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TEMPTATION AND SELF-CONTROL: SOME EVIDENCE AND
APPLICATIONS

KEVIN X.D. HUANG, ZHENG LIU, AND JOHN Q. ZHU

ABSTRACT. This paper studies the empirical relevance of temptation and self-control using
household-level data from the Consumer Expenditure Survey. We construct an infinite-
horizon consumption-savings model that allows, but does not require, temptation and self-
control in preferences. In the presence of temptation, a wealth-consumption ratio, in ad-
dition to consumption growth, becomes a determinant of the asset-pricing kernel, and the
importance of this additional pricing factor depends on the strength of temptation. To
identify the presence of temptation, we exploit an implication of the theory that a more
tempted individual should be more likely to hold commitment assets such as IRA or 401(k)
accounts. Our estimation provides empirical support for temptation preferences. Based
on our estimates, we explore some quantitative implications of this class of preferences for
capital accumulation in a neoclassical growth model and the welfare cost of the business

cycle.

For every man there exists a bait which he cannot resist swallowing.
—Friedrich Nietzsche

...we are often willing even to pay a price to precommit future actions (and
to avoid temptation). —Robert H. Strotz (1956)

I. INTRODUCTION

John was on a diet. He planned to eat healthy and to exercise regularly. One day, John
walked into Fcopolitan, a reputable neighborhood restaurant that was famed for healthy

foods. When he browsed through the menu, John was delighted: the menu contained various
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salads and vegetarian meals. “This is exactly what I need,” thought John. When he flipped
to the last page of the menu, his eyes lit up as he saw pictures of some creamy, rich, and
colorfully decorated deserts that appeared enticing. “Well, what am I going to do? Should I
try some desert as well?” John started debating with himself and struggled a bit before he
could make up his mind.

John is not alone. When planning for the long run, one intends to meet deadlines, exercise
regularly, and eat healthy; but short-run behaviors are not always consistent with long-run
plans. The availability of ex ante inferior, but ex post tempting alternatives often makes one
worse off. Facing tempting alternatives, a decision maker may either end up succumbing to
temptation (e.g., by eating unhealthy foods) or exert costly efforts to resist temptation. In
either case, he is made worse off by the presence of tempting alternatives.

In a series of important contributions, Gul and Pesendorfer (2001, 2004a, henceforth GP)
propose an axiomatic foundation for preferences that capture such behavioral observations.
The GP-preference specification allows for temptation and self-control, which captures poten-
tial conflicts between an agent’s ex ante long-run ranking of options and her ex post short-run
urges in a rational and time-consistent framework. A typical agent faces temptation in each
period of time, and she exercises costly self-control efforts to resist the temptation. Thus,
she might be better off if facing a smaller opportunity set that excludes the ex ante inferior
but ex post tempting alternatives. In other words, she has preferences for commitment, as
commitment ex ante reduces costs of self-control ex post.

Preferences for commitment can be quantitatively important. To illustrate this point,
consider a GP agent whose commitment ranking is represented by a standard CRRA utility
function u, with a coefficient of relative risk aversion 7, and whose temptation utility is
v = Au. Here )\ measures the strength of temptation. This is the setup we will employ
in this paper (see, also, Krusell, Kurus¢u, and Smith 2010; Gul and Pesendorfer, 2004b).
As we show below, as long as A > 0, the agent is willing to pay a premium for an illiquid
asset for its commitment value. To be specific, consider two N-period lived securities with
an identical payoff at maturity, where N > 2. The two securities are both offered to the
agent for purchase at time ¢. Security 1 can be traded in every period before the maturity
date, with no trading frictions; while security 2 cannot be re-traded until the maturity date.
As can be inferred from our analysis of equations (9) and (11) in the text below, under a
mild assumption on short-sales restrictions, the ratio of the price of security 2 to that of
security 1 that the agent is willing to pay is [Th_' {1 — [\/(1 4+ N (Wisn/crpn) 7} > 1,
where (W, /¢i1n) denotes the ratio of liquid wealth (inclusive of income) to consumption at
t + n. Evidently, the agent is willing to pay the same price for the two types of securities if
and only if A = 0. If A > 0, then the illiquid security (security 2) commands a commitment

premium that is strictly increasing in A\. To get a sense about the potential size of the
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commitment premium, consider the case with v = 1 (log-utility) and with w/c = 4.84,
which corresponds to the average ratio of liquid wealth to consumption of nondurables and
services in the U.S. data from 1952:Q1 to 2013:Q1.! Suppose that both securities mature in
30 years. Then, as A rises from 0 to 0.1, the relative price of security 2 rises from 1 to 1.73.
This calculation implies a cumulative commitment premium of 73% over 30 years, or an
average annual premium of about 1.85%. While this is not a negligible number, the actual
size of the commitment premium apparently depends on how large A is in the data.

Indeed, conclusions from recent theoretical studies on the implications of GP preferences
for a variety of economic issues hinge critically on the strength of temptation. These studies
include Krusell, Kurusgu, and Smith (2002) that applies the self-control theory to asset pric-
ing, Krusell, Kurugcu, and Smith (2010) to taxation, Esteban, Miyagiwa, and Shum (2003)
to price discrimination, Ameriks et al. (2004) to survey designs, Gul and Pesendorfer (2004a,
2004b) to consumption-savings decisions and welfare, and Gul and Pesendorfer (2005b) to
harmful addiction.? This growing literature suggests that incorporating temptation and self-
control in preferences may shed new light on some important issues, especially those consid-
ered “puzzles” under standard preferences. Yet, assessing the quantitative importance of the
GP preferences remains a challenge precisely because of the scarcity of empirical evidence
on the strength of temptation, or the lack thereof.

The current paper intends to fill this gap by estimating the quantitative strength of temp-
tation and self-control. We focus on temptation preferences instead of quasi-hyperbolic
discounting preferences for both theoretical and empirical reasons. The two types of pref-
erences both imply a desire for commitment (e.g., Strotz, 1956; Laibson, 1997; Harris and
Laibson, 2001; Gul and Pesendofer, 2004b). However, temptation preferences are an appeal-
ing alternative to the quasi-hyperbolic discounting model since they do not rest heavily on
the choice of the time period and are more suitable for welfare analysis (e.g., Attanasio and
Weber, 2010). As we show in the text, temptation preferences give rise to a consumption
Euler equation that represents a natural generalization of that under the standard utility
function. In particular, under temptation preferences, the asset-pricing kernel is an explicit

function of the consumption growth rate and the wealth-consumption ratio. With hyperbolic

LOur measure of wealth is the sum of household liquid net worth and disposable personal income, taken
from the Flow of Funds tables from the Federal Reserve Board (Table B.100: Balance Sheets of House-
holds and Nonprofit Organizations). The liquid net worth is defined as the difference between liquid assets
and liquid liabilities, where liquid assets are total assets net of tangible assets (real estate, durable goods,
and equipment and software owned by nonprofit organizations) and pension reserve funds; and liquid lia-
bilities equal total liabilities net of home mortgages. Consumption is measured by personal consumption

expenditures on nondurable goods and services, taken from the U.S. Bureau of Economic Analysis.
2Related theoretical and applied work also includes Benhabib and Bisin (2005) and Bernheim and Rangel

(2002), among others.
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discounting preferences, however, it is more difficult to estimate an Euler equation because
the Euler equation involves the first derivative of consumption with respect to wealth; and to
get an explicitly parameterized asset-pricing kernel requires knowledge of the policy function
(e.g., Harris and Laibson, 2001).

To examine the empirical importance of temptation preferences, we estimate an intertem-
poral Euler equation based on an infinite-horizon consumption-savings model that allows
for, but does not require, temptation and self-control using household-level data from the
Consumer Expenditure Survey (CEX). The use of micro data is essential for two reasons.
First, since the intertemporal Euler equation represents an interior optimizing decision, it
is relevant only for those individuals who hold some form of financial assets. Thus, using
aggregate data may lead to inconsistent estimates of the parameters of interest, whereas
using micro data makes it possible to control for limited participation.® Second, and more
importantly, using micro data allows us to capture individual differences in the strength of
temptation and self-control. This level of heterogeneity is particularly useful for identifying
the presence of temptation, since our model implies that an individual who is more sus-
ceptible to temptation would be more likely to hold commitment assets (such as individual
retirement account (IRA)), because holding commitment assets helps reduce the cost of self
control.*

Our work shares a similar goal with DeJong and Ripoll (2006), who estimate the strength
of temptation based on a version of the Lucas (1978) model with a representative agent.
Unlike DeJong and Ripoll (2006), who use aggregate time series data, we find significant
presence of temptation. We argue that such difference arises mainly because our model takes
into account limited asset-market participation and more importantly, our model allows
for individual heterogeneity in the level of self-control, which helps identify the presence
of temptation. From this perspective, our work is perhaps more closely related to that
by Paserman (2004), Fang and Silverman (2004), and Laibson, Repetto, and Tobacman
(2004), who all employ panel or field data in estimating the quantitative effects of self-control

problems under preference specifications with hyperbolic discounting.

