeneity are related to observable heterogeneity via a simple regression of the log of minimum
discount rate distances on recorded household characteristics. The ECPF contains information on a number
of household characteristics including: age of each spouse, schooling and occupation of the head, the number
of children in the household and housing tenure.15 We also consider total consumption expenditures and the
15We created dummy variables for housing tenure and job position. The variable �high level job� equals 1 if the household

head is wage earner with a university degree, and 0 if he is a specialized worked without a university degree, or an unspecialized
worker.
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average budget share of public goods as proxies for wealth and marital surpluses respectively.
Table 7 shows the regression results. We �nd that intrahousehold heterogeneity in discount factors

correlates with many household characteristics and other observables: average spousal age, the presence of
children and the level and variance of household expenditures.
First let us consider possible rationalisations of the inverse relationship between average spousal age and

time preference heterogeneity. We hypothesise that a positive association between age and match quality
generates this correlation. Match quality is closely aligned to similarity in time preferences in the literature.
For example, Schaner (2012) classes couples as either �well� or �badly� matched purely on the basis of
di¤erences in their elicited discount rates. We see two alternative explanations for the positive association
between the average age of a couple and match quality. First, the older people are, the more likely it is for
them to have met and married someone similar to them. Second, only well-matched couples stay together in
the long term. Before considering these explanations in more detail, we must �rst comment on the place of
divorce in our framework. Our empirical test assumes an invariant intrahousehold decision making rule for
the two years a family is observed. However, this is not to say that renegotiation and divorce cannot occur in
the long run. Clearly, some couples do divorce in reality but the probability of divorce is declining in match
quality (Becker et al 1977; Weiss and Willis 1997). The higher the quality of a match, the more marital
surplus is available to be shared by a couple and the less likely it is for marriage dissolution to dominate for
either spouse in any time period.
Now, on the �rst pro¤ered explanation for the association between match quality and average age,

consider the search process leading to marriage. If this process is costly, individuals will accept imperfect
matches even if it is known that di¤erences in time preferences will create ine¢ ciencies in the new household
(see Burdett and Coles (1999) for a formal framework). Over time, if some search continues during marriage,
individuals will continue to acquire new information on other potential matches. If a spouse meets a high
enough quality match, it can be worth dissolving an existing marriage to take up a new opportunity. The
older someone is, the longer they will have been a participant in the marriage market and therefore, the
more likely it is that they will have met someone similar to themselves and thus be a member of a �high
quality�match. In this way, costly search can create a negative association between age and discount rate
heterogeneity.
Alternatively, on the second explanation, it is not unreasonable to assume that older couples have been

married longer. Some model match quality as an experience good.(Nelson 1970; Jovanovic 1979; Weiss and
Willis 1997; Chiappori and Weiss 2006). In contrast to the above, these explanations assume that one cannot
perfectly assess the suitability of a potential mate until marriage occurs and a match is experienced. Given
that young couples have lower marriage experience, one can expect a greater variation in match quality (i.e.
heterogeneity in discount rates) amongst this group, as these couples are still assessing the degree to which
they are suited and not all poor matches will have been terminated. However, only well suited couples will
remain married for a long period of time, again creating a negative association between the age of a couple
and discount rate heterogeneity.
The presence of children and higher total expenditure are also associated with smaller di¤erences in time

preferences. These facts can also be rationalised by appeals to match quality. Children raise the cost of
divorce and thus one would not want to bring children into a household unless one were sure that they
are part of a high quality match. On the relationship between total expenditure and heterogeneity, more
wealthy individuals are able to bear search costs for longer before entering into a match, which again raises
the average quality of match that they can expect to make.
Another variable of interest is the variation in household spending. We �nd that a higher variation

is generally associated with more time preference heterogeneity. We do not directly see a behavioural
interpretation of this phenomenon. Actually this �nding may simply be an artefact of our focus on the
minimum �-heterogeneity needed for rationalisability in terms of the full e¢ ciency model. Because this
model excludes that (large) income changes cause renogotiation within the household, we may generally
need a higher �-di¤erence to obtain consistency with the conditions in Theorem 2 for households facing
substantial income variation.
As a �nal note, we remark that our results suggest three further e¤ects that are signi�cant: university de-

gree, home ownership and high level job all seem to bear a positive relation to intrahousehold �-heterogeneity.
We could not directly see a �collective�interpretation of these e¤ects. Follow-up research, potentially using
richer data sets, may focus on better explaining these patterns. For example, as indicated above, data sets
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that include information on assignable goods can allow for identifying gender-speci�c e¤ects, which may be
relevant here.

