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Abstract

This paper employs a synthetic cohort technique and Consumer Expen-
diture Survey data to construct average age-profiles of consumption and
income over the working lives of typical households across different educa-
tion and occupation groups. Even after controlling for family and cohort
effects, typical consumption profiles are not flat, and seem to track income
at young ages. Using these profiles, we estimate a structural model of opti-
mal life-cycle consumption expenditures in the presence of realistic income
uncertainty. The model fits the profiles quite well. In addition to providing
tight estimates of the discount rate and risk aversion, we find that consumer
behavior changes strikingly over the life-cycle. Young consumers behave as
“buffer-stock” agents. Around age 43, the typical household starts accu-
mulating liquid assets for retirement and its behavior mimics more closely
that of a certainty equivalent consumer. This change in behavior is mostly
driven by the life-cycle profile of expected income. Our methodology pro-
vides a natural decomposition of saving into its precautionary and retirement
components.
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1. Introduction.

This paper analyzes consumption and savings behavior of households over their
working lives, focusing on estimation of age-specific consumption functions and
their implications. We are motivated by four observations.

First, household consumption and savings decisions are arguably among the
most important determinants of economic growth and business cycles. Consumer
expenditures account for two thirds of national output and a large percent of
output fluctuations. The difference between consumption and income- savings—
determines the stock of wealth, which in turn determines the interest rate, the
level and perhaps the growth rate of output. To understand business cycles and
growth, we must thus first understand household consumption behavior.

Second, better methodology, data, and creative use of natural experiments
have lead to more frequent and more convincing rejections of the most widely-
used model of consumption behavior, the certainty equivalent life-cycle hypothesis
(henceforth, CEQ LCH). At the individual level, empirical studies typically test
the central implication of the CEQ LCH -the Martingale hypothesis-, by testing
whether consumption responds to expected changes in income. Despite generally
poor-quality individual data on consumption, the CEQ LCH is often rejected.! On
aggregate data, the CEQ LCH is even more convincingly rejected.?

Third, consumption smoothing does not seem to be a good characterization of
low frequency consumption movements and savings behavior. According to the
1992 Survey of Consumer Finances (SCF), only 15% of the respondents reported
retirement as their primary motive for saving while 42% cited liquidity needs.?
Life-cycle savings seem to occur late in the working lives of consumers. Median
holdings of very liquid assets for households under age 50 are $3,900 while median
holdings of non-housing non-business wealth are just under $13,000.4

Lastly, recent theoretical work (Zeldes (1989), Deaton (1991), and Carroll
(1992)) demonstrates that the Martingale hypothesis and consumption smoothing
can be bad approximations to consumer behavior when agents face large amounts
of individual uncertainty. Carroll (1993a) and Hubbard, Skinner and Zeldes (1994)
among others have shown that income uncertainty can generate a positive covari-
ance between expected income changes and consumption at low and high frequen-

Tt should also be noted that many of these papers technically test the permanent income
hypothesis rather than the LCH. The differences can be pronounced at the aggregate level, but
both theories predict no response of consumption to expected changes in income at the household
level.

2Some of the most recent papers are Lusardi (1993), Shea (1995), Souleles (1994), Levenson
(1993), Carroll and Summers (1991) and Campbell and Mankiw (1989). See Deaton (1992) for an
excellent survey of the field or Dynan (1993) for a recent approach to estimating Euler equation
with a precautionary term.

3See Carroll (1993a) and Carroll (1992).

4As reported in Carroll and Samwick (1994). This does not include Social Security and pension
wealth, which constitute a large fraction of wealth at retirement. Note that distribution of wealth
and its constituents is always strongly skewed, with a mean far exceeding the median.



cies through precautionary savings.

In this paper, we examine individual consumption data, estimate a structural
model with realistic levels of income uncertainty, and finally reinterpret life-cycle
consumption and asset accumulation behavior within the context of the model.
We measure, exploit and analyze the systematic age-pattern of consumption pro-
files. Age-heterogeneity in consumption behavior results from (a) the interaction
between, and relative strengths of, retirement and precautionary motives for saving
at different ages and (b) the changing slope of the income profile. We are successful
along several dimensions.

First, we provide new evidence on the failure of the Certainty Equivalent (CEQ)
LCH at the microeconomic level. We do this by demonstrating that consumption
age-profiles averaged across time and households are not flat and are related to
expected profiles in income. Importantly, this result still holds after controlling
for family composition and cohort effects — two potential reasons for the observed
hump-shape of consumption. Our approach involves using the best available data
on consumption expenditures in the US, the Consumer Expenditure Survey (CEX)
from 1980 to 1993, giving us data on around 40,000 households. Using weak identi-
fying assumptions, we construct consumption and income profiles across the work-
ing lives of “typical” men of five different educational attainments and five different
occupational groupings. Consumption and income profiles are both significantly
hump-shaped, and consumption tracks income reasonably well early in life.

Second, embedding realistic income uncertainty into the canonical model of life-
cycle consumer behavior substantially improves the fit of the predicted life-cycle
consumption profile. To demonstrate this, we write down a consumer maximization
problem with a retirement period and explicit income uncertainty. The solution
to this model will be the standard CEQ LCH consumption rules when uncer-
tainty is ignored. Consumption will depend on the interest rate, the intertemporal
elasticity of substitution, the discount factor and the present discounted value of
income. However, under uncertainty, consumption will also depend on the path of
expected income. Thus consumer behavior will vary systematically over the life
cycle. When expected income growth and the discount rate are low relative to the
interest rate, consumers’ behavior will remain similar to that of standard life-cycle
consumers. If, on the other hand, expected income growth or the discount rate are
large relative to the interest rate, consumers will behave as “buffer-stock” agents,
consuming roughly their income and saving only small amounts to buffer against
bad income draws. As households age, income growth declines. Consequently,
the retirement savings motive will enter consumers’ horizons. They will save more
and behave more like certainty-equivalent consumers. The model can potentially
deliver average consumption profiles which are more concave than income profiles.
It is important to emphasize that we do not assume our results here. With a suf-
ficiently low discount rate, the average consumption profile would be very similar
to that of the certainty equivalent case.

Positing that the average income profile for a given group corresponds to the
expected income profile and incorporating calibrated individual-specific income



shocks, we estimate consumption functions for consumers in each occupation and
education group. By simulating the lives of many consumers using these consump-
tion functions we create predicted average consumption profiles. We then estimate
the discount rate and the intertemporal elasticity of substitution by a Method of
Simulated Moments procedure. The average household has an intertemporal elas-
ticity of substitution of 2.04 and a discount rate of 3.9%.5 The discount factor
is tightly estimated, and the estimated discount rates decline weakly with educa-
tional attainment. It is worth stressing that the estimated coefficients are within
a “reasonable” range. In particular, buffer-stock behavior arises early in life due
to the steepness of the income profiles at young ages.

The model fits the data quite well and does an excellent job of capturing the
main features of the consumption profiles. To the best of our knowledge, this
represents the first structural estimation of consumption functions over the life
cycle which incorporates precautionary savings.

Third, we find strikingly different consumption functions for households at dif-
ferent ages: consumers behave like “buffer-stock” consumers early in their working
lives and more like CEQ LCH consumers as retirement nears. We show that house-
holds make the transition from buffer-stock to L CH behavior just after age 42. This
confirms our initial intuition: relative movements of the consumption and income
profiles reveal a great deal of information about the relative strength of the two
savings motives. We conclude that a large fraction of consumers consists of target
savers, for whom the Euler equation, as typically tested, should be expected to
fail. This is, in part, a confirmation of Carroll (1993a) and (1993b) which argue,
based on asset data, that buffer-stock models apply only to households before ages
45 to 50.

Fourth, this paper contributes to the debate on the determinants of wealth ac-
cumulation. In our model, saving and consumption at each age are determined by
the interactions between precautionary and retirement savings motives. Defining
all wealth accumulation at retirement as life-cycle savings, we can decompose sav-
ing into precautionary and life-cycle saving.® Early in life, households would like
to borrow against expected future labor income. Consequently, life-cycle savings
are negative. However, uncertainty causes households to build a buffer stock of
savings, implying that precautionary saving is positive. Late in life, labor-income
uncertainty is mostly resolved, and consumers run down their buffer stocks, while
retirement saving becomes positive and large. Thus, the calibrated model matches
the basic features of asset data. Both the fact that most households hold few, if
any, assets and the fact that most households do not start saving for retirement,
until late in life have often been interpreted either as evidence against the LCH or
evidence against forward-looking consumers. Our fitted model suggests that these
facts are instead consistent with the LCH augmented to include income uncertainty

5The latter estimate is very sensitive to the assumption about the real after tax interest rate,
3% in our benchmark analysis. We discuss robustness issues in section 5.

8We do not enter the debate on the relative importance of retirement versus bequest savings.
Implicitly, our retirement savings measure will include both.



and consistent with forward-looking optimizing behavior.

Our paper builds on many previous studies of life-cycle consumption behavior.

Several papers have used micro-consumption and income data to construct life-
cycle profiles of consumption and income. Kotlikoff and Summers (1981) construct
synthetic life-cycle profiles of consumption and income and present some evidence
that consumption falls significantly below income only after age 50. Carroll and
Summers (1991) report that consumption tracks income across countries, education
and occupation groups, providing additional evidence that life-cycle savings do
not seem to occur until late in life. Both studies find that consumption tracks
income over the lives of households until around age 50. However, these studies are
using cross-sectional data to infer time-series behavior. Thus, the close correlation
between consumption and income may come from cohort-effects: on average, young
families have larger lifetime resources and hence consume more.” Further, changes
in family size and consumer-needs over the life cycle may impart a hump-shape to
consumption which does not come from a failure of CEQ consumption smoothing.
We address these issues by adjusting both consumption and income for life-cycle
changes in family size and for cohort effects.

More recently, Attanazio and Browning (1995) and Attanasio, Bank, Meghir
and Weber (1995), using data from the UK Family Expenditure Survey (FES) and
the US Consumer Expenditure Survey (CEX) respectively, have examined life-cycle
behavior adjusted for cohort and family size effects. Attanasio et al. (1995) shows
that the residuals from a regression of consumption on family composition and la-
bor supply variables are uncorrelated with age. However, if the true consumption
profile is hump shaped over the life cycle, this regression suffers from an omitted
variable bias, which will incorrectly assign the hump to changes in demographics.
Both papers also draw life-cycle implications from certainty equivalent Euler equa-
tion estimation under flexible representations of preferences. They do not reject
the certainty equivalent life-cycle model.® Here again, however, the instruments
used in the Euler equation estimation are likely to be correlated with the omit-
ted precautionary term. This overestimates the share of the consumption hump
attributed to labor supply and family size variables.”

We are also building on previous studies which parameterize and simulate life-
cycle consumption models with uncertainty. Hubbard et al. (1994) and Carroll
(1993a) show that the optimal consumption choices of consumers lead to profiles

"See for example Attanasio and Weber (1995).

8Since adjusted profiles are not reported, it is not clear whether their finding is merely the
result of adding covariates -labor supply and family size- so that the instrumental variable tech-
nique they employ no longer has the power to detect the relationship. We note that one of the
best papers which uses occupation and education to predict expected income growth, Lusardi
(1993), finds that consumption does track income.

9Both of these papers separately deflate components of consumption, which can eliminate
a consumption-income parallel. If liquidity constraints are binding or consumers are buffer-
stock then nominal consumption will track nominal income. Finally, both papers look only at
nondurable consumption, which, as we demonstrate and discuss, is not simply a scaled down
version of total consumption.



which are hump-shaped and track income over the early part of life for some param-
eterizations. Hubbard, Skinner and Zeldes (1995) go further and choose simulated
profiles so as to try to reproduce constructed profiles of assets over the life-cycle.!?
They re-interpret low-asset holding by most households as driven by means-tested
government, programs.!! Our approach goes beyond those studies by estimating a
structural model of consumption.

Further, Palumbo (1994) uses individual consumption, income and asset data
to estimate individual consumption functions for retirees. We choose to rely on
average profiles precisely because we do not believe that the individual-level data
are of sufficient quality to support the employed technique in general.'?