3For some studies that emphasize the importance of limited participation, see Mankiw and Zeldes, 1991;
Brav, Constantinides, and Geczy (2002), Cogley (2002), Vissing-Jorgensen (2002), and Jacobs and Wang

(2004). For a survey of this literature, see Constantinides (2002).
4The literature emphasizes other reasons for studying the cross-sectional variations in the level of self-

control. Della Vigna and Paserman (2005) show that cross-sectional variations in self-control help predict
cross-sectional variations in behaviors. Krusell, Kurusgu, and Smith (2002) argue for the realism of differing
degrees of temptation and self-control among consumers, and they demonstrate the potential significance of
such heterogeneity in accounting for the high equity premium and low risk-free rate. See also Ameriks et
al. (2004) for some evidence on the heterogeneity in the degree of temptation and self-control in a survey
sample of TTAA-CREF participants.
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In practice, we estimate jointly the elasticity of intertemporal substitution (EIS) and
the temptation parameter using GMM in our baseline model. We parameterize the utility
function to be consistent with balanced growth and recent evidence on the cointegrating
relations between consumption, income, and wealth (e.g., Lettau and Ludvigson, 2001, 2004).
We focus on estimating a log-linearized Euler equation, which is linear in parameters. We
control the aggregation process to take into account limited asset market participation and
to deal with potential measurement errors in the individual level data. This is fundamentally
the same approach taken by Vissing-Jgrgensen (2002), among others, under the standard
preferences without temptation.

Because we allow for temptation and self-control, the wealth-consumption ratio, in addi-
tion to the consumption growth rate, becomes a determinant of the intertemporal marginal
rate of substitution (i.e., the asset-pricing kernel), and the importance of this additional fac-
tor depends on the strength of temptation and self-control. The wealth-consumption ratio
appears in the asset-pricing kernel because, if the individual agent succumbs to temptation,
she would consume her entire income and accumulated (liquid) assets, which correspond to
our definition of wealth (or “cash on hand”, as in Deaton, 1991). In other words, wealth
represents “temptation consumption.”

To identify the presence of temptation, we exploit an implication of the theory that an
individual who is more susceptible to temptation would be more likely to hold commit-
ment assets, which are assets that cannot be easily re-traded or be used as a collateral for
borrowing. Thus, we include in our estimation equation an interaction term between the
wealth-consumption ratio and a dummy variable indicating the households’ participation in
IRAs or 401(k) retirement plans. The IRA dummy takes a value of one if the underlying in-
dividual holds any assets in these retirement accounts; and it takes a value of zero otherwise.
Since early withdrawals from the IRA/401(k) accounts incur stiff tax penalties, contribu-
tions to IRAs or 401(k) retirement plans can be viewed as a form of commitment. If the
GP theory is empirically relevant, then we should expect those individuals who participate
in IRA/401(k) to have also a larger temptation parameter. Indeed, this is borne out by our
estimation.

Our identification assumption is consistent with the findings by Laibson, Repetto, and
Tobacman (1998), whose simulations show that defined contribution plans such as IRA and
401(k) accounts are effective for raising savings of individuals with self-control problems,
since these agents value illiquid assets as a commitment device. However, individuals without
self-control problems may also want to hold IRAs or 401(k) for other reasons (such as tax
advantages). Further, more patient individuals are more likely to invest in long-term savings,

and they may also want to hold defined contribution accounts because of patience.



TEMPTATION AND SELF-CONTROL 6

To address these confounding issues in our identification, we control for the direct effects
of these defined contribution plans on consumption growth by including the TRA dummy
as a separate regressor in our empirical model. The coefficient on the IRA dummy cap-
tures the “level effects” of holding IRAs or 401(k) plans on consumption growth. The level
effects include cross-sectional differences in patience, as well as potentially higher rates of
returns on the illiquid assets in the defined contribution plans that are not captured in the
returns on financial assets included in the regression. Controlling for the level effects of IRA
contributions thus helps isolate the commitment value of these retirement accounts.

Our estimation provides statistical support for temptation and self-control preferences.
With reasonable precisions, we obtain a significant estimate of the strength of present-biased
temptation, and we reject the null hypothesis of no temptation at common confidence levels.

In our estimation, we also take advantage of our microeconomic data to separate self-
control problems from other confounding factors such as liquidity constraints. We follow
Hall’s (2011) approach and define liquidity constrained households as those whose liquid
asset holdings of checking and saving accounts are worth no more than two months of after-
tax labor income. For the subsample with individuals who are not liquidity constrained, our
estimation implies a greater and more precise value of the self-control parameter than in the
full sample.

Our finding is consistent with a recent study by Bucciol (forthcoming), who reports ev-
idence of a taste for commitment from the Survey of Consumer Finance (SCF) data using
a structural estimation approach. While Bucciol (forthcoming) exploits the cross-sectional
variations in the low-frequency SCF data (the SCF survey is conducted every three years),
our estimation focuses on the time-series dimension with high-frequency data from the CEX
survey (at monthly frequencies).

To illustrate the macroeconomic applications of the GP theory, we explore how the pres-
ence of temptation, with a reasonable magnitude as suggested by our estimates, can affect
steady-state saving rate in an optimal growth model and calculations of the welfare cost of
business cycles. We find that modest temptation implies large reductions in steady-state
saving and income. With the temptation parameter calibrated based on our empirical esti-
mation, restoring steady-state saving and income to levels obtained in an economy without
temptation requires an investment subsidy rate of about 11% (financed by lump-sum taxes).
In the context of welfare cost of business cycles, we also obtain some results that are some-

what surprising yet quite intuitive.
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II. A CONSUMPTION-SAVINGS MODEL WITH DYNAMIC SELF-CONTROL

In this section, we consider an infinite-horizon consumption-savings problem that allows
the possibility of temptation and dynamic self-control in preferences, and we characterize

the intertemporal Euler equation derived from the model.

II.1. An Axiom-Based Representation for Self-Control Preferences. Gul and Pe-
sendorfer (2001, 2004a) consider decision problems by agents who are susceptible to temp-
tations in the sense that ex ante inferior choice may tempt the decision maker ex post.
They develop an axiom-based and time-consistent representation of self-control preferences
that identifies the decision maker’s commitment ranking, temptation ranking, and cost of
self-control. According to their definition, “an agent has a preference for commitment if
she strictly prefers a subset of alternatives to the set itself; she has self-control if she resists
temptation and chooses an option with higher ex ante utility.” They show that, to obtain a
representation for the self-control preferences, it is necessary, in addition to the usual axioms
(completeness, transitivity, continuity, and independence), to introduce a new axiom called
“set betweenness,” which states that A > B implies A = A|JB = B for any choice sets
A and B. Under this axiom, an option that is not chosen ex post may affect the decision
maker’s utility at the time of decision because it presents temptation; and temptation is
costly since an alternative that is not chosen cannot increase the decision maker’s utility.
Under these axioms, GP (2001) show that a representation for the self-control preferences
takes the form
W(A) = maxzeau(x) + v(r) — max,eav(y), (1)
where both u and v are von Neumann-Morgenstern utility functions over lotteries and W (A)
is the utility representation of self-control preferences over the choice set A. The functions u
and v describe the agent’s commitment ranking and temptation ranking, respectively. The
term max,ec4v(y) — v(x) is non-negative for all € A, and it represents the utility cost of

self-control.

I1.2. An Infinite-Horizon Consumption-Savings Problem. Consider now a consumption-
savings problem in an infinite-horizon economy with a large number (H) of households. The
households have access to an asset market, where they trade [ types of assets, including
a risk-free asset. Let ¢ denote consumption by household h, e his endowment, and bl =
(bh b2 ... b)Y his asset-holding position at the beginning of period ¢, for h € {1,2,..., H}.
Let ¢! and d! denote the price and the dividend payoff of asset 7 € {1,..., I} in period t. In
each period ¢, a household’s decision problem involves choosing current consumption and a
continuation of decision problems (which is a function of new asset positions) to maximize
his expected lifetime discounted utility, taking as given asset prices and dividends, his endow-

ment, and current asset positions. In the decision problem, a household faces a temptation
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to consume all his wealth that consists of current endowment and the market value of his
current assets. He may exert costly efforts to resist such temptations.

As shown by GP (2004a), an infinite-horizon consumption planning problem, like the one
described here, can be formulated in a recursive form. Denote by z(b) the infinite-horizon
planning problem when the current asset position is b. The decision problem for a generic
household is then described by the dynamic programming problem

W (=(b")) = max {u(e") + v(c") + SEW ((B")) — v(w") } (2)

ch bh

subject to the budget constraint
I I
Zqzbzh — ot + Z(qz +dz)bzh _ ch7 (3)
i=1 i=1

and a short-sale constraint b® > 0. In these expressions, u and v are von Neumann-
Morgenstern utility functions, 6 € (0,1) is a discount factor, E is an expectation operator,
and the tilde terms denote variables in the next period. Given the borrowing constraint,
the maximum level of consumption admissible for household A if the household succumbs to

temptation is the sum of his current income and financial wealth, which is given by

I
wh = e+ (¢ + )b (4)

i=1
Let R, = (qi,, +di.,)/q; denote the gross return on asset i between period ¢ and ¢ + 1.

Then, for any asset ¢ € {1,...,}, the intertemporal Euler equation is given by
' (cf) +0'(e}) = OB [u (efy) + (1) — V' (i) Risa,s (5)

where «/(+) and v'(+) denote the marginal commitment utility and the marginal temptation
utility, respectively, E; is a conditional expectation operator. This Euler equation describes
the household’s intertemporal tradeoff in the face of temptation and costly self-control. The
left hand side of the equation is the utility gain from a marginal increase in period-t con-
sumption, which raises both the commitment utility and the temptation utility. The right
hand side is the expected discounted utility from a marginal increase of period-t saving,
which commands a gross return of R;;; and raises both consumption and wealth in period
t + 1. The rise in consumption leads to utility gains, whereas the rise in wealth leads to
utility losses because of costly self-control. At the margin, an optimizing household remains

indifferent between consuming now or saving for future.’

