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ABSTRACT. Research in the consumption literature usually attempts to explain a
single empirical regularity at a time. In this paper we ask whether a single consumption
model can simultaneously explain a wide range of facts about wealth accumulation,

credit card borrowing, and consumption-income comovement. Owr analysis implements

a lifecyele simulation framework that incorporates dependents, stochastic labor mcome,

licuidity constraints, liquid assets, revolving credit, illiquid assets, and retirement. We

nse the Method of Sirmlated Moments to econometrically compare the choices of our
simmlated consumers with the choices of actual consumers as calenlated from household
survey data.  We reject the null hypothesis of exponential discounting in favor of
the hyperbolic discounting alternative. However, the hyperbolic model also fails to
explain all of the micro-survey evidence. [ligh levels of wealth accumulation and high

frecuencies of credit card borrowing ave difficult to reconcile with any existing model.
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JEL classification: D91 (Intertemporal Consiumer Choice; Lifecycle Models and Saving),

E21 (Consumption; Saving)

1. INTRODUCTION
American households voluntarily accumulate large stocks of wealth as they approach retirve-
ment. The wealth-to-income ratio of the median household aged 50-59 is over three (Survey
of Consumer Finances). Consumers also borrow frequently and extensively on credit cards
aver the lifecycle. At any point in time, seventy percent of households with credit cards
carry interest-aceruning balances. Aggregating over all households with a card, credit card
balances not including the float average more than S6000 per household (Survey of Consumer

Finances. Federal Reserve Board). The average debt-weighted credit card interest rafe is

167 (Federal Reserve Board). This high cost borrowing suggests that most households are

Rend

effectively liquidity constrained. Perhaps as a consequence of this, consumption exhibits

excess sensitivity to predictable changes in income. Consumption-income comovement re-
gressions typlcally vield estimates between 0 and % for the marginal propensity to consume
out of predictable changes in income, with “consensus” estimates around il (Hall, 1978; Hall
and Mishkin, 1982; Campbell and Mankiw, 1989; Shea, 1995). One distinctive manifesta-
tion of this consumption-income comovement is the anomalous drop in consumption in the
vears around retirement (Banks et al. 1998, Bernheim et al. 1997).

Research in the consumption literature usually attempts to explain one or two empirical
regularities at a time. In this paper we ask whether a single model can simultaneously explain
all of the regularities summarized above. To do this, we build an institutionally rich model
of lifecvele decision-making.  Owr model includes income nncertainty, retirement, liquidity

constraints, age-dependent mortality, children and adult dependents, revolving credit, and

illiquid investment instruments.  Owr model also incorporates hyperbolic discounting, in
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which discount rates are higher in the short run than in the long run.  In particular, we
assume that time preferences are characterized by the discount funcetion, {1, 36, 38%.388%, .1,
with 3 < 1 and § < 1 (Phelps and Pollak 1968, Laibson 1997a).  This formulation reduces
to the standard exponential discount function when 3 = 1,

We use the Method of Simulated Moments to estimate the discounting parameters in
our model. The exponential discounting model is overwhelmingly rejected by the data,
but neither the exponential model nor the hyperbolic model can match both the wealth
accumulation and credit card borrowing facts, Consumers appear to be of two minds, acting
both patiently and impatiently. Even a dyvnamically inconsistent hyperbolic discounting
model cannot completely explain these dichotomons behaviors.

The paper is organized as follows. Section 2 summarizes the key features of the model
and our calibration choices.  The empirical data used for the estimation are presented in
Section 3. We explain the MSM procedure in Section 4. Section 5 presents our results, and

Section 6 concludes.

2. MODEL
We adopt a variant of the model developed in Laibson, Repetto, and Tobacman (2001),

hereafter LRT. This model is based on the simulation literature pioneered by Carroll (1992,

1997), Deaton (1991), and Zeldes (1989b) and extended by Hubbard, Skinner, and Zeldes
(1994, 1995), Engen. Gale, and Scholz (1994), Gowrinchas and Parker (2001), and Laibson,
Repetto, and Tobacman (1998). LRT (2001) incorporates most of the features of earlier
lifecvele simulation models and adds new ones. including credit cards, age-dependent house-
hold size, and access to an illiquid asset. We summarize the key features of the model
below. Interested readers are referred to LRT (2001) for details and for extensions includ-

ing options to declare bankruptey and to borrow against illiquid collateral (as in mortgages

;
»
|
;
¢
i
,




WEALTH ACCUMULATION, CREDIT CARD BORROWING, AND CONSUMPTION-INCOME COMOVEMENT4

against housing).
We divide the presentation of the model into elght parts: demographics, income from
transfers and wages, liquid assets and noncollateralized debt, illiquuid assets, dynamic and

static budget constraints, preferences, equlibrium, simulation.

2.1. Demographics. We consider households in which the the household head has a high
school diploma but no college degree. These honseholds constitute 59% of the population
(US Census Bureau, 1995). In previous work (LRT 1998, 2001) we have found qualitatively
similar results when examining households whose head does not have high school degree, and
when analyzing households whose head has both a high school degree and a college degree.

We assume that independent economic life begins at age 20.  Households face a time-
varving. exogenous hazard rate of survival, s;, calibrated with data from the U.S. National
(lenter for Health Statistics (iﬁ)@B). To simplify cwr computational analysis, we assume
that no household lives past age 90.  Household composition varies deterministically and
exogenously with age (calibrated from the PSID) as children and adult dependents enter and
leave the household. Following Blundell et al. (1994) and Attanasio and Weber (1995), we
define effective household size as the number of adults plus 4 times the number of children

under 18, We assume households always have both a head and a spouse.