Finally, nearly all previous Euler equation estimations of these parameters ig-
nore the precautionary term in the Euler equation, a potentially serious flaw. Two
recent papers immune to this problem are Carroll and Samwick (1994) and Barsky,
Juster, Kimball and Shapiro (1995). The former, using asset data and a theoretical
framework similar to ours, finds that the discount rate is poorly identified. The
latter, using survey questions about preferences over lotteries and income paths,
estimates an intertemporal elasticity of substitution and a discount rate both lower
than what we estimate. We are exploiting lower frequency movements in the data
then typical Euler-equation tests. High-frequency Euler equation tests might reject
the CEQ PIH, while the CEQ PIH could still be a reasonably accurate model for
low frequency analysis.

The structure of the paper is as follows. In section 2, we lay out a model of
consumer maximization and its implications for the construction of consumption
and income profiles. We describe the numerical dynamic programming techniques
used to solve the model and present characterizations of optimal behavior. The
third section describes the data, discusses empirical issues involved in constructing
our life-cycle profiles, and presents graphs of the profiles. Section 4 introduces the
method of Simulated Moments methodology for estimating the model. Finally,
we present the results of the estimation and conclude. Appendices contain more
detailed descriptions of the CEX data, the numerical optimization, and econometric
technique.

10T hese authors do not correct for family-size or cohort effects.

1'We do not address this alternate interpretation, but simply note that we believe that the
heterogeneity in skills, abilities, and wealth across people starting their working lives makes the
low-asset trap of their model very relevant for a small subset of the population and much less
relevant for the typical household. See also Carroll and Samwick (1994) for a critique of the
implications of their approach.

12For instance, Palumbo (1994) must use a scaled-up measure of food consumption as his
measure of household consumption and must make various assumptions about each individual’s
expected health dynamics.



2. Consumption Behavior with Stochastic Income.

We begin by setting up a model of consumer behavior incorporating two saving mo-
tives: retirement and precautionary. The life-cycle saving motive results from the
finite lifetime of individuals and from their retirement period. Income uncertainty
at the individual level provides incentives for precautionary savings.

By nature, we are dealing with a non-stationary problem, as expected income
follows a deterministic path and the permanence of the shocks depends upon the
consumer’s age. The consumer’s program must be solved recursively, keeping track
of consumption rules at each age. But this results precisely from our initial intu-
ition: the systematic age-pattern of consumption functions will reflect the interac-
tion of the two saving motives and will translate into some definite life-cycle profile.
Conversely, the age-pattern of the profiles we construct will allow us to identify
life-cycle consumption functions.

2.1. The Canonical Model with Labor Income Uncertainty.

Our starting point is the basic discrete-time, life-cycle model of consumption be-
havior. Consumers live for N periods and work for T' < N, where both T" and N
are exogenous and fixed. In every period ¢t < T, the consumer receives a stochastic
income Y; and consumes C;. There is only one asset in the economy, totally liquid
and yielding a constant gross, after-tax, real interest rate R. Our unit of analysis is
the household. We assume that preferences take the standard additively separable
expected utility form, with a discount factor (3:

N
U=E\|> fu(Cy,Z)+ BV (Wi, Zni) | (2.1)

t=1

where W, represents total financial wealth and Z; is a vector of household charac-
teristics (e.g. family size). Vv, represents the value to the consumer of any assets
left at the time of death, capturing any bequest motive. The consumer maximizes
(2.1) given an initial wealth level W}, and the constraint that terminal wealth is
non-negative Wy1 > 0. The dynamic budget constraint is:

Wt+1 - R (I/Vt + Y;: - Ct) . (22)

We further assume that the felicity function u(.,.) is of the Constant Relative
Risk Aversion (CRRA) form, with intertemporal elasticity of substitution 1/p,
and multiplicatively separable in Z:13
Ccl=r
u(C,Z)=v(Z )
2=
BEquivalently, p is the coefficient of relative risk aversion. This is a well known feature of

additively separable expected utilities. This paper will not explore alternatives such as non-
expected utilities (Kreps and Porteus (1978)) or habit formation (Heaton (1990)).

6



If income were certain, the solution to this program would be standard: the
consumer would choose a consumption path such that:

Ct-',—l . v (Zt+1) ’l”
(i)’ o3

With constant individual characteristics, (2.3) implies a constant growth rate of
consumption. Consumption increases (respectively decreases) over time when the
interest rate is larger (respectively smaller) than the discount rate. The growth
rate of consumption (as opposed to its level) is independent of the income profile.
The consumption level is then determined by the lifetime budget constraint and
the terminal value function. The desire to smooth consumption over the entire
lifetime will induce households to save for retirement and for bequest during their
working lives.

When individual characteristics vary over the life cycle, the growth rate of
consumption may change accordingly. For instance, if the marginal utility of con-
sumption increases with family size, consumption will grow as family size increases,
and decrease as children leave the household. These variations in individual char-
acteristics may induce a positive correlation between consumption and income over
the life cycle.

The certainty (or certainty-equivalent) LCH provides extremely valuable in-
sights on the determinants of consumption and savings. However, by deliberately
assuming away individual uncertainty, it may be missing an important part of
consumer behavior.

With individual income uncertainty and prudence, households will hold precau-
tionary savings to insure themselves against future contingencies. The variation
in this precautionary motive has far-reaching and striking implications. The main
consequence of income uncertainty is to increase the slope of the consumption pro-
file (provided that consumers are prudent). Hubbard et al. (1994) demonstrate that
this uncertainty can lead to hump-shaped consumption profiles as households save
for precautionary reasons early in life and run down these assets during retirement
due to lower levels of uncertainty and an increased probability of death. Carroll
(1992) and Deaton (1991) analyze the case in which consumers are also impatient:
in the absence of uncertainty, households would like to borrow in order to finance
a high level of current consumption. In addition, Deaton (1991) imposes liquidity
constraints while Carroll (1992) sets up a model in which consumers choose never
to borrow. In either rendition, assets play the role of a buffer stock against bad
income shocks. Consumers have a target level of liquid assets, above which impa-
tience dominates and assets are decumulated, and below which the precautionary
motive dominates and assets are accumulated. Thus the theory predicts a corre-
lation of expected income growth and consumption growth at both high and low
frequency. Over the life-cycle, consumption will appear to track income.

In the rest of the paper, we explicitly incorporate uninsurable idiosyncratic
income uncertainty in addition to our retirement saving motive. We adopt Carroll’s



(1992) formulation, and decompose the labor income process into a permanent,
P, and a transitory, U;;, components (where j indexes occupation and education
3t Y, Usts p J p

groups):

Yie = PuUj (2.4)
Py = Gji PNy

The transitory shocks, Uj;, are independent and identically distributed, take the
value 0 with probability p > 0, and are otherwise log-normally distributed so that
InUj; has mean zero and variance aij. The log of the permanent component of
income, In Pj, evolves as a random walk with drift. Gj; is a deterministic growth
factor (specific to age t and group j) while In N, the shock to the permanent
component of income, is independently and identically normally distributed with
mean zero and variance afbj.l‘l Thus income evolves as a nonstationary, serially
correlated process, with both permanent and transitory shocks, and a positive
probability of zero income in every period.®

Two points are worth noting. First, permanent shocks are only as permanent,
as the length of the working life: all shocks are ultimately transitory, as consumers
retire and die. In the last working period, transitory and permanent shocks are
equivalent. As a consequence, the propensity to consume out of “permanent”
shocks to income will decrease with age, a point emphasized by Clarida (1991).
This property holds true for the CEQ LCH also. Second, in this setup consumers
will choose never to borrow against future labor income. This follows from (a) there
being a strictly positive probability that labor income will be arbitrarily close to
zero for the rest of the working life and (b) the Inada condition lim, v’ (¢) = 00.®
It is important to note that this holds true, even when p, the probability of strictly
zero income, is set to zero. Suppose the household were to borrow in the next
to last working period. Then, with strictly positive probability it would be left
without any wealth in the last working period. The household would then have an
infinite expected marginal utility. Simple backward induction implies that it will
never be optimal to borrow. Thus, in this setup, the precautionary motive acts as
a self-imposed liquidity constraint.!”

Going from the model to the data, we need to make three assumptions. First,
note that in order to solve the consumer’s problem as stated, we need to specify
both the nature of uncertainty during retirement and a bequest function. While
there have been good attempts at modelling consumer behavior after retirement,'®

1 According to this decomposition, the permanent level of income is that level that would
obtain without transitory shocks, not the present discounted value of future income streams.
This matches Friedman’s (1957) interpretation.

15While Abowd and Card (1989) found that change in labor income was best characterized by
an M A (2) process, they also found little gain in moving from an M A(1) to an M A(2).

16 A condition always satisfied with isoelastic utility and positive risk aversion.

7Tf instead we had assumed a strictly positive lower bound on income, consumer could borrow
up to the present discounted value of certain future income.

18See Hubbard et al. (1994) and Palumbo (1994).



we feel that we know too little about the form that uncertainty takes after retire-
ment to use our methodology and draw inferences from post-retirement behavior.
Uncertainty arises from different sources— medical expenses, the timing of death
and asset returns. Inter-vivos bequests are important. Although these sources of
uncertainty are also present to some extent in the last working years, labor in-
come uncertainty seems to be the most important form of uncertainty. Further,
high quality information on household asset holdings together with consumption
and income are not available. Given that investment income, social security, and
pensions represent the main sources of income during retirement, it is currently
difficult to establish consumption patterns as a function of total wealth.

Even with a proper treatment of retirement issues, one would have to make a
guess about the bequest function. Therefore we decided instead to make use of
Bellman’s optimality principle, and truncate our problem at retirement.'® Defining
the value function at time ¢, V;, our problem becomes:

T lep
Ve X, PriZ;) = max E-\3 B"Tu(Z)y— + 8" Ve (Xa, Pr, Zr)
Cr,...,.CT r— —
s.t. Xt+1 = R (Xt—Ct) +Y;5+1, (25)

where we define cash on hand X;,; as total available financial resources at time
t+1:
Xiy1 =W + Y = R(Xy — Cy) + Vi

Second, the model imposes a single vehicle for precautionary and retirement,
savings, since there is only one asset. In practice, much of retirement savings is
accumulated in the form of illiquid assets, only available after retirement.?® This
suggests that the relevant model of consumption behavior should incorporate an
additional asset which is illiquid and accessible only after retirement. However,
this would substantially complicate the problem by introducing another control
variable (how much to save in liquid versus illiquid assets) and state variable (illig-
uid assets). In order to keep our estimation procedure feasible, we instead assume
that consumers will receive at the age of retirement some accumulated illiquid
wealth, proportional to their permanent income. This illiquid wealth accumulates
exogenously and cannot be borrowed against. Effectively, this imposes a borrowing
constraint W; > 0. We denote accumulated illiquid wealth as H; and total financial
wealth after retirement as A, = H; + W,.

Y0ur approach does not emphasize the relative importance of retirement versus bequest
wealth. The salvage value function accomodates a bequest motive. See Modigliani and Brumberg
(1956) and the ensuing debate with Kotlikoff and Summers (1981) about the relative importance
of life cycle and bequest savings.

2980cial security wealth is definitely illiquid and is only available as annuities after retirement.
Early withdrawal of pension and savings vehicles targeted for retirement purposes, such as IRA’s,
401k plans and Keogh, is often penalized, if allowed at all. One might also consider housing wealth
as part of retirement wealth. Empirical evidence suggests that households run down their housing
wealth only extremely late in life.



Lastly, we need to postulate a salvage value function which summarizes the con-
sumer’s problem at retirement time. We choose a functional form which maintains
the tractability of the problem and is flexible enough to allow robustness checks:

Vi ( Xy, Hp, Zp) = kv (Zy) (Xp + Hyp)'™° (2.6)

This functional form is exactly correct if the only source of uncertainty after re-
tirement is the time of death. When we move to estimation, we will calibrate the
parameters of the associated consumption rule at retirement using information on
consumer wealth, income, and consumption.

