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Abstract: The paper deals with the development of the mainstream theory
of intertemporal choice based on the idea that individuals choose
consumption and saving in order to maximize lifetime expected utility
subject to an intertemporal budget constraint. This analytical framework
rests on the theories developed in the 1950s by Modigliani and Friedman
and revisited in the 1970s with the introduction of the rational expectations
assumption. Starting with Hall (1978), the literature focused on testing
the model relying on the first order conditions of the optimization problem
faced by the consumer — the Euler equation — and a number of empirical
puzzles arose. Therefore, the subsequent decades were dedicated to
progressively modifying the original model so as to render it able to
explain the data. The paper argues that the introduction of highly specific
assumptions, needed to reconcile theory and empirical evidence, has
affected the generality of the implications that can be drawn from the
model. Furthermore, the ever more substantial departure from the original
formulation seems to have resulted in a gradual abandonment of the very
premises on which the neoclassical approach to consumption analysis
was built.
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INTRODUCTION

The modern theory of intertemporal choice rests on the idea that individuals
allocate resources over time so as to maximize lifetime expected utility
subject to an intertemporal budget constraint. The origins of this approach
are to be found in the Life Cycle-Permanent Income Hypothesis, which
was put forward by Modigliani and Brumberg (1954) and Friedman (1957)
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during the debate on the consumption function that followed Keynes’s (1936)
contribution. In direct opposition to Keynes’s analysis of aggregate
consumption behaviour, Modigliani and Friedman developed an analytical
framework based on individual optimization. In the 1970s, the Life Cycle-
Permanent Income Hypothesis was revised with the introduction of the
rational expectations assumption and Hall (1978) proposed to use the first
order conditions of the intertemporal optimization problem faced by the
consumer — the Euler equation — to derive a set of conditions suitable for
empirical verification. Starting with Hall, the literature focused on testing
the model of intertemporal utility maximization relying on the Euler equation
and a new approach to the analysis of saving behaviour was established.
Currently, the consumption Euler equation is not only the core of the theory
of intertemporal choice but also a crucial component of dynamic general
equilibrium models and hence one of the most popular tools of
macroeconomic analysis.

The early empirical tests of the formulation proposed by Hall found
several results that contradicted theoretical predictions and a number of
empirical puzzles arose. The subsequent literature has attempted to provide
an interpretation of these troublesome findings and to progressively modify
and enrich the original formulation of the model so as to render it able to
explain the data. This led to the more sophisticated versions of the
intertemporal utility maximization model currently employed. In the literature
on consumption, the link between empirically-oriented contributions and
theoretical developments is indeed quite strong: the development of the
approach has been in fact overwhelmingly influenced by the need to find
versions of the model that could account for observed facts.

This paper provides a survey of the contributions that have highlighted
the various empirical problems faced by the modern theory of intertemporal
choice and of those that have proposed extensions and refinements of the
basic model with the purpose of reconciling theoretical predictions and
empirical evidence. We do not aim for a comprehensive reconstruction of
such an extensive literature. Over the years, some of the most important
scholars in the field have provided thorough reviews (Deaton 1992, Browning
and Lusardi 1996, Browning and Crossley 2001, Attanasio and Weber 2010,
Jappelli and Pistaferri 2017) to which the interested reader is referred. The
aim of this paper is rather to present the evolution of the mainstream analysis
of consumption over the last decades with a view to highlighting some
critical aspects of the current stage of development of this field of research.
In particular, we shall inquire whether, in the richest versions of the model
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currently employed, the necessary introduction of highly specific assumptions
aimed at achieving the sought-for adherence to empirical evidence affects
the generality of the implications that may be drawn from the model. Some
problematic issues seem indeed open in this respect. Furthermore, we shall
argue that the ever more substantial departure from the original formulation
of the model has resulted in a progressive abandonment of the very premises
on which the mainstream approach to consumption analysis was built, and
that this process has occurred in the absence of the theoretical discussion
that such a rupture would have required.

In the next section we shall present the formulation of the intertemporal
utility maximization model adopted by Hall (1978). We shall then illustrate,
in the subsequent three sections, the main empirical puzzles that arose when
the model was taken to the data and the response to such troublesome
evidence, involving changes to the original formulation. Some critical remarks
on the recent development of the mainstream theory of consumption are
presented in the final section. Throughout the paper, we shall not dwell on
the technical aspects of the empirical tests performed and of the theoretical
models proposed but rather seek to convey the gist of the various
contributions discussed; indeed, a secondary purpose that distinguishes the
present survey from those already available lies in the attempt to make the
reconstruction readily accessible to readers who are unfamiliar with modern
consumption literature or with the econometrics of intertemporal choice.

THE CONSUMPTION EULER EQUATION IN ITS ORIGINAL
FORMULATION

As already mentioned, the roots of the modern approach to consumption
theory lie in the life-cycle model proposed by Modigliani and Brumberg
(1954) and in the permanent income hypothesis formulated by Friedman
(1957). The main implication of both these theories is that individuals prefer
smooth paths of consumption over the life cycle and thus use borrowing
and saving to prevent income variability from causing large fluctuations in
consumption. The idea is that consumers form estimates of their lifetime
resources and set current consumption to the appropriate fraction of that
estimate. Modigliani conceives the estimate in terms of wealth, so that the
fraction is the annuity value of lifetime wealth, while Friedman conceives it
in the form of permanent income, so that the fraction is very close to one.
Moreover, the permanent income hypothesis envisages an individual facing
an infinite-time horizon and is particularly focused on the consumer’s
attempts to smooth short-run fluctuations in income, whereas the life-cycle
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model considers a finite horizon and is therefore more oriented to the study
of retirement saving. However, the literature often refers to the two theories
as a single analytical framework, called Life Cycle-Permanent Income
Hypothesis (LCPIH), because the key insight of the theories is the same:
the resources that an individual allocates to consumption in any time period
depend on his lifetime resources and not on the level of his current income;
accordingly, saving reflects the discrepancy between current and permanent
income, that is “transitory income”. This leads to conclude that the traditional
Keynesian demand management, through transitory tax policy or other
transitory income boosting measures, is ineffective. And, clearly, the policy
implications of the General Theory were, along with the lack of
microeconomic foundations, the reason why the Keynesian analysis of
aggregate consumption appeared hardly reconcilable with the neoclassical
approach.

As a matter of fact, Modigliani’s and Friedman’s contributions nourished
the debate on the consumption function that originated from the work of
Keynes (1936). As is well known, Keynes’s analysis of consumption and
saving behaviour was to be translated in the so-called “Keynesian
consumption function” according to which aggregate consumption depends
on current aggregate income, with a decreasing average propensity to
consume and a marginal propensity to consume lower than unity. When
researchers tried to verify empirically the relationship between consumption
and income, several findings appeared at odds with the Keynesian
consumption function and, what is more, the evidence from different studies
seemed scarcely reconcilable. In particular, it proved difficult to explain the
coexistence of a constant average propensity to consume in time series
data with the marginal propensity to consume being lower than the average
propensity in cross-section analyses. The data appeared to suggest that
consumption changes are less than proportional to cyclical income changes
but at the same time proportional to income changes due to long-run growth.
Many scholars entered the debate both with empirical contributions and
with possible explanations of the observed behaviour. Compared to competing
theories, the LCPIH was able to better explain the main stylized facts
about consumption1 and, perhaps just as importantly, it provided a theory
with microeconomic foundations based on individual optimization and
therefore consistent with the premises of the neoclassical approach. Thus,
when the LCPIH was proposed, a general consensus was reached and it
became the standard theory of consumption.2

In the 1970s, the assumption of rational expectations made its way into
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mainstream economic analysis and the theory of intertemporal utility
maximization was modified accordingly. Hall (1978) examined the stochastic
implications of the so-called Rational Expectations-Permanent Income
Hypothesis (REPIH) and proposed a new econometric approach to test
the predictions of the theory.

The framework considered by Hall is that of an individual3 who
maximizes lifetime expected utility, i.e.,

where Ct is the level of consumption in period  is the within-period
utility function, which is continuous, increasing, and strictly concave;

, is the discount factor, which is positive and smaller than unity
because the rate of time preference, , is positive;  is the expectations
operator that takes expectations of variables conditional on the information
available at time t. The consumer has, in each period, a stochastic exogenous
labour income Yt, he can move resources over time, and is assumed to
maximize the expected utility of consumption subject to an intertemporal
budget constraint and a terminal condition on wealth:

where At is wealth at time t and r is the rate of interest, assumed to be
constant over time. The first order conditions of the optimization problem
deliver the Euler equation for consumption:

                              (1)

The Euler Equation can be seen as the usual optimality condition equating
marginal costs and marginal benefits: the left-hand side of equation (1)
represents the marginal utility cost of foregoing one unit of consumption at
time t, while the right-hand side represents the marginal utility benefit from
investing that unit at time t and consuming the proceeds at time t + 1.