"Krusell, Kuruscu, and Smith (2010) derive Euler equations similar to our equation (5), but in a more
general model that nests the quasi-geometric discounting preferences by Laibson (1997) and the temptation

and self-control preferences by Gul and Pensendorfer (2004a).
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More generally, the intertemporal Euler equation can be written as
h
L =Emy; 1 R, (6)

where, with a slight abuse of notation, R;; denotes the gross return on a generic asset, and
m},,, denotes the household’s intertemporal marginal rate of substitution (or SDF) between
period ¢ and t + 1 given by

ST (ch) + /(e ~ ()
h _ t+1 t+1 t+1
T ST @ "

Note that the SDF here is strictly positive if the temptation utility v(-) is concave.®

Our goal is to evaluate the empirical relevance of temptation and self-control in preferences.
For this purpose, we follow Krusell, Kurusgu, and Smith (2010) and restrict attention to a
class of constant relative risk aversion (CRRA) utility functions that are consistent with
balanced growth. In particular, we consider the commitment utility and the temptation

utility functions

u(c) = — > v(c) = Au(c), (8)

where v is the coefficient of relative risk aversion and A > 0 measures the strength of
temptation. Under this specification, both the commitment utility v and the temptation
utility v are concave, so that the household is risk-averse in consumption but risk-seeking in
wealth (since —v(w) is convex). In other words, the household exhibits more risk aversion
when choosing among lotteries that promise immediate consumption rewards than when
choosing among those that promise risky future returns. This pattern of risk attitudes is
consistent with recent experimental evidence (e.g., Noussair and Wu, 2003). An immediate
implication is that variations in consumption tend to make the household worse off, whereas
variations in wealth (consisting of income and asset accumulations) tend to reduce the utility
cost of resisting temptation and thus may be desirable for the household. This feature has
important implications for calculations of the welfare cost of business cycles, as we show in
Section 6.

With the utility functions so parameterized, the SDF defined in (7) is given by

mlo = () 1o A (W) (9)
tit+l ch L+ X\ ‘
Clearly, without temptation, that is, with A = 0, the SDF reduces to
h C?H -
Myyq =0 (_h> : (10)

We are thus testing the hypothesis that the SDF is characterized by (9) against the alternative
that it is described by (10).

6To see this, under concavity, v/(-) is decreasing, implying that v'(c") > o/ (w") since ¢ < w.
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The one-period SDF can be used recursively to price liquid assets that are tradable in
every period without friction prior to its maturity period. To price illiquid assets that can

be traded only once every N > 1 periods, the appropriate pricing kernel is given by

mh N AN 1— A win) (11)
tt+N Cz? 1+ )\ C?+N :

If A =0, then (11) is simply obtained by iterating (9) N periods forward. If A > 0, then (11)
is greater than the N-period iteration of (9), suggesting that a GP household is willing to

pay a premium for an illiquid asset for its commitment value. This anti-liquidity (or desire
for commitment) for GP households plays a key role in our empirical studies. Although
due to data restriction we will mainly use (9) and returns on liquid assets in our empirical
estimation and testing, we rely on information about illiquid assets, such as IRA or 401(k)
assets, to help identify the presence of temptation.

Self-control preferences imply the presence of the wealth-consumption ratio in the SDF.
This complicates direct estimation of the parameters of interest based on the (nonlinear)
intertemporal Euler equation, especially if there are measurement errors. Under some con-
ditions, however, one can still obtain consistent estimates of the elasticity of intertemporal
substitution (EIS) and the temptation parameter even in the presence of measurement er-
rors. Inspecting the expression for the SDF in (9), we see that a sufficient condition for
obtaining consistent estimates for these parameters is that the measurement errors in indi-
vidual consumption and in wealth are multiplicative and proportional to each other (with a
constant proportionality), and that they are independent of the true levels of consumption

7

and wealth, independent of asset returns and the instruments.” These conditions on the

measurement errors appear quite stringent. For this consideration, we focus on estimating

a log-linearized version of the Euler equation, which does not require strong assumptions

about the stochastic processes of measurement errors.®

"For a similar argument in the context of estimating EIS alone (based on a CRRA utility function without
temptation), see Attanasio and Weber (1995), Vissing-Jorgensen (2002), and Kocherlakota and Pistaferri
(2005).

8The approach to estimating preference parameters based on log-linearized Euler equations is not without
controversy. For a debate on some potential problems with and some main advantages of this approach,
see the exchange between Carroll (2001) and Attanasio and Low (2004) (see also Ludvigson and Paxson,
2001). Despite its potential problems, the log-linear approach allows us to control the aggregation process,
which is essential to capture the heterogeneity in individual preferences and to control for other aggregation
biases and measurement errors. In the absence of a better approach to deal with aggregation biases and
measurement errors, especially in a sample with a short time-series dimension of each individual household,

as in the CEX survey, we view the log-linear approach as a useful compromise.
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For the purpose of obtaining a log-linearized Euler equation, we assume that the con-
sumption growth rate and the wealth-consumption ratio are both stationary.® A log-linear
approximation to the SDF around the steady state is given by

h h
c w w
In(m!,,,) = In(3) — In(1 + ¢) — 7 In (tc—;l) + e [m ( ;+1> T (E)} Fhn, (12)

t Cti1

where the term x;,; includes the second or higher moments in consumption growth and the

wealth-consumption ratio, and the parameter ¢ is given by

A
O T —

with x = w/c denoting the steady-state ratio of wealth to consumption. Using (6) and

(13)

(12), we obtain an empirical version of the consumption Euler equation in the presence of

temptation:

C?+1 w?ﬂ
In (—h) =by+oln(Riy1) + ¢ln ( . ) + Vit1, (14)

Gt Ciy1
where 0 = 1/~ is the EIS, the intercept term by contains the constants and unconditional

means of the second or higher moments of the variables, and the error term v;,; summarizes
expectation errors, measurement errors, and approximation errors (i.e., deviations of second
or higher moments of the relevant variables from their unconditional means).

In the restricted model without temptation, the SDF reduces to In(mf,,,) = In(d) —

yIn(cf,/c}). An empirical version of the intertemporal Euler equation is then given by

Ch
In (t——i_h1> =ag+ O'ln(Rt+1) + Ettl, (15)

G
where the intercept term ay summarizes the constants and the unconditional mean of the
second (or, in case of non-lognormal distributions, higher) moments of the variables, while
the error term ;7 contains expectation errors, measurement errors, and approximation
errors. This equation forms the basis for estimating the EIS in the literature (e.g., Attanasio
and Weber, 1989; Vissing-Jorgensen, 2002).

To test the empirical presence of temptation is thus equivalent to testing the Euler equation
(14) under GP preferences against its alternative (15) under CRRA utility. We implement
this empirical task by first obtaining joint estimates of o and A using GMM, and then
testing the null hypothesis that A = 0. To implement the GMM estimation, we use the log-
linearized Euler equations (14) and (15) for the two alternative specifications of preferences,
which, under rational expectations, lead to the moment conditions F;(Z;e,.1) = 0 under

9The stationarity assumption that we make here is similar to Campbell (1993) and it is supported by em-
pirical evidence (e.g., Lettau and Ludvigson, 2001, 2004). In a life-cycle model with finitely-lived consumers,
however, the stationarity of the ratio of liquid wealth to consumption expenditures becomes a more subtle

issue because a household typically saves at working ages and draws down from saving when retired. Bucciol

(forthcoming) provides a nice treatment of this class of models with temptation preferences.
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the standard CRRA utility and E;(Z;v411) = 0 under the GP preferences, for any vector of
variables Z; that lie in the information set of period .} Note that, to obtain an estimate for
A under GP preferences, we first estimate o and ¢ from (14), and then compute the point

estimate of \ from the relation

PR GAl— (16)
1—o(x'/e —1)

where a hatted variable denotes its point estimate. One can then obtain a 95 percent

confidence interval for the estimate of A using the delta method. Clearly, the null hypothesis
that A = 0 is equivalent to ¢ = 0.

III. DATA SELECTION AND AGGREGATION

We now describe the data that we use for estimating the intertemporal Euler equations.
The household-level data are taken from the Consumer Expenditure Survey (CEX) provided
by the Bureau of Labor Statistics (BLS). The CEX survey has been conducted in every
quarter since 1980, with a representative sample of the universe of U.S. households. In each
quarter, the BLS chooses about 5,000 households randomly according to the stratification
criteria determined by the U.S. Census. Because of their broad coverage of consumption
expenditures, CEX data have been widely used for studying a variety of issues, such as
inequality (e.g., Deaton and Paxson, 1994), consumption smoothing (e.g., Attanasio and
Weber, 1995; Attanasio and Davis, 1996; Kruger and Fernandez-Vilaverde, 2004), and asset
pricing (e.g., Vissing-Jorgensen, 2002; Brav, Constantinides, and Geczy, 2002; Cogley, 2002;
Jacobs and Wang, 2004).

In this section, we focus on describing our sample selection criteria and aggregation ap-
proaches. We provide further details about the CEX data and discuss some measurement

issues in the Appendix.