2.2. Solving for Optimal Consumer Behavior.

The setup of the problem combined with our particular choice of retirement value
function makes the problem homogeneous of degree 1 — p in the permanent com-
ponent of income. Since a second state variable would render our estimation
procedure unfeasible, we assume here that individual characteristics are constant
throughout the life cycle: Z; = Z = 1. Furthermore, since our data does not track
households over time, we cannot calibrate the family-size process for each house-
hold over its life cycle. We will instead directly control for family effects when
constructing our profiles. This allows us to write the optimal consumption rule as
a function of a single state variable, x;, the ratio of cash on hand to permanent
income:

Top1 = Xo1/Popr = (20 — ¢4) + Uta. (2.7)

Giy1 N
We can then derive the Euler equation in any period prior to retirement:

u e (@) = BREW (cor1 (Ter1) GeriNes)] (2.8)
= BR {p E [ul (Ct+1 ($t+1) Gt+1Nt+1)‘ U1 = 0] +
(1 =p) E{u' (cer1 (@41) Gep1Neg1)| U > 0]},

where lowercase letters are normalized by the permanent component of income, and
ct(x¢) represents the optimal consumption rule at time ¢ as a function of normalized
cash on hand x;. Next period expected marginal utility can be decomposed ac-
cording to Bayes formula into expected marginal utility conditional on zero future
income, and expected marginal utility conditional on a strictly positive income.

The solution to the consumer problem consists of a set of consumption rules
{ct (1) }1<;<p- In the last working period, under our previous assumptions, con-
sumption will be linear in cash on hand:

cr (27) = Y0 + N7, (2.9)

where 79 = v1hp.2! Consumption in the next to last period is then found as the
solution to (2.8) for all values of cash on hand, where we replace ¢r using (2.9).

21n the case of full certainty after retirement, it is straightforward to show that: v, = 17}{11\,%’2“
where k = 31/PRY/r—1,

10



Solving recursively generates cy_1, ..., c1.22 A complete description of the solution
method is provided in Appendix A.

2.3. Characterization of Individual Consumption Behavior.

Figure 2.1.a shows the consumption rules at various ages, when the permanent
income profile is flat (G; = G = 1), there is no retirement period (v, = 0,71 = 1),
working life starts at age 25 and ends at age 65, and consumers are impatient.?
When permanent income growth is constant, the finite horizon problem converges
in the limit to the infinite horizon one, as we move further away from retirement.?*
Consumption is always positive, increasing and concave in cash on hand. One can
also show that cash on hand can only increase if the income draw is sufficiently
large.?> Early in life, households will exhibit the standard buffer stock behavior:
for low level of assets, typically less than the permanent component of their income
(x < 1), households will consume most, but never all, of their financial wealth, and
move to the next period with a very low level of assets. At high levels of cash
on hand, households will consume a smaller fraction of cash on hand, but always
enough so that they expect to run down their assets.

As death nears, the consumer faces less and less uncertainty from labor income
shocks. It is then rational for an impatient consumer to start running down their
buffer of assets: the consumption rules converge progressively towards the 45° line.
In the last period, obviously, the household consumes everything. Consumers save
only in order to buffer income shocks. We note also that from age 25 to 55, our
consumer has roughly the same consumption rule. Buffer stock savings are run
down quite late in life.

Figure 2.1.b shows consumption rules, for a household facing the same expected
income growth, now assuming that the retirement consumption rule, at age 65 is
more realistically characterized by:20

Yo = 0.384, v; = 0.049.

22The consumption rules have to be found numerically, as no closed form solution exists for
this problem. We did this using a discretization method (see Judd (1993)). We solved the Euler
equation (2.8) recursively on a grid of normalized cash-on-hand values. The consumption function
was then interpolated between the points on the grid. In order to capture the curvature of the
consumption rules at low values of cash on hand, the discretization grid was finer for x € [0, 2].
See Caballero (1990) for a closed form solution under exponential utility.

230ther relevant parameters are 3 = 0.931, p = 1.13 and R = 1.05. These parameters generate
buffer-stock behavior. Income uncertainty is the average amount, discussed later, and presented
in Table 2.

24Tn other words, the solution to the supremum problem in the infinite horizon case is obtained
as the fixed point of the associated functional equation. Theorem 9.12 in Stokey, Lucas and
Prescott (1989) applies even though returns are unbounded, as long as the discount factor is
strictly less than 1.

25This condition is analyzed in more details in Deaton (1991) and Ayagari (1993). In the
infinite horizon case, this guarantees that cash on hand has an ergodic distribution.

26We discuss calibration of v in section 4.
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The two households have the same consumption rules early in life- governed by
the common solution to the infinite horizon problem. In other words, both house-
holds will behave as standard buffer stock households in their youth. Now however,
the agent will have to accumulate enough wealth for retirement purposes. As re-
tirement nears, savings must increase. Note also that with impatient consumers,
the retirement savings motive matters only late in life.

Figures 2.2.a and 2.2.b display randomly drawn profiles of consumption for
households facing typical paths of income, retirement rules, and income uncertainty.?”
In both profiles, consumption tracks income early in life, and diverges later in life.
Notice further that unexpected transitory shocks are better smoothed later in life,
despite the fact that they contain greater information about total resources for the
remainder of the life. Smoothing is easier later in life since retirement saving also
acts as a large buffer.

What are the necessary conditions to generate buffer-stock behavior early in
life? Previous characterizations have addressed the problem in a stationary envi-
ronment. Specifically, Deaton (1991) defines buffer-stock consumers as consumers
who would borrow against future income, were it not for uncertainty. In the CEQ
LCH, the slope of normalized consumption is given by (see (2.3)):

Cit1 1 1
In(—) = -In(RB) —In(G) ~ —(r — 6) — g, (2.10)

Ct P P
where G is the gross rate of income growth. The ratio of consumption to income
increases whenever the right hand side is positive. A higher preference for the
present, or a lower interest rate will make buffer stock behavior more likely. How-
ever, households with a low discount rate and facing a high interest rate may still
decide to behave as buffer-stock consumers, saving only a small fraction of their

resources if their income profile is steep enough.

With i.i.d. income growth G, uncertainty, and an infinite horizon, Deaton (1991)

shows that, agents are buffer-stock if and only if:

RPE |G| < 1. (2.11)

As Carroll (1992) emphasizes, buffer-stock agents have a desired level of cash on
hand relative to permanent income. The existence of such target is both necessary
and sufficient for buffer stock behavior in the infinite horizon framework. At low
levels of assets, agents on average save to build the buffer, and cash on hand is
expected to increase. For large levels of normalized cash on hand, the precautionary
motive vanishes and agents increase consumption. This target level of cash on hand
is defined as the fixed point of the mapping from current to expected future cash
on hand: %

2"What is typical will be discussed in detail in Sections 4 and 5.

281n our finite horizon framework, this characterization will be necessary but not sufficient in the
following sense. When the interest rate is lower than the discount rate, agents will have a target
level of cash on hand throughout their working lives. For large levels of cash on hand, impatience
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Lft = Et [xt+1|xt = i‘t] . (212)

Figure 2.3 presents the mapping T, — FE; [v¢y1|x; = Z;] at various ages. It is
convex, increasing and initially above the 459 line, so that in general it need not
have a fixed point.

3. Data and Consumption and Income Profiles.

3.1. Profile Construction Methodology.

The construction of our profiles is motivated by the model presented in the pre-
vious section. We want the income profiles to be usable as inputs to the con-
sumer optimization problem and the consumption profiles to be comparable to
average consumption paths from the optimal program. That is, we are interested
in constructing the income growth profile {Gt}fi% and the average consumption

~ 165
profile {Ct}t—%' Consumption at a certain age ¢t will be the log-average across
the distribution of cash-on-hand, permanent component of income, and consumer
characteristics for that age:

Ct = exp

/ / Incy(x,) P, dF(a) dF(P,)

In order to construct such a profile, we must address three issues. First, due to
its excessive noisiness, we do not exploit the limited panel nature of the Consumer
Expenditure Survey, but instead rely on data from repeated cross-sections. Conse-
quently, in our sample, birthyear and age will be correlated. Households observed
at age sixty, say, will have been born long before those we observe at young ages
and will have on average lower lifetime resources, and lower levels of income and
consumption at each age. Ignoring birthyear effects would lead to a negative bias
in our estimate of the slope of income and consumption growth, especially, late in
life.2? Second, the model refers to household consumption, adjusted for family size
(Z =1). Since household size is hump-shaped over the life cycle, the correlation
found in previous studies between consumption and income over the life cycle may
disappear after correcting for family size.? Finally, we are interested in exploiting
some variation in expected income profiles across households. Thus, while we do

will cause consumers to run down these assets. At low levels of cash on hand, consumers must
save either for liquidity needs or retirement. However, near retirement, this target level will
reflect life-cycle considerations and is likely to be extremely large. The behavior of such agents
is unlike buffer stock behavior as previously described.

29This point has been emphasized recently by Attanasio and Weber (1995).

30 Attanasio et al. (1995) make this argument, and find that, after correcting for family size,
consumption is no longer significantly dependent on expected changes in income at high frequency.
These authors do not demonstrate that the profiles are flat after making this correction. It is
worth noting that both this paper and ours assume that family size is exogenous. If the buffer
stock model is correct and having children is a form of consumption, then the decision to have
children is affected by the expected path of income. By correcting for family size composition over

13



conduct our exercise for the average household, we also focus our analysis on in-
come and corresponding consumption profiles for subgroups of the US population
defined by occupation and education groups. We assign households to these groups
on the basis of the male head. Male labor force participation over the life cycle is
high and stable, giving us more data and robust profiles.

We posit the following effects model for the natural logarithm of consumption
for individual 4, in education/occupation group j, of age a, in year t:

at a a t at

That is, consumption of individual ¢ is determined by a family size effect, f{; an

effect, 7¢, specific to their age, a, and education/occupation group, j; a cohort
effect, b;; a year effect, 3'; and an idiosyncratic, individual effect 5% . We are in-
terested in recovering 7§. By doing so, we create a profile which has a constant
family size over the life cycle, and also correct for the fact that we do not actually
follow the same individuals over their entire lives. As discussed in Deaton (1985),
it is not possible to remove the linear component of the time and cohort effects
without also removing the average (across education/occupation groups) age pro-
file of consumption.®® We make the identifying restriction that time effects are
related to business cycles and thus are well captured by the partial correlation of
consumption with the regional unemployment rate.

Our procedure can then be summarized as follows. First we put all the data into
real terms using the Gross Domestic Product implicit price deflator for personal
consumption expenditures.?? Second we generate family size adjustments— f in
equation (3.1)— and apply them to all the consumption and income data so that
households have a constant effective size over the life cycle.?® Then, to construct
unsmoothed profiles, we estimate the following model, over households with male
heads aged 25 to 65, by weighted least squares with weights based on the CEX
population weights:

InX; — ﬁ = mwa; + nb; + vU; + T Ret; + &, (3.2)

where X is either consumption or income, a; is a complete set of age dummies
crossed with education or occupation group dummies, b is a complete set of cohort

the lifecycle, one is removing that portion of changes in consumption driven by expected income
changes. As we will see, however, the profiles presented subsequently suggest that correcting for
family size attenuates but does not eliminate the consumption income parallel.

31This follows from the annoying identity that interview year less age equals birthyear.

32 Again, it is important not to use different deflators for different items within consumption
or for income and consumption. This could break the relationship between cash on hand and
consumption in nominal terms which is the relationship predicted by the buffer-stock theory.

33We construct fi by running equation (3.2) without separate age effects by subgroup and
with family size dummies on the right hand side. The effective family size is then 2.8 (the sample
average). We also experimented with exogenous family size adjustments —assuming f¢ is simply
family size raised to the power —0.7. This led to profiles which were noisier and flatter early in
life.
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dummies (less one), U is the Census region unemployment rate in year ¢, and Ret is
a dummy for each group which is equal to 1 when the respondent is retired. Profiles
are constructed by predicting In X; for each age and grouping, setting the cohort
and unemployment rates are at their average values and the retirement dummies
to zero. Smooth profiles are estimated by replacing the age and cohort dummies
by fifth order polynomials, and extending the highest age to 70 to avoid some of
the endpoint problems commonly encountered with polynomial smoothing.