The optimality condition of the intertemporal maximization problem states
that the consumer aims at keeping the discounted expected marginal utility
of consumption constant over time and thus implies that marginal utility
behaves as a random walk (with trend): “no information available in period
t apart from the level of consumption, Ct, helps predict future consumption,
Ct+1, in the sense of affecting the expected value of marginal utility. In
particular, income or wealth in periods t or earlier are irrelevant, once Ct is
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known” (Hall 1978: p. 974).
Hall’s idea was to derive empirically testable restrictions from the

consumption Euler equation in order to test the validity of the model.
However, in its more general formulation, the Euler equation has no testable
implications, since its predictions concern the marginal utility of consumption,
which is not observable. Taking the model to the data requires to specify
individual preferences, so as to derive predictions about consumption itself
rather than its marginal utility. In order to perform an empirical test of the
model, Hall adopted a quadratic within-period utility function, according to
which

where  is the so-called “bliss level” of consumption. He therefore derived
the following formulation for the Euler equation:

                                   (2)

with  and .
According to equation (2), the sign of the difference  is all that is

needed to establish whether consumption is increasing  or decreasing
 over the life cycle. If we set , thereby assuming that impatience

is exactly offset by the incentive to postpone consumption, then equation
(2) reduces to

                                      (3)

and we get the well-known random-walk proposition,
                                      (4)

where the expectational error, because of the assumption of rational
expectations, is orthogonal to any information available to the consumer,
i.e., .

Equations (3) and (4) imply that, in each period, expected next-period
consumption equals current consumption and the change in consumption
between any two periods equals the change in the individual’s expectations
of his lifetime resources. In other words, the model of intertemporal choice
put forward by Hall predicts that consumers will adjust their consumption
plans only when they receive new information about their lifetime resources.
As a consequence, an anticipated change in income should not affect
consumption at the time it occurs, because the consumer would have already
incorporated the expectation of the income change in his optimal
consumption plan when the information first became known. As for changes
in income that are not foreseen, consumption should react one-to-one to
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permanent shocks and should not be affected appreciably by transitory
shocks.

In his contribution, Hall (1978) provided an empirical test of the
implication that, conditional on current consumption, other current variables,
including income, should not help in predicting future consumption, or,
equivalently, no variables known in period  and earlier should be
correlated with changes in consumption between  and . He found that
on U.S. macro data neither lagged consumption nor lagged income terms
are significant, thus corroborating the main prediction of the model. However,
he did find that lagged stock market prices have some explanatory power.4

Shortly after Hall’s contribution, the empirical research found several, more
substantial, rejections of the random-walk proposition.

But before moving on to discuss this literature, we need to dwell on the
assumptions on which the random-walk proposition rests. Although a
thorough critical discussion is beyond the scope of this paper, it is important
to be aware of the (often implicit) assumptions underlying the original
formulation of the intertemporal optimization problem.5 As we shall see, the
subsequent developments of the theory, driven by the need to build versions
of the model consistent with the empirical evidence, arise precisely from
the modification of some of those assumptions, with the purpose of obtaining
different predictions from the Euler equation. Furthermore, it is one of our
purposes to argue that, while some of the original assumptions can be relaxed
“easily”, some others affect the nature of the model.

The framework that is implied in the Euler equation obtained by Hall is
the following. Life is supposed to be finite and of known length T. The only
source of uncertainty is that deriving from labour income, which is exogenous,
so that the individual does not make labour supply choices. It is assumed
that there is a single financial asset that the consumer can use to move
resources across periods, which yields an interest rate that is known and
constant. Credit markets are assumed to be perfect, i.e., lending and
borrowing rates are the same and there is no credit rationing.

A number of hypotheses about preferences are implied even by the
very general Euler equation (1), which does not require specifying a
functional form for the utility function. The consumer is assumed to be
rational and fully informed about prices and financial opportunities. He forms
rational expectations about future incomes and hence about future marginal
utility from consumption, which implies that the expectational error for the
Euler equation is independent of the variables in the information set of the
consumer. The consumer maximizes expected utility, which means that
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preferences satisfy the completeness, transitivity, continuity, and
independence axioms and, as a consequence, utility is additively separable
across states of nature. The within-period utility function is monotone
increasing and strictly concave or, analogously, marginal utility is positive
and decreasing. This ensures that the dynamic programming problem is
solved by a value function that is itself continuous, concave, and strictly
increasing, and provides a unique decision function. Preferences are also
time-invariant, i.e., the within-period utility function is the same in each
period of the time horizon. In addition, preferences are additively separable
over time, which means that, in each period, marginal utility is independent
from consumption in any other period. This precludes the consumer from
deriving utility from goods over many periods and thus rules out habit-
forming and durable (or storable) commodities. Consumers are ‘atomistic
agents’, i.e., their preferences are independent from the choices of other
consumers. A discount factor is applied to future utility flows, which implies
that a given amount of consumption in the current period is valued more
highly than the same amount of consumption next period, that is, the
consumer is “impatient”. Plus, since the discount factor is constant,
exponential discounting is assumed, so that the marginal rate of substitution
between consumption at any pair of points in time depends only on how far
apart those two points are. Utility is derived from per-period “consumption”:
this can either mean that there is a single homogeneous consumption good
or that utility is defined over a composite consumption good, in which case
either constant relative prices or within-period homotheticity needs to be
assumed. No variable apart from consumption appears as an argument of
the within-period utility function, which implies either that the individual
derives utility only from consumption or that preferences over consumption
and any other variable affecting utility are additively separable. In particular,
either the individual derives no utility from leisure or the marginal utility of
consumption is not affected by the work status.

This set of assumptions leads to Euler equation (1) stating that the
discounted marginal utility of consumption should be constant over time. In
Hall’s contribution, as indicated above, it is further assumed that preferences
are quadratic6, which implies that marginal utility is linear. This leads Hall
to conclude that not only the marginal utility of consumption evolves
according to a random walk with trend, but, “to a reasonable approximation,
consumption itself should evolve in the same way” (Hall 1978: p. 971).

For several reasons, the Euler equation is a very convenient empirical
tool. First, it allows to take the model to the data without explicitly modelling
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all the details of the stochastic context in which the consumer operates.
Second, the estimation of an Euler equation requires to have data on
consumption and interest rates in different periods but does not require to
observe wealth. Third, and most important, it allows to test the validity of
the model (and, as we shall see, to estimate preference parameters) without
having to solve explicitly the dynamic optimization problem of the consumer.
That would require combining the Euler equation with the intertemporal
budget constraint; however, a closed-form solution for current consumption
as a function of the relevant state variables can be obtained only when
strong assumptions about the nature of uncertainty are made and preferences
are assumed to be either quadratic or exponential.7 When the dynamic
optimization problem cannot be solved analytically, it is necessary to use
numerical solution techniques (such as in Deaton 1991 and Carroll 1992),
but these require a complete specification of the economic framework faced
by the consumer, which implies the need for additional and usually very
restrictive assumptions. Through the Euler equation, instead, one can address
the analysis of a problem that is analytically intractable by eluding the need
of finding closed-form solutions.

It should be emphasized that the consideration of an equilibrium
relationship such as the Euler equation, while imposing some restrictions on
the dynamics of consumption, precludes the possibility of predicting the
level of consumption or the way consumption moves in response to changes
in the economic framework. However, while this can arguably be considered
as a severe drawback, it is also what allows to overcome the problems
highlighted by Lucas (1976), who pointed out that the relationship between
consumption,  income, and interest rates depends on the wider
macroeconomic context and is therefore not stable over time. By focusing
on the individual optimization problem, the Euler equation approach shifts
the attention from the aggregate consumption function to the consumers’
attempts to maximize their utility and is hence immune to the Lucas critique.

Finally, the result found by Hall is in line with the basic insight of both
Modigliani’s and Friedman’s theories: that individuals smooth consumption
across the life cycle. All these features contributed to make the Euler
equation approach the standard approach to consumption theory.8

EARLY TESTS OF THE EULER EQUATION: THE EMERGENCE
OF EMPIRICAL PUZZLES

In this section, we shall briefly illustrate the main puzzles arisen when the
consumption Euler equation was taken to the data. Indeed, starting with the



10 / DARIA PIGNALOSA

work of Hall (1978), the literature on consumption has focused primarily on
the empirical tests of the intertemporal utility maximization model based on
Euler equations estimation. The main predictions submitted to empirical
validation concern the behaviour of consumption in response to income
changes: according to Hall’s model, consumption should not react to
anticipated changes in income; on the contrary, it should react to income
changes when these are not foreseen. In addition, the behaviour of
consumption across the life cycle should be independent from that of income,
i.e., the hump-shaped profile of income should not be reflected on
consumption but on saving. Since the Euler equation allows to estimate the
coefficients of the utility function, the empirical literature has also engaged
in determining the values to be attributed to preference parameters. Finally,
the model of intertemporal choice has also implications for asset prices, so
that some of the empirical tests of consumption theory stem from the finance
literature.