ITI.1. Limited Participation and Sample Selection Criteria. Our empirical approach
relies on estimating the intertemporal Euler equation derived from the agent’s interior op-
timizing decisions. In the data, however, not all households hold financial assets. To stay

consistent with theory, we focus on the subset of households that are classified as “asset

10pgtential serial correlations in the deviations of the conditional second and higher moments in the Euler
equations from their unconditional means might complicate the use of lagged variables as instruments for
estimating Euler equations. Attanasio and Low (2004) show that, when utility is isoelastic and a sample
covering a long time period is available, estimates from log-linearized Euler equations with varying interest
rates are not systematically biased. A related issue is the control of measurement errors in the process of
aggregation. When there are large enough cross-sectional observations, measurement errors in the linear
terms tend to cancel out in the aggregation process, but those in the second or higher order terms contained

in v441 may not cancel, and may become even worse.
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holders” based on a similar set of criteria used by Cogley (2002) and Jacobs and Wang
(2004).

Specifically, for a household’s Euler equation between period ¢t and ¢t + 1 to hold, the
household must hold financial assets at the beginning of period ¢, which corresponds to the
beginning of the household’s first interview period. We include two categories of asset holders
in our sample.

The first category of asset holders includes households that report positive holdings of
“stocks, bonds, mutual funds, and other such securities” or “U.S. savings bonds” at the
beginning of the first interview. This is the category of asset holders used by Vissing-
Jorgensen (2002) in the context of estimating the EIS. As in Vissing-Jorgensen (2002), we
use two pieces of information in the CEX survey to construct this category of asset holders.
First, a typical household reports whether its holdings of the asset category have remained the
same, increased, or decreased, compared to a year ago; second, a typical household reports
the difference in the estimated market value of the asset category held by the household in
the previous month with that held a year before. Thus, we infer that the household has a
positive value of holdings of the asset category at the beginning of period t if the household
holds a positive amount of assets at the time of the interview and the asset value has either
remained the same or decreased in the past year. If the household reports an increase in the
asset value and the amount of the increase does not exceed the holdings at the time of the
interview, we also infer that the household has a positive holding of the asset category at
the beginning of period t.

The second category of asset holders are those households who report positive contribu-
tions to “an individual retirement plan, such as IRA or Keogh” and those who report receipts
of positive dividend income or interest income during the first interview period.

The two categories of asset holders that we select account for about 42% of households
in the CEX sample. This number is comparable to that in Cogley (2002) (40%) and in
Haliassos and Bertaut (1995) (36.8%), but somewhat larger than that in Jacobs and Wang
(2004) (31%) and in Mankiw and Zeldes (1991) (27.6%), who all use a similar selection

criterion but with a shorter sample in the time-series dimension.

II1.2. Variable Construction and Aggregation. The Euler equation (14) that we esti-
mate contains three variables: (1) the consumption growth rate, (2) the wealth-consumption
ratio, and (3) the asset returns. We construct the first two variables from the household-level
data in the CEX survey, restricting our sample to those households who hold financial assets
for reasons discussed in the section above.

We measure consumption for each household by the sum of expenditures on nondurable

goods and services that are consistent with the NIPA definition. We leave out expenditures
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on durable goods, and therefore implicitly assuming that the utility function is separable in
durable and non-durable consumption. We deflate nominal quarterly consumption expendi-
tures by the consumer price index (CPI) for nondurables, with a base period of 1982-1984.

To measure wealth, we utilize the theory’s implication that the decision-relevant wealth
measure should be that which enables the household to consume in the event that the
household succumbs to temptation. Thus, we focus on liquid wealth, which is defined as the
sum of the household’s labor income, dividend income, and the beginning-of-period market
value of liquid financial assets, all deflated by the CPI. The liquid financial assets that
we consider include “checking accounts, brokerage accounts, and other similar accounts,”
“saving accounts,” “U.S. savings bonds,” and “stocks, bonds, mutual funds, and other such
securities.” !

Conditional on asset market participation, we have observations on household-level con-
sumption expenditures and liquid wealth in each month. This represents a (pseudo) panel
of data, based on which we construct the variables to be used for estimating the Euler
equation. A well-known issue with using pseudo-panel data is that OLS estimates can be
asymptotically inconsistent if the average number of households included in each period
(i.e., the average cell size) is small (e.g., Deaton, 1985). A similar issue exists for instru-
mental variable (IV) estimation such as the Generalized Methods of Moments (GMM). To
mitigate potential issues related to small cell sizes, we follow Attanasio and Weber (1993)
and construct a broad year-of-birth cohort of prime-aged households. The cohort includes
households with household heads born between 1939 and 1959 (and thus aged 25 to 45 in
1984 and 42 to 62 at the beginning of 2002).

Denote by cg;11 the aggregate consumption growth rate between period ¢ and ¢+ 1, which

is the average of the consumption growth rates across all households. That is,
Hy h
1 €41
C = — In{— ), 17
Jt+1 i, ; ( C? (17)

where ¢ denotes consumption of household h and H; is the total number of households in
period t.

This equation reveals that aggregate consumption growth, which is the average of the
logs of consumption growth across households, is also the difference between the averages

of the log-levels of consumption expenditures between periods ¢t and ¢t + 1. This seemingly

HThe CEX survey provides information on a household’s asset holdings only for the final interview, at
which the household reports both the current stock of assets and the flows during the previous 12 months. The
timing of the model implies that, for estimating the Euler equation, we need data of the beginning-of-period
wealth, which are not directly observed in the survey. We thus impute the household’ beginning-of-period
wealth by subtracting the flow value of assets between the first and the final interview periods from the asset

stocks reported at the final interview.
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obvious relation is useful because it suggests that we do not need individual consumption
growth data to construct aggregate consumption growth; instead, we can obtain aggregate
consumption growth by first averaging the log-levels of consumption across households, and
then take the time difference of the averages of log-consumption. Thus, our approach does
not require to have a balanced panel of data. This helps us substantially expand the coverage
of households and thereby enlarging the average cell size, despite missing observations for
some households in some months of interviews.

Similarly, we construct the aggregate wealth-consumption ratio in the beginning of period
t + 1 (denoted by x;11) based on the definition

1 & wfﬂ
Xt+1=ﬁzln< h )7 (18)
b h=1

Civ1

where w]"; denotes the wealth of household h, which is the maximum resources available
for the household to spend on consumption if she succumbs to temptation. The wealth data
that we examine include labor income, dividend income, and liquid financial asset holdings.
We impute the value for w,ﬁrl based on a “buy-and-hold” assumption.'? To obtain aggregate
wealth-consumption ratio, we first average the logs of wealth and of consumption across
households; we then subtract the average of log-consumption from the average of log-wealth.
Again, an important advantage of this approach is that it does not require a balanced panel

and thus helps us obtain a relatively large average cell size.

IT1.3. Asset Returns. We use monthly NYSE value-weighted returns as a measure of nom-
inal returns on risky assets and monthly 30-day Treasury bill returns as a measure of nominal
returns on risk-free assets, both of which are deflated by the CPI. To match the time series
of quarterly consumption growth at monthly frequency, we construct quarterly asset returns
by staggering the corresponding monthly returns, assuming household’s consumption-saving
decisions are always made at the beginning of each three-month period.

To illustrate the timing issue for constructing the asset returns series, denote by R,,.; the
asset returns between months m and m -+ 1. If the quarterly decision period for consumption
and saving is between month m and m + 3, then the appropriate asset returns should be a
compounded return during the same period. In particular, the asset return that we use in
this particular case is R, +1 RmioRimys.

Since the asset holders in our sample can hold a broad range of assets, we also measure
the asset returns in our estimation by an average between the real value-weighted NYSE

returns and the real 30-day Treasury bill returns (i.e., joint returns).

2We provide some details of the imputation of the wealth data in the Appendix.
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IV. ESTIMATION

We estimate a log-linearized conditional Euler equation derived from our model using the
generalized method of moments (GMM). We test the statistical significance of the temptation
parameter by also estimating a restricted version of the model that does not allow for self-
control preferences and thereby constructing a Wald test statistic. In what follows, we
describe the equations to be estimated, the instrumental variables to be used, the estimation

procedure, and the estimation results.

IV.1. Estimation Equations. We estimate the log-linearized intertemporal Euler equation
(14) augmented by a factor that controls for changes in family size and by 12 monthly

dummies that adjust for seasonality. In particular, the estimation equation is specified as

H, 12
1
cgir1 = o In(Ryp1) + dxesr + aq Z Aln Ft}jrl + Z Om D + g1, (19)
t h=1

m=1

where o is the EIS, the D’s are monthly dummies, and Aln F}" | is the the cross-sectional av-
erage of log changes in family size. The variables cg; 1 and y;,1, to reiterate, are respectively
the consumption growth rate and the wealth-consumption ratio. The coefficients in front
of the monthly dummies (i.e., the d’s) are functions of the subjective discount factor, the
unconditional mean of the wealth-consumption ratio, and the conditional second or higher
moments of the log asset returns, log consumption growth, and log wealth-consumption ratio.
The error term p;4q consists of expectation errors in the Euler equation and measurement
errors in log consumption growth and log wealth-consumption ratio. It is also possible that
the conditional second or higher moments contained in the d’s are not constant, in which
case, the  terms capture the unconditional means of the second or higher moment terms, and
the error term g, contains the deviations of these higher moments from their unconditional

means.