Income profiles are used to construct estimates of {G,} for the consumer prob-
lem. Recalling that, nY; = In P} + InU;} = InG; + In P/_; 4+ In N} + In U}, after
removing the cohort, family, and time effects, our procedure is in effect taking a
sample average over a large number of individuals, M, with the same characteris-
tics:

1 M ] 1 M ] 1 M ) 1 M ) 1 M ]
— Y Y =g+—=> Y +—=> ImN,+—=> InU; ——> InU; ,
Mz Mz M = M Z M Z :
Applying the Law of Large Numbers, the probability limits of the last three term
are all zero. Hence, we get

1 M ] 1 M ]
plim (— > Yy ——>"In Y11> =1InG,.
M i=1 ! M i=1 !

Thus simply first differencing our log-average income levels gives the income growth
rates which are input into the simulated model. Y; = exp[3; M, InY{] provides
an estimate of average income by age.

3.2. The Consumer Expenditure Survey and Our Use of it.

The main data source for the consumption and income profiles is the Consumer
Expenditure Survey (CEX). The CEX contains information about consumption
expenditures, demographics, income and assets, for a large sample of the US pop-
ulation. The Survey is conducted by the Bureau of Labor Statistics in order to
construct baskets of goods for use in the bases for the Consumer Price Index, and
has been run continuously since 1980. We use data from 1980 to 1993 from the
family, member, and detailed expenditure files. The survey is known to have ex-
cellent coverage of consumption expenditures, to have reasonable data on liquid
assets, and to have income information of moderate quality.>® The survey inter-
views about 5500 households each quarter. In a household’s first interview, the
CEX procedures are explained to them and information is collected so that they
can be assigned a population weight. They are then interviewed four more times
(once every three months) about detailed consumption expenditures over the previ-
ous three months. In interviews two and five, income information is collected, and
in the final interview asset information is collected. Families rotate through the

34Gee Lusardi (1993), Attanasio (1994), and Branch (1994).
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process, so that about 25% of households leave and are replaced in each quarter.
About half of all households make it through all the interviews.

Each household contributes one datapoint to our sample. For each household
we construct a measure of household income and consumption, and assign it to
an occupation group, an education group, a birth cohort, an interview year, and
a Census region. In order to obtain a high quality sample which tracks men and
has the required information, we drop a significant portion of the data and make a
series of adjustments. A detailed description of the data preparation is contained
in Appendix B, however, we will make note of three major points here, and then
turn to our definitions of consumption and income.

First, we dropped households which are classified as incomplete income re-
porters, which had any of the crucial variables missing, or which reported changes
in age over the course of the survey greater than one year or negative. House-
holds dropped when constructing profiles by occupation remain in the education
profiles. We did not use the occupational classifications of Armed forces, Service
workers, and Farming, forestry, or fishing due to small cell sizes. Similarly we do
not analyze the group of households with male heads holding less than 9 years of
schooling due to very few younger households. Second, we dropped all households
with male heads younger then 25 or older than 70, since as discussed above we are
choosing to focus on the working life. Cell sizes are reported in Table 3.1. Third,
while topcoding is very infrequent in consumption information, the household an-
nual income variable reflects summation over a topcoded item for roughly half a
percent of our households. Since, in most years, topcoding occurs at $100,000 in
income subcategories, reported individual annual labor income is the source of al-
most all income topcoding problems. However, households are also asked the gross
amount of their paycheck and what length of time-period this paycheck covers. By
multiplying these two variables together, we construct a second measure of annual
labor income. Topcoding on this variable occurs only for a few cases. We correct,
our measure of after-tax family income by replacing the reported annual labor in-
come in family income with our constructed measure whenever the family income
variable is topcoded. We are able to correct almost all topcoding.

Finally, we consider how best to construct measures of income and consumption
which match the concepts in the theoretical model. First, we choose to define
consumption as total household expenditures less those on education, medical care,
and mortgage interest. These categories of expenditure do not provide current
utility but rather are either investments or negative income shocks.?® They are
also excluded from our income definition.

It should be noted that our model refers to nondurable consumption at an-
nual frequencies. Since we are averaging expenditures across a large number of
individuals and looking across one-year horizons, the distinction between durables
and nondurables is less likely to matter. Since the buffer stock model gives strong

35We are arguing here that user cost of housing -repairs, maintenance, utilities, and housing
services- captures the expenditures made for consumption on housing.
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Table 3.1: CELL SIZES FOR CONSUMPTION PROFILES

HOUSEHOLDS | PERCENT

ToTAL 43031

| EDUCATION GROUP | | |
Some Highschool 4409 10.2
Highschool Degree 12906 30.0
Some College 10027 23.3
College Degree 6570 15.3
Grad/Prof School 6087 14.1

| OCCUPATION GROUP | | |
Managerial and Professional Specialty 13215 34.3
Technical, Sales, and Admin. Support 6976 18.1
Precision Production, Craft and Repair 5061 13.1
Operators, Fabricators, and Laborers 7116 18.5
Self-Employed 3479 9.0

Note: this table shows counts used in constructing unsmoothed consumption profiles. More
observations are used for smoothed profiles and fewer are available for income profiles.

predictions about consumption tracking income, it is important not to break the
consumption-income link when studying consumption.3¢

Our measure of income is comprised of after-tax family income less Social Se-
curity tax payments, mortgage interest, expenditures on medical care, spending
on education, pension contributions and after-tax asset and interest income. For
the first five adjustments, the related expenditures do not provide current utility
but are either non-liquid investments or, in the case of medical care, simply losses
of income. Further these expenditures involve a large amount of commitment and
are hard to substitute intertemporally. Were we to include pension contributions
in income, for example, our measure of liquid assets which could be used to buffer
bad income shocks would include pension wealth. We remove asset income since
the input to our theoretical model is a profile of income net of liquid asset returns.
Attanasio (1994) looks at savings behavior and finds large savings by the typical
household over the entire life. If we consider a larger measure of income and take
the relative levels of consumption and income seriously, we also find significant
savings over the life cycle. Our preferred interpretation of pension and housing
wealth however is that it is illiquid, and thus that the typical household has little
in liquid assets with which to buffer income shocks early in life.

36When computing power has increased, this issue is likely to be surmountable by adding a
state variable for the stock of durable goods and taking a stand on the size and relevance of
adjustment costs.
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3.3. Life Cycle Profiles.

Figure 3.1 presents the estimated consumption and income profiles for our entire
sample.?” Even after correcting for cohort, time, and family effects, both profiles
are still hump shaped and still track each other early in life. Consumption lies above
income from age 25 to 28. Reflecting on our own experiences, we may interpret this
as underreporting the assistance which is provided by intergenerational transfers
early in life. After these first few years, consumption rises with income from age
30 to age 45, when consumption drops significantly below income. This tracking is
however a lot less than is observed in profiles constructed by simply averaging cross-
sections. As stated above, the two main reasons for this are the changes in family
size over the life cycle and the different wealth and incomes of different cohorts.
Figure 3.2 displays the profile of average family size over the life cycle. Figures
3.3a and 3.3b present the consumption and income profiles without the cohort
adjustment and without the family size adjustment, respectively. In each case the
unadjusted profiles are more hump shaped, and seem to track each other more
closely. These profiles are more directly comparable to those shown in Kotlikoff
and Summers (1981) and Carroll and Summers (1991) which do not correct for
family size over the life cycle or for cohort effects.

Despite the fact that the asset data in the CEX is of lesser quality than data
from sources like the Survey of Consumer Finances (SCF), we can see an interesting
age pattern in the profile of asset accumulation, which mimics that found in more
accurate surveys. Figure 3.4 shows a life-cycle profile of the ratio of total liquid
assets to income. Liquid assets in the CEX are the value of holdings of stocks and
bonds, and the cash held in savings and checking accounts. We observe that the
typical household accelerates its building of a stock of liquid assets around age 45.
This age pattern also shows up in the profiles of income and consumption and is the
crucial feature that will help us to pin down the time-heterogeneity in consumer
behavior: until around age 45, people consume roughly their income, saving very
little in the form of liquid assets.

Figures 3.5 and 3.6 give some evidence that consumption and income track each
other across subgroups of the population defined by education and occupation lev-
els. These graphs are unfortunately noisy. However, despite the noise in the data,
one can see that the occupation and education groups with the most pronounced
humps in income present the most pronounced humps in consumption. Further,
we can formally reject the null hypothesis that the consumption profiles are flat.
Table 3.2 presents F-tests of the equality of 40 age dummies in a profile regression
which also includes age (when appropriate, interacted with subgroup). We get very
strong rejection of a constant slope in all our profiles.?® We could also proceed to

3TWe get reasonable relative levels of consumption and income as does Attanasio (1994), who
uses relative levels in his analysis of saving in the US. However, the levels may not tightly identified
by the data. In our results section, we will present evidence on estimation which instead uses
only information from the changes in income and consumption.

380f course it is possible that we have omitted a key preference shifter which varies over the
lifecycle. As Attanasio et al. (1995) note, labor supply is an obvious candidate. Thus, we also
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Table 3.2: F-TESTS FOR FLATNESS OF CONSUMPTION PROFILES

F-STAT. F-STAT.
WHOLE SAMPLE 1121
| EDUCATION GROUP | | OccupATION GROUP |

Some Highschool 637 Managerial and Professional Specialty 934
Highschool degree 1015 Technical, Sales, and Admin. Support 803
Some College 1023 Precision Production, Craft and Repair 676
College Degree 804 Operators, Fabricators, and Laborers 790
Grad/Prof School 533 Self-Employed 604

Note: the F-statistic is distributed as a F'(39,43000). The critical value is 1.40.

test whether the income profiles are significant in predicting consumption profiles
across occupation and education groups. But this is essentially a Hall and Mishkin
(1982)-style test of the CEQ consumption Euler equation. Lusardi (1993) performs
such a test, merging Panel Study of Income Dynamics (PSID) data with the CEX
consumption to get the best possible combination of data, and she rejects the null
hypothesis that the consumption profiles are unrelated to the income profiles.

Finally, Figure 3.6 displays the profile for total, nondurable, and food con-
sumption, all rescaled to the same mean. This figure demonstrates that total
consumption over the life cycle is not simply a scaled up version of nondurable
consumption. Expenditures on durable goods involve spending income when the
good is purchased, and receiving a utility flow over time. To the extent that con-
sumers would like to borrow against future income, purchases of durable goods
tighten this constraint by moving expenditures forward in time relative to utility
flow. If consumers are buffer stock when young and if nondurable and durable con-
sumption are substitutes, then one would expect to see total consumption rising
slower early in life and peaking later than nondurable consumption. The relative
profiles of these consumption categories are at least consistent with what we shall
conclude subsequently: that households are behaving as buffer stock consumers
early in their lives.

test for flatness conditioning on labor income variables. We include in the regressions, annual
hours worked by the male head and annual hours worked by the female head. We are still able to
reject flatness in the total and in all subgroups. We do not use profiles constructed after removing
this correlation in our later analysis, since our theoretical model implicitly assumes that utility
is additively separable in leisure and consumption expenditures.
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4. Estimation Strategy.