The response of consumption to income changes

The first empirical failure of the model which was encountered, which is
also the one that has received the greatest attention, generating extensive
empirical work over the last decades, is the “excess sensitivity” puzzle,
initially highlighted by Flavin (1981). Unlike Hall, Flavin estimates jointly
the consumption and income equations, thereby finding that aggregate
consumption does in fact depend on anticipated income changes,
contradicting the prediction that, if the variation of income is foreseen, it
should already be incorporated in the behaviour of the consumer and not
have any impact on consumption when it occurs. Flavin’s test indicates that
the U.S. consumption response to a variation of income is over three times
the value predicted by the model, i.e., that consumption exhibits excess
sensitivity to expected income changes.9 During the 1980s, additional
evidence hinting at an excess sensitivity of consumption was accumulated
(see in particular the studies by Campbell 1987 and Campbell and Mankiw
1989). In fact, the attention that this puzzle has attracted comes as no
surprise, since it suggests that consumption depends, at least partially, on
current income, which is precisely what is implied by the Keynesian
approach and what Friedman’s notion of permanent income was intended
to refute.

The evidence of excess sensitivity of consumption was associated with
the symmetric but opposite empirical problem: not only consumption appeared
to be too sensitive to predicted income changes, it also turned out to be too
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insensitive to unexpected changes in income. As we have seen, according
to Hall’s model, the consumer should not react to anticipated changes in
income, but when the variation of income is not foreseen, this should affect
consumption in the moment it occurs. Empirical evidence suggests instead
that consumption does not react enough to unanticipated income changes,
leading to excess smoothness.10

It is worth recalling that one of the main stylized facts that the permanent
income hypothesis purported to explain is indeed the smoothness of
consumption, i.e., the fact that changes in aggregate income are associated
with relatively small changes in aggregate consumption. Friedman claimed
that consumption is determined by permanent income, not by current income,
and permanent income is smooth relative to current income. The evidence
presented by Deaton (1986), West (1988), and Campbell and Deaton (1989)
showed that permanent income is in fact less smooth than current income
and that, as a consequence, the smoothness of consumption cannot be
explained by the intertemporal utility maximization model.

Both the excess sensitivity and the excess smoothness puzzles have
been substantially confirmed by the empirical work carried out in subsequent
decades. Evidence of excess sensitivity has been found on micro as well as
on aggregate data; it has also been observed that the reaction of consumption
is usually stronger when expected income changes are large and positive,
while small or negative changes appear to have relatively weak effects. As
for the empirical tests of the response of consumption to unexpected income
changes, these have found an important degree of smoothness in aggregate
consumption; however, studies conducted on household-level data (starting
with the work of Dynan 2000) have usually found no evidence of excess
smoothness, thereby leading to the additional problem of reconciling the
macro and the micro evidence.11

The relationship between income and consumption across the life
cycle

As we have already said, the most important implication of the
intertemporal utility maximization model is that the time path of income is
irrelevant for consumption because individuals use borrowing and saving to
smooth out income fluctuations. This applies not only to short-run (or high-
frequency) fluctuations in income but also to longer-run (low-frequency)
fluctuations related to changes in the work status.12 Individuals should then
borrow prior to labour market entry, accumulate wealth during the working
life, and dissave in retirement. Against this prediction, the evidence suggests
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that life-cycle profiles of income and consumption track each other: they
both increase during the first part of the life cycle, reach a peak at a roughly
similar age, and decline afterwards. Such correlation has been highlighted
by Thurow (1969) and confirmed subsequently by, among others, Browning,
Deaton, and Irish (1985), but the most popular piece of evidence is the one
provided by Carroll and Summers (1991), who show that for many countries
and different educational and occupational groups of individuals, both income
and consumption profiles are “hump shaped” and, additionally, the
consumption profiles appear to be steeper for the groups of individuals that
have steeper income profiles (such as those including more educated
individuals).

Related to this empirical problem is the one referred to as the "retirement
consumption puzzle", originally highlighted by Hamermesh (1984). Analysing
the relationship between consumption and lifetime wealth, Hamermesh
suggested that consumers retire with inadequate savings and are therefore
unable to maintain a level of consumption consistent with the one afforded
before retirement. Also, it has been observed that the elderly either continue
to save in retirement or decumulate their wealth much more slowly than
would be predicted by the intertemporal maximization model. Such “wealth
decumulation puzzle” has been found, among others, by Mirer (1979),
Diamond and Hausman (1984), and Bernheim (1987).

Clearly, for a theory whose basic insight is that consumers pursue smooth
consumption paths, the evidence revealing a lack of smoothing across stages
of life is a major failure. In addition to this, however, it has to be noted that
the fact that consumption tracks income during the life cycle attests, just
like the evidence of excess sensitivity, that current income exerts a larger
influence on consumption than the theory would imply, thereby providing
support for the Keynesian approach to explaining consumption behaviour.

The estimation of preference parameters

Within the intertemporal utility maximization model, the main characteristics
of individual preferences are represented by a definite set of parameters.
Such parameters are: i) the rate of time preference, which represents the
tendency of individuals to attach more value to current than to future
consumption (it measures the degree of impatience); ii) the coefficients of
absolute and relative risk aversion, which represent the tendency of
individuals to prefer a certain amount of consumption over an aleatory
amount with the same expected value (they measure the price of risk); iii)
the coefficients of absolute and relative prudence, which represent the
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tendency of individuals to save as a result of the presence of uncertainty
(they measure the intensity of the precautionary motive for saving); and iv)
the elasticity of intertemporal substitution (EIS), which represents the
tendency of individuals to save in response to the incentive given by interest
on saved sums (it measures the aversion to temporal fluctuations of
consumption).

One of the advantages of the Euler equation approach that has generated
more enthusiasm among scholars is that it allows to estimate the structural
parameters of the utility function. However, in the forty years following
Hall’s contribution, Euler equation estimations have yielded inconclusive
results, so that no consensus has yet been reached on the value of the
parameters. As stressed by Carroll (2001: p. 1), “despite scores of careful
empirical studies using household data, Euler equation estimation has not
fulfilled its early promise to reliably uncover preference parameters”.13

This is rather troubling for, as we hope will appear clear in the following
sections, without a complete specification of individual preferences the model
of intertemporal utility maximization would prove devoid of definite empirical
content, i.e., it would be unable to provide any indications about consumption
and saving behaviour.

As a matter of fact, not only are the estimated values of the parameters
quite variable, they also often appear rather implausible, to the point of
generating in some cases authentic empirical puzzles. In the next sub-section
we shall discuss the equity premium puzzle, related to the extremely high
coefficient of relative risk aversion estimated in the consumption-based
capital asset pricing model. Similarly implausible appear the small estimates
of the parameter representing the precautionary motive for saving (see
e.g. Guiso, Jappelli, and Terlizzese 1992 and Dynan 1993). Also, many
contributions estimating the EIS suggest that consumption growth is
completely insensitive to changes in interest rates (see in particular the
influential works by Hall 1988 and Campbell and Mankiw 1989), which is
quite unsettling for a theory according to which the consumption profile of
individuals should be tailored so as to take advantage of the intertemporal
price of consumption.

Furthermore, the estimates produced often appear in contradiction with
the values adopted in other strands of literature. For example, in numerical
simulations of models with precautionary saving (e.g. Zeldes 1989b and
Deaton 1992) the assumed values of prudence are usually much larger
than those obtained through Euler equations estimation. As pointed out by
Eisenhauer (2000: p. 381), “evidently, either the simulations assumed
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unreasonable parameter values, or the empirical tests failed to capture the
true extent of prudence. The widespread belief in prudent attitudes and
precautionary motives tends to suggest the latter”. Also, there is a notable
discrepancy between the often close-to-zero values of the EIS obtained
through Euler equations estimation and the dynamic macroeconomic
literature, since general equilibrium models usually require an EIS close to
one or even greater in order to match the evidence.14

Intertemporal choice and asset pricing theory

The intertemporal utility maximization model has direct implications for asset
prices. These are drawn in the consumption-based capital asset pricing
model (CCAPM) which links consumption and saving decisions to the choice
of portfolio allocation. The CCAPM, derived in the works of Rubinstein
(1976), Lucas (1978), and Breeden (1979), considers the optimization problem
of an individual choosing his portfolio so as to maximize expected utility.
The first order conditions for the optimal holding of assets relate consumption
growth and asset returns and lead to an equation for the difference in the
expected return on any two assets. Intuitively, this difference depends on
the riskiness of the two assets and on the price of risk, with the latter being
represented by the coefficient of relative risk aversion of a representative
consumer.

The early empirical literature on consumption-based asset pricing reports
several rejections of the implications of the model (Hansen and Singleton
1983, Grossman, Melino, and Shiller 1987, Breeden, Gibbons, and Litzenberger
1989). One of the most prominent empirical failures concerns the equity
premium, i.e., the difference between the average return on the stock market
and what is considered the risk-free interest rate, that is the return on short-
term government bonds. Given the riskiness of equities, measured by the
covariance of the excess stock return with consumption growth, the equity
premium should be explained by the coefficient of relative risk aversion. But,
since investors have historically received a very large premium for holding
equities and at the same time equities appear to imply little risk, asset markets
equilibrium requires consumers to have an implausibly high aversion to risk.
This problem, known as the equity premium puzzle, has been first highlighted
by Mehra and Prescott (1985), who employ data for the U.S. from 1889 to
1978 indicating that the return on equity has averaged 6.2% more than the
return on short-term government bonds. Calibrating an asset pricing model
with what they consider reasonable values of the preference parameters
(including a coefficient of relative risk aversion below or equal to 10) they
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are not able to produce more than a 3.5% equity premium: the high equity
premium observed would require consumers to have a coefficient of relative
risk aversion in the 20-30 range.15 The problem is not only that the degree of
risk aversion consistent with the observed equity premium is too large to be
believable. An additional puzzle — the so-called risk-free rate puzzle (Weil
1989) — arises because, as we shall see below, in the standard CCAPM
with isoelastic preferences, the EIS is by definition the inverse of the coefficient
of relative risk aversion. The link between the two parameters implies that
consumers who are extremely averse to risk necessarily are extremely averse
to intertemporal substitution as well. Now, just like individual attitudes towards
risk are supposed to explain the equity premium, individual attitudes towards
intertemporal substitution should explain the level of the risk-free rate. But
the riskless rate of return consistent with a very low EIS is well in excess of
the one that has been historically observed. In other words, even if one were
willing to accept a patently implausible value for the coefficient of the utility
function, it would still be impossible to replicate both the level of the risk-free
rate and the equity premium within a CCAPM: an extremely large coefficient
of risk aversion would explain the high equity premium but would be
inconsistent with the low risk-free rate and vice versa.

