
Ecozornetrica, Vol. 70, No. 1 (January, 2002), 47-89 

CONSUMPTION OVER THE LIFE CYCLE 

BY PIERRE-OLIVIER GOURINCHAS AND JONATHAN A. PARKERI 

This paper estimates a structural model of optimal life-cycle consumption expendi- 
tures in the presence of realistic labor income uncertainty. We employ synthetic cohort 
techniques and Consumer Expenditure Sulvey data to construct average age-profiles of 
consumption and income over the working lives of typical households across different edu- 
cation and occupation groups. The model fits the profiles quite well. In addition to pro- 
viding reasonable 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 40, the typical household starts accumulating liquid assets for retire- 
ment and its behavior mimics more closely that of a certainty equivalent consumer. Our 
methodology provides a natural decomposition of saving and wealth into its precautionary 
and life-cycle components. 

KEYWORDS: Consumption, precautionary saving, retirement, life cycle, simulated 
method of moments. 

1. INTRODUCTION 

THIS PAPER ESTIMATES a dynamic stochastic model of the life-cycle saving 
behavior of households. We focus on estimation of structural preference parame- 
ters and upon characterizing optimal behavior when households face exogenous, 
stochastic, labor income processes. We are motivated by two observations. 

First, better methodology, data, and creative use of natural experiments are 
leading to significant evidence against consumption smoothing as an accurate 
description of household-level behavior. Despite generally poor-quality data on 
household consumption, recent tests often find that consumption responds to 
predictable changes in income. At lower frequencies, there is some evidence that 
consumption tracks expected and unexpected income changes across groups of 
households.2 

Second, recent theoretical work has improved our understanding of optimal 
household consumption and saving behavior under uncertainty (Ayagari (1994), 

1 We wish to thank Olivier Jean Blanchard, Ricardo Caballero, Chris Carroll, and Angus Deaton for 
detailed comments and encouragement. We also thank Daron Acemoglu, Orazio Attanasio, Charles 
Fleischman, Eric French, Jang-Ting Guo, Gregori Kosenok, Franco Modigliani, Steve Pischke, 
Nicholas Souleles, Robert Shimer, a co-editor, anonymous referees, and seminar participants at the 
Board of Governors of the Federal Reserve, Chicago, Columbia, Harvard, Michigan, MIT, Princeton, 
Stanford, Tillburg, Wisconsin, and Yale. Parker gratefully acknowledges financial support from the 
Sloan Foundation and National Science Foundation Grant SES-0096076. 

2 Some of the most recent papers are Carroll and Summers (1991), Lusardi (1996), Meghir and 
Weber (1996), Parker (1999), Shea (1995), and Jappelli, Pischke, and Souleles (1998). See Browning 
and Lusardi (1996) or Deaton (1992) for surveys. 
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Zeldes (1989), Deaton (1991), Carroll (1997)). Usual log-linearized Euler equa- 
tions can provide a poor approximation to marginal utility smoothing as well 
as unreliable estimates of the preference parameters in uncertain environments 
(Ludvigson and Paxson (1997)). Uncertainty can generate a positive correlation 
between expected income changes and the conditional variance of consumption 
growth (and higher moments) through precautionary saving, typically subsumed 
in the error term of the approximation. In general, the presence of uncertainty 
invalidates most tests using a linearized form of the Euler equation. 

In this paper, we use household survey data and simulation techniques to esti- 
mate a structural model of intertemporal consumption choice with realistic levels 
of income uncertainty. We measure, exploit, and analyze the systematic age- 
pattern of income and consumption. The estimated model is used to re-interpret 
life-cycle consumption and asset accumulation behavior. We find substantial age- 
heterogeneity in consumption behavior that results from the interaction between, 
and relative strengths of, retirement and precautionary motives for saving at dif- 
ferent ages. 

We proceed in two steps. Using weak identifying assumptions, we construct 
average total consumption and income profiles across the working lives of house- 
holds of five different educational attainments and four different occupational 
groupings, using high quality household-level data on consumption and income 
from a sample of roughly 40,000 households from the Consumer Expenditure 
Survey (CEX) from 1980 to 1993. Consumption and income age profiles are both 
significantly hump-shaped, despite controlling for family composition and cohort 
effects, and consumption tracks income early in life. 