4.1. Method of Simulated Moments (MSM) Estimation.

According to section 2, consumption at age t for individual i depends on cash on
hand z¢, the realization of permanent component of income P}, the entire path
of expected permanent income growth &, = {Gt}rle, and the parameters of the
consumption problem 6 = (8, p, R, 0, 71, p,02,02), an 8x1 vector.*® In practice,
it will not be possible to estimate directly all the elements of 0. Instead, we will
calibrate most of the parameters using existing micro data and will focus on the
estimation of the structural parameters of the utility function 4 and p. In other
words, we rewrite 6 = (0, x") where 6 = (3, p)" and x = (R, ¥, 71, p,02,02) . The
elements of y will be calibrated from micro data and we will estimate only the
elements of 6. Defining the vector of state variable z{ = (!, P}), for individual 1,
we postulate the following data-generating process:

InC} =1nC; (ZZ, 0; x, ®T> +é€ =1In (ct (x;, 0; x, Q5T> PZ) + €, (4.1)

where € is an idiosyncratic shock that represents measurement error in consump-
tion levels and satisfies F [€}|2]] = 0.1 We are interested in estimating 0. Direct
estimation of (4.1) is not possible since we have only poor information on individ-
ual assets zi."! We do however observe x and average consumption at each age,
In C;, as defined in the previous section. This suggests that we can look directly at
the unconditional expectation of log-consumption at each age:

InCy(0; x, ®r) = E[InCy (2,0; x, &7)] = /lnCt(z,G;x, &) dFy(z). (4.2)

This says that average consumption of households equals the average level of con-
sumption over both values of cash-on-hand and levels of permanent income. Our
approach consists in matching the 7" moment conditions:

E [InC, —nC, (6; x, 1)| =0.

Defining the sample moment at age t, g; (0;x,®7) = InC; — In C, 0; x, &),
and g (0; x, &7)the vector of moments, the estimation procedure minimizes

g (0;x,87) Wr g (0; x,®7)

39For ease of notation and consistency with our theoretical model, we assume in this subsection
that age runs from 1 to 7.

40¢! may also encompass missing variables such as class. Our approach remains correct as long
as €! and the state variables are independent.

41This is the approach taken by Palumbo (1994) who uses Maximum Likelihood and PSID data
to estimate structural parameters during the retirement period. One could also estimate con-
sumption functions non-parametrically, much like Gross (1994), using Kernel methods, estimates

investment functions of firms facing liquidity constraints.
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where Wy is a weighting matrix. With a weighting matrix equal to the identity,
this is equivalent to minimizing the distance between the average and the estimated
profile. That is, considering the life-cycle profile, we minimize:

S(0;x,6r) = i (ln Cy —InC, (6; x, L’5T)>2 . (4.3)

t=1

Unfortunately we do not directly observe InC; (6; x, &), since we do not ob-
serve the distributions of permanent income or of cash-on-hand. Further, we do
not have analytic solutions for the consumption functions or how they change with
alteration of our key parameters. Thus, instead of computing the actual expecta-
tion with respect to the true distribution of z, we use a Monte-Carlo integration
method and perform a Method of Simulated Moments (MSM) estimation. We
draw a random sample of shocks to income {U}, NZ}Z.LZD as defined in (2.4), cal-
culate the associated paths of consumption and cash on hand, and compute the
simulated sample average:

1 & :
G, (6: X, 6r) = 7 Yy (2,05 x, ®7) .
7j=1

We then choose parameters to minimize:

T

S 0;x, Br) :Z<lnét—lné't(9;x,®gp))2.

t=1

In practice, we simulate In C, (0; x, ®7) by running 20, 000 independent income
processes (temporary and permanent) for 40 years, and computing in each year the
associated consumptions. That is, we average over 20,000 profiles as in Figures
2.2.a and 2.2.b.

Under the regularity conditions stated in Pakes and Pollard (1989) and Duffie
and Singleton (1993), the M .SM estimator 0 is both consistent and asymptotically
normally distributed. Denoting the number of observations at age t as I (t), I =

%Z?ﬂ I(t), g = InC; — 1Hét (0;x,67), and g = (qi, "'7§T)/ :

VI (0= 60) ~ M (0,V),

where V' is estimated by:

v = (bD) 'Dap (D)’ (4.4)

~ a7

D - (4.5)
00| ,_;

Q = avar(j) (4.6)
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Efficient estimation is obtained when Wy = Q1. In practice, we use Wy = QL.
This methodology also provides a useful overidentifying restriction test. If the
model is correctly specified, the statistic

Xo o =13 (0;x,®1) Q75 (6; x, Br)

is distributed asymptotically as Chi-squared with 7" — 2 degrees of freedom.

As discussed previously, the levels of our profiles might be misestimated. To
test the robustness of our results, we also estimate without using information on
the level of consumption. Assuming that the bias is constant through time, the
moment conditions become:

E[lnct—lnét(e;x,%)—a} =0 ; VI<t<T,

for some unknown constant «. Since we are not interested in estimating this
parameter, we instead rewrite the moment condition in first difference:

E[AlC, — AlC, (0;x,®7)| =0 ;V2<t<T,

where A is the time-difference operator. This amounts to performing the estimation
in first differences, that is, minimizing:*?

!

5(6:x.67) =Y (AlnC, — Al Cul(b; x, 1))

t=2

The rest of the procedure is identical, with the exception that we now have
only 7' — 1 moments.

4.2. Remaining Calibration and Data.

In order to find the consumption rules for the consumers in our dynamic program,
we must still specify the elements of x. Computing power currently limits us
to searching over only two parameters, and to checking robustness and relative
explanatory power as we change other parameters. We now present our calibration
of the remaining parameters in our model.

1. The after-tax real interest rate is set as r = R — 1 = 3% per annum. This
is roughly the average real interest rate on high grade municipal bonds over
the sample period of our data.

2. The Variance of the permanent and transitory components of shocks to in-
come, 02 and o2, are taken from Carroll and Samwick (1994). Carroll and
Samwick (1994) estimate these parameters from the Panel Study of Income
Dynamics (PSID), which provides repeated high-quality measures of house-

hold income. The estimation procedure is based on income differences of

2with an identity weighting matrix.
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Table 4.1: VARIANCE OF INCOME SHOCKS

GROUP VARIANCE OF VARIANCE OF
PERMANENT SHOCK | TRANSITORY SHOCK

ToTAL 0.0217 0.0440

| OCCUPATION
Managerial and Prof. Speciality 0.0180 0.0357
Tech., Sales, and Admin. Support 0.0235 0.0361
Precision Prod., Craft, and Repair 0.0175 0.0432
Operators and Laborers 0.0299 0.0458
Self Employed 0.0165 0.0926

| EDUCATION
Some Highschool 0.0214 0.0658
Highschool Degree 0.0277 0.0431
Some College 0.0238 0.0342
College Graduate 0.0146 0.0385
Graduate School 0.0115 0.05

Source: Carroll and Samwick (1994).

different lengths and correctly assigns the relative importance of transitory
and permanent income shocks even in the presence of significant moving av-
erage correlation of transitory shocks, up to an M A(2). The procedure and
data employed are designed to estimate the parameters for the income process
in Carroll (1992)- that is, exactly the income process we have specified.*® Ta-
ble 4.1 displays the variances of the permanent and transitory shocks across
education and education groups.

. We follow Carroll (1992) and set the probability of zero income to p = 0.005.

This calibration comes from the PSID and again is estimated with the goal
of calibrating exactly the income process which we are considering.

. Given our assumption on the retirement value function, the optimal con-

sumption function in the last working period is linear in the permanent com-
ponent of income and the level of cash on hand, or in normalized terms:
cr = Yo + 71xzr. This results, as discussed earlier, from the assumption
that post-retirement income—- pension and Social Security income- is illig-
uid, cannot be borrowed against before retirement, and that the only source
of uncertainty after retirement is the time of death. In order to calibrate
the parameters of this consumption rule, we first construct an income profile

43The definitions of occupation in the PSID and CEX do not exactly overlap, so that we are
required to make rather crude adjustments to one cell.
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Table 4.2: DATA FOR RETIREMENT CONSUMPTION RULE

Cons. | INCOME | LiQuip TOTAL Yo 0%
ASSETS | RESOURCES

TOTAL AVERAGE 18349 23839 164616 352490 0.384 | 0.049
| EDUCATION GROUP

Some Highschool 13631 16112 48296 156788 0.531 | 0.079

Highschool Graduate | 14556 17791 146852 311519 0.409 | 0.044

Some College 18768 24865 215380 427021 0.354 | 0.042

College Graduate 19628 | 27375 | 344287 607399 0.297 | 0.031

Graduate School 24410 | 32690 345442 665461 0.342 | 0.035
| OCCUPATION GROUP

Managerial and Prof. | 22461 37732 406053 706256 0.240 | 0.030

Tech., Sales, Admin. 21394 30809 288376 520212 0.292 | 0.039

Precision Prod., Craft | 17010 | 26726 252064 436494 0.253 | 0.037

Operators, Laborers 15557 | 23438 229031 370511 0.238 | 0.039

Self Employed 19654 | 25350 9097 201430 0.658 | 0.087

Source: CEX 1980-1993.

which adds Social Security and pension contributions to the income measure
we consider. We do not use housing wealth to calibrate this parameter since
most elderly do not run down the asset value of their housing. The differ-
ence between this profile and the consumption profile is accumulated at the
assumed interest rate and gives an estimate of total resources at retirement,
Wr+ Hp. A similar calculation using our main income measure gives a mea-
sure of liquid assets at retirement, Wy. Finally we calculate the required
parameters using date from smoothed profiles at retirement as:

Wy + Hp+ Yy

Hr
Yo =N5

The results are summarized in the Table 4.2.44

. Since households generally begin life with some assets, we capture this by

assuming that initial cash on hand, xj, is equal to 0.3 times permanent
income at age 25, a number consistent with the CEX.%

#We find significantly larger assets on both counts than appears in wealth data (Venti and

Wise (1993)).

45 As it turns out, the results are mostly insensitive to this assumption. See section 5.3.
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5. Estimation Results.

We first estimate both the discount factor and the intertemporal elasticity of sub-
stitution for the average household. We then turn to disaggregated results, by
education and occupation groups. Lastly, we discuss the robustness of our results
to the calibrated parameters.

5.1. Results for the Entire Sample.

We start by asking what the standard Life-Cycle theory would predict, assuming
away all uncertainty. Although this constitutes a crude attempt at matching the
data, it serves as a useful benchmark against which to evaluate the rest of our
results. To give the best chance to the CEQ LCH, we perform first difference
estimation of the CE(Q LCH, not asking it to fit the mean of the consumption
profile, as discussed at the end of section 4.1. Under certainty, equation (2.3)
holds, implying, after controlling for individual characteristics, a constant growth
rate of consumption over the working period:

Am@:%mwng (5.1)

We estimate £ from the coefficient on age in a least-squares regression on individual
data. This procedure seems trivial only because of our earlier efforts to remove
changing family-size and cohort effects. It is precisely this simplicity which gives
the CEQ LCH its power. From our estimate of £, we use the delta method to
recover the discount factor and its standard error, postulating a real interest rate
of three percent and a coefficient of relative risk aversion of 0.49.%6 The latter
choice matters little since consumption is estimated to be nearly flat. The former
matters a lot, and changes our estimates one for one.?” We estimate a discount
rate of 2.56% with a standard error of 0.05.® However, and not surprisingly given
Figure 3.1, the certainty model performs poorly when it comes to explaining the
dynamics of consumption across the life cycle. The estimated profile does not
capture the hump shape in consumption, as Figure 5.1 demonstrates. Were we to
present figures which showed both our fitted values and the data unadjusted for
family size and cohort effects, the CEQ LCH would look better and our procedure
less naive.

Next we use our structural model to estimate both the discount rate and the
coefficient of relative risk aversion. The resulting estimates are reported in Table
5.1.49

46This is the estimate from our MSM procedure with uncertainty. While in our stochastic
model we are able to estimate the coefficient of relative risk aversion and the discount factor,
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Table 5.1: STRUCTURAL ESTIMATION

| METHOD | LEVEL | LEVEL | DIFFERENCES |

OrTIMAL WEIGHTING No Yes No
I} 0.9615 0.9625 0.9603

S.E. (0.0043) [ (0.0042) | (0.0048)

5 (%) 1.0017 | 3.8801 11313

S.E. (0.472) | (0.4527) (0.537)

p 0.5437 0.4897 0.558

S.E. (0.2092) | (0.2068) | (0.2404)

X2 288.22 288.05 514.66

Note: MSM estimation for entire group in levels and first differences. Cell size is 43031.
The last row reports a test of the overidentifying restrictions distributed as a Chi-squared with
38 and 37 degrees of freedom respectively. The critical values at 5% are 53.10 and 51.91. Efficient
estimates are reported in the second column with a weighting matrix Q) computed from the first
step.