REACTIONS TO THE EMPIRICAL PUZZLES: WRONG
THEORY OR WRONG FORMULATION OF THE THEORY?

Overall, the empirical evidence accumulated in the first decade of the Euler
equation approach appears to be essentially inconsistent with the basic
implications of the model of intertemporal utility maximization. The reactions
of scholars to these troublesome findings have been manifold and of different
nature. We shall briefly present the main responses to the empirical puzzles
in the present and the following section and devote the concluding section
to a general discussion of the recent evolution of consumption research.

Utility maximizers vs rule-of-thumb consumers

Among the early responses to the unsatisfactory empirical performance of
the intertemporal maximization model, the one provided by Campbell and
Mankiw (1989) is particularly remarkable. In order to explain both the excess
sensitivity and the excess smoothness puzzles, they suggest a model with
two types of agents: the first type is a rational utility-maximizing consumer,
whereas the second type simply consumes all disposable income and refrains
from either borrowing or saving. In other words, Campbell and Mankiw
(1989) suppose that a share of the population, rather than behaving according
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to the theory of intertemporal choice, follows a rule of thumb which says
“consume current income”. They estimate that a fraction as high as 50%
of U.S. income goes to rule-of-thumb consumers and conclude that,
compared to the intertemporal maximization model, “the old-fashioned
Keynesian consumption function may […] provide a better benchmark for
analyzing fiscal policy” (p. 210).16 Such striking results are reinforced by a
subsequent work in which, replicating the analysis for several other countries,
Campbell and Mankiw (1991) find estimates of the fraction of income
accruing to rule-of-thumb consumers ranging from 20% in Canada to nearly
100% in France. In the following years, further tests found results consistent
with those of Campbell and Mankiw and it soon became common practice
to refer to a share of “Keynesian” or “hand-to-mouth”17 or “non-Ricardian”18

consumers. For example, Weil (1992) shows that allowing for the existence
of hand-to-mouth consumers contributes to the resolution of the equity
premium puzzle and of the risk-free rate puzzle; Fuhrer (2000) and Kiley
(2010) both consider frameworks that allow for alternative models and
conclude that, in order to account for the observed excess smoothness of
consumption, an important fraction of rule-of-thumb consumers must be
incorporated; Bernheim, Skinner, and Weinberg (2001) examine wealth
accumulation and consumption patterns before and after retirement and
find that the data are hardly reconcilable with the intertemporal utility
maximization model and more easily explained by rule-of-thumb behaviour.

Some papers seem to attempt to account for the existence of rule-of-
thumb behaviour. For example, Lettau and Uhlig (1999) propose a model
involving the possibility for an agent to “learn” to use a rule of thumb à la
Campbell and Mankiw (1989) rather than a rule that prescribes to behave
according to the model of intertemporal utility maximization, while Winter,
Schlafmann, and Rodepeter (2012) perform numerical simulations of life-
cycle saving decisions to calculate the utility losses associated with rule-of-
thumb behaviour, suggesting that these can be relatively low.

As we shall see, rather than accepting such a patently unsatisfactory
solution as the ad hoc introduction of a significant proportion of consumers
who simply do not behave as prescribed by the intertemporal maximization
model, most scholars in the field of consumption research have attempted
to find alternative explanations for the empirical evidence. It must be noted,
however, that models with rule-of-thumb consumers have never been
abandoned and, what is more, the recognition of non-optimizing behaviour
is not confined to the consumption literature. In an influential paper, Mankiw
(2000) advocates the systematic incorporation of rule-of-thumb consumers
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in macroeconomic models so as to fully understand the policy implications
of their presence. Following this suggestion, Galí, López-Salido, and Vallés
(2004) extend the standard new Keynesian model to allow for the
coexistence in the economy of an optimizing and a non-optimizing class of
agents, thereby initiating a still lively tradition.

The original formulation as a special case

When the empirical failures of the intertemporal maximization model began
to accumulate, the research focused on providing new interpretations of
the available empirical evidence, improving the quality of the tests, and, at
the same time, extending the baseline model in order to reconcile it with the
data.

A first important step toward the rehabilitation of the intertemporal utility
maximization model consisted in realizing that the latter need not be identified
with the random-walk proposition. Early tests based on Euler equation
estimation relied on the specific version of the model proposed by Hall (1978),
which includes the key hypothesis of quadratic preferences. It is this particular
parametrization of the utility function which (associated with the hypothesis
of equality between the rate of time preference and the interest rate) leads to
the random-walk proposition, i.e., which implies that not only the marginal
utility of consumption but consumption itself should be constant over the life
cycle. We shall come back to the implications of quadratic preferences when
discussing the precautionary motive for saving; at this stage, what we need
to stress is that some of the rejections originally found in the empirical literature
can be regarded as failures of the specific version of the intertemporal utility
maximization model proposed by Hall and not as violating the basic insights
of the theory. The core of the theory is that individuals maximize lifetime
expected utility subject to an intertemporal budget constraint, which implies
that consumers should smooth marginal utility, not consumption. As a
consequence, the empirical evidence suggesting that individuals have
fluctuating paths of consumption does not necessarily contradict the model.
Accordingly, researchers started taking account of variables other than
consumption that are likely to affect marginal utility.

Attanasio and Browning (1995) suggest that the excess sensitivity of
consumption to income may disappear when controlling for demographic
variables (such as family size and number of children), whereas Blundell,
Browning, and Meghir (1994) and Attanasio et al. (1999) show that allowing
demographics to affect household preferences can generate hump-shaped
consumption profiles of the kind found by Carroll and Summers (1991). A
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further issue connected with the preference specification relates to the
impact of labour supply on marginal utility. In this respect, Attanasio and
Weber (1995) suggest that if utility is a function of consumption and leisure
and the two arguments of the function are nonseparable, then the saving
behaviour is affected by anticipated changes in labour supply, so that failing
to control for labour supply indicators may lead to spurious evidence of
excess sensitivity. The evidence on the retirement consumption puzzle has
been somewhat reconsidered as well, pointing out that some part of the
drop in consumption at retirement may be planned and related to changes
in the work status. In particular, home production and the cessation of
work-related expenses may lead to a decline in consumption that does not
imply an increase in marginal utility (Aguiar and Hurst 2005).

A further step in the attempt to rehabilitate the theory of intertemporal
choice concerned the quality of the data used in estimating Euler equations.
In particular, most of the early empirical tests of the Euler equation were
performed using macroeconomic data, by regressing the aggregate rate of
growth of consumption on the rate of growth of income. In the 1990s, the
relevance of aggregation bias was explicitly addressed19 and, also because
of the availability of better consumption surveys, the use of aggregate data
was abandoned. Concurrently, there have been significant advancements
in the empirical strategies adopted to test the implications of the theory.20

Overall, improvements in the understanding of the implications of the
theoretical model, in the interpretation of the empirical evidence, and in the
quality of the empirical tests performed led to a considerable reshaping of
the evidence contradicting the intertemporal utility maximization model.
Nevertheless, the empirical validation of the theory was still disappointing,
as witnessed by the assessment of Attanasio (1995: p. 40):

While from a theoretical point of view the life-cycle model constitutes the
most appealing and flexible framework with which to study consumption,
there is no widespread agreement among economists on the empirical
relevance of the model.

As a matter of fact, the main rejections of the theory, although reconsidered,
survived this more mature stage of the empirical research and scholars kept
feeling the need to look for extensions of the original model capable of reconciling
the theory of intertemporal choice with the available data.

REACTIONS TO THE EMPIRICAL PUZZLES: EXTENSIONS OF
THE MODEL

In the present section, we shall briefly illustrate the main departures from
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the original formulation of the intertemporal maximization model that have
been proposed in the last decades. In some cases, it seems appropriate to
regard the extensions of the model that have been proposed as refinements
of the original formulation; however, we shall argue that, in several other
cases, the extensions appear to clash more or less sharply with some of the
analytical premises of the theory of intertemporal choice. For this reason,
rather than presenting them according to the chronological order in which
they were put forward, we shall group the various versions of the model on
the basis of what seems to us a reasonable and hopefully useful classification.
We shall thus begin with the model that involves liquidity constraints, which
generates similar results to the one comprising a fraction of rule-of-thumb
consumers but does not require to postulate non-optimizing behaviour. In
this case it is in fact the framework in which the consumer operates that
prevents him from satisfying the optimal conditions of the dynamic
programming problem. We shall then move on to a set of models (the
precautionary saving, the buffer-stock and the wealthy hand-to-mouth
models) in which, as we shall see, it is the value assigned to preference
parameters that seems to play a crucial role in explaining the observed
consumption behaviour. Finally, we shall present those models that appear
to mark a rather fundamental departure from the premises of the approach,
in that they abandon some of the basic assumptions of the theory of
intertemporal choice.