Second, using labor income uncertainty measured from the Panel Study of 
Income Dynamics (PSID) and our constructed profiles, we estimate a canoni- 
cal stochastic life-cycle model of consumer behavior. For any value of the key 
parameters, we can solve numerically and recursively for the household opti- 
mal behavior and then aggregate to generate a simulated life-cycle consumption 
profile. By matching this simulated profile to its empirical counterpart, we esti- 
mate the parameters of the consumption problem using the Method of Simulated 
Moments. 

To the best of our knowledge, this represents the first structural estimation of 
consumption functions that incorporates precautionary saving. 

In our model, the optimal choice of consumption depends not only on life- 
time resources, the real interest rate, and the discount factor, but also on the 
expected growth rate of income, so that consumer behavior may vary systemati- 
cally as households age (Hubbard, Skinner, and Zeldes (1994), Carroll (1997)). 
When expected income growth and the discount rate are low relative to the inter- 
est rate, consumers' behavior remains similar to that predicted by the certainty- 
equivalent life-cycle hypothesis model (CEQ-LCH henceforth). If, on the other 
hand, expected income growth or the discount rate are large relative to the inter- 
est rate, consumers behave as buffer-stock agents-wishing to consume large 
amounts out of future resources but instead saving enough to weather bad 
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income draws. Given that expected income profiles are hump-shaped, the model 
can potentially produce concave average consumption profiles. 

The paper yields four main findings. 
First, the fitted model matches the correlation between consumption and 

income at young ages and the general concavity of the profile that is observed in 
the data. By appropriately constructing the inputs to the household problem and 
by estimating preference parameters, we improve on the previous studies based 
mostly on simulation of a limited number of scenarios. 

Second, we find reasonable estimates of the preference parameters. The aver- 
age household has a discount rate of 4.0-4.5 percent, and, less robust across spec- 
ifications, a coefficient of relative risk aversion varying between 0.5 and 1.4. We 
also estimate consumption behavior at retirement and find a credible marginal 
propensity to consume out of liquid assets of 6-7 percent. On the other hand, 
the model provides a poor estimate of the marginal propensity to consume out 
of illiquid wealth, near zero. We evaluate the robustness of our method by esti- 
mating the model under several alternative assumptions. 

Third, the paper contributes to the debate on the determinants of wealth 
accumulation. In our model, the relative shapes of the consumption and income 
profiles reveal the relative roles of precautionary and retirement motives for 
accumulating liquid assets. Solving for saving and wealth accumulation under 
complete markets, we then construct a measure of precautionary saving and 
wealth.3 Our fitted model indicates that wealth is accumulated early in life for 
precautionary reasons-were it not for income uncertainty, households would 
instead borrow against future labor income. Households older than 40 instead 
save mostly for retirement and bequests. Thus observed saving patterns are con- 
sistent with forward-looking optimizing behavior in a life-cycle framework aug- 
mented to include income uncertainty. The importance of the precautionary 
motive early in life implies that between 60 and 70 percent of nonpension wealth 
is due to precautionary saving, according to our estimates and holding the real 
interest rate fixed. 

Finally, and robustly, we find strikingly different consumption behavior for 
households at different ages: households behave like 'buffer-stock' consumers 
early in their working lives and more like CEQ-LCH households as retirement 
nears. We estimate that households make the transition from buffer-stock to 
CEQ-LCH behavior between age 40 and age 45. We conclude that, due to pre- 
cautionary saving, a significant fraction of households behave as target savers, for 
whom the log-linearized form of the Euler equation is expected to fail.4 It is 
interesting to note that buffer-stock behavior arises early in life, not from high 
levels of household impatience, but rather from the steepness of the expected 
income profiles at young ages.5 Our results are not assumed: with a sufficiently 

3We do not enter the debate on the relative importance of retirement versus bequest wealth. 
Implicitly, our retirement wealth measure will include both. 

4 This is, in part, a confirmation of Carroll and Samwick (1997) and Carroll (1994) who argue, 
based on asset data, that buffer-stock models apply only to households before ages 45 to 50. 