Table 9: �-heterogeneity and household characteristics
coe¢ cient standard error

Mean age -0.00725*** 0.00213
Age di¤erence 0.00153 0.00589
University degree 0.146* 0.0704
High school degree -0.0542 0.0379
Children (dummy) -0.111* 0.0432
Log expenditures (logexp) -0.322*** 0.0417
Var(logexp) 2.01*** 0.240
Pct. public cons. 0.0124 0.159
Home owner 0.103* 0.0415
High level job 0.184** 0.0669

R-squared 0.0925
No. of observations 1557

* = signi�cant at 5%-level, ** = signi�cant at 1%-level, *** = signi�cant at 0.001%-level.

6 Conclusion

We have provided a revealed preference analysis of time inconsistencies in household consumption. Adopting
a collective perspective, we focused on rationalising these inconsistencies as the product of nonstationarities
at the individual level or the result of individual heterogeneity and renegotiation within the collective unit.
An empirical application to a Spanish consumption panel highlights that an explicit recognition of the
collective nature of choice allows us to rationalise the vast majority of time inconsistent household behaviour.
Almost all observed household behaviour turns out to be consistent with a simple model that assumes perfect
intrahousehold commitment (i.e. no renegotiation) in the two-years period under consideration together with
exponential discounting at the individual level, but allowing for heterogeneity in time preferences within the
household.
We have also shown that revealed preference restrictions can be fruitfully applied to recover individual

time preferences. One can then relate these results to speci�c individual or household characteristics. For
example, for our application we found that the intrahousehold heterogeneity in discount factors correlates
with average spousal age, the presence of children and the level and variance of household expenditures. This
application demonstrates the potential usefulness of revealed preference methodology to address this type of
questions in an e¤ective manner. It is our belief that richer household data sets (e.g. including assignable
goods and more information on observable characteristics) may yield additional and more re�ned insights.
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Appendix A: Proofs

This appendix gives the proofs of our Theorems 1-3.

Proof of Theorem 1

(Necessity) Suppose the set of observations S can be rationalised by the.time consistency model. Let �
denote the Lagrange multiplier associated with the household budget constraint. We get the following �rst or-

der constraints for the household optimisation problem (with @uH(qAt ;q
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Under concavity of the function uH , we have

uH(qAs ;q
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Combining the di¤erent inequalities leads to

uH(qAs ;q
B
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[p0t(qs � qt) +P0t(Qs �Qt)] :

By using uH(qAs ;q
B
s ;Qs)

� = uHs , we obtain the inequalities in Theorem 1.

(Su¢ ciency) Suppose the inequalities in Theorem 1 hold. Then, de�ne the following felicity function:
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1
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Using a straightforwardly similar argument as Varian (1982), we can derive uH(qAt ;q
B
t ;Qt) = u

H
t .

Consider any consumption plan fxAt ;xBt ;Xtgt2T such thatX
t2T

�
p0t(x

A
t � qAt ) + p0t(xBt � qBt ) +P0t(Xt �Qt)

�
� 0;

i.e. the consumption plan fxAt ;xBt ;Xtgt2T is a¤ordable given the outlay associated with fqAt ;qBt ;Qtgt2T .
Then, we need to show thatX

t2T
�t�1uH(xAt ;x

B
t ;Xt) �

X
t2T

�t�1uH(qAt ;q
B
t ;Qt):

Using the utility function de�ned above, we obtainX
t2T

�t�1uH(xAt ;x
B
t ;Xt)

�
X
t2T

�t�1
�
uHt +

1

�t�1
[p0t(x

A
t � qAt ) + p0t(xBt � qBt ) +P0t(Xt �Qt)]

�
=

X
t2T

�t�1uHt +
X
t2T
[p0t(x

A
t � qAt ) + p0t(xBt � qBt ) +P0t(Xt �Qt)]

�
X
t2T

�t�1uHt ,

so that uH(qAt ;q
B
t ;Qt) = u

H
t gives the wanted conclusion.