IV.2. Instrumental Variables. An appropriate instrumental variable should be correlated
with the explanatory variables including asset returns and the wealth-consumption ratio,
but uncorrelated with the error term ;1. There are three types of errors in ji;41, including
expectation errors, approximation errors, and measurement errors. Under rational expec-
tations, the expectation errors in p;; are uncorrelated with variables in the information
set of period t. For simplicity, we assume that the second or higher moment terms of the
relevant variables in the estimation equation (19) are either constant or uncorrelated with
variables in the information set of period ¢. Under these assumptions and in the absence of
measurement errors, any variable dated t or earlier can serve as an appropriate instrument.

However, time aggregation introduces potential serial correlations in the error term. We

need to take into account time aggregation issues when selecting instruments and the number
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of lags (e.g., Hall, 1988). In our model, a decision period corresponds to one quarter of a
year. Accordingly, we construct quarterly data by staggering the monthly series in the CEX
sample. This time aggregation approach implies that two adjacent data points contain two
overlapping months and thus overlapping errors. As a consequence, the error term in our
model contains an MA(2) component, which we take into account in selecting the lag length
for the instrumental variables.

The instruments that we use for the asset returns include (i) a log dividend-price ratio
measured by the ratio of dividends paid during the previous 12 months to the current-period
S&P 500 index price, (ii) lagged, log real value-weighted NYSE returns, and (iii) lagged, log
real 30-day Treasury bill returns. To ensure that the instruments are uncorrelated with the
error term (which is potentially autocorrelated, as discussed above), we use the compounded
return R,, oR,, 1R, as the lagged asset returns in our set of instrumental variables. These
instrumental variables for asset returns are similar to those used by Vissing-Jgrgensen (2002).

The instrumental variables that we use for the wealth-consumption ratio in month ¢ + 1

include the wealth-income ratio lagged by 3 months (i.e., In

Wt—2
Yt—2
), as well as measures of asset

), consumption growth rates

922 gand In &=
Ct—3 Ct—6

returns with appropriate lags. Since our measure for wealth w;,; is constructed under a

lagged by 3 months and 6 months (i.e., In

“buy-and-hold” assumption, it should be correlated with lagged wealth w; 5. We use the
lagged wealth-income ratio instead of the lagged wealth-consumption ratio as an instrument,
since the latter could be correlated with measurement errors in the left-hand-side variable
(i.e., the consumption growth rate).

Table 1 reports the first-stage regression of the wealth-consumption ratio and its interac-
tion with an IRA dummy (described in more details in Section IV.4.3) on the instrumental
variables. The table reveals that most of the instrumental variables are significantly corre-

lated with the wealth-consumption ratio.

IV.3. Estimation Procedure. We estimate the EIS and the temptation parameter using
GMM with an optimal weighting matrix. We compute the Newey-West robust standard
errors that take into account heteroskedasticity and autocorrelations in the error terms.

To examine the statistical significance of temptation preferences, we follow two steps.
First, we estimate the unrestricted model described by (19). Second, we estimate a restricted
model by imposing ¢ = 0. Under this restriction, we are estimating a standard Euler
equation with CRRA utility. We test the null hypothesis that ¢ = 0 using a Wald statistic
obtained as the ratio of the minimized quadratic objective in the restricted model to that
in the unrestricted model, adjusted by the sample size and the degree of freedom. The test

statistic has a x? distribution with a degree of freedom equal to the number of restrictions.
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IV.4. Estimation Results. The GMM estimation results of the log-linearized Euler equa-
tion (19) are shown in Table 2. The first three columns show the estimation results based
on the real value-weighted NYSE returns (stock returns) and the next three columns show
the results based on an average of the stock returns and the real 30-day Treasury bill rates
(joint returns). In both cases, we find evidence of significant presence of temptation and self

control preferences.

IV.4.1. The restricted model without temptation. We first describe the estimation results
in the restricted model with no temptation (i.e., with ¢ = 0 imposed). In this case, the
model reduces to the standard Euler-equation model, with the elasticity of intertemporal
substitution (EIS) as the only parameter to be estimated. This restricted model is similar to
that studied by Vissing-Jgrgensen (2002), who also uses CEX data and takes into account
limited asset-market participation but with a slightly different aggregate approach (e.g.,
she constructs semi-annual consumption growth while our aggregation approach leads to
quarterly consumption growth).

Table 2 shows that, when asset returns are measured by real stock returns (Column (1)),
the estimated EIS is 6 = 0.203, which is statistically significant at the 99 percent level. When
asset returns are measured by the average of real stock returns and real 30-day Treasury
bills rates (Column (4)), the EIS estimate becomes greater (0.407) and remains statistically
significant. The estimated values of the EIS in the restricted model are comparable to those
obtained by Vissing-Jgrgensen (2002) (which is about 0.3 for stock holders).'?

IV.4.2. The benchmark model with temptation. We now discuss the estimation of the Euler
equation in the benchmark model with temptation. Columns (2) and (5) in Table 2 show the
estimation results. Similar to the restricted model without temptation, we obtain a larger
EIS estimate when asset returns are measured by joint returns than by stock returns (0.496
vs. 0.274). The estimated value of the temptation parameter is about 0.012 using stock
returns and 0.01 using joint returns, both statistically significant at the 95 percent level.

In the model restriction test, the Wald statistic and the associated p value reject the
null hypothesis that ¢ = 0. Thus, the wealth-consumption ratio is a statistically important

component in the pricing kernel. This result is consistent with temptation preferences.

IV.4.3. Desires for commitment. An important implication of the dynamic self-control the-
ory is that a GP agent has a desire for commitment, since ex ante commitment helps reduce
ex post costs of self control. The desire for commitment helps distinguish self-control pref-

erences from other preference specifications such as habit formation (e.g., Constantinides,

130ur EIS estimate lies within the estimated range obtained by Hall (1988), who uses aggregate consump-
tion time-series data, which include consumption expenditures of all households, not just those who have

positive asset holdings.
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1990; Campbell and Cochrane, 1999), non-expected utility (e.g., Epstein and Zin, 1989,
1991), and the spirit of capitalism (e.g., Bakshi and Chen, 1996). Each of these alternative
preference specifications introduces an additional element in the pricing kernel (in addi-
tion to consumption growth), as does the GP preference specification. It is important to
disentangle the GP preferences from these alternative specifications because the additional
component in the pricing kernel under these alternative specifications can be correlated with
the wealth-consumption ratio.

We now exploit this theoretical implication of the GP theory in our empirical study. If
the GP theory is correct, then an individual who is more susceptible to temptation should
have a stronger incentive to hold commitment assets, that is, assets that cannot be easily
re-traded or used as a collateral for borrowing. One form of such assets is contributions to
IRA or 401(k) retirement plans because early withdrawals from these accounts are subject
to substantial tax penalties.

To capture the preference for commitment, and thereby to disentangle self-control pref-
erences from other preference specifications, we generalize the empirical model in equation
(19) by including an interaction term between the wealth-consumption ratio and an IRA
dummy. This dummy variable takes a value of one if the household has positive holdings of
IRA or 401(k) assets; otherwise, it takes a value of zero.

While IRA and 401(k) accounts may be held as commitment devices for individuals with
self-control problems (Laibson, et al., 1998), these assets may also be held for tax reasons or
because an individual is more patient. To control for these confounding factors, we include
in the empirical model the IRA dummy as a separate regressor. The return-driven portfolio
decisions apply to all individuals—with or without self-control problems. More importantly,
return-driven portfolio decision theory does not explain why those individuals who hold IRAs
or 401(k) accounts should also have a greater slope coefficient on the wealth-consumption
ratio in the Euler equation. The GP theory, however, implies that those who have a greater
self-control problem should have a larger coefficient for the wealth-consumption ratio in the
Euler equation.

Thus, the intercept term (i.e., the IRA dummy itself) in the empirical model may capture
the effects of individual differences in patience and the rate-of-return considerations. The
slope coefficient on the wealth-consumption ratio then captures the degree of temptation.

Specifically, we consider the generalized empirical model

Hy h
1 w
cgi1 = oln(Re1) + GoXerr + ¢1—H E [IRAh X In <62+1)}
th=1 t+l

Hy H; 12
1 1
+ 6? E IRAh‘f'OZﬁ E Alﬂf‘;ﬁ_l‘f‘ g 5mDm+lj't+17 (20)
top=1 th=1

m=1
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where the coefficient § on the IRA dummy captures patience factors or rate-of-return con-
siderations. The magnitude of the self-control problems for those individuals who hold TRAs
or 401(k) accounts is measured by ¢ + ¢1; for those who don’t hold these illiquid assets, it
is measured by ¢g.

Columns (3) and (6) in Table 2 report the estimation results from the generalized empirical
model in equation (20). The estimated EIS is similar to the benchmark model without the
IRA dummy and remains statistically significant at the 99 percent level. More importantly,
the point estimate for the temptation parameter in the subgroup of households who hold
positive IRA/401(k) assets is twice as large as its population counterpart. Using stock
returns, the point estimate for the temptation parameter is doubled to 0.024 (¢g + ¢1 =
0.069 — 0.037 = 0.024) from 0.012 in the benchmark model. The Wald statistics rejects the
null hypothesis that ¢y + ¢1 < 0, with a p-value of 0.03. We obtain similar results when we
use joint asset returns (Column (6)).