Liquidity constraints

Some of the early contributions attempting to provide an explanation for the
evidence of excess sensitivity (Hayashi 1985, Zeldes 1989a, Deaton 1991)
proposed to remove the hypothesis of perfect credit markets, introducing a
limit to borrowing possibilities.

If the individual is willing to shift resources to the present so as to
increase current consumption but he is not allowed to borrow, then the
Euler equation will not hold as an equality, i.e., current marginal utility will
be higher than discounted future expected marginal utility. In the periods in
which the constraint is binding, the individual will consume his income, acting
as a rule-of-thumb consumer of the kind pointed out by Campbell and
Mankiw (1989). However, unlike allowing for rule-of-thumb behaviour,
introducing credit market imperfections is entirely consistent with a model
of intertemporal utility maximization, which is why the assumption that some
consumers are liquidity-constrained has proven very convenient in the
attempt at reconciling the theory with the empirical evidence. It should be
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noted, though, that liquidity constraints may help explain excess sensitivity
to anticipated income increases but cannot explain why consumption reacts
to anticipated income declines: when current income is low relative to
permanent income and the consumer cannot borrow, consumption is set
equal to current income, but when income is expected to decrease the
individual can still save. As a matter of fact, the evidence suggests that
consumption is much less responsive to expected income declines and this
is usually interpreted as supporting the model with liquidity constraints. But,
as far as direct tests of the hypothesis are concerned, “detecting liquidity
constraints from the Euler equation is difficult in the extreme” (Jappelli and
Pistaferri 2017: p. 93) since the actual binding of the borrowing limit is
generally unobservable. In some contributions, the sample is split in order
to examine separately the behaviour of households who are likely to be
constrained (for example those with low liquid wealth or low income) and
of those who are not (see e.g., Zeldes 1989a and Johnson, Parker, and
Souleles 2006). Usually, these tests find that potentially constrained
consumers react strongly to expected income increases but at the same
time a significant consumption response also occurs among likely
unconstrained households.

Precautionary saving

As we have already pointed out, when the utility function is quadratic,
marginal utility is linear, so the expected marginal utility of consumption is
the same as the marginal utility of expected consumption and hence an
increase in uncertainty does not affect saving.21 This case is known in the
literature as the certainty-equivalence model, because it implies that the
individual consumes the amount he would consume if his future incomes
were certain to equal their expected values. If, instead, preferences exhibit
prudence, i.e., the marginal utility of consumption is convex, then the
individual engages in precautionary saving: prudence leads consumers to
treat future uncertain income cautiously and not to consume as much
currently as they would in the absence of uncertainty.22

In the late 1980s, the discontent with the certainty-equivalence model
was already growing (Blanchard and Mankiw 1988) and, shortly after a
precautionary motive for saving had been introduced in the Euler equation
literature (Zeldes 1989b and Caballero 1990), the certainty-equivalence
version of the model was definitively discarded. The quadratic
parametrization for the utility function therefore disappeared from
mainstream literature and was replaced by the assumption of exponential
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preferences (Caballero 1990) or by the now-standard isoelastic specification
(Zeldes 1989b).

If individual preferences exhibit prudence, then consumption does not
behave as a random walk, so the presence of a precautionary motive for
saving has been advocated as an explanation for the evidence of excess
sensitivity and for the observed relationship between the shape of
consumption profiles and that of income profiles. In particular, precautionary
saving can be relevant for consumers who are impatient and are therefore
inclined to anticipate consumption to the current period: prudence may lead
these consumers to postpone consumption in the face of uncertainty. Also,
the precautionary motive for saving is likely to be important for individuals
in the early part of the life cycle: a young consumer who expects his income
to rise but displays prudence may be willing to borrow less than would be
the case in a certainty framework or under quadratic preferences. This
helps explain why consumption and income usually rise together in the
early part of the life cycle. At the same time, if retirement savings become
important at some point along the life cycle, they can be used to smooth out
income fluctuations thereby making the precautionary motive less relevant.
Prudence also interacts with liquidity constraints, because the possibility of
future binding borrowing constraints provides an additional motive for
saving.23

The model with precautionary saving is much less at odds with the
empirical evidence than the original model, but is still unable to satisfactorily
explain the observed consumption behaviour unless prudence is associated
with other modifications to the original formulation (Jappelli and Pistaferri
2010).

Buffer-stock saving

When borrowing constraints are associated with an important precautionary
motive for saving and a sufficient level of impatience, one obtains the so-
called “buffer-stock model” proposed by Deaton (1991) and developed by
Carroll (1992, 1997 and 2011). In such a model consumers balance the
urge to consume prompted by impatience against the desire to save induced
by prudence. As a result, buffer-stock consumers have a target level of
liquid assets, above which impatience dominates and assets are run down,
and below which the precautionary motive dominates and assets are
accumulated.

The idea of savings as a “buffer stock” for contingencies can help
explain the evidence of consumption tracking income across the life cycle:
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consumers with the appropriate combination of liquidity constraints,
impatience, and prudence will maintain a small amount of assets to protect
consumption against transitory income changes but will not engage in long-
horizon borrowing or saving. In other words, the buffer-stock model has
the appeal of predicting consumption smoothing of short-run (high-frequency)
income fluctuations while not implying (low-frequency) consumption
smoothing across the life cycle.

Wealthy hand-to-mouth consumers

Kaplan and Violante (2014) and Kaplan, Violante, and Weidner (2014)
propose a model featuring “wealthy hand-to-mouth” consumers, i.e.,
consumers who hold little or no liquid wealth despite owning sizable amounts
of illiquid assets. These consumers, because of their portfolio configuration,
respond to income changes as if they were liquidity constrained.

A distinct feature of the wealthy hand-to-mouth model is the coexistence
of two assets: a low-return liquid asset (such as bank accounts) and a high-
return illiquid asset (such as equities). By saving in the illiquid asset,
consumers achieve a higher level of average lifetime consumption but, at
the same time, they forego to smooth income fluctuations, which instead is
allowed when wealth is held in the liquid asset. Through a suitable
configuration of parameters, the model generates a remarkable fraction of
consumers for whom it is optimal to hold their wealth in the illiquid asset
and consume all of their income every period. The presence of such wealthy
hand-to-mouth consumers, combined with those who consume hand-to-
mouth because they have low incomes (and are subject to borrowing
constraints), implies that a large fraction of the population is highly sensitive
to income changes. This allows to produce empirical results similar to those
obtained in a model with rule-of-thumb consumers without allowing for a
fraction of the population to depart from the behaviour prescribed by an
intertemporal utility maximization model.

Nonexpected-utility preferences

In the intertemporal utility maximization model, the elasticity of intertemporal
substitution is constrained to be the inverse of the coefficient of relative
risk aversion. This is due to the double additivity induced by the simultaneous
assumptions of intertemporal separability (i.e., additivity over time periods)
and expected utility (i.e., additivity over states of nature), which implies
that the curvature of the utility function establishes the individual’s attitude
towards both time and state fluctuations in consumption.24 This prevents a
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moderate aversion to risk and a strong aversion to intertemporal substitution
to coexist, which is what would be required to replicate the empirical
evidence.

In order to disentangle the two preference parameters, one of the
sources of additivity must be dropped. Accordingly, Epstein and Zin (1989)
and Weil (1989) developed a nonexpected-utility model of choice drawing
on the work of Kreps and Porteus (1978). The resulting functional form,
often called Epstein-Zin-Weil (EZW) recursive utility, has been increasingly
employed in recent years. In particular, because of the flexibility which it
provides, EZW utility has been adopted in the empirical work aiming at
estimating preference parameters (starting with the contributions of
Attanasio and Weber 1989 and Epstein and Zin 1991). It also found
widespread application in the finance literature, in the attempt to solve asset
pricing puzzles (see, e.g., Weil 1989 and Bansal and Yaron 2004).

It is important to stress that the assumption of EZW preferences implies
the abandonment of the hypothesis of expected utility underpinning the
mainstream theory of choice under risk. Indeed, EZW preferences are
based on an axiomatization of behaviour which is alternative to expected
utility and which, unlike the latter, involves a nonlinear aggregator of present
and future utility (utility is recursively defined over current consumption
and a certainty equivalent of future random utility).25

Habit formation

An extremely popular modification of the original model involves the removal
of the hypothesis of intertemporal additivity of preferences, according to
which marginal utility is, in each period, independent from consumption in
any other period. This allows to consider what the Euler equation literature
refers to as “habit formation”, that is the dependence of current marginal
utility on past consumption.