2.2. Income from transfers and wages. Let Y, represent all period ¢ after-tax income
from transfers and wages, including labor income, asset income, inheritances, private defined
benefit pensions, and all government transfers including social security. We assume labor
is supplied inelastically. so Y} is exogenous. We model 3, = In(Y}) during working life as
the sum of a cubic polvnomial in age, a Markov process 1, that approximates an underlying

AR(1) process, and an iid normally distributed ervor term. During retirment, we model
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1, as the sum of a linear polynomial in age and an 1id normally distributed error ferm.
Retirement occurs exogenously at age 63. The income process and the retirement age are

calibrated from the PSID.

2.3. Liquid assets and noncollateralized debt. Let X represent liquid asset holdings
at the beginning of period ¢ excluding income from wages and transfers. If X; < 0 then
credit card debt was held between ¢ — 1 and £.  We introduce a credit limit at age ¢ of
30% of average income at age t. This implies that X; > —(0.30) - Y,. This credit limit is
calibrated from the 1995 SCF. Owr model precludes consumers from simultaneously holding
liquid assets and credit card debt, though such behavior has been documented among a small
fraction of consumers by Gross and Souleles (2000) and Bertaut and Haliassos (2001).

We assume the gross real after-tax interest rate received from liquid assets is /2 = 1.0375,
corresponding to the historical return on a portfolio of two-thirds stocks and one-third bonds,
assuming an average tax rate of 25%. The gross real inferest rate on credit-card loans
is RCC = 1.1175, two percentage points below the mean debt-weighted real interest rate
reported by the Federal Reserve Board. This low value is chosen to implicitly capture the

impact of bankruptey and default, which lower consumers’ effective interest payments.

2.4. Tlliquid assets. Let /7, represent illiquid asset holdings at the beginning of period

t, and assume that 7, > 0. Y6 Iliguid assets in our model generate two types of returns:
capital gains and consumption flows. We set the rate of capital gains equal to 177 = 0 and the

annual consumption flows equal to v = .05 times the value of the asset. Hence, the retuun on
illiquid assets is considerably higher than the return on the lignid asset. For computational

tractability, we adopt the assumption here of complete illiquidity of Z; transaction costs are
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sufficiently large that the asset can never be sol !

Three issues arise when interpreting this illiquid asset. Fivst, the spec ification is obviously
quite stylized, but Z shares some similarities with home equity.  Consider a consumer who
owns a house of fixed real value H and derives annual consumption flows from the house of
~I1. Suppose the consumer has a mortgage of size M, and hence home equity of H — Al The
real cost of the mortgage is M, wheve 1 == i-(1—7)~7 is the nominal mortgage interest rate
corrected for the tax deductibility of mortgage interest payments and inflation. If we assume
i 7 v, the net benefit to the homeowner from the house is vH M. s y(H— M) =~Z.

Second, the assumption of total illiquidity increases the motive for credit card borrowing

in both the exponential and hyperbolic versions of onr model.  When illiquid assets have
favorable returns but are highly illiquid, consumers will want to hold those lliquid assets and
nse credit card borrowing to smooth consumption volatility due to hi oh frequency shocks in
the income process.

Finally, for hyperbolic consumers even small delays between requests for liquidity (i.e.,
applications for home equity lines) and actual access to liquidity (i.e., approval of applica-
tions and release of funds) have a behavioral effect equivalent to total illiquidity (Laibson
1097a).  In other words, even fairly sm 1all actual or perceived transactions costs involved
in extracting liquidity from home equity will defer hyperbolic consumers from applying for
home equity loans,  Hence, the extreme illiquidity assumption is particularly appropriate

for the hvperbolic model.

2.5. Dynamic and static budget constraints. Let I,Y vepresent net investment mto

the liquid asset X during period f, and le ot [# vepresent net investment into the iliquid asset

LAngeletos et al. (2001) and LRT (2000) find that assu uning partial iliquidity, e, fixed and proportional

costs of withdrawal from the Z asset, has similar implications to the full Mliguidity assumption we adopt

here.
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7 dwring period . Then the dynamic budget constraints ave given by,

where BY and RZ arve the real inferest rates, respectively, on liquid wealth and illiquid
wealth. We assume that the interest rate on liquid wealth depends on whether the consumer

is borrowing or saving in her liquid accounts. We interpret liquid borrowing as credit card

debt:

REC i X, + ¥ <0
R if X, +IX>0

The static budget constraint is:

Cy =Y, [X — 17

The state variables at the beginning of period t are liquid wealth (X -+ Y}), illiquid wealth

(7,). and the value of the Markov process (11,). The non-redundant choice variables are net

L

investment in liquid wealth (1) and net investment in illiquid wealth (17). Consumption is

caletdated as a residual.

2.6. Preferences. We adopt iso-elastic instantaneons utility functions (i.e., constant rel-
ative risk aversion) and hyperbolic discount functions. Hyperbolic time preferences imply
that from todav's perspective discount rates are higher in the short-run than in the long-
run. Experimental data support this infuition. When researchers use subject choices to
estimate the shape of the discount function, the estimates consistently approximate gen-

eralized hvperbolas: events 7 periods away are discounted with factor (1 -4 «v)"7/", with
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a,y > 0.2

eralized hyperbolic discount function (assuming o = 4, and ~ = 1), and the quasi-hyperbolic
discount function, which is an analytically convenient approximation of the generalized hy-
perbola.

The quasi-hyperbolic function is a discrete time function with values {1,88,38, 88, ...},
This discount function was first used to studyv intergenerational preferences (Phelps and
Pollak 1968). TLaibson (1997a) used Phelps and Pollak’s disconnt function to capture the
properties of intra-personal fime preferences. Figure 1 plots the quasi-hyperbolic discount
function for the case of 4 == .7 and § = 956" When 0 < 3 < 1 the quasi-hyperbolic
discount structure mimics the qualitative property of the hyperbolic discount function, while
maintaining most of the analvtical tractability of the exponential discount function.