Our finding that the temptation parameter is larger for individuals who hold IRA /401 (k)
assets lends empirical support to the GP theory.

IV.5. Temptation preferences or liquidity constraints? The finding that changes in
the expected wealth-consumption ratio have a significant impact on expected consumption
growth is consistent with the GP theory. However, this finding may also be consistent
with the presence of liquidity constraints. For an individual who does not have self-control
problems but is nonetheless liquidity constrained, changes in expected wealth may also affect
her consumption growth. We now offer a theoretical argument and some supporting evidence
that help disentangle self-control problems from liquidity constraints.

If an individual faces a binding liquidity constraint and the borrowing limit is exogenously
fixed, then an increase in future wealth helps raise future consumption. But the increase in
future wealth should have no effects on current consumption because the borrowing limit is
fixed. Therefore, expected consumption growth rate should increase with expected wealth.
If this were true in our data, then the estimated positive coefficient ¢ in our Euler equation
(19) would reflect the effects of liquidity constraints and may not stem from temptation
preferences.

In our data sample, however, exogenous credit limits are likely not important because,
by construction, all households in our sample are asset-market participants. The house-
holds in our data sample are more likely to face some form of credit constraints, similar
to those commonly studied in the macroeconomics literature (e.g., Kiyotaki and Moore,
1997; Bernanke, et al., 1999; Iacoviello, 2005; Liu, et al., 2013). Under this type of credit
constraints, credit limits depend on the agent’s expected wealth (or collateral value) that

represents the agent’s future repayment capability. Thus, an increase in expected wealth
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helps relax the current-period liquidity constraint and raise current consumption. In future
periods, the agent needs to repay the debt by reducing consumption. As a consequence,
an increase in expected wealth lowers the expected consumption growth rate. In contrast,
a central implication of the GP theory is that an increase in expected wealth-consumption
ratio should raise expected consumption growth.

Our finding of a significantly positive coefficient for the wealth-consumption ratio in the
estimated Euler equation (19) is thus inconsistent with the presence of liquidity constraints
with an endogenous credit limit.

Nonetheless, it is important to control for liquidity constraints in our estimation because
the presence of liquidity constraints (with an endogenous credit limit) would cause a down-
ward bias for the estimated strength of the temptation parameter (i.e., the value of ¢).
Absent any self-control problems, the estimated response of consumption growth rate to
changes in the wealth-consumption ratio (i.e., the value of ¢) would be negative for liquid-
ity constrained households. With self-control problems, the estimated value of ¢ would be
reduced relative to that for the households who do not face binding liquidity constraints.

To correct the downward bias in our estimation caused by liquidity constraints, we split
the sample of households into two groups—those who are liquidity constrained and those
who are not. We follow the literature and define liquidity-constrained households as those
with a net liquid asset value less than 2 months of labor income (e.g., Hall, 2011).** We then
estimate the Euler equation in (20) for each subsample of households (liquidity constrained
and unconstrained). Again, we use the interaction term between the wealth-consumption
ratio and the IRA dummy to capture the desire for commitment.

Table 3 reports the estimation results. Consistent with our theoretical argument, the
presence of liquidity constraints reduces the estimated coefficient for the wealth-consumption
ratio in the Euler equation. In particular, for the subsample with liquidity constrained
households, the estimated value of the temptation parameter using the stock returns is
about 0.02 (i.e., ¢p + ¢1 = —0.021 + 0.041 = 0.02), which, although statistically significant,
is slightly smaller than that in the full sample (where we obtain a value of 0.024). For
the subsample of households who are not liquidity constrained, however, we obtain greater
values of the temptation parameter than in the full sample. Specifically, for this subsample
of households, the estimated value of the temptation parameter is about 0.034, which is
statistically significant. Thus, correcting the bias caused by liquidity constraints leads to a

greater value of estimated temptation parameter.

14Follovving Hall (2011), we define net liquid assets as the difference between holdings in checking and
savings accounts and the alike and borrowings from credit cards and other unsecured debt. In our sample,
about 70% of the households are liquidity constrained. This is very similar to Hall’s (2011) finding that 74%

of households in the Survey of Consumer Finance are liquidity constrained.
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IV.6. Further corroborating evidence. We have argued that defined contribution re-
tirement plans such as IRAs help identify self-control preferences because their illiquidity
provides commitment values for individuals with self-control problems. There are other illig-
uid assets (such as housing) that a GP agent might use as a commitment device. How do
holdings of these alternative illiquid assets affect our estimation? We now examine this issue
by focusing on the implications of home ownership.

In our sample, the homeownership rate is about 85% conditional on asset-market par-
ticipation (in the general CEX sample, it is about 62%). We estimate the model specified
in equation (20) using the subsample of home owners. Table 4 reports the estimation re-
sults and compares these estimates with those in the benchmark model estimated using the
full sample of asset-market participants. The table reveals that the estimated strength of
temptation is stronger for home owners than for the general population. For example, when
we measure asset returns using real stock returns, the estimated strength of temptation is
¢o+¢1 = 0.026, which is slightly larger than that obtained for the general population that in-
cludes also non-homeowners. The Wald statistic rejects the null hypothesis that ¢y + ¢ < 0,
with a p-value less than 0.01. This finding is consistent with the view that an individual
with self-control preferences has a desire for commitment. The individual not only holds

IRAs or 401(k) accounts, but also holds housing as devices for commitment.

V. SOME APPLICATIONS

Our evidence provides statistical support for the presence of temptation and self-control
in preferences. We now discuss some quantitative applications of the GP theory based on
our estimated strength of temptation. The first application studies the effects of temptation
on wealth accumulation in a neoclassical growth model, and the second application revisits

the welfare cost of the business cycle in the presence of temptation.

V.1. Temptation and Wealth Accumulation. Temptation and costly self-control typ-
ically reduce saving and therefore lower steady-state income and wealth. To examine the
quantitative importance of temptation on wealth accumulation, we consider a neoclassical
growth model in which the representative household faces temptation and costly self-control.

Specifically, we consider an economy with a representative household who has a logarithm
commitment utility in consumption (i.e., u(c) = log(c)) and who supplies her time endow-
ment (normalized to unity) inelastically to firms for production. The production function
is given by y = k%, where y and k denote output and capital stock, both expressed as per
effective unit of labor. Capital stock depreciates completely within one period so that the
law of motion for capital stock is given by gk’ = k® — ¢, where ¢ is an exogenous growth rate
of the effective units of labor and k' denotes the next-period capital stock. As in our base-

line model, we assume that the temptation utility is given by v(c) = Au(c). With complete
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capital depreciation, the maximum consumption attainable is current-period output. That
is, the temptation point is w = k*. The planner solves the dynamic programming problem

W(k)= max {(1+ \)log(k* — gk') + BW(K') — Xlog(k*)}. (21)

0<k/<ke /g

Under these model specifications, we obtain closed form solutions given by

C (N e * o8
k :(g) . Yy =k, where s :m. (22)
The term s* here denotes the saving rate. The standard model without temptation corre-
sponds to the case with A = 0, so that the saving rate is given by § = a8 > s*, and the
steady-state capital (k) and income (j) are given by analogous expressions as those in (22).

One way to gauge the importance of temptation on saving and wealth accumulation is
to compare the saving rate and the steady-state levels of capital and income in the two
economies, one with temptation and the other without. Our closed-form solutions imply
that the gaps in the saving rate, the capital stock, and the income level in the baseline

economy (relative to the economy without temptation) are given by

k §\Ta ¥ 5\ 1%

—1+A1-af), —=(=)", y—:(s—) . (23)

The levels of, and the gaps in the saving rates, wealth, and income depend on 3 parameters:
the income share of capital «, the subjective discount factor £, and the temptation parameter
A. Holding v and [ constant, a higher cost of self-control (measured by \) lowers the saving
rate and long-run wealth and income. Holding o and A constant, a higher level of patience
(measured by f3) leads to more saving and closes part of the saving gap between the two
economies. Holding § and A constant, a higher income share of capital (measured by «)
raises the saving rate and wealth accumulation, reduces the gap in the saving rate, although
it has ambiguous effects on the wealth gap and the income gap.

To see the quantitative effects of temptation on wealth accumulation, we calibrate the
parameters «, [, and A. Following the literature, we set a = 0.3 and 5 = 0.9. To calibrate
olw/c)? 77y (see Equation (16)), where we set

1+¢(1—(w/c
¢ = 0.02 based on our estimates, ¥ = 1 (corresponding to log utility), and w/c = 4.84 based

the value of A\, we use the relation A =

on the wealth-consumption ratio in the NIPA data (see Footnote 1 for a description of the
data). It follows that A is about 0.10.

With the parameters so calibrated, we obtain 5/s* = 1.07, k/k* = 1.11, and 3/y* = 1.03.
Thus, moving from an economy with temptation to one without entails a 7% increase in
the saving rate, an 11% increase in the steady-state level of capital, and a 3% increase in

steady-state income.
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Figure 1 plots the gaps in the saving rate, the capital stock, and the income level for
A varying between 0 and 1. Evidently, the presence in temptation can lead to significant
reductions in savings and long-run income and wealth.'

It is possible to restore the steady-state levels of income and capital stock to those in the
counterfactual economy without self-control problems. For example, one could use invest-
ment subsidies (financed by lump-sum taxes) to raise the steady-state level of capital stock.'®
Our calculations based on the estimated temptation parameter suggests that the required

investment subsidy rate is about 11%, which is economically significant.