The model with habit formation has attracted much attention in the
finance literature since it may provide a partial solution to the equity premium
puzzle (Abel 1990, Constantinides 1990, and Campbell and Cochrane 1999).
Habits increase the disutility associated with large declines in consumption,
thereby inducing consumers to require a larger premium to hold risky assets
relative to consumers with time-additive preferences. Habit formation can
therefore explain the high equity premium observed without resorting to
implausibly high levels of risk aversion. In addition, Meghir and Weber
(1996) argue that when the intertemporal maximization model includes habit-
forming preferences, the data show no evidence of excess sensitivity of
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consumption to expected income changes. However, the popularity of habit-
formation models is primarily owed to their ability to explain the observed
excess smoothness of consumption (Deaton 1986, Fuhrer 2000, and Kiley
2010). Indeed, the habit-formation specification of preferences provides
consumers with a motive to smooth not only the level but also the change of
consumption and thus leads them to respond gradually to unexpected income
changes. Over the years, the assumption of habit formation has become so
standard that the coefficient measuring the serial correlation in consumption
growth, which in fact represents the excess smoothness of consumption, is
usually understood as the habit-formation coefficient. In other words,
evidence of excess smoothness is automatically interpreted as evidence of
habit formation. It has to be noted, however, that the insensitivity of
consumption to unexpected income changes is usually not observed in studies
conducted on household-level data (e.g., Dynan 2000): excess smoothness
is only found in aggregate consumption. On the contrary, habit formation
implies consumption to be smooth at both the macro and the micro level.

Social preferences

Some contributions have extended the intertemporal utility maximization
model in order to allow for social influences on consumption behaviour.
The idea, which also underlies some of the models with “external” habit
formation, dates back at least to the work of Veblen (1899) and had already
been introduced in the theory of intertemporal choice by Duesenberry (1949)
shortly before the LCPIH made its appearance.

The “keeping up with the Joneses” model prescribes utility to depend
on the current average consumption of the individual’s peers. This leads to
a different saving profile from the one implied by the standard atomistic-
agents model: if peers’ consumption is on a growing trend then undersaving
(or overborrowing) will occur, while in the opposite case the model gives
rise to underconsumption (De Giorgi, Frederiksen, and Pistaferri 2020).
Alternatively, utility can be assumed to depend on past average peer
consumption (Ljungqvist and Uhlig 2000), in which case the model is
supposed to capture “catching up with the Joneses” behaviour.

From imperfect information to rational inattention

Models of imperfect information processing have been explored as possible
explanations for the evidence of excess smoothness. Pischke (1995)
proposes a model in which consumers react optimally to their own income
process but have incomplete or no information on economy-wide variables.
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The idea is that gathering information is somehow costly for consumers
(Lucas 1973) and, since uncertainty about the macroeconomic environment
makes a negligible contribution to total individual uncertainty, households
have little incentive to distinguish aggregate from idiosyncratic shocks.
According to Pischke (1995: p. 807), “agents may simply not care enough
about aggregate information because ignoring it is not very costly for (most)
households.” This implies that, when an aggregate shock occurs, consumers
adjust their consumption only partially because they confuse it with a (less
persistent) individual shock. Although such a model could in principle explain
any amount of excess smoothness, when it is actually calibrated to fit the
empirical evidence, it generates far less excess smoothness than exhibited
in the data.

Ludvigson and Michaelides (2001) introduce Pischke’s assumption of
incomplete information on the source of income shocks into a buffer-stock
model. They are able to generate excess smoothness, but in order to meet
the degree of smoothness found in the data, they need to simultaneously
admit an implausibly high degree of excess sensitivity.

More recently, Carroll et al. (2020) have managed to better replicate
the empirical evidence by assuming that consumers have accurate knowledge
of their personal circumstances but “sticky expectations” about the
macroeconomy. The idea is not so much that consumers have imperfect
information but rather that they are unable to attend to all information
available and therefore display “rational inattention” (Sims 2003): their ability
to allocate attention is limited and they allocate it optimally. More specifically,
Carroll et al. (2020: p. 43) assume that “consumers […] only occasionally
observe aggregate data.” The lag in perception generates a lag in the
response of aggregate consumption to aggregate developments. Unlike the
model with habit-forming preferences, which implies consumption to have
the same autocorrelation structure in micro and in aggregate data, the model
with sticky expectations is consistent with both household-level and macro
evidence, because the excess smoothness that it generates in aggregate
consumption stems from aggregation of the microeconomic behaviour of
consumers who exhibit no excess smoothness.

Near-rational behaviour

Drawing on the insight of Akerlof and Yellen (1985), Cochrane (1989)
suggested that the excess sensitivity of consumption to expected income
changes could be explained by “near-rational behaviour”. The idea is that
agents have bounded rationality and choose not to calculate the optimal
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consumption response to an income change when the change is small. This
recalls the assumption of “rational inattention” because it implies some kind
of “cost” faced by the consumer, even though related to reoptimization
rather than to information processing, and a somehow “rational” choice of
the consumer to bear that cost only when the associated welfare gain makes
it worthwhile.

Cochrane (1989)’s calculations suggest that the utility loss from setting
consumption equal to income instead of fully optimizing — i.e., the loss
from rule-of-thumb behaviour — can be negligible. Accordingly, even though
the observed behaviour deviates substantially from the predictions of an
intertemporal utility maximization model, this actually implies small deviations
in terms of welfare. The same insight underlies Souleles’s (1999), Hsieh’s
(2003), and Scholnick’s (2013) contributions aimed at investigating whether
the magnitude of income changes can explain the evidence of excess
sensitivity. More recently, Kueng (2018) was able to use the properties of
his data set and the features of the reported consumption behaviour in
order to rule out most alternative explanations of excess sensitivity, including
liquidity constraints, buffer-stock saving, imperfect information, and rational
inattention. He calculated the utility loss encountered by households for
deviating from utility-maximizing behaviour and found it to be extremely
small (by appropriately smoothing the income change, households would
gain less than a day of consumption per year), concluding that his findings
are consistent with near-rational behaviour.

Temptation preferences

In two recent contributions, Attanasio, Kovacs, and Moran (2020 and 2021)
build on the growing body of experimental evidence showing that households
suffer from present bias that makes it difficult to accumulate wealth in
liquid form (see, e.g., Thaler and Benartzi 2004).26 Accordingly, they introduce
the assumption of “temptation preferences” in a two-asset model of
consumption behaviour in order to provide an explanation for the presence
of wealthy hand-to-mouth consumers different from the one proposed by
Kaplan and Violante (2014). The key feature of temptation preferences is
that utility depends not only on actual consumption decisions, but also on
the most tempting consumption alternative available in the choice set in
each period. The idea is that households suffer from self-control problems
and therefore find it difficult to save in liquid assets, due to the possibility of
instantaneous gratification which is hard to resist. This creates a demand
for commitment devices (and thus illiquidity) that allow households to
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mitigate self-control problems. Attanasio, Kovacs, and Moran (2020) show
that temptation preferences can account for the large share of hand-to-
mouth households reported in the data even when liquid assets are assumed
to deliver higher returns than illiquid assets.

Mental accounting

One of the standard assumptions about consumers’ preferences that is
rejected by behavioural economics is that according to which resources
are fungible. In fact, individuals tend to treat different sources of income
and wealth in different ways, showing a greater willingness to spend certain
sources than others. That allowing for such “mental accounting” could help
explain the empirical evidence has been suggested from time to time in the
Euler equation literature (by, e.g., Bernheim, Skinner, and Weinberg 2001
and Kueng 2018), but only a recent contribution by Baugh et al. (2021)
provides an explicit test of the hypothesis. Baugh et al. (2021) find that the
same households increase consumption when they receive expected tax
refunds, but smooth consumption when making tax payments, i.e., households
deviate from optimization when faced with anticipated income increases
but behave as utility-maximizers when faced with anticipated income
declines. This asymmetric consumption pattern appears inconsistent with
liquidity constraints, buffer-stock saving, rational inattention, or hand-to-
mouth behaviour and Baugh et al. (2021) explain it through a model of
mental accounting (Shefrin and Thaler 1988). The idea is that households
maintain three mental accounts: current income, current assets, and future
income. Specifically, an anticipated tax refund is considered future income,
which a rule of thumb prevents households from consuming before arrival;
payments, on the other hand, are viewed as unrelated to the income-
consumption process, so that they are funded from less liquid savings
accounts and do not lead to consumption fluctuations.