Quasi-hyperbolic and hyperbolic preferences induce dynamically inconsistent preferences.
Consider the diserete-time quasi-hyperbolic function. Note that the discount factor between
adjacent periods  and ¢ -+ 1 represents the weight placed on utils af time £+ 1 relative to
the weight placed on utils at time ¢, From the perspective of self ¢, the discoomt factor
between periods ¢ and ¢+ 1 ig 48, but the disconnt factor that applies between any two later
periods is 6. Since we take 4 to be less than one, this implies a short-term discount rate that
is greater than the long-term discount rate. From the perspective of self ¢ -+ 1, 76 1s the

relevant discount factor between periods ¢ -+ 1 and ¢ + 2. Hence, self ¢ and self £+ 1 disagree

2See Toewenstein and Prelec (1992) for an axiomatic derivation of this discount fanction. See Ching and
Herrnstein (1961) for the first use of the hyperbolic discount netion. Laboratory experiments have been
done with a wide range of real vewards, including money, durable goods, fruit juice, sweets, video ventals,
relief from noxions noise, and access to video games, See Ainslie (1992) for a pmtm] review of this literatur
See Mulligan (1997) for a critigue.

*The particular parameter values used in this example cor respond to the calibration used in this paper
for houscholds with a high school educated head.
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about the desired level of patience at time 7 -+ 1. Becanse of the dynamic inconsistency, the
hvperbolic consumer is involved in a decision which has intra-personal strategic dimensions.
Early selves would like to commit later selves to honor the preferences of those early selves.
Later selves do their best to maximize their own interests,

This potential for dynamic inconsistency in preferences implies that we must specify the
preferences of all of the temporally distinct selves over the life-cycle: ¢ & {20,21,....90}. Self

t has instantaneous payofl function

11((v1 Zr;. f?;} w1

and continuation payofts given by:

) ‘( 1 8[:—|~i> ' [3 (“Yf:—{—i~ /H i /)1

Note that n, is the effective household size, p is the coeflicient of relative risk aversion, v/,
represents the consumption flow generated by 7, ¢y is the probability of surviving to age
t -1 conditional on being alive at age £, and I(:) represents the pavoff in the death state,
which incorporates a becuest motive, The first expression in the bracketed term represents
utility flows that arise in period ¢ + i if the household swrvives to age ¢ + 1. The second
expression in the bracketed term represents termination payoffs in period f + 4 which arise if
the household dies between period £+ i — 1 and £ 4 2.

2.7. Equilibrium. When 3 < 1 the hongehold has dynamically inconsistent preferences,
and hence the consumption problem cannot be treated as a straightforward dynamic opti-

mization problem. Late selves will not implement the policies that are optimal from the
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perspective of early selves,

Following the work of Strotz (1956) we model consumption choices as an intra-personal
game. Selves {20,21,...,90} are the players in this game. Taking the strategies of other selves
as given, self [ picks a strategy for time ¢ that is optimal from its perspective. This strategy
is a mapping from the (Markov) state variables, {t, X + Y| Z, u}, to the non-redundant
choice variables {1, [7}. An equilibrium is a fixed point in the strategy space, such that all
strategies are optimal given the strategies of the other players. We solve for the equilibrinm
strategies using a numerically implemented backwards induction algorithm.

Our choice of the quasi-hyperbolic discount function simplifies the induction algorithm.
Let Vit (Noy 1 -+ Yio1, Zeg1, ) represent the time ¢4 1 continuation payoff function of self

t. Then the objective function of self ¢ is:

11((‘1( YANY () + ’3(\ £, \/f,), 1 k*\* £ 1) (3)

where A,y represents the vector of state variables: { X,y + Yo, Zept, ey bo Self ¢ chooses
C, to maximize this expression. The sequence of continuation pavofl functions is defined

recursively:

\;” lf(A\() == 5S¢ ILU((V[ /{[ 77;> “+ & /g\ ,{‘_} L~\ZI \‘ -+ (1 8[\) ILj/ B (A[)

o
[Hiy
e

where s, is the probability of surviving to age # conditional on being alive at age t—1 and
is the consumption chosen by self £, The induction continues in this way. Note that dynamic
inconsistency in preferences is reflected in the fact that a & factor appears in Equation 3

- veflecting self s discount factor between periods ¢ and ¢ -+ 1 — but does not appear in

Equation 4, since self £ — 1 does not use the J factor to discount. between periods ¢ and ¢+ L.
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Equations 3 and 4 jointly define a functional equation which is not a contraction mapping.
Hence. the standard dynamic programming results do not apply to this problem. Specifically,
V' does not inherit concavity from u, the objective function is not single-peaked, and the
policy functions are in general discontinuous and non-monotonic.*  We have adopted a
numerically efficient solution algorithm -— based on local grid searches — which iterates our
functional equation in the presence of these non-standard properties.

Owr equilibrium definition has a major shortcoming: we adopt the standard economic
assumption of unlimited problem-solving sophistication. The consumers in our model solve
perfectly a complex backwards induction problem when making their consumption and asset
allocation choices.  We are not satisfied with this extreme assumption, but view it as a

ey e O SN U JU S N Te D
reasonable starting point for analysis.”

2.8. Simulation. Our simulations represent the behavior of individual households. We
generate 5000 independent streams of income realizations according to the process described
in Subsection 2.2. Households make equilibrium decisions at each age using the information

awvailable at that age (current and lagged income realizations). From the resulting simulated
profiles of €, X, 7, and Y, we calenlate the summary moments used in the MSM estimation

procedure described below.

*See Laibson 1997h.