Proof of Theorem 2

(Necessity) Suppose the set of observations S can be rationalised by the.full e¢ ciency model. Let � denote
the Lagrange multiplier associated with the household budget constraint. We get the following �rst order
constraints (with @um(qmt ;Qt)

@qmt
and @um(qmt ;Qt)

@Qt
(m 2 fA;Bg) the subgradients for the function um at bundle
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(qmt ;Qt)):

�t�1A

@uA(qAt ;Qt)

@qAt
� �pt;

��t�1B

@uB(qBt ;Qt)

@qBt
� �pt;

�t�1A

@uA(qAt ;Qt)

@Qt
+ ��t�1B

@uB(qBt ;Qt)

@Qt
� �Pt.

Under concavity of each felicity functions um, we have

um(qms ;Qs)� um(qmt ;Qt) �
�
@um(qmt ;Qt)

@qmt

�0
(qms � qmt ) +

�
@um(qmt ;Qt)

@Qt

�0
(Qs �Qt):

Now de�ne, for each t 2 T;

�A = �, �B =
�

�
,

PAt =
�t�1A

�A
@uA(qAt ;Qt)

@Qt
;

PBt = Pt �PAt :

Combination yields

um(qms ;Qs)� um(qmt ;Qt) �
�m

�t�1m

p0t(q
m
s � bqmt ) + �m

�t�1m

(Pmt )
0(Qs �Qt):

By using um(qms ;Qs)=�
m = ums , we obtain the inequalities in Theorem 2.

(Su¢ ciency) Suppose the inequalities in Theorem 2 hold. then, de�ne the following felicity function for
each member m 2 fA;Bg:

um(xm;X) = min
s

�
ums +

�m

�s�1m

[p0s(x
m � qms ) +P0s(X�Qs)]

�
:

Using a straightforwardly similar argument as Varian (1982), we can derive um(qmt ;Qt) = u
m
t .

Consider any consumption plan fxAt ;xBt ;Xtgt2T such thatX
t2T

�
p0t(x

A
t � qAt ) + p0t(xBt � qBt ) +P0t(Xt �Qt)

�
� 0;

i.e. the consumption plan fxAt ;xBt ;Xtgt2T is a¤ordable given the outlay associated with fqAt ;qBt ;Qtgt2T .
Then, for !A = 1 and !B = ! we need to show thatX

m2fA;Bg

X
t2T

!m�t�1m um(xmt ;Xt) �
X

m2fA;Bg

X
t2T

!m�t�1m um(qmt ;Qt):

27



Without losing generality, we can assume � = 1 or, equivalently, !m = 1
�m . As such, we obtainX

m2fA;Bg

X
t2T

!m�t�1m um(xmt ;Xt)

�
X

m2fA;Bg

X
t2T

!m�t�1m

�
umt +

�m

�t�1m

[p0t(x
m
t � qmt ) +P0t(Xt �Qt)]

�
=

X
m2fA;Bg

X
t2T

!m�t�1m umt +
X

m=A;B

X
t2T
[p0t(x

m
t � qmt ) +P0t(Xt �Qt)]

�
X

m2fA;Bg

X
t2T

!m�t�1m umt ;

so that um(qmt ;Qt) = u
m
t gives the wanted conclusion.

Proof of Theorem 3

The result uses that, for a given partition T, consistency with the no-commitment model requires that, for
each subset T� (� 2 f1; :::;�g), that the corresponding subset of observations fqt;Qt;pt;Ptgt2T� can be
rationalized by the full commitment model. Then, the result follows directly from Theorem 2.

Appendix B: Measurement error and imperfect capital markets

In our assessment of the time consistent model we also considered (in Section 3.2) robustness checks with re-
spect to measurement error and imperfect capital markets. In this appendix we provide a formal presentation
of the methodology we used for this purpose.

Measurement error

As explained in the main text, our measurement error procedure assumes the following multiplicative error
structure:

q�t;n = (1 + �t;n) qt;n and Q
�
t;k = (1 + "t;k)Qt;n;

for q�t;n and Q
�
t;n the true (but unobserved) values of the private and public quantities, respectively. Let

us assume that the true data set S� = fq�t ;Q�
t ;pt;Ptgt2T is rationalisable by the time consistent model.