SOME REMARKS ON THE CURRENT STATE OF
CONSUMPTION RESEARCH

Our reconstruction shows the strong and indeed peculiar link between
empirical research and theoretical contributions that characterizes the
literature on consumption. As we have seen, the need to reconcile the
analytical results with the data has constantly driven scholars to propose
further extensions of the original model. For reasons of space, it has not
been possible to discuss all the numerous versions of the model of
intertemporal utility maximization available in the literature, but we hope to



28 / DARIA PIGNALOSA

have nonetheless provided a sufficiently general overview of the
developments that have taken place in consumption research over the last
few decades.27

A preliminary remark we would like to point out stems from the
acknowledgement that theoretical developments have essentially consisted
in modifying some of the model’s underlying assumptions with the aim of
obtaining predictions that are compatible with observed consumption
behaviour. Indeed, if we imagine to remove all the specific assumptions
introduced in each extension, i.e., if we consider the model in its most
general formulation in which both individual preferences and the budget
constraint are not specified, then the theory of intertemporal choice boils
down to the thesis according to which the consumer maximizes his lifetime
utility on the basis of the (expected) resources available during the life
cycle. Now, this only implies that (discounted) marginal utility should be
constant over time. Since this in turn can involve quite different consumption
profiles, the thesis on its own has no implications in terms of saving behaviour
and cannot, therefore, be empirically verified or used to assess the impact
of specific policies.28 This, however, is not in itself necessarily a problem.
Clearly, one can legitimately doubt whether the constant search for additional
assumptions tailored on the evidence the model is supposed to replicate is
the most rigorous way to endow a theory with microeconomic foundations.
But even leaving aside this fundamental methodological problem, the fact is
that each version of the model adopts a specific set of assumptions which,
on the one hand, is crucial for explaining the empirical evidence taken into
account and, on the other hand, leads to implications that are different from
those obtainable with any other version of the model. But if this is the case,
and if, at the same time, what is demanded from the theory of intertemporal
choice is to describe the consumption behaviour actually observed and to
provide policy prescriptions, then it becomes very much necessary to reach
a general consensus on which particular version of the model is to be
considered “the standard model”. In other words, it is necessary to converge
on the one hand on a specific definition of the stochastic environment in
which the consumer operates, and therefore on a specific definition of the
intertemporal budget constraint, and on the other hand on a precise
specification of individual preferences, which includes both the choice of
the utility function and the identification of the value to be assigned to
preference parameters.29 However, as witnessed by our reconstruction,
more than four decades after the original formulation, no widely accepted
version of the model seems to have emerged. On the contrary, the most
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recent years have seen the appearance of further new versions that aim to
improve on the still not fully satisfactory empirical performance of previous
models and that mark an increasingly radical departure from the original
formulation proposed by Hall (1978).

In this respect, there is another issue we would like to address, which is
related not so much to the extent as to the nature of such departure. To this
end, it should first be recalled that as an early response to the problematic
empirical results it was suggested that the model could incorporate a
significant fraction of individuals who, instead of maximizing their utility,
behave as rule-of-thumb consumers and simply set consumption equal to
current income in each period. Clearly, following this route would have
implied renouncing to the idea that the theory of intertemporal choice provides
an acceptable representation of the observed consumption behaviour. And
it is in fact for the purpose of escaping this outcome that scholars have
proposed several extensions of the original model. They have in the first
place modified the assumptions shaping the framework faced by the
consumer and those regarding the value to be assigned to preference
parameters. However, they have also increasingly relied on the introduction
of elements that are somehow difficult to reconcile with the theoretical and
methodological premises of the neoclassical approach. This is the case for
the models in which individual utility depends on other consumers’ behaviour,
i.e., the models which allow for those social interdependencies in consumption
that ever since the early stages in the development of neoclassical
consumption theory were understood to have problematic analytical and
methodological implications and were accordingly kept aside.30 The same
applies to those models that imply some form of boundary to the very concept
of rationality underlying neoclassical theory, that is the models that regard
the consumer as having a limited capacity of gathering or processing
information or a limited capacity of identifying optimal behaviour. Only
partially different is the question of the models that drop the hypothesis
according to which preferences are additive over states of nature, since in
this case it is not an apparently essential assumption of neoclassical theory
that is violated, but still a cornerstone of the neoclassical approach to the
study of choices under risk such as the expected-utility theory. However,
what undoubtedly marks an authentic fracture is the recent incorporation
of psychological elements borrowed from behavioural economics, which
seems to contradict even the basic idea according to which individuals
consistently maximize their utility. In this regard, it may be worthwhile to
recall a passage of the review of the early Euler equation literature in
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which Browning and Crossley (2001) put forward a keen defence of the
approach:

In its most general formulation, the life-cycle framework simply asserts
that agents make sequential decisions to achieve a coherent (and “stable”)
goal using currently available information as best they can. This catholic
view does not rule out many models which would not be consistent with
earlier restrictive models in the life-cycle tradition […]. What the life-
cycle framework does rule out is “rule of thumb” behavior, in which
households simply spend a fixed fraction of their income. It also rules out
many psychological or behavioral explanations (pp. 3-4).

As a matter of fact, in the twenty years following this claim, the role of
rule-of-thumb behaviour may have been mitigated but definitely not
completely set aside, while those “behavioural explanations” have eventually
been admitted into “the life-cycle framework”. Overall, even leaving aside
any more general criticism that could be addressed to the mainstream
explanation of consumer behaviour, this process of progressive departure
from the very premises of the approach suggests a substantial failure of the
research project initiated with Hall’s (1978) contribution and can arguably
be seen as illustrative of that state of “fragmentation” (Roncaglia 2019)
that characterizes contemporary economic theory.

Clearly, once the theory of intertemporal choice has been discarded,
the question of the determinants of individuals’ consumption behaviour
remains open. In this regard, it is worth pointing out that the main results
emerging from the empirical literature, relating to the role of current income
as an important determinant of consumption (“excess sensitivity”) and to
the tendency of consumers not to change drastically their level of expenditure
from one period to another (“excess smoothness”), are both accounted for
when one adopts a conception of consumption as largely determined by
social factors. The idea is that consuming certain goods allows individuals
to be identified with specific social groups and that the concern for the
display of their social status leads individuals to endeavour to maintain the
level of consumption to which they are accustomed. As a consequence,
when income decreases, consumers would rather let this affect their saving
than compromise their acquired standard of living, which implies that
consumption is to some extent “irreversible”. By contrast, when income
increases, individuals readily increase their consumption in order to flaunt a
social status previously inaccessible to them. This could explain the
asymmetrical responses of consumption to positive and negative changes
in income that are observed in the data.31
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It is important to emphasize that we do not mean to advocate the social
role of consumption as the sole determinant of the observed behaviour, and
in particular we would not deny the existence of a plan-making component
in consumption choices that takes into account, among other things, individual
expectations about future income. Rather, what the literature on consumption
and saving behaviour seems to suggest is that the factors influencing
consumption choices are too numerous and too complex to be adequately
captured in a single model.

This leads us to our final remark. Because of the extensiveness of the
literature addressed in the present paper, we have decided to devote a
separate work to the policy implications of the various versions of the model
of intertemporal choice proposed. However, one should never forget that in
the background of the competition between the “Keynesian” consumption
function and the alternatives proposed during the debate of the 1940s and
1950s there was the question of the effectiveness of fiscal policy. In this
regard, it should be noted that the empirical results of the Euler equation
literature do not seem to support Friedman’s thesis based on the irrelevance
of current income as a determinant of current consumption — and even
less that “Ricardian” equivalence which takes such thesis to its extreme
consequences. As a matter of fact, within the mainstream literature itself, it
has become common practice to introduce into dynamic general equilibrium
models the hypothesis of a fraction of consumers who behave as “non-
Ricardians” (either because they are liquidity constrained or simply because
they are rule-of-thumb consumers) as a channel through which fiscal policy
can have “Keynesian” effects.
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Notes

1. The distinction between transitory and permanent income is able to explain
the difference between the long-run and the short-run marginal propensity to
consume. According to Friedman, the level of income observed in cross-
section data is likely to be affected by transitory components, which leads to
a lower estimate of the marginal propensity to consume; as the length of the
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period of observation increases, the influence of transitory components gets
smaller and “measured” income becomes very close to permanent income, so
that, in time-series data, consumption is found to be proportional to income.
There were other well-known “stylized facts” that were calling for an
explanation. For example, the evidence suggested that black families consume
a larger proportion of their income than white families, but, at the same level of
income, black families consume less than white families. According to the
LCPIH, this happens because blacks tend to have lower permanent incomes
than whites and, therefore, at any given level of current income, they tend to
have larger transitory income and hence save more.

2. Another influential theory proposed as an explanation for the puzzling empirical
evidence at the centre of the debate on the consumption function is the
relative income hypothesis developed by Duesenberry (1949). In his
contribution, Friedman (1957) recognizes that in terms of empirical performance
Duesenberry’s theory is just as successful as the permanent income
hypothesis, but advocates his own approach as being more internally
consistent. For a survey of the debate on the consumption function which
includes a comparison between Duesenberry’s and Friedman’s theories, see
Trezzini (2012).

3. Following the literature, we will generally identify the consumer with a generic
“individual”, but the decision-making unit is usually assumed to be the
household.

4. Actually, Hall (1978) admitted that “the pure life cycle-permanent income
hypothesis […] is rejected by the data” and suggested a modification of the
hypothesis according to which “some part of consumption takes time to
adjust to a change in permanent income”. He claimed the data to be “entirely
compatible” with this modification of the hypothesis, which, according to
him, “leaves its central content unchanged” (p. 985). However, this aspect of
Hall’s contribution has remained virtually unnoticed.

5. To the best of my knowledge, there is no single work providing an exhaustive
and accurate discussion of the assumptions underlying the Euler equation
approach to consumption behaviour. There are, however, contributions that
partially serve this purpose, such as Muellbauer (1983), Browning and Lusardi
(1996), and Attanasio (1999).