While economists and psvchologists have a erveat deal of evidence that consumers are not perfectly
rational, that does not imply that we know what alternative to rationality should be adopted. There are
no well-studied, generally applicable bounded rationality models.  We are keenly interested in the recent
developments in the reinforcement learning literature (e.g., Erev and Roth 1997, and Camerer and Ho 1996).
However, reinforcement models like these are diflicult to apply to the analysis of savings decisions, since it is
not clear why and even if savings decisions are rewarding in the short-run.  Perhaps the lack of short- and
medinm-run reinforcement provides another o\plmmtmn for undersaving.  We are also sympathetic to the
wodel of “naif” behavior first proposed by Robert Strotz (1956) and more vecently studied by Akerlof (1991),
andl O Donoghne and Rabin (1997, 1998}, These authors propose that decision makers with d\mnmml]\
inconsistent preferences make current chioices under the false belief that later selves will act in the interests

of the current self.
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3. DaTa
Our MSM implementation formally compares the simulated values of five moments to their
empirical analogues. Table 1 summarizes our empirical findings. The Table reports each
empirical moment, its shorthand name, and its estimated standard error.  We present a
complete description of our data procedures in Appendix 1.

The first statistic, wealth, is the median wealth-to-income ratio for households with heads
aged 50-59.  The value of wealth = 3.88 implies that American households accumulate a
substantial amount of wealth before retivement. Our wealth measure does not include invol-
untary wealth accumulation like social security and other types of defined benefit pensions.

The second statistic, & Visa, is the fraction of households who borrow on credit cards.

Our analysis indicates that 63% of US households pav interest on credit card debt each

month.  This number excludes households who pay their Visa bill in full at the end of the
month, and excludes households who pay their Visa bill late.

We construct the third statistic in the table, mean Visa, by dividing age-specific credit
card borrowing by mean age-specific income. We then average this fraction over the lifecyele.
The average household has oustanding credit card debt equal to 13% of the mean income of
its age cohort.

The fourth statistic, OV, represents the degree of anomalous comovement of consumption
and income. We find that the excess sensitivity of consumption in response to predictable

changes in income is 23% of the income innovation. This figure is consistent with other

analvses. Hall and Mishkin (1032) report a statistically significant coefficient of .200, Hayashi
(1985) reports a significant coefficient of .158, Altonji and Siow (1987) report an insignificant

coefficient of .001, Attanasio and Weber (1993) report an insignificant coefficient of .119,

Attanasio and Weber (1995) report an insignificant coefficient of (100, Shea (1993) reports
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a marginally significant coefficient of .838, Lusardi (1996) reports a significant coefficient of
368, and Souleles (1999) reports a significant coefficient of 344, See Deaton (1992) and
Browning and Lusardi (1996) for discussion of the excess sensitivity literature.

Banks et al. (1998) and Bernheim et al. (1997) document a decline in consumption in
the vears around retirement that cannot be explained by standard effects like a reduction in

work-related expenditures. Using the PSID we find an anomalons retirement consumption

drop of C'drop = 9%.

Table 1

STATISTIC Mg SEmy

median 50-59 & 3.880 245

(wealth)
% borrowing on “Visa'? 681 015

(Yo Visa)
mean (borrowing, / mean(income,)) 126 010

(mean Visa)

Consumption-Income comovement 231 112
(CY)
retirement C drop 091 .067
(Cdrop)

These five moments veflect important empirical characteristics of lifecycle behavior in-
cluding wealth accumulation. borrowing, and consumption-income comovement. Fssential

1 M N T 5 3 5 1 “ - R T AR { e o gy —
to the results is simultaneons inclusion in the set of moments of wealth (or some other mea=

sure of long-run patience) and % Visa, mean Visa, CY, Cdrop or some ot her measure of
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short-run impatience.  The analysis below demonstrates that the data reflects a simulta-
neous preference for patience and impatience. This tension ultimately drives econometric

identification of the model’s parameters.

4. METHOD OF SIMULATED MOMENTS PROCEDURE

The method of simulated moments (MSM) was developed by Ariel Pakes and David Pollard

(1989) and Darrell Duffie and Kenneth Singleton (1993). We use MSM to formally compare

the predictions of our model to the empirical evidence on lifecvele behavior described in

Section 3. In addition, MSM enables us to formally test the nested null hypothesis of

exponential discounting = 1. The eurrent Section, which describes the MSM procedure, is

self-contained and may be skipped on a first reading.

In order to describe the MSM procedure we adopt the following notation.  Let 0 be a

vector of preference parameters.  Suppose % is the true vector. Let iy be a vector of

N (fixed) empirical moments,  Suppose 7, has asymptotic variance-covariance matrix Q.

Let my, = m, (0) be a vector of N simulated moments which correspond to the empirical

moments 77, Note that the simulated moments exhibit a functional dependence on the

vector of preference parameters. Let e(f) = 1, — m.(0) be the deviation of the simulated

£

moments from the empirical moments given . Let IV be an Nx N weighting matrix. TLet

q(0) = e(0)- WL e(0) be a scalar-valued loss function, equal to the weighted sum of squared

deviations of simulated moments from their corresponding empirical values.

Our procedure is to minimize the loss function ¢(6)." and define the MSM estimator as.

[ 921
—

f = argnin q(f).