V.2. Temptation and Welfare. We now examine the quantitative implications of temp-
tation preferences on the welfare cost of business cycles based on our estimated strength of
temptation. Following Lucas (1987), we focus on a representative-agent economy, and we
do not attempt to model the driving forces of the business cycle properties of consumption
and wealth; instead, we assume that these variables follow the same stochastic processes as
observed in U.S. data.!” We imagine the existence of a (black-box) model that is capable of
generating exactly the same business cycle properties of consumption and wealth as in the
data. In practice, we assume that the logarithm of the level of real consumption per capita
follows a trend-stationary process,

¢ =c+ pt — %Ug + 2, (24)
where z; is an i.i.d. white-noise process with mean 0 and standard deviation o,. We also
make an assumption that the log-level of real wealth per capita follows a trend-stationary

process,

1
wy = w+ pt — 503—1-%, (25)

where u; is an i.i.d. white-noise process with mean 0 and standard deviation o,. To help
exposition, we assume that u; and z; are independent processes.'® The assumption that
consumption and wealth share a common trend is motivated by empirical evidence on the

existence of a cointegration relation between the two variables in U.S. data (e.g., Lettau and

I5With incomplete capital depreciation, the negative effects of temptation on saving and wealth accumu-
lation are likely larger because undepreciated capital becomes part of the liquid wealth and thereby providing

an additional source of temptation.
16We do not claim such a policy is necessarily optimal because the social planner could also face self-control

problems that individual agents face.
170ne should view the analysis here as a first pass to a more ambitious investigation that takes into

account potential effects of household heterogeneity and market incompleteness, among other frictions. For

a survey of this literature, see, for example, Barlevy (2004).
18Allowing for cross correlations between these processes does not change the qualitative results. A more

ambitious exercise should consider general equilibrium interactions between consumption and wealth, which

we leave for future research.
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Ludvigson, 2001, 2004). The terms 02 /2 and ¢2 /2 are subtracted from the log of consumption
and the log of wealth to ensure that changes in the variances of the innovation terms are
mean-preserving spreads on the corresponding levels.

In the spirit of Lucas (1987), we ask the following question: What would be the maximum
welfare gains if all uncertainties in consumption and wealth were eliminated? To answer
this question, we measure the welfare gains by the percentage increase in consumption that
the representative household needs to be compensated in the economy with uncertainties
specified in (24) and (25), so that the household would be indifferent between living in the
stochastic economy and living in a hypothetical benchmark economy without uncertainties.
We call this measure of welfare the “compensation consumption equivalence” (CCE). With

some algebra, we can show that the CCE is given by

1 A
CCE1 = exXp (50’5 — m()’i) — 1, (26)

for the case with v =1 (i.e., the log utility), and by

CCE, = exp (10?) {1 N 1% (g)“ [exp (_M(yg) _ 1} } 1 @)

for the general case with v # 1.

Evidently, the welfare cost of business cycle fluctuations increases with consumption

2

2) and, if X > 0, decreases with wealth volatility (i.e., 02). Lucas’s origi-

volatility (i.e., o .

nal calculation based on standard preferences without temptation suggests that the welfare
costs of business cycles are likely small. Our calculation here suggests that, in the presence
of temptation (i.e., A > 0), the costs would be even smaller. Further, depending on the
volatility of wealth relative to that of consumption and on the strength of temptation, the
welfare costs of fluctuations can even be negative!

It is clear that risk-averse individuals dislike fluctuations in consumption, so that an
increase in consumption volatility raises the welfare cost of fluctuations. It is less transparent
why the welfare cost decreases with wealth volatility in the presence of temptation. To
understand this result, it helps to inspect the utility function (2). There, it is clear that,
as wealth increases, the household needs to exert more effort to resist the temptation of
overconsumption, although it enables the household to afford more. Since the temptation
utility with respect to wealth is concave, larger volatilities in wealth fluctuations tend to lower
the expected temptation utility, and thus to reduce the effort needed to resist temptation. In
this sense, fluctuations in wealth provide some commitment value that increases welfare. This
is why an increase in the variance of wealth tends to reduce the welfare costs, as revealed

by the expressions in (26) and (27). These expressions also reveal that, as the strength
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of temptation measured by A increases, the welfare cost declines for given volatilities in
consumption and wealth, as illustrated by Figure 2.1

A natural question is then: What is the quantitative size of the welfare costs of business
cycle fluctuations in the U.S. economy? To answer this question, we need to calibrate the
volatilities o, and o, the parameters v and A, and the wealth-consumption ratio W/C'. For
the purpose of illustration, we calibrate the volatilities and the wealth-consumption ratio
using two alternative sources of data. One source is the aggregate time series of consumption,
income, and asset holdings constructed by Lettau and Ludvigson (2001) based on the NIPA
data; and the other is the CEX data. The trends in the data are removed by applying
the Hodrick-Prescott filter (for the CEX data, we also make seasonal adjustments before
applying the HP filter). From the NIPA data, we obtain o, = 0.0086, o, = 0.0354, and
W/C = 4.838. From CEX data, we obtain o, = 0.0716, o, = 0.0946, and W/C = 9.995.

Given the average wealth-consumption ratio in our samples, we then calibrate the param-
eters v and A using our estimates for the EIS parameter ¢ and the temptation parameter
¢, as well as the relation in (16). In light of our estimates, we set v = 1 and ¢ = 0.02 as a
baseline. Given these values of v and ¢, we obtain A = 0.10 for the NIPA data and A = 0.24
for the CEX data. These parameter values imply that CCE = —0.002 percent for the NIPA
data and CCE = 0.167 percent for the CEX data. These results suggest that the welfare
costs of business cycle fluctuations are not only small but can even be negative with our
estimated strength of temptation in preferences.

What does this finding say about stabilization policies? Lucas (1987) concludes from
his welfare exercises that stabilization policies may improve social welfare, but they are far
less important than policies that promote economic growth. Our results lend support to
his view. Further, our results suggest that stabilization policies, especially those aiming
at smoothing income and therefore wealth fluctuations, can be counterproductive, since
fluctuations in income and wealth serve to reduce the efforts needed for individuals to resist
temptation. In this sense, though fluctuation in consumption may reduce welfare, some
fluctuations in income and wealth can be socially desirable and might not deserve to be

targets of stabilization policies.

VI. CONCLUSION

In a series of important contributions, Gul and Pesendorfer (2001, 2004a) have laid down a
theoretical, axiomatic foundation for the representation of preferences that allows for temp-

tation and self-control. Omne of the main attractions of the axiomatic approach is that

9The welfare costs in Figure 2 are calculated based on the assumption of log utility, with the average
wealth-consumption ratios and the volatilities of consumption and wealth calibrated to NIPA data and CEX

data, respectively, as we describe below.
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such preference representation is time-consistent, and is thus suitable for studying opti-
mal policies. Temptation and self-control preferences have many important implications on
macroeconomic issues, such as social security reform, income tax reform, and a variety of
asset-pricing issues. To assess with confidence the quantitative importance of GP preferences
for these prominent issues, one needs to get a sense about whether or not the presence of
temptation and self-control in preferences is supported by data.

This paper represents a first attempt at estimating the strength of temptation and self-
control using household-level data. We have presented a simple infinite-horizon consumption-
savings model that allows, but does not require, temptation and self-control in preferences.
We have shown that, in the presence of temptation and self-control, the asset-pricing kernel
is a function of not only consumption growth, as in standard models with CRRA utility,
but also the wealth-consumption ratio, a feature unique to the model with temptation and
self-control preferences. Using individual household-level data on consumption and wealth
from the U.S. Consumer Expenditure Survey, we have obtained statistically significant joint
estimates of the elasticity of intertemporal substitution and the parameter measuring the
strength of temptation and self-control. The use of household-level data allows us to take
into account limited participation in asset market transactions. More importantly, intro-
ducing household-level heterogeneity enables us to identify the presence of temptation and
self-control based on a unique property of the GP preferences, that is, the desire for commit-
ment. Our empirical results lend support to the presence of temptation and self-control in
individuals’ preferences. Based on our estimates, we find that GP preferences have quantita-
tively important implications for understanding capital accumulation in an optimal growth
model and for calculating the welfare cost of the business cycle.

Our findings have potential implications for some asset-pricing issues. In the presence
of temptation, the wealth-consumption ratio and the consumption growth rate for asset
holders jointly determine the asset-pricing kernel. Thus, looking into this class of preferences
may also help build a theoretical underpinning for empirical work that aims at forecasting
future asset returns and for explaining the cross-sectional variations of asset returns based
on the wealth-consumption ratio for asset holders. The GP preferences are also potentially
important for understanding some public finance issues, such as the optimal design of social
security and taxation systems. Quantitative assessment of these issues are promising, as
they have important implications for public policy. Doing so would certainly require reliable
empirical estimates of the strength of temptation and self-control, and our work represents

a first step in this direction.
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APPENDIX

Overview of the CEX. The CEX survey is a rotating panel of about 5,000 households as a
representative sample of the U.S. civilian noninstitutionalized population. Each household is
interviewed every three months and participates in the survey for five consecutive quarters,
including one training quarter with no data recorded and four “regular” quarters. The 5,000
interviews are organized into monthly rotating groups and split more or less evenly over
the three months of the quarter. Each quarter, roughly one-fifth of the sample is new and
one-fifth is completing its fifth and final interview. Expenditure, income, and demographic
information is recorded in the second to fifth quarter. Financial information is gathered only
in the last interview, in which households report both the current stock of financial assets
and changes in the market value of assets in the prior 12 months. The survey accounts for
about 95 percent of all household expenditures in each consumption category from a highly
disaggregated list of consumption goods and services. Our sample was drawn from CEX
data files corresponding to the period 1984:Q3 through 2002:Q1.