Estimation in levels yields tight estimates of both parameters of interest.?® The
structure which our model imposes on the data gives us strong predictions about
preferences. Although first-difference estimates are slightly less precise, they do not
appear to contradict the level estimates. Moreover, the overidentifying restrictions
are more strongly rejected for the difference method. Therefore, in what follows,
we will refer only to level estimates. Efficient estimation has a minor impact on
the point estimates or their standard deviations. In both level and first difference
estimation, we can reject strongly the overidentifying restrictions. The 5% critical
value for a x* (38) is 53.10, and 51.91 for a x* (37). This is not entirely surprising,
given the number of moments we use. Moreover, the initial and last moments
(average consumption at young ages and just before retirement) are each possibly
misspecified if we have misspecified the initial distribution of cash on hand or the

here they are not separately identified.

4TThis estimation procedure only captures the substitution effect, as is clear from (5.1). Income
and wealth effects change the level of the consumption path, not its slope.

48The standard error is not robust to serial correlation and probably is underestimated by an
order of magnitude.

49MSM estimation is performed in 3 steps. First, we do a broad grid search over the parameter
space, then a finer grid search and lastly use an optimization routine. This ensures that the

program identifies the global minimum. The programs are CPU-intensive: one evaluation of
the objective function requires approximately 45 minutes on an experimental P6 (or “686”) chip
running at 133 Mhz (courtesy of Intel Corp.). A 25x25 grid search therefore requires 12 days.
For details, see Appendix A.

50An earlier version of this paper presented pictures of our objective function which demon-
strated that the optima lay in a valley in (3, p) space. Many interpreted this as implying that
the separate identification of 3 and p was tenous— that we could really only accurately estimate
a linear relation between parameters. We want to emphasize that the valley picture is correct,
but that the valley has a clear minima which gives us estimates of both parameters.
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retirement rule.

Our estimates of the discount rate are close to the interest rate. In the efficient
estimation case, we cannot reject the hypothesis that the two are equal at standard
levels of confidence. It is worth noting that the discount factor which we estimate
is within a reasonable range. Using information on the elasticity of assets with
respect to uncertainty, Carroll and Samwick (1994) estimate that discount rate is
in the vicinity of 10-15% and argue that even higher discount rates are needed to
rationalize the findings of Hubbard et al. (1994). Our lower discount rate, however,
does not imply that households are not impatient enough to generate buffer stock
behavior. Lower levels of impatience generate buffer stock behavior when combined
with steep income profiles.

With our estimates in hand, we can now address how well the stochastic model
fits the life-cycle consumption profile. Figure 5.4 plots the simulated and actual
consumption data along with the income profile, and a 95% pointwise confidence
interval for the simulated profile. The stochastic life-cycle model does a much better
job at fitting the consumption profile than the certainty line.”! Consumption tracks
income until around age 40 — 42 and then falls sharply, as the household starts
building up its retirement savings. Simulated consumption never exceeds income,
except in the first periods of life.?> The tight structure imposed by the model is
able to deliver good predictions in terms of consumption dynamics, despite having
only two free parameters to work with.

Why are we able, within the context of our model to obtain such tight esti-
mates of the discount rate? Figure 5.5 plots various simulated profiles for different
08 between 0.91 and 0.95, corresponding to a discount rate between 4.71 and 9.98
percent. It is immediately obvious that the profiles are quite sensitive to this pa-
rameter. With a higher discount factor, the agent is willing to save more and earlier
for retirement purposes. The consumption path exhibits less of a hump shape, and
may even be increasing over the entire working life. On the other hand, for more
impatient consumers, consumption parallels income until much later in life and
then falls more precipitously to build assets for retirement. This implies a stronger
concavity of the consumption profile. Thus, our method will yield tight estimates
of the discount factor precisely because the discount factor drives the hump shape
in consumption.

We now turn to the question of how household behavior changes over the life
cycle. Figure 5.6 displays the average household saving rate when there are no
initial assets (g = 0). Two distinct phases in the consumer’s life are visible.
Until about age 40, households built their buffer and then consume roughly their
income. Around age 40, retirement considerations induce an increase in saving.
From then until the age of retirement, households consume much less than their

51Unfortunately, the two cases we analyzed are not nested, so that hypotheses testing is not
possible.

52This result is simply an artifact due to our assumptions regarding the initial level of cash on
hand.
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current income.

We can put some additional structure on these two phases by looking at the
target level of cash on hand at each age, as defined in section 2. Figure 2.3, already
reported, plots next period expected cash on hand as a function of current cash
on hand for various ages. Figure 5.7 directly computes the target level of cash on
hand for consumers aged 25 —48. One can see from the graph that the target level
of cash on hand remains small early in life, around 1.3 times permanent income.
Shortly after 40, the target increases substantially, as consumers try to build their
retirement nest-egg. This figure shows a dramatic change in behavior. When the
target level of liquid wealth is small, agents are “buffer stock”. Their consumption
closely follows their income. Around age 41, agents desire to accumulate assets for
retirement. With a large stock of wealth relative to permanent income, consumers
can smooth high frequency movements in income. Their behavior more closely
mimics that of certainty-equivalent consumers.

None of these results are assumed in our model. If we had found either con-
sumers to be more patient or flatter adjusted income profiles, households could
have behaved as life-cycle consumers for their entire lives. Similarly, very impa-
tient consumers could have been buffer stock consumers all of their working lives,
relying on illiquid wealth to finance consumption during retirement.

We can also decompose total saving at each age into life-cycle and buffer-stock
saving. Our previous discussion might lead the reader to think that agents have
no concern for retirement when they are young and no concern for labor income
uncertainty later in life. This is incorrect since consumers are rational and perfectly
foresee their retirement needs. To proceed, we define total saving as the discounted
variation in financial wealth from one period to the next, using our simulated
profile:3

St: (Wt+1—Wt)/R: (R—l)/R Wt"‘Y;j—Ct

Saving is equal to investment plus labor income minus consumption, i.e. to dispos-
able income minus consumption. Next, for the estimated parameters, we compute
the consumption path {C’tLC}, that would occur under certainty.?* We then define
life-cycle saving as the difference between total income and life-cycle consumption

SP¢ = (WES = W) /R = (R—1)/R W + Y, - C}°

and buffer stock saving is defined as the complement. Figure 5.8 plots the precau-
tionary saving, liquid and total life-cycle saving. The latter is defined by adding
back to income pension and social security contributions. Given the estimated dis-
count rate, CEQ life-cycle consumers would like to borrow early in life. However,
precautionary saving motives cause them to hold a positive buffer stock of wealth.

53The discount comes from our assumption that income is received and consumption occurs at
the beginning of the period. See (2.2).

5In order to do this, we calibrate the certainty case, so as to yield the same consumption rule
at retirement. Consumers effectively have strong bequest motives under these assumptions.
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Table 5.2: BENCHMARK CERTAINTY CASE, p = 0.4897

| GrOUP | & (percent) | S.E. |

| ToTAL | 256 [0.045 |

| EDUCATION | | |
Some Highschool 3.12 0.125
Highschool Graduate 3.12 0.074
Some College 3.02 0.092
College Graduate 2.94 0.111
Graduate School 2.78 0.128

| OCCUPATION | | |
Managerial and Prof. 2.71 0.083
Tech., Sales, Admin. 2.89 0.109
Precision Prod., Craft 2.95 0.119
Operators, Laborers 2.95 0.102
Self-Employed 2.99 0.169

Note: estimation based on first differences of profiles from Figures 3.5 and 3.6

Around age 40, in accordance with our previous characterization, life-cycle savings
becomes larger than precautionary savings. The need to build retirement savings
sets in. As asset levels increase, the expected variance of consumption declines,
decreasing the precautionary saving motive. This latter effect, which our previous
decomposition masked, induces the agent to run down the buffer. As a result,
the total saving rate later in life is smaller than under the certainty equivalent
framework.

5.2. Disaggregated evidence.

We next fit the model to each occupation and education cell separately. To begin
with, we present the results for the CEQ LCH case across education and occupation
groups in Table 5.2. Note that here and subsequently, we do not incorporate
possible cross-cells correlation.?

Again, the results indicate that the discount rate is accurately estimated and
is roughly equal to the interest rate. Higher education levels tend to have a higher
discount factor. Figures 5.2 and 5.3 present these fitted profiles. One can see the
increase in the slope for higher educational groups.

To estimate across cells using our stochastic model, we simply follow the pro-
cedure described above. However, due to computing power constraints, we are
unable to search over the entire (3, p) space for all cells. Since the results are more

55Note also that the same individuals are allocated both to an education and an occupation
cell. Therefore, results across education/occupation are not independent.
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Table 5.3: ESTIMATES FROM THE STOCHASTIC MODEL, p = 0.4897

GROUP 3 S.E. ) S.E. x>
EpucAaTION

Some Highschool 0.9607 | (1.33 107°) | 4.09 | (0.001) | 256.73
Highschool Graduate | 0.9592 | (2.84 107°) | 4.25 | (0.003) | 107.41
Some College 0.9629 | (2.37 10°%) | 3.84 | (0.025) | 85.25
College Graduate 0.9679 | (1.62 107°) | 3.31 | (0.002) | 115.36
Graduate School 0.9656 | (2.00 107°) | 3.56 | (0.002) | 165.96

| OccupaTION | | | | | |

Managerial and Prof. | 0.9621 | ( ) 13.94 | ( ) | 118.11
Tech., Sales, Admin. | 0.9669 | ( )| 3.42 | ( ) | 74.92
Precision Prod., Craft | 0.9641 | (4.60 107°) | 3.72 | (0.005) | 123.43
( ) (0.005)
( ) (0.719)

Operators, Laborers 0.9655 3.57 36.53
Self Employed 0.9555 4.66 67.09

Note: M SM estimation in levels over §. Cell size given in Table 3.1. The last colum reports
a test of the overidentifying restrictions distributed as a Chi-squared with 38 degrees of freedom.
The critical value at 5% is 53.10.

sensitive to the discount factor, we fix the intertemporal elasticity of substitution
at its aggregate value, 1/0.49 = 2.04, and search across values of the discount
rate. Fach cell’s optimization is run with a different income profile (Figures 3.8
and 3.9), income uncertainty (Table 4.1), and retirement consumption rules (Table
4.2), while we impose a constant probability of zero income (p = 0.5%)and real
interest rate (R =1.03). The results are summarized in Table 5.3. Except for
the last occupation cell (Self-Employed), the parameters are remarkably close to
those estimated using the aggregate profile. As we observed with the benchmark
case, the discount rate decreases weakly with education. and ranges from 3.31% to
4.25%. The associated fitted profiles are displayed in Figures 5.9 and 5.10. The fit
is quite good for most cells, except Self-Employed and College Graduates.’® For
all groups except the first educational group, the consumption profile is humped.
As in the aggregate case, we reject the overidentifying restrictions in all cases. We
conclude, given the similarity in the estimates that our results are quite robust to
heterogenous shocks and processes.

Further, as in the aggregate case, the estimated discount factors are consistently
lower in our estimation of the stochastic model, than in the CEQ LCH baseline
case. We can reject that the interest rate and the discount rate are equal in all
cells, except Self-Employed.

56Note that for all cells the standard errors are smaller than for the aggregate estimation.
This simply reflects the fact that p is fixed. The correlation between p and [ in the aggregate
estimation increases the standard errors. We hope in the future to be able to estimate both
parameters for each cells.