5 Carroll (1997) argues that this is likely to be true. 
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low estimated discount rate, the behavior of the average consumer would be very 
similar to that of the certainty equivalent consumer. 

Our paper is related to three main strands of literatures. First, to construct our 
profiles we build on the studies of life-cycle behavior in Ghez and Becker (1974), 
Kotlikoff and Summers (1981), and Carroll and Summers (1991), using the tech- 
niques of Deaton (1985) and Browning, Deaton, and Irish (1985). Thus our work 
is closely related to Attanasio, Banks, Meghir, and Weber (1997) and Attanasio 
and Browning (1995) who argue that household level data can be explained by 
the CEQ-LCH once a more flexible treatment of preferences and or aggregation 
of commodities is considered. We argue instead that the data can be explained 
by variations in precautionary saving.6 Our methodology can be extended to nest 
preference heterogeneity and precautionary motives for saving. 

Second, we build on previous studies that parameterize and simulate life-cycle 
consumption models with uncertainty. Hubbard, Skinner, and Zeldes (1994) and 
Carroll (1997) show that the optimal consumption choices of consumers can lead 
to profiles that are hump-shaped and track income over the early part of life 
for some parameterizations. Carroll and Samwick (1997) calibrate the discount 
rate of a structural model to replicate the sensitivity of asset holding to income 
uncertainty that is observed at young ages. Our approach goes beyond those 
studies by estimating a structural model of consumption. 

Finally, a few papers estimate the optimal level of consumption as a function 
of a household's fully specified environment. Palumbo (1999) uses individual con- 
sumption, income, and asset data to estimate individual consumption levels for 
retirees. We choose to rely on average profiles because we do not believe that 
the individual-level data are of sufficient quality to support the employed tech- 
nique in general. In addition, there are now several papers that use a method- 
ology derived from our paper to address asset holding (Gakidis (1998), Cagetti 
(1998)) and labor supply (French (1998)) decisions. 

The structure of the paper is as follows. Section 2 lays out an empirically 
tractable model of consumer maximization and characterizes optimal behavior. 
Section 3 introduces the two-step Method of Simulated Moments methodology 
for estimating the model. The fourth section describes the first-stage estimation 
of income risk, retirement consumption behavior, and the real interest rate. The 
fifth section discusses the construction of life-cycle profiles of consumption and 
income and presents graphs of the profiles for various education and occupation 
cells. Finally, we present the results of the estimation and conclude. Appendices 
contain more detailed descriptions of the numerical optimization, the economet- 
ric procedure, and the CEX data. 

6 Attanasio, Banks, Meghir, and Weber (1997) show that the residuals from a regression of con- 
sumption on family composition and labor supply variables are uncorrelated with age. However, if 
precautionary saving is part of the reason for the initial hump shape in consumption over the life 
cycle, this regression suffers from an omitted variable bias, which will incorrectly assign the hump to 
changes in demographics. Similarly, if we are fitting a model with too little preference heterogeneity 
to the data, then we will incorrectly assign too much of the shape to variations in precautionaiy sav- 
ing. We allow for heterogeneity, in a limited manner, by controlling for heterogenous family size at 
a given age and estimating separately across occupation and education groups. 
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2. CONSUMPTION BEHAVIOR WITH STOCHASTIC INCOME 

2.1. The Canonical Model with Labor Income Uncertainty 

Our starting point is the basic discrete-time, life-cycle model of household con- 
sumption behavior. Consumers live for N periods and work for T < N, where 
both T and N are exogenous and fixed. At every age 1 < t < T, the consumer 
receives a stochastic income Y,. There is one asset in the economy, with a con- 
stant, after-tax, gross real interest rate R. We assume that preferences take the 
standard additively separable expected utility form, with discount factor ,B: 

(1) B ftU (Ct, Zt) pN+l VN+1 (WN+1)]v 

where Ct represents total consumption at age t, Wt represents total financial 
wealth, and Zt is a vector of deterministic household characteristics (e.g. family 
size). VN+j represents the value to the consumer of assets left at the time of 
death, capturing any bequest motive. The consumer maximizes equation (1) given 
an initial wealth level W1, the constraint that terminal wealth is nonnegative 
WN+1 > 0, and the dynamic budget constraint: 

Wt+l = R(Wt + Yt - Q) 

We further assume that the felicity function u(.,.) is of the Constant Relative 
Risk Aversion (CRRA) form, with intertemporal elasticity of substitution l/p, 
and multiplicatively separable in Z: 

Cl-p 
u(C, Z) = v(Z) 1 

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

(2) Ct, OR V(Gt,) 1) 

With constant individual characteristics, equation (2) 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 is independent of the income profile. The level of 
consumption is determined by the lifetime budget constraint and the terminal 
value function. 