"We perform this minimization with Matlab's built-in Nelder-Mead simplex algorithm. This algorithm is
slower but more robust than derivative-based methods, and here 1t is preferred because of the nonconvexities
in hyperbolic consumption functions discussed in Subsection 2.7.
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Pakes and Pollard (1980) demonstrate that 0 is a consistent estimator of 6*, and 0 is asymp-

totically normally distributed. For 117 = Q. /R N (0%, %) asymptotically,” where

(6)

Note that the derivatives in this expression are evaluated at 0. The intuition for this
quation is most easily seen by analogy to the case of estimation of one parameter by one
moment with the familiar method of moments. First, observe that the standard error of
the parameter estimate is increasing in the standard error of the empirical moment. If the
moment is imprecisely estimated, we can attach little certainfy to the parameter estimate.
Algo, suppose in this simple one parameter, one moment case that m,(0) is very flat near
the optimum. Then large changes in the parameter would have only a small effect on the
simulated moment. Consequently, the location of the true minimum of the loss function will
be relatively uncertain. Conversely, if m,(0) is steeply sloped very close to the optimmum, so
amall changes in the parameter have a dramatic effect on the moment, one can be relatively
confident abont the parameter estimate: the standard ervor of 6 will be small.

Returning to the general case of MSM, the expression for ¥ above likewise indicates that
large derivatives of the moments as functions of the parameters result in small standard
errors for the estimated parameters. In other words, if the moments are very sensitive to
the parameters, the parameters are more likely to be precisely estimated. The Q7! term in
the center captures the notion that redundant or imprecisely estimated empirical moments

in general do not tightly constrain the MSM parameter estimates.®

“Technically the wealth moment 1s not differentiable.  This has no hmring‘ on the consistency of the
estimator, but we are currently evaluating procedures, like those in Frenc 1 and Jones {2001) and Newey
and MeTFadden {1994), that properly implement MSM and ensure :1&)‘111])1‘(‘)1’1(‘ normality when using quantile
momernts,

8Quhsequent versions of this paper will contain an appendix with detailed, technical notes about our
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5. RESULTS
In this section we estimate the discounting parameters 7 and & We also consider constrained
estimates in which we restrict the value of 7. In our benchmark estimates we use all of
the moments described above, but we also consider alternative identification strategies that
use subsets of our moments. We check robustness and compare our results to those of
LRT (2001). Throughout this analysis we fix the coefficient of relative risk aversion at

p = 2. Finally, we focus on the case W = Q, which vields a more efficient estimator than

the alternatives W == [y and W = diag({2).
5.1. Exponential Case. We begin our analvsis by estimating & while constraining f =

(the exponential discounting case). We obtain

The credit card borrowing moments, % Visa and mean Visa, drive this estimate of the
exponential discount function.  This exponential model matches wealth very poorly, but
wealth is relatively less tightly estimated than the credit card moments.  Recall that the

& with a standard error of 0.25. The loss function minimized

empirical value 1s wealth = 3.3
by the MSM procedure weights the moments by the inverse of the variance matrix, so less
tightly estimated moments have less of an effect on the parameter estimates. Intuitively,
the low variances of % Visa and mean Visa cause those moments to identify 5. Column

1 of Table 2 reports the values of the moments at the estimated 6. The simulated credit

procedure, including formal integration of the “first stage™ estimation ol income process parameters and
diseussion of the (small) additional errors introduced by substituting simulated moments derived from finite
samples of simulated data.
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card moments are close in absolute terms to thelr empirical analogues, which are reproduced
from Table 1 in Column 2 of Table 2 (Column 3 reproduces the empirical standard errors).
The consumption-income comovement statistics, ('Y and C'drop, are well-matched in this
exponential simulation as well. However, wealth evaluated at §is approximately zero. This

is a serious shortcoming of the model, given that the actual value of wealth is 3.88.°

Table 2

‘ Colwumn 1 Column 2 Column 3
STATISTIC \
ms(6; 7 = 1) 11 S€m,
wealth -0.03 3.88 0.25
7 Visa 0.66 0.68 0.015
Visa/Y 0.15 0.13 0.01
Y 0.27 0.23 0.11
C drop 0.16 0.09 0.07
q(0) 278

[ntuition for the particular value of § comes from the exponential Enler Equation (LRT
2001).  Consider a stripped-down version of the exponential model. Specifically, assume
that labor income is iid, eliminate the illiquid asset, and eliminate time-varying mortality
and household size effects. It is possible to use the standard Euler Equation to impnte e
value for the discount rate, —1In(8). The exponential Enler Equation is:

W (C) = EyR&W (Cryn)

“\We'll formally characterize the degree of seriousness through a specification test, described at the end

of the results section.
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" N

[he second order approximation of this equation is:

IJ(A In ((7/;4,1) e (7" + hl((\n - ‘/')2 \/'1, ‘L_& In ((Wh,lﬂ s
L &

which can be rearranged to yield

disconnt rate = —In(¢)

)

To impute the value of the discount rate. we need to evaluate E:AIn (Cupr), 7y p, and

VoA (Cy )] We will do this for a fypical household.

Consider U.S. households which have access to a line of revolving credit and have a
{5-vear-old head. Order these households by the expected one-year rate of consumption
orowth,  Swrvey data implies that the median household should expect flat consumption
between ages 45 and 46,1 It is reasonable fo assiume that this median household holds
credit card debt. as credit card borrowing peaks in frequency and magnitude for honseholds
with 45-vear-old heads. Over three-cuarters of honseholds with 45-vear-old heads and credit
cards have credit card debt.' Hence, for o analvsis, the appropriate rveal interest rate is
the real credit eard borrowing rate, » = r® a2 0.1175. Recall that this four percentage points
below the debt-weighted credit card intevest rate. The difference reflects adjustments for
inflation and default.

Finally, the conditional variance of consumption growth can be represented as a propor-
tion of the conditional variance of income growth.  When income is a random walk, the

conditional variance of consumption growth is approximately equal to the conditional vati-

1077

o., Gonrinchas and Parker (2001).
HECE, 1995 cross-section.
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ance of income growth., We assume that the conditional variance of consumption growth is
half of the conditional variance of income growth, implving that the conditional variance of
consumption growth is 0.025. This value is consistent with our calibrated simulation results.
The lack of consumption smoothing is also consistent with the fact that the tyvpical house-
hold is borrowing in the credit card market, a portfolio decision that suggests low levels of

liquid wealth accumulation and hence necessarily imperfect consumption smoothing.