30



Table 5.4: ROBUSTNESS CHECKS, p = (0.4897

N | 8 | SE. | § | SE. | ¥
1] R=1.05, v9=0.493; v = 0.035 0.9441 | (3.28 107%) | 5.92 | (0.036) | 266.25
2| p=0.05; 0.0631 | (3.56 109) | 3.83 | (0.009) | 275.07
3] 02=0; 02 =4.7910 ° 0.0632 | (6.26 10 9) | 3.81 | (0.007) | 435.67
4] 70 = 0.535; 71 = 0.074 0.9612 | (5.4 10 9) | 4.03 | (0.006) | 471.92
5 [ 2o = 0.0 0.0623 | (1.910 %) | 3.91 | (0.020) | 489.96
6 | Large Income; o = 0.241; v; = 0.035 | 0.9899 | (0.1676) | 1.01 | (17.10) | 30596

Notes: M SM estimation in levels over (. Cell size is 43031. The last column reports a test
of the overidentifying restrictions distributed as a Chi-squared with 38 degrees of freedom. The
critical value at 5% is 53.10. (1) assumes an interest rate of 5% and recomputes accordingly the
last working period consumption rule; (4) computes the last working period consumption rule
using asset data from Venti and Wise (1993). Large income in (6) includes mortage payments
and pension contributions.

5.3. Robustness Checks and Extensions.

Our estimation procedure depends on the calibrated parameters, y. In this section
we investigate the robustness of our results to these parameters. Due to comput-
ing constraints, we have only been able to check the robustness with respect to
the discount factor. In what follows, we again maintain a constant intertemporal
elasticity of substitution equal to 2.04. The results are reported in Table 5.4.

The estimate of the discount rate is, as mentioned, most sensitive to our choice
of interest rate. This is not surprising, since, early in life the difference between
the interest rate and the discount rate is a key determinant of whether consumers
exhibit buffer stock behavior. Late in life, consumers will behave in a manner more
consistent with the CEQ LCH, in which the change in consumption is driven by
the product SR.

So far we assumed a real interest rate of 3% a year. Although this is close
to the long run real rate on liquid assets, some savings are held in longer term
assets, yielding on average higher returns. Therefore, we re-estimate the discount
rate assuming a real interest rate of 5%.5” The estimate of the discount factor is
now 3 = 0.9441, with a standard deviation of 3.28 10~%. This implies a discount
factor of 5.92%, almost exactly two hundred basis points higher than our previous
estimate. Thus it is important to note that our results do not provide a tight
estimate of the discount factor per se. However, our model gives precise estimates
of the difference between the interest rate and the discount rate. This indicates that
we capture mostly the substitution effect. The simulated profile reported in Figure

5TWith a 5% interest rate, we recompute the last period consumption rule as vy = 0.493; v; =
0.035. Thus illiquid assets are more important and consumption is less sensitive to current cash
on hand.
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5.11.1 is roughly similar to our benchmark case, although consumption is smaller
later in life to reflect the smaller ~.

We next check the robustness of our results to the probability of zero income,
p. A higher p, by increasing uncertainty, should lead to a larger buffer stock,
implying less life-cycle savings late in life. Thus, an increase in p is likely to yield
a higher discount rate, to counteract the increase in precautionary savings. Our
results indicate that this effect is quite weak. When p = 5%, a tenfold increase,
the discount rate actually decrease marginally to 3.83%. On the other hand, given
unemployment benefits, government assistance programs, one might argue that
households can never experience zero income. Decreasing p has even smaller effects
on the estimated discount rate. Looking at the simulated profile, we see that the
change in p affects mostly consumption early in life. After age 40, asset level can
buffer transitory fluctuations in income.

Next, we investigate the sensitivity of our results to the variance of permanent
and transitory components, o2, and o2. We decreased the uncertainty faced by
the agent from both sources of shocks. Intuitively, this should lead to a smaller
buffer and should give a lower estimate of the discount rate. Our test eliminates
altogether transitory shocks and reduces the variance of the permanent shocks to
02 = 4.8 1073, Our estimated discount rate, 3.81%, confirms our intuition and
reemphasizes that our results are reliant upon the underlying individual uncer-
tainty. Looking at the simulated profile, we see that consumption is higher early in
life and lower later, as the lower buffer translates into smaller accumulated assets.

An important assumption of our model concerns the retirement rule. As de-
scribed in the previous section, the consumption rule at retirement is calibrated
from CEX data, using both income and asset reports. To the extent that asset data
are not accurate, our consumption rule is likely to be mismeasured. This, in turn,
will affect the life-cycle profile as we near retirement. In order to test robustness to
our hypothesis, we calibrate the retirement consumption rule using asset data re-
ported in Venti and Wise (1993). The resulting values are 7o = 0.535; +; = 0.074.
Looking at (4.7), this indicates both a substantially smaller asset accumulation (as
71 increases) and a larger share of illiquid assets (as 7o increases). With a larger
Y0, the agent can rely on illiquid saving at retirement time. This should lead to
a smaller liquid asset accumulation and to a lower discount rate. A larger y; has
ambiguous effects. It increases the level of consumption out of cash on hand in the
last working period. This is compatible both with a higher discount rate (as the
household will consume more of a given wealth) and a lower discount rate (if the
households accumulates more wealth). Thus, the actual consumption profile may
indicate more or less preference for the present. We estimate a discount rate of
4.03%, slightly higher than the benchmark estimate. This suggests that the pres-
ence of illiquid assets play an important role in the precision of our estimates and
that the increase in 7; dominates. Looking at Figure 5.11.4, we see that assump-
tions about the last working period consumption rule affect the simulated profile
substantially.

We then check the validity of the assumption xy = 0.3. As for the retirement
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rule, this is likely to affect our estimates by shifting the consumption profile at
young ages. We reestimate our aggregate problem assuming that xy = 0. The
estimated (3, 0.9623, is extremely close to our original one. With a lower initial
level of cash on hand, households build theirs buffers early in life. This results
in slightly lower consumption for the first few years. However, from then on, the
consumption profile is similar. Thus, this assumption does not have a large impact
on our estimates.

Our estimation procedure is also extremely sensitive to our assumed income
profile. Permanent income growth is a key variable and determines to a large
extent buffer-stock behavior, as we have demonstrated. Our definition of income
subtracts pension contributions and mortgage payments, as they are likely to re-
flect illiquid saving, for which our theory is ill-equipped. However, it is possible in
some circumstances to draw on voluntary pension contribution. Similarly, housing
wealth is not entirely illiquid. Thus we reestimate our model assuming that these
components of income contribute to liquid savings instead of illiquid savings. The
associated values of the consumption rule at retirement are 7o = 0.241; ~; = 0.035.
Since pension contribution are now part of liquid savings, the accumulated illiquid
savings and v, are lower. In effect, this amounts to shifting upwards the income
profile and increases substantially measured savings. Not surprisingly, this can
only be matched by a lower discount rate. The estimated discount rate is 1.01%,
well below the interest rate. The parameters are poorly estimated and the overi-
dentifying restriction is enormous. This increase in savings can only be matched
by assuming that consumers are extremely patient. However, this fails to capture
the life-cycle pattern of consumption: the simulated profile grows exponentially.

We conclude that, except with respect to our definition of liquid income, our
estimates and inference are reasonably robust to the calibration of our model.

6. Conclusion.

Macroeconomic models generally represent the consumer as an infinitely-lived, ra-
tional, representative agent, who behaves in accordance with the Permanent In-
come Hypothesis. Some analyses provide explicit microeconomic justification for
this assumption, by deriving an insurance system which protects individuals from
any idiosyncratic consumption risk (e.g. Rogerson (1988)) or by assuming that
individual budget constraints never bind, so that aggregate behavior mimics indi-
vidual behavior (e.g. Barro (1974)). Other models incorporate certain forms of
individual heterogeneity when aggregating (e.g. Blanchard (1985)). The resulting
representative agent will not, in general, have the same characteristics as individual
consumers.

However, nearly all currently employed macroeconomic models include some
form of a representative agent facing representative shocks. Such a representa-
tive agent framework constitutes an extremely powerful tool, mainly because the
restrictions that optimizing behavior place on individuals will carry over to the
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aggregate economy. In this paper, while we work in an explicitly partial equilib-
rium environment, we find important and substantial deviations from the canonical
representative consumer model.

Using individual-level data to construct average profiles of income and con-
sumption over the working lives of households, we demonstrated that consumption
remains hump-shaped, even after controlling for family and cohort effects. We then
developed a model of consumption behavior embedding realistic levels of income
uncertainty and estimated individual consumption functions using the Method of
Simulated Moments. The model fits well and yields tight estimates of the discount,
rate and intertemporal elasticity of substitution. To the best of our knowledge,
this is the first paper which uses explicit individual uncertainty and the life-cycle
profile of consumption to identify structural parameters of the utility function. The
results indicate that consumers hold only a buffer stock of liquid assets in order
to offset labor income fluctuations, until around age 42. Then, they start saving
actively for retirement purposes. These two phases in consumer behavior are quite
distinct and are at the heart of our identification procedure.

This age-heterogeneity of consumer behavior has important implications for
aggregate consumption. In particular, it may rationalize Campbell and Mankiw
(1989) finding that roughly 40% of all agents are “hand to mouth”. In our in-
terpretation, this may simply reflect the consumption of young households. In
later work, we plan to investigate in more detail the aggregate implications of the
age-heterogeneity of consumers.
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Appendices

A. Solving the consumer’s problem.

In this appendix we describe our approach to solving numerically the consumer problem.

A.1. Euler equation.

The algorithm exploits the recursive structure of the consumer problem by solving the
Euler equation. Given a consumption rule at age ¢ + 1, ¢;41 (.), the algorithm solves for
the consumption rule ¢; (z;) that satisfies for any x:

W (et (ze)) = BRE U (cr41 (2e41))] (A.1)
= OR (p E[u (ct41 (241))| Urs1 = 0] + (1 = p) E [ (cr41 (2141))| U1 > 0]) .

A.2. Gauss-Hermite quadrature.

Assume for the time being that we know how to compute ¢;41 (.) for all values of cash on
hand. Our first problem consist in evaluating the expectation in (A.1). One can rewrite
the Euler equation using the Intertemporal budget constraint,

i1 = Xip1 /Py = (2 — &) + Uy, (A.2)

as:

+

A (e (x) = BR (p E {u' (ct+1 <(a? — o) Gti N> GtHN)
(1-p)E {u' (ct+1 ((a? — o) GtiN + U) Gt+1N> ‘ U OD .

Since N and U are log normally distributed, the natural way to evaluate these inte-
grals is to perform a two dimensional Gauss-Hermite quadrature:

E [ (cts1 (2001) GentN)] = / o (cm <(x _ o) Gti o+ U> Gt+1N> dF (N) dF (U)
= /oo fr (n,u) e e dudn

= > fi(ni,uy) wy,

.9

where f; (n,u) = %u’ cir1 ((z — ) Gfu e~V20un | o—V20uu Gt+1e_\/§""” . The weights
wi; and nodes n;, u; are tabulated in Judd (1993). In practice, we performed a quadrature

of order 12.
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One can then find the root of the Euler equation at any point x using a standard
Newton method. In practice, we constrain the root to be positive and less than x, the
current cash on hand. As discussed in the text, this restriction is always satisfied when
there are no illiquid assets. Since illiquid assets cannot be borrowed against, it is also
satisfied in their presence.

A.3. Consumption rules.

We initialize the algorithm with the consumption rule at retirement: cp (z7) = yo+7y127.
One can show that the consumption rules for this problem are continuously differen-
tiable as long as there are no liquidity constraints. However, in the presence of liquidity
constraints, the consumption rules may exhibit a kink. See Deaton (1991)and Ayagari
(1993). We effectively impose a liquidity constraint by not allowing the household to bor-
row against illiquid assets. This indicates that smooth approximation methods, as advo-
cated by Judd (1992) are inappropriate in that case. Instead, we will use a standard dis-
cretization method: we specify an exogenous grid for cash-on-hand: {xj };.]:1 C [0, zmax],
In order to capture the curvature of the consumption rule at low values of cash on hand,
the grid will be finer for « € [0,2]. In practice, for each value of cash on hand on the
grid, 27, we find the associated consumption ¢/ that satisfies (A.1). In choosing the size
and coarseness of the grid, we face the usual trade-off between precision and computing
time. Adding points on the grid gives a finer approximation of the consumption rules.
Since the consumption rule at age t 4+ 1 is the input necessary to get the consumption
rule at age t, imprecisions could compound over time. On the other hand, the Euler
equation is the innermost loop of the entire algorithm. With 100 points on the grid
and 40 time period, we must solve 4000 solutions to (A.1). This takes approximately 45
minutes on a P6 chip running at 133Mhz, courtesy of Intel Corporation. We also face
a difficult decision regarding the range of cash on hand, ™, For small values, cash on
hand in sample is likely to move out of the grid. Consumption will then be evaluated
using extrapolation methods, always much less precise than interpolation. On the other
hand, increasing the range with a fixed number of points implies less precise estimation
of the curvature. One solution consists in endogenizing the grid so that, for instance,
cash on hand remains within the grid with probability 0.95. We adopted the simpler
approach consisting in checking that cash on hand, in the simulations, remains strictly
inside the grid. In practice, we took ™ = 40 and J = 100, with 50 points between 0
and 2. We checked the quality of the approximation by solving the stationary infinite
horizon problem and checking the rate of convergence to the fixed point of the functional
Bellman equation.