Sample selection. To minimize the influence of measurement errors and other problems
caused by poor quality of the data in our estimation, we apply some restrictions to our
sample. First, we drop from our sample households who report non-positive real quarterly
consumption. Second, as in Zeldes (1989) and Vissing-Jorgensen (2002), we drop observa-
tions with outliers in consumption growth. Third, we drop non-urban households and those
residing in student housing. Finally, we exclude from our sample households that report a
change in the age of the household head between any two interviews by more than one year
or less than zero. We do this to rule out the possibility of drastic changes in consumption

behavior due to changes in household heads.

Consumption measure. We derive our measure of consumption from the detailed CEX
expenditure files and construct the variable corresponding as closely as possible to Personal
Consumption Expenditure (PCE) in the U.S. National Income and Product Accounts. A
typical consumption basket includes food, alcoholic beverages, tobacco, apparel and services,
gasoline and auto oil, household operations, utilities, public transportation, personal care,

entertainment, and miscellaneous expenditures.

Labor income measure. Our measure of labor income was based on the household’s after-
tax labor income for the past 12 months, taken from the CEX family files for each interview.
We then divide the reported annual income by four to obtain the quarterly measure of labor

income.

Financial asset measure. The CEX survey provides information on a household’s asset

holdings only for the last interview, at which the household reports both the current stock
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of assets and the change in market value of assets during the previous 12 months. What
is relevant for the interpemporal Euler equation is the wealth-consumption ratio at the
beginning of household’s each decision period. For this purpose, we retrieve household’s
asset holdings at the beginning of its second interview period by subtracting the asset flows
during the entire interview period from the end-of-interview asset stocks. Assuming that the
households follow a “buy-and-hold” strategy between their two adjacent decision periods, we
can further impute the market value of financial assets for each household at the beginning
of the third, fourth, and fifth decision period (quarter) by multiplying the last period asset
holdings with the corresponding asset returns of various asset categories. The asset categories
are already summarized in Section (III.2). We assume zero net return on the checking
accounts, use returns on the 30-day Treasury bills for the savings accounts and saving bonds,
and finally use the New York Stock Exchange (NYSE) value-weighted returns for the last

asset category of “stocks, bonds, mutual funds, and other such securities”.
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TABLE 1. First Stage Instrumental Variable Regressions

Dependent variable

Instruments In 7“0”:—;1 IRAX In Zt—:ll
In =2 LOT6F -0, 2847
(0.089) (0.114)
IRAX In =2 1.676%%*
(0.170)
Alnc_s -0.643%FF  _(.442%F*
(0.176) (0.147)
Alnc_s -0.347* -0.357%*
(0.179) (0.158)
Aln(family size) -0.028 0.127

(0.280)  (0.229)
Lagged Dividend-Price ratio -1.251%*  -1.292%%*
(0.597) (0.457)

Lagged stock returns -0.998* -1.278%**
(0.600)  (0.487)

Lagged bond returns 2.837 7.948%*
(4.402)  (3.559)

R? 0.87 0.88

F test 96.13*** 199.26***

Note: This table presents results from the first stage regression of log wealth-consumption ratio and its
interaction with the IRA dummy. In addition to the instrumental variables listed in this table, the set
of instruments also include monthly dummies (not shown here). The data are monthly frequencies from
January 1984 to March 2002. The F'-statistics at the bottom of the table test the overall significance of the
regression. Standard errors in parenthesis are robust to heteroskedasticty and autocorrelation, with *, **

and *** denoting two-tailed significance at 10%, 5%, and 1% level, respectively.
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TABLE 2. GMM Estimation of Euler Equation with Self-Control Preferences

Stock Returns Joint Returns
(1) (2) (3) (4) (5) (6)
o 0.203***  0.274***% (.215%** 0.407***  0.496*** (0.443%**
(0.048)  (0.050)  (0.080) (0.087)  (0.099)  (0.149)
qgg 0.012*%*  -0.039 0.010%*  -0.031
(0.005)  (0.025) (0.005)  (0.024)
o1 0.063* 0.052*
(0.032) (0.030)
5 -0.111 -0.080
(0.122) (0.114)
Hansen’s J 8.80 8.84 16.02 9.10 8.78 15.24
P-value 1.00 1.00 0.85 1.00 1.00 0.89
Model Restriction Test:
Null Hypothesis: $o=0 do+¢1<0 $o=0 do+¢1<0
Wald Stat (x?) 7.05 4.83 4.45 4.70
P-value < 0.01 0.03 0.04 0.03
Obs (T) 200 200 200 200 200 200
Average Cell Size 182.07 182.07 182.07 182.07 182.07 182.07

Note: This table presents the second-stage GMM estimation results. Columns (1) and (4) show the estimates
in the standard model with no self-control preferences. Columns (2) and (5) show the estimates in the model
with self-control preferences, as specified in equation (19). Columns (3) and (6) show the estimates in the
model with self-control preferences identified by holdings of IRA or 401(k) accounts, as specified in equation
(20). The null hypothesis for the model restriction test is that ¢o = 0 in column (2) and (5); and ¢g+¢1 <0
in column (3) and (6). Standard errors shown in the parentheses are robust to heteroskedasticty and

autocorrelation. *, ** and *** indicate two-tailed significance at the 10%, 5%, and 1% level, respectively.
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TABLE 3. GMM Estimation of Euler Equation with Self-Control Preferences:

Liquidity Constrained vs. Unconstrained Households

Unconstrained Constrained Benchmark

Stock return Joint return Stock return Joint return Stock return Joint return

(1) (2) (3) (4) (5) (6)
G 0.305%** 0.585%** 0.104* 0.2127%* 0.215%** 0.443%%*
(0.077) (0.156) (0.056) (0.107) (0.080) (0.149)
o 0.004 0.005 -0.021 -0.020 -0.039 -0.031
(0.013) (0.013) (0.021) (0.021) (0.025) (0.024)
b1 0.031°%* 0.030* 0.041* 0.039 0.063* 0.052*
(0.016) (0.016) (0.024) (0.024) (0.032) (0.030)
b -0.117%%* -0.114%5% -0.023 -0.022 -0.111 -0.080
(0.025) (0.027) (0.034) (0.034) (0.122) (0.114)
Hansen’s .J 9.45 10.28 8.92 8.91 16.02 15.24
P-value 1.00 1.00 1.00 1.00 0.85 0.89
Model Restriction Test: ¢g+ ¢1 <0
Wald Stat (x?)  11.20 10.45 4.88 4.80 5.10 4.83
P-value <0.01 <0.01 0.03 0.03 0.03 0.03
Obs (T) 200 200 200 200 200 200
Average Cell Size 55.64 55.64 126.43 126.43 182.07 182.07

Note: This table presents second-stage GMM estimation results for the sub-samples of liquidity constrained
and unconstrained households. Following Hall(2011), we define a household as liquidity constrained if its
net liquid asset holdings in checking and saving accounts combined are less than two months of its after-tax
labor income. The fraction of constrained households is about 70% in our benchmark sample that includes
the prime-age, broad birth-year cohort who are active market participants. The null hypothesis for the
model restriction test is ¢g + ¢1 < 0. Standard errors in parenthesis are robust to heteroskedasticty and

*

autocorrelation. *, ** and *** denote two-tailed significance at the 10%, 5%, and 1% level, respectively.
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TABLE 4. GMM Estimation of Euler Equation with Self-Control Preferences:

Homeowners vs. General Population

Homeowners Benchmark

Stock return Joint return Stock return Joint return

(1) (2) (3) (4)
o 0.119** 0.234** 0.215%** 0.443%**
(0.049) (0.95) (0.080) (0.149)
b0 -0.038 -0.036 -0.039 -0.031
(0.031) (0.031) (0.025) (0.024)
b1 0.064*** 0.061*** 0.063* 0.052*
(0.016) (0.016) (0.032) (0.030)
o S0.191%FF  _(.186%** -0.111 -0.080
(0.071) (0.070) (0.122) (0.114)
Hansen’s J 8.80 8.79 16.02 15.24
P-value 1.00 1.00 0.85 0.89
Model Restriction Test: ¢g + ¢1 <0
Wald Stat (x?)  14.28 13.95 4.83 4.70
P-value < 0.01 < 0.01 0.028 0.030
Obs (T) 200 200 200 200
Average Cell Size 154.89 154.89 182.07 182.07

Note: This table presents second-stage GMM estimation results for the sub-sample of homeowners and
compares them with the full-sample estimation. We define households as homeowners if they self-reported
their housing tenure as “owned with/without mortgage” in the CEX survey. The fraction of homeowners is
85% in our benchmark sample that includes the prime-age, broad birth-year cohort who are active market
participants. The null hypothesis for the model restriction test is ¢g+ ¢1 < 0. Standard errors in parenthesis
* ok

are robust to heteroskedasticty and autocorrelation. , and *** denote two-tailed significance at the 10%,

5%, and 1% level, respectively.
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