We are now in a position to evaluate —In(¢).

22
~In(¢&) = —2.0-+0.1175+ ”1; (0.025)

== (1675

This back-of-the-envelope Euler Equation calenlation compares well with the estimate im-

plied by our MSM procedure:

-

~Ind = —1n0.833 = 0.1827

Such high long-term discount rates are problematic. As we will show below, observed

household wealth accumulation profiles can only be explained with much lower discount |
rates. To calibrate lifetime consumption and wealth profiles, most authors have used

discount rates that lie below 0.10. Engen, Gale, and Scholz (1994) calibrate their model
with a discount rate of 47 (p = 3). Hubbard, Skinner and Zeldes (1995) calibrate their
simulations with a discount rate of 3% (p = 3). Gowinchas and Parker estimate a discount
rate of 4% (p = .5). Laibson, Repetto, and Tobacman (1998) estimate two central discount

rates: 4% (p = 1) and 6% (p == 3). Engen, Gale, and Uccello (1 099) calibrate their model

y
yf
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with a discount rate of 0% and 3% (p = 3).'? Hence, these observations suggest a puzzle.
Consumers act impatiently in the credit market but act patiently when aceumulating for

retirement. LRT (2001) call this the Debt Puzzle.

o

5.2. Hyperbolic Case. Next we explore whether relaxing the = 1 constraint improves

the model’s ability to match the data. Theory suggests that it may. The FEuler Equation
analysis above only applies to exponential consumers (7 = 1). As Harris and Laibson (2001)

have shown, making the discount function hyperbolic generates a critical modification of the

Euler Equation. They find the following form for the Hyperbolie Euler Equation:

| T (00 . 0Ck g
W(C) = ER |36 = |+ 81— = || W (C)
: ( H Hi ( ( 0,‘\7/ -1 % ( (D-’\‘f -1 ( H j)

This equation is identical to the exponential case, except that the exponential discount

factor. &, is replaced by the endogenous effective discount factor

This effective discount factor is a weighted average of the short-run discount factor 46, and

K . Lo o S e : ; C ; : :
the long-1un discount factor 6. The respective weights are Svt, the marginal propensity

3

; /- aC
to consume, and KL -

e ) . The effective dizscount factor is stochastic and endogenous
X e
to the model. When consumers arve liquidity constrained, the marginal propensity to con-

_is approximately equal to unity. In this case, the effective discount factor is

approximately equal to 6

2A1 of these papers assume veal interest rates (on positive savings) of 1-5 percent. Naturally, substantially
‘?n}:hvr interest rates wonld justify substantially higher discount rates, but historical data pin the interest

rate down.

]
|
|
g
|
I
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Hyperbolic consumers have an incentive to keep themselves liquidity constrained (Laib-
son, 1997a). By storing wealth in illiquid form, hyperbolic consumers prevent themselves
from overspending in the future. Early selves intentionally try to constrain the consumption
of future selves.  This has the effect of raising the future marginal propensity to consume
ont of the (constrained) stock of liquid wealth. The high marginal propensity to consume
generates high effective discount rates (o~ — In 38), explaining why hyperbolics are frecuently
willing to borrow on credit cards.

Hyperbolics recognize that illiquid wealth will be spent much more slowly than liquid
wealth. Ilhiquid wealth - e.g.. housing — generates marginal utility flows for many peri-
ods in the future. The conswumer discounts utility flows 7 periods away with factor 567,
When discounting consumption increments over long-horizons, a hyperbolic consumer uses

an effective discount rate of

lim [ In(A367)7| = lim |~ In(d) — In(¢)

—— h’l((‘:)‘

T X L

Hence, illiquid wealth accumulation is primarily driven by ¢, not 7, implying that the con-

sumer accumulates illiquid wealth as if she had a discount rate of —In(¢) = .03.
With the potential for effective disconnt rates of —In 36 per vear, the model predicts

20% annual interest rates. However, the

widespread borrowing on credit cards at 15

hvperbolic model simultaneously predicts that most consumers will accumulate large stocks

of lliquid wealth, basing accumulation decisions on a relatively low discount rate of 05,
With these theorvetical observations in mind, we now ask whether relaxing the 7 = 1

constraint can resolve the Debt Puzzle and explain the available evidence on consumption-
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1618 ="7=.907

(.001)

This & corresponds to a discount rate of —log( (*) = (097, which is still problematically large.
The values of the simulated moment functions evaluted af § are reported in Column 2 of
Table 3 (Column 1 repeats column 1 of Table 2).  As in the 3 = 1 constrained case, the
amall standard errors on the credit card moments mean that they are matched quite closely
in absolute terms. Again, the simulafed comovement measures also resemble the empirical
values.  However, the wealth measure is still just wealth(d : B = .7) = 0.21, fourteen

standard deviations from the empirical value.

Table 3

‘ Cohurn 1 Column 2 Column 3 Column 4 Column 9
STATISTIC
ms(6; 8 =1) me(&: 3 =.7) ms (0, 5) My SCm,

wealth -0.03 0.21 3.05 3.88 0.25
% Visa 0.66 0.64 0.62 0.68 0.015
Visa/Y 0.15 0.17 0.17 0.13 0.01

Cy 0.27 0.37 0.48 0.23 0.11

C drop 0.16 0.12 0.26 0.09 0.07

g(0) | 278 271 36

Next, we report the two parameter estimates, when 3 1is not fixed. For this general case,
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our benchmark estimate 1s

- 103

‘ 5 = .969

(.003) (.009)

The long run discount factor § is estimated to be 0.969.  Consumers with such a high
degree of patience over long horizons accumulate large stocks of wealth, for example in
preparation for retirment. The model drives § to this high value in order to match the
wealth moment. To generate this level of wealth accumulation the long-run discount rate,

—Ind, must be approximately equal to the rate of return on savings (1.e., 3.75%-5.007%). In

fact, as reported in Column 3 of Table 3, this high value of 6 results in substantial simulated

| wealth accumulation: wealth(s, ) = 3.05, less than four standard errors from the empirical
|
| value.