Unfortunately, we only observe the actual set data S = fqt;Qt;pt;Ptgt2T , which may not be theory-
rationalisable.
De�ne the following perturbation to observed quantities:

eqt;n = (1 +e�t;n) qt;n and eQt;k = (1 + e"t;k)Qt;n;
While we cannot observe the actual errors �t;n and "t;k, we can calculate the smallest perturbations e�t;n ande"t;k necessary such that the perturbed data set eS = feqt; eQt;pt;Ptgt2T is consistent with the time consistent
model. Speci�cally, we minimise the sum of squared error terms:

min eV=X
t2T

 
NX
n=1

(e�t;n)2 + KX
k=1

(e"t;k)2! ;
subject to the constraint that eS satis�es the model.eV can be used to assess the null hypothesis that the true data S can be rationalised by the model as
soon as we account for measurement error in observed quantities. If we assume that the true errors �t;n and
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"t;k are independently normally distributed with zero mean and constant variance �2, then we know that

V

�2
� �2120;

whereV is the sum of squared errors associated with the true quantities,V =
P

t2T (
PN

n=1(�t;n)
2+
PK

k=1("t;k)
2),

and the degrees of freedom equal the number of quantity errors, jT j � N = 8 � 15.16 If V and �2 were ob-
servable, the null hypothesis would be rejected if V=�2 � C�;where C� represents the critical value from
the chi-squared distribution at signi�cance level �.
Given that neither V nor �2 are observable in practice, we use eV to approximate the sum of squared

measurement errors. As eV corresponds to the minimal perturbation of the quantities such that the data
are rationalisable, we must have eV � V. Therefore, our test statistic eV=�2 is conservative. Finally, given
that the true extent of the measurement error, �2, is unobserved, we follow the procedure suggested by
Varian (1985). We calculate the critical standard deviation �� needed such that the null hypothesis of
theory-rationalisable behaviour cannot be rejected at some signi�cance level �:

�� =

s eV
C�
:

In words, we reject rationalisability at a signi�cance level � if and only if �� exceeds our prior beliefs about
the likely magnitude of �.

Imperfect capital markets

Under the assumption of perfect capital markets, households are able to borrow and save at the same interest
rate, and there are no limits regarding the maximum amount they can borrow. If we denote savings in period
t by Dt, then this simply assumes that Dt 2 R, where borrowing corresponds to negative saving. When
combined with the assumption of perfect foresight, this ideal setting implies perfect ex ante consumption
smoothing across time periods or, equivalently, that the marginal utility of wealth in each period t (denoted
by �t) is kept constant over time, i.e. �t = � for all t 2 T .
To account for potentially binding borrowing constraints (and thus imperfect capital markets), we adopt

a procedure similar to the one of Demuynck and Verriest (2012). Speci�cally, we assume that the household�s
ability to achieve a perfectly smooth consumption path is hindered by the fact that Dt cannot fall below some
(unobserved) maximum borrowing amount, dt. If this constraint is binding in some period (i.e. Dt = �dt for
some t 2 T ), then the household is forced to consume less then what would be optimal without borrowing
constraints.
In our revealed preference characterisation of the time consistent model, we can include the possibility

of borrowing constraints by adding the condition �t � �t+1. Then, we have �t = �t+1 (only) if Dt > �dt,
which means the borrowing constraint is not binding. Conversely, �t > �t+1 whenever Dt = �dt, which
complies with imperfect consumption smoothing.
Summarising, by allowing the marginal utility of wealth to decrease (but not increase) over time, we can

e¤ectively account for potentially binding borrowing constraints. Including this argument in the proof of
Theorem 1 yields the following revealed preference conditions for the time consistent model under imperfect
capital markets.

Corollary 1 The set of observations S = fqt;Qt;pt;Ptgt2T can be rationalised by the time consistency
model with (unobserved) borrowing constraints if and only if there exist, for all t 2 T , a utility number
uHt 2 R, a marginal utility of wealth �t > 0 and a positive constant � 2 (0; 1] that, for any s,t 2 T; satisfy

uHs � uHt � �t
�t
[p0t(qs � qt) +P0t(Qs �Qt)];

�t + 1 � �t:

16Note that since prices are strictly positive, the relative errors are bounded from below; �t;n; "t;k 2] � 1;+1[. However,
imposing normality should not be a concern, since these errors are typically not too far removed from zero.
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These new revealed preference conditions are generally weaker than the ones in Theorem 1. The two sets
of conditions (only) coincide in the limiting case where the (unobserved) borrowing constraints are assumed
never to be binding (this corresponds to �t = � for all t 2 T , which was used in the proof of Theorem 1).
Interestingly, the conditions remain linear in unknowns for a given value of �.
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