6. Notice that quadratic utility actually violates the monotonicity assumption,
as it implies a bliss level for consumption. However, the assumption can be
weakened to state merely that no consumption level attainable with the
individual’s resources is preferred to all others.

7. Campbell (1987) derives an expression for consumption as a function of the
expected value of lifetime resources under the assumption of quadratic
preferences. Caballero (1990) addresses the case of exponential utility. Both
preference specifications, however, are not very appealing (see, e.g., Jappelli
and Pistaferri 2017).
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8. The model is often referred to as the “permanent-income hypothesis” or the
“life-cycle model”, emphasizing the continuity with the theories of Modigliani
and Friedman. However, the formal treatment of uncertainty introduced with
the assumption of rational expectations seems to have brought about a marked
change with respect to the analyses of the 1950s. The expression “standard
model” is also very popular, but for reasons that will become clear later, we
find it inappropriate as well. We shall therefore speak of the “Euler equation
approach” or the “intertemporal (utility) maximization model”.

9. At the empirical level, excess sensitivity arises when the data show a positive
correlation between the change in consumption and the lagged change in
income.

10. Technically, excess smoothness emerges because the empirical variance of
consumption innovations is smaller than the variance of innovations in
permanent income.

11. Jappelli and Pistaferri (2017) describe the strategies used to identify anticipated
and unanticipated income changes and the empirical techniques adopted in
excess sensitivity and excess smoothness tests, providing also a survey of
the main findings. Fuchs-Schündeln and Hassan’s (2016) review of the literature
on “natural experiments” also focuses on both the methodological side and
the empirical results. Finally, it is worth mentioning two recent meta-analyses
concerning the excess smoothness (Havránek, Rusnák, and Sokolova 2017)
and the excess sensitivity (Havránek and Sokolova 2020) puzzles.

12. Browning and Crossley (2001) provide a discussion of the evidence of
consumption smoothing at different frequencies: high (within the year), medium
(year to year or across the business cycle), low (across the working life), and
very low (across stages of the life cycle).

13. More recently, similar remarks can be found in Jappelli and Pistaferri (2017)
(see, e.g., p. 28). Cohen et al. (2020) review the research that measures time
preferences. For an overview of the evidence on the magnitude of risk aversion,
see Ludvigson (2013) and Outreville (2014). Browning and Lusardi (1996)
provide a detailed survey of the early contributions on precautionary saving,
and Lugilde, Bande, and Riveiro (2019) review the recent evidence. As for the
elasticity of intertemporal substitution, detailed accounts are provided in the
meta-analysis by Havránek et al. (2015) and the survey by Thimme (2017).

14. For a more extensive discussion of the analytical definition of preference
parameters and of the controversial results of the literature devoted to their
estimation, see Pignalosa (2019).

15. Both theoretical (Arrow 1965) and empirical arguments suggest that the value
of the coefficient of relative risk aversion should be equal to one or at least
not much higher. However, an example may help appreciate the implausibility
of the values reported by Mehra and Prescott (1985). Let us then consider a
lottery which yields, with equal probability, 50 or 100 units of consumption.
An individual who is neither risk averse nor risk loving, in order to be willing
to give up playing the lottery, should receive a sure amount of (at least) 75
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units of consumption (the expected value of the lottery). Let us now consider
a risk averse individual with standard isoelastic preferences. To make him
willing to forego the lottery, we should offer him 70.7 units of consumption if
his coefficient of relative risk aversion is equal to 1, 54.0 units if the coefficient
is 10, and only 51.9 units if the coefficient is 20.

16. Strictly speaking, consumers are “rule-of-thumb” if, rather than behaving as
utility-maximizers, they follow simple or even relatively sophisticated heuristics.
However, in the mainstream literature, the term “rule-of-thumb” is usually
used in a narrower sense, as denoting those individuals who follow the
particular rule which prescribes to consume all of their income in every period.

17. As a matter of fact, all consumers who simply consume their current income,
regardless of the reason, are “hand-to-mouth”. Their behaviour could either
be the result of a rule of thumb or, for example, “the reflection of an inability to
trade in asset markets due to infinite transactions costs” (Weil 1992: p. 575).
However, the term is frequently used to refer specifically to non-optimizing
behaviour.

18. They are referred to as “non-Ricardian” consumers because the so-called
“Ricardian equivalence” (Barro 1974) does not hold for households consuming
their current income period by period.

19. In particular, the theory suggests that a consistently aggregated Euler equation
would be based on the sum of the logarithms of individual consumption, but
what can be calculated from national accounts is the logarithm of the sum of
individual consumption. Attanasio and Weber (1993) show the relevance of
such aggregation bias and suggest that consistently aggregated micro data
partially solve rejections of the model that instead appear by making use of
macroeconomic data.

20. A discussion of these more technical aspects is beyond our scope; the
interested reader is referred to Jappelli and Pistaferri (2017).

21. Consider the quadratic utility function adopted by Hall (1978). Under this
preference specification, the marginal utility of current consumption is 
and, because of the linearity of the expectation operator, the expected value of
the marginal utility of next-period consumption is  which is the
same as the marginal utility of the expected value of next-period consumption:

. Since it depends only on expected consumption,
expected marginal utility is not affected by a mean-preserving increase in
uncertainty. When preferences allow for precautionary saving, instead, the
Euler equation also includes the conditional variance of consumption growth.

22. If marginal utility is convex, then, by definition,  i.e.,
the expected marginal utility of consumption is larger than the marginal utility
of expected consumption. This implies that a mean-preserving increase in
uncertainty raises expected marginal utility. In order to bring expected marginal
utility back into equality with current marginal utility, current consumption
must be reduced.
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23. For an analysis of the interplay of liquidity constraints and prudence see
Carroll and Kimball (2001) and Carroll, Holm, and Kimball (2021).

24. In the intertemporal maximization model, lifetime utility is the sum of utilities
from consumption in each period, where utility of future consumption is
expected utility, i.e., the sum of utilities in each state of nature weighted with
the probabilities of each state. Von Neumann and Morgenstern’s (1947)
“expected utility theorem” shows that if preferences satisfy the completeness,
transitivity, continuity, and independence axioms, then they admit a utility
representation that is linear in probabilities, which implies that the utility of an
aleatory amount can be thought of as the expected value of the utilities of the
different outcomes. As is well known, the axioms underlying the expected-
utility representation of preferences are quite controversial. For a
reconstruction of the process that led to their acceptance and the establishment
of expected-utility theory as the mainstream approach to the analysis of risky
choices, see Moscati (2016).

25. For a thorough discussion of EZW preferences see Kimball and Weil (2009).

26. The idea is that in discounting future utility with respect to present utility, the
consumer is affected by a bias that leads him to significantly reduce the
weight attached to future utility.

27. Actually, we have not discussed all the empirical puzzles either. For example,
the model of intertemporal utility maximization struggles to explain differences
in saving rates across countries. As for the extensions of the model, we have
left out, for example, the formulations in which consumers have bequest
motives or face uncertainty about the length of life; we have also neglected
the literature analysing hyperbolic discounting and that focusing on the
relevance of financial sophistication. For an overview of all these strands of
research, see Jappelli and Pistaferri (2017).

28. As suggested by Browning and Lusardi (1996: p. 1800), “the most general
model […] does not seem to impose any restrictions on the time path of
consumption and asset prices. It is only when we impose restrictions on
preferences and budgets that we can derive testable implications. Thus the
standard model in its most general form is better thought of as a framework
than as a direct source of testable propositions”. Similar statements are to be
found in Browning and Crossley (2001: p. 3) and in Attanasio and Weber
(2010: p. 695).

29. Clearly, in order to deliver precise quantitative predictions, any theory requires
some parameters to be given specific values. However, the model of
intertemporal utility maximization is unable to provide even qualitative
indications about consumption behaviour unless all preference parameters
are quite precisely set. The most patent example of this comes from the
comparison between the model with quadratic preferences and the model
with precautionary saving. In the first one the consumer is supposed to plan
for a constant consumption level throughout the life cycle (and consumption
is supposed to change only if unexpected income changes occur); by contrast,



36 / DARIA PIGNALOSA

a precautionary motive for saving implies a growing trend of consumption.
The difference is entirely due to a single parameter — prudence — being
either null or positive. And the theory of intertemporal choice provides no a
priori reason for expecting prudence to behave one way or the other, so that
the relevance of the precautionary motive for saving is a purely empirical
matter.

30. The main problems arise in connection to the construction of a market demand
function as the summation of individual demands and to the measurement of
consumer surplus. On this point, see Drakopulos (2012) and Bianchi and
Sanfilippo (2015).

31. The emergence of an approach which regards consumption as a primarily
social phenomenon can be traced to the work of Veblen (1899). Veblen’s insights
were extensively used within the debate on the consumption function of the
1940s and 1950s. Besides Duesenberry’s (1949) contribution, it is worth
mentioning the work of Samuelson (1943) and a contribution by Modigliani
(1949) that preceded his much more successful life-cycle model (for a
reconstruction, see Trezzini 2005). They have also been introduced in the
Euler equation literature in the form of habit-forming preferences and in the
“keeping/catching up with the Joneses” models, but the social significance
of consumption does not seem easily reconcilable with the neoclassical
approach.
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