B. Data.

We use the CEX family, member and detailed expenditure files for years 1980 to 1993,
as kindly provided by the NBER. Most of our information about the CEX is obtained
from Bureau of Labor Statistics (1993, and years 1980-1992) and conversations with BLS
statisticians. Households are discarded if they are missing any of the information neces-

39



sary for the regressions, if they report changes in age from the second to fifth interview
of more than a year or less than zero years, if they are classified as incomplete income
reporters, or if their reporting implies less than $1000 in annual income or consumption.

We use information about the reference person to assign the household to cells, unless
the reference person is female. In this case we use the spouses information. If there is
no spouse, or his information is missing, the household is discarded. When this cut was
made it eliminated 20% of the sample. All information besides individual labor income
and consumption is taken from the family files. Values are assigned to a household based
on information gathered in the fifth interview, otherwise information is used from the
second interview, or, if it is not available, the household is discarded. Households should
not be matched across 1985 to 1986, and are not. Care is taken to assure consistency in
our data despite variable classification changes through time, and across reference person
and spouse. Information was kindly provided by the Division of the CEX in the Bureau
of Labor Statistics about various issues including the matching of occupation codes from
1980-81 to later years.

Pension contributions, income, Social Security contributions, and all asset income all
refer to the past twelve months. Our definition of pension contributions is the sum over
the CEX subcategories and thus includes private pensions, public pensions, Railroad
Retirement pensions, and self-employed, IRA, and Keogh plans. If the after-tax family
income variables is topcoded, reference person and spouse labor incomes are subtracted
and we add, for each, the variable created by multiplying the earnings in last paycheck
by the appropriate pay period. These labor income variables are the sole variables from
the member files used. Assets and asset income refers to the sum over savings accounts,
checking accounts, bonds, and stocks, as of the time of interview. Each household is
assigned to a year based on the midpoint between the first and fifth interview if both
data are available; otherwise simply the single interview date is used. Age is the average
of both interviews if both are available, otherwise it is the single one available. Due to
some extreme reports, we reset reported tax rates above 50% back to 50%, and below
zero percent to zero. We perform a similar exercise for Social Security contribution rates
and pension contribution rates, using 25% as the upper bound.

Consumption data is compiled from the detailed expenditure files as all expenditures
by a household except for those for health care, mortgage interest, and education. The
consumption level is then the average monthly expenditure times twelve. Five percent of
households have consumption data for 4, 7, 10, 13, or 14 months and these households’
consumption are treated as if they were over 3, 6, 9, and 12 months. That is the recall
interview period extended beyond the basic three months and some expenditures are
recorded in a later month. BLS statisticians recommend treating these expenditures as
if they occurred in the preceding month. Those covering 1 or 2 months (one percent of
the sample) were dropped.

The unemployment rates merged to the CEX are the regional unemployment rates
for civilian population from the Household survey conducted and published by the Bu-
reau of Labor Statistics in “Employment and Earnings.” The GNP IPD PCE is from
Council Of Economic Advisors (1995).
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C. Method of Simulated Moments (MSM).

According to section 2, consumption at age ¢ for individual ¢ depends on cash on hand
xi, the realization of permanent component of income P}, the entire path of expected
permanent income growth &, = {Gt}le, and the parameters of the consumption prob-
lem 6/ = (B, ps R,v0,71,p,02,02), an 8x1 vector. In practice, it will not be possible to
estimate directly all the elements of 8. Instead, we rewrite 6 = (0", %x") where 6 = (8, p)’
and x = (R,70,71, D, (73707%)’. We assume that @ belongs to some compact set © C R2.
The elements of x will be inputs into the estimation procedure. Defining the vector of

state variable 2} = (a:%, Ptz), we postulate the following data-generating process:

In CZ =InG ('21?7 6; X5 QjT) + Ei = ln(ct (xia 9; X ®T) Ptz) + 63;, (Cl)

where € is an idiosyncratic shock that represents measurement error in consumption
levels. We are interested in estimating 6. If we were able to observe simultaneously the
level of cash on hand of consumers and the level of their permanent component of income
(as well as their consumption), 6 could be estimated using Hansen’s GM M (1982) on
individual level data. More precisely, one would write the following moment conditions:

E [h (wi790;x7 @T)] =0, (C.2)
where 0 is the true parameter vector, and
wi = <1n Cy, ZZ')/

OInC; (24, 0; x, &7)
00’

hy (wg,é); X, @T) = <1n C! —InC, (zg,(‘); X, QﬁT)) .
w is a Tx3 vector and h (w, 8, &1) is a Tx2 vector.
The estimation procedure would then minimize:

9(6;x,67) Wg (6; x,67), (C.3)

where g (0; x, &1) = vec (% SEoh (w', 6; x, @T)) is a 2T'x1 vector and W is a weighting
matrix. In practice, the number of cross-section observations for each age varies in the
sample, so that I = I;. We do not write explicitly this extra time-dependence in order to
keep the notations simpler. The first difficulty with (C.2) is that quality panel data on
consumption, asset and income information for individual households are not available in
any US dataset. Therefore direct estimation using (C.3) is not possible. We do however
observe y and average consumption at each age InC; = ﬁ ng In C}. This suggests
that we can circumvent the problem by looking directly at the unconditional expectation
of consumption at each age:

G, (6 x, &7) = E [0 Cy (21, 65 x, &7)] = / G, (2,65 x, &7) dFy(2), (C.4)

where the unconditional distributions of normalized cash on hand and permanent income
depend on age t.We write the 7" moment conditions as
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E [h (mcﬁeo;x, %)} =0, (C.5)

where 6 is the true parameter vector, InC* = {In Cf}le and h (InC*, 0, &7) is a Tx1
vector with t'* element:

hy <ln ', 0;x, @T) =InC{ —In e (0; x,67) .

However, at this point we encounter a second difficulty. The unconditional distribu-
tion for the state variables at age ¢, dFy(z), is extremely cumbersome to evaluate, as well
as the unconditional expectation (C.4).

The Method of Simulated Moments, as developed by Pakes and Pollard (1989) and
Duffie and Singleton (1993) allows us to circumvent this difficulty. We can define a
measurable transition function ¥ : R2xR2xRTxO — R? that describes the dynamics of
the state variables z;41 = (2441, Piv1) = T (24, Vpy1, 7, 0), where vy = (U, Ny) according
to:

__R
Gt+1 Nt 1
P11 = Gy PNy

Tpyq (xt — ¢ (:cff, 0; ®T>> + Ui (C.6)

We omit the dependence in the calibrated parameters y. U;y1and N;y; are respectively
the permanent and transitory shocks to income. The first line of (C.6) is the normalized
budget equation while the second line follows from our assumptions about the income
process. This transition function can then be used to rewrite the unconditional expec-
tation (C.4):

G, (6;x, 67) = / In G, (2,0; x, 67) dFy(2) (C.7)
- / InCy (T (2,0, 67.0) ,0; . &7) dFr_y (2) dF ().
Note that the transition function depends on 6, through the consumption rule. (C.7)

provides a convenient way to calculate the unconditional expectation is to use a Monte-

Carlo integration. Assume that we have an R2xRT -valued sequence of random variables
{ﬁ’}zf where 7' = (i1,...,07)’, identically distributed and independent of {V’}Z{

From any initial distribution F (zp) and candidate 6, we can generate the path of state
variables according to (C.6):

21:'“:1(2;7&;“,%79); Vi<t<Tand1<i<L.

For large enough L, the unconditional expectation is then simulated by:
. 1 L . .
Gy (6 x, 1) = 7 > InCs (5,6:x, &) ~> In Gy (65 x, &1)
i=1
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For any parameter vector 6 € © we can construct the 7" moments:

~
—

1)

. 125 (o
g (0;x,6r) = m th (hlotae; X Q5T)
i=1
1o . 3
= 0] 2 InCy —InCy (6; x, &)

= InCy —InC, (6; x, &7).

The estimation procedure minimizes:

G(6;x,67) W g (0 x,67), (C.8)

where § (0; x, ®1) = (J1, ..., §7) is a Tx1 vector and W is a weighting matrix. Note that
in the case where W = I, the identity matrix, the estimation procedure is equivalent
to minimizing the sum of square residuals:

T
S(0;x,0r) = Z (ln Cy —InCy(6; x, @T)>2 .
t=1

However, even though we are minimizing the sum of squared residuals, asymptotic results
still apply as long as I (t) — oo where I (t) is the number of observations at age ¢t. Under
the regularity conditions stated in Pakes and Pollard (1989) and Duffie and Singleton
(1993), the M SM estimator 6 is both consistent and asymptotically normally distributed.
Denoting I = 4 >0, I (t),

VI(0—6) ~ (0, V),

with
vV = (DWD) 'D'WowD (D'WD)
D = E|[05/9¢]
Q = avar(g)
W = plim Wr.

In practice, the asymptotic variance-covariance matrix is estimated by:

N ~ AN—1 A N ~ N A\ —1

Vo= %(D’WD) D'WOWD (D'WD) (C.9)
A 8§

b= 55l . (C.10)

The t** diagonal element of O is given by

43



Q, = — ”)101' nC, (6: v, 67))°
t—m' (H ¢t —n t(,X, T))~

—~

~
Il
—_

Under the assumption of no serial correlation, the off-diagonal elements of Q are 0.
However, a robust estimator can be constructed if Qtyt/ is defined as:

Q= (InC, — I Cy (65X, 67)) (InCy — I Cy (0; x, 61)) .

This methodology also provides a useful overidentifying restriction test. If the model is
correct, the statistic

Xr_p = 13 (0;%,67) Q15 (6; x, B7)

is distributed asymptotically as Chi-squared with T' — 2 degrees of freedom.

The optimal weighting matrix is W = Q~!. The optimal weighting is implemented by
first running the regression with an arbitrary weighting matrix, computing the associated
(!, and then using this estimate in a second round of estimation.

In practice, we simulate In C~’t(0; X; ®7) by running L = 20, 000 independents income
processes for 40 years, and computing in each year the associated consumption and cash
on hand. The first step used W = Ip. We also assume that the initial distribution of
cash on hand is 0.3 times current income. This assumption captures the fact that most
households do not start with no assets. Finally, for all households, we set the initial
value of the permanent component of income to the estimated income level at age 25
from our profiles. We performed first a 25x25 grid search over the parameter space ©.
Then, we performed a second 25x25 grid search around the optimum. This guaranties
that the procedure converges to the global minimum. Then, we used a standard min-
imization algorithm. FEach grid search takes approximately 12 days of CPU time on a
P6 or on a RSC6000. Once the optimum has been found, the gradient of the moment
vector is evaluated numerically and the variance-covariance matrix estimated. For the
disaggregated results and the robustness checks, a Brent algorithm was used.
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Figure 2.1.0: Consumption Rules
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Figure 2.3: Expected Cash on Hand
6=0.903, p=0.490
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Figure 3.7
Rescaled Smoothed Consumption over the Lifecycle
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Figure 9.7: Target Cash on Hand
0=0.963, p=0.490, R=J7
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Figure 5.09.5: Simulated and Actual Consumption Profiles
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