Most of the wealth these simulated consumers accumulate is in illiquud form.  Hliquid

assets are attractive to them for two reasons.  Firvst, illiquid assets have a higher rate of retiin

in our model than liquid assets, so these very patient consnmers wish to take advantage of |

it over long horizons. Second, as described in the next paragraph. these consumers have a |

very low value of . Dliquidity helps them overcome their dynamic inconsistency problems.

We conclude that the MSM procedure rejects the 3 = 1 null hypothesis of exponential

discounting with very high levels of confidence; the (-statistic 1s i}?f

a

- 89.

The credit card borrowing and consumption-income comovement moments drive 3 below
unity. Such low values of 4 allow the model to better replicate this short term impatient
b

behavior implied by the costly credit card borrowing and consumption-income comovement.

However, tension remains becanse of the high value of 6: V6 Visa is poorly matched because




W
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§is 50 high, and the simulated value of wealth is still far too low because 7 is so small. Even
the relatively flexible model of hyperbolic discounting cannot reconcile such large amounts
of simultaneous wealth accumulation, credit card borrowing, and consumption-income co-
movement.

Formally we know that if the model is correct then q(@) has a \? distribution. Recall
that q(()) is the sum of squared deviations of the simulated moments (evaluated at the
parameter estimates) from the empirical moments, weighted by the inverse of the empirical
ariances, The number of degrees of freedom of the v? equals the number of moments nsed
for the estimation minus the number of parameters estimated. Thus in the one-parameter
constrained cases, when we fixed [ first at 1 and then at 7, (Z(()) ~ Y*(4), while in the
nneconstrained case when we estimated both 3 and & g(0) ~ y*(4). The values of q((h for

these different specifications are reported in the bottom row of Table 3. By comparison,

the 99% critical valnes of the v*(3) and the y?(4) are 11.3 and 13.3, respectively, which are

much smaller than the actual ¢(d)’s. Thus we overwhelmingly reject both the exponential

and hyperbolic models; neither can adequately reconcile the high empirical levels of wealth g

accumulation, credit card borrowing, and consmmption-income comovement.

These results are very robust to changes in the specification.  For example, we have :I
replicated the estimation with different sets of moments.  When we try fo match only
wealth and % Visa with the data from LRT 2001 we obtain almost identical parameter
estimates:
§ = 970 B = 172 |

(.002) (L0L4)

However, we fail to match the moments. See Column 1 of Table 4. Failure to perfectly

identify this two-moment, two-parameter case is additional evidence that a Debt Puzzle is
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present (LRT 2001)

Modifving the model’s interest rates caused changes in the parameter estimates, but did

not lead to acceptance of the specification test.

Specifically, we explored the case where

credit card borrowing and illiquid asset accumulation were both more attractive. Setting

R = 1.02, R°C = 1.09, and ~ = .07 resulted in estimates of [5, 3] = [.946, .481], but the same

tension persisted between the wealth accumulation and credit card borrowing moments.  We

summarize this run in Column 2 of Table 4.

Column 1
STATISTIC
ms(6, )

Table 4
Column 2

ms( 8. ﬂ

Column 4 Column 5
7 d S€m 4

wealth 2.666

% Visa 0.681

Visa/ Y -
Yy ‘ -

C drop -

2,56
0.6
0.17
0.37

0.15

3.88

0.01
0.11

0.07

q(m 6.16

Column 1 Use only the moments wealth =

Column2:  All five moments, but £ == 1.0

6.

To be written.

89

CONCLUSION

- 0.70.

3.24 and b Visa =

07
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7. APPENDIX 1: DATA
Onr disenssion here of the data procedures first addresses the moments derived from the
Survey of Consumer Finances, wealth, % Visa, and mean Visa, /Yy, and then turns to the

moments derived from the Panel Study of Income Dynamics, Y and C'drop.

SCF Moments. We use the 1989, 1992, 1995, and 1998 SCF’s fo compute the wealth
moment. We derive % Visa and mean Visa, /Y, from the 1995 and 1998 SCT’s. For all three
moments, we control for cohort effects, household demographic characteristics, and business
cvele effects; we undertake this task to make the characteristics of the populations underlving
the real-world data and the simulated data fullv analogous. We assign to households in our
model ~ the simulated households — the mean cohort, demographic, and business cyele effects,
<0 by controlling for these effects in the SCF data we align the characteristics of the empirical
and simulated populations. The exact procedure is this:

For each variable of interest x first nse weighted least squares, where the weights are the

SCF population weights, to estimate the regression

(8)

Here ['F; is a family size effect that consists of three variables, the number of heads. the
number of children, and the mumber of dependent adults in the household. BCLE; is a
business cvele effect proxied by the inemplovment rate in the household’s region of residence.
In 1992, 1995, and 1998, the unemplovment rate is the rate in the household’s Census
Division. In 1989 the nationwide unemplovment rate was used because information on
household location is not available in that vear's public use data set. C'F; is a cohort effect

that consists of a full set of five-vear cohort dummies, AFE; is an age effect that consists of a
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full set of age dummies, and & is an error term.

Next, with these effects, perform the correction. Define the "typical” household to
be identical to the household modelled and nsed in the simulations (l.e. possessing two
heads, exogenons age-varying numbers of children and adult dependents, an average cohort
effect, and an average nnemplovment effect. using the same means as in the estimation

Then for each variable create a new variable 7; (corrected ;)

of the income proce
that captures what a; would have been had household 7 been typical.  For example, if

household 7 1s identical to the “typical” household except for having more children, we set

above and nkids is the average number of children in the household as a function of the
head’s age. All moments were subsecuently estimated using ;.

For the wealth moment, we restrict the sample to households with heads aged between 50
and 59, and we caleulate I; = wealth /income corrected for cohort, family and business cycle
effects for each household in the restricted sample. wealth is the median of z; in the sample,
using the‘SCF population weights. We use a bootstrap technique to find the standard error
of wealth.  Specifically, from the actual restricted, corrected sample of ; we draw with
replacement to generate 5000 random samples of a size comparable to the actual sample.

ge random samples,

e

Each of the random bootstrap samples is formed by first taking age-bv-a

of sizes such that aggregation replicates the distribution of ages in the original SCF sample.
The standard error of wealth is the standard deviation of the medians of the 5000 random
bootstrap samples.

for household 7 if 7 has a positive ontstanding credit card balance in the SCEF. We correct

Iy

hasdebt for cohort, demographic, and business cvele effects, generating ;. We then regress
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77 on a full set of age dummies. 7% Visa is a linear combination of the estimated coeflicients
on the age dummies, where the weights are those implicit in the SCEF mortality weights.
The standard error is computed directly from the weights and the standard ervors on the
age dummy estimates.

Construction of mean Visa, /Y, is confounded by the fact that aggregate credit card
borrowing data from the Federal Reserve Board indicate that 1995 and 1998 SCF borrowing
magnitudes are biased downward by a factor of three. We correct for this bias as follows.
First we compute average outstanding interest-bearing balances.  According to the Fed,
aggregate debt outstanding at vear-end 1995 and 1998 were $443 billion and 5561 billion,
respectively. From these figures we subtract an npper bound on the float (the balances that
arve still in their grace period which do not accrue interest), which we obtain by dividing
total purchase volume by 12. We then divide by the number of US households with credif
cards, using Census Bureau data on total households and SCF data on the percentage of
households with cards.  We obtain average household borrowing conditional on having a
card of $5115 in 1995 and 36411 in 1098, These figures are consistent with those from a
proprietary account-level data set analvzed by David Gross and Nicholas Souleles (1999a,
1999, 2000).

In our simulations we focus on households headed bv people with high school degrees,
50 next we use the SCT data on borrowing to scale the Fed average borrowing figure for
just the high school educated group (le, we try to remove any bias caused by heterogeneity
between honseholds without high school degrees, with just high school degrees, and with

college degrees . In particular, define o such that

SCF SCF
£l

A awpedebty T 4w,
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with weights wp s, W, and w.,; defined by the proportion of educational categories in the

population (0.25, 0.5, 0.25, respectively) and deb

vt equal to the average debt reported by

source for educational group educ. Focussing now exclusively on the high school educational
group, let debt?“!" be the level of eredit card debt reported in the SCF for honsehold 7. Let

debt; = a-debt?“! be the corrected eredit card debt. Caleulate age specific income means (7,)

and create debtine; as debt; /7. (When caleulating the age-specific income means we group

together ages 20-21, 70-74, 75-79, and R0+ because we have very few observations at those

ages.) Then, as with wealth and % Visa, we correct debtine; for cohort, demographic, and

business cvele effects, creating 7;, and regress ; on a full set of age dummies. The moment
mean. \"ils“(;zf/,‘f/fﬂ’; is a linear combination of the estimated coeflicients on the age dummies,
using the weights implicit in the SCF mortality rates.  As for % Visa, the standard error is
computed directly from the weights and the standard errors on the age dummy estimates.
Covariances between the SCHF moments were constructed by bootstrapping.  We gen-
erated 5000 age-by-age bootstrap samples from the SCF (i.e. 5000 samples of 20 year old
households, 5000 samples of 21 vear old households, and so on), and the 3 SCF moments
were each estimated using each of the 5000 replications. The covariance matrix we use is

the covariance of the 3 moments across the 5000 bootstrap samples.

7.1. PSID Moments. We nse PSID data from 1978 to 1992 to estimate the ('Y and
Cdrop moments. In the data, we define consumption to include food, rent, and utilities (the
most general definition available in the PSID). The rental value of an owner-occupied home
is assumed to be 3% of the value of the home. If the household neither owns nor rents, rent is
the self-reported rental value of the home if it were vented. Total consumption was projected

from the PSID’s partial measure using the CEX: in the CEX we regress total consumption

on food, rent and utilities consumption, and then we use the coefficient estimates to infer
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total consumption from the available PSID measure. Since wealth is observed in the PSID
only in 1984 and 1989, in the other vears we estimate wealth using the intertemporal budget

constraint. The after-tax real interest rate is assumed to be 3.75%.

We construct the ('Y moment by using 2515 to estimate

A ln((yn) == (Y IP,NIA 1}1() ,; } \”3 e it

We assume an MA(L) process for the error term and instrument for 2, AIn(Y;) with
InYi s and InYj_,. The overidentification test does not reject this specification.  The
vector Xj; includes age, cohort, and business cvcle effects, the change in effective family size,
the mortality rate, and lagged wealth.

Cdrop is the sum of the elements of 7 derived from estimation of

where .Z'}‘,?E’”RE

is a set of dummy variables that take the value of one in periods & — 1, t,
f 41 and ¢+ 2 if period ¢ is the age of retirement. The vector of control variables X
inclundes mortality rates, the change in effective honsehold size, cohort effects, and business
cvele effects.

We obtained the covariance between Y and Cdrop by jointly estimating the above

regressions.
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