When individual characteristics vary over the life cycle, the growth rate of con- 
sumption may change accordingly. For instance, if the marginal utility of con- 
sumption increases with family size, consumption will grow faster as family size 
increases, and slower as children leave the household. These variations in indi- 
vidual characteristics may induce a positive correlation between consumption and 
income over the life cycle. 
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With individual income uncertainty and prudence, households hold liquid 
wealth to insure themselves against future contingencies. This precautionary 
saving motive has potentially far-reaching and striking implications. The main 
consequence of income uncertainty is to increase the slope of the consumption 
profile. Hubbard, Skinner, and Zeldes (1994) demonstrate that this uncertainty 
can lead to hump-shaped consumption profiles as households save for precau- 
tionary reasons early in life and run down these assets during retirement due to 
lower levels of uncertainty and an increased probability of death. 

Zeldes (1989), Carroll (1992), and Deaton (1991) analyze the case in which 
consumers are also impatient: absent uncertainty, households would like to bor- 
row in order to finance a high level of current consumption. Deaton (1991) and 
Zeldes (1989) impose liquidity constraints while Carroll (1997) 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 impatience dominates and assets are run down, and 
below which the precautionary motive dominates and assets are accumulated. 
Thus the theory predicts a positive correlation between expected income growth 
and consumption growth. 

This paper explicitly incorporates uninsurable idiosyncratic income uncertainty. 
We adopt Zeldes' (1989) formulation, and decompose the labor income process 
into a permanent component, Pt, and a transitory component, Ut: 

(3) Yt=PtUt, 

Pt = GtPt_jNt. 

The transitory shocks, Ut, are independent and identically distributed, take the 
value 0 with probability 0 < p < 1, and are otherwise log-normally distributed, 
ln Ut - N(0, o-2). The log of the permanent component of income, ln Pt, evolves 
as a random walk with age specific drift ln Gt. The shock to the permanent com- 
ponent of income, Nt, is independently and identically log-normally distributed, 
ln Nt - N(0, o-,).7 Thus A ln Yt - MA(1), income is a serially correlated process, 
with both permanent and transitory shocks, and a positive probability of zero 
income in every period.8 

Two points are worth noting. First, innovations to the permanent component 
of income are only as permanent as the remaining length of the working life: all 
shocks are ultimately transitory, as consumers retire and die. As a consequence, 
the propensity to consume out of 'permanent' shocks will vary 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, a point shown by Schechtman (1976). This follows from (a) there being 

7 The permanent component of income is that level that would obtain without transitory shocks, as 
in Friedman (1957), not the annuity value of the present discounted sum of future income streams, 
as in Flavin (1981). 

8 While Abowd and Card (1989) found that change in labor income was best characterized by an 
MA(2) process, they also found little gain in moving from an MA(1) to an MA(2). 
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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,-o u'(c) = oo. 
To see this, 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. Backward induction implies that it will never be optimal to bor- 
row in any period. The precautionary motive acts as a self-imposed liquidity con- 
straint. It is important to note that this holds true even when p, the probability of 
strictly zero income, is set to zero. The key here is that the income process has a 
zero lower bound. This and the requirement that the consumer dies without debt 
almost surely, impose a natural borrowing limit equal to 0 (see Ayagari (1994)). 
With a strictly positive lower bound on income, the consumer could borrow only 
up to the present discounted value of certain future income. 

Going from the model to the data, we need to make four assumptions. First, 
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,9 we feel 
that we know too little about the form that uncertainty takes after retirement to 
use our methodology and draw inferences from post-retirement behavior. Uncer- 
tainty arises from different sources-e.g. medical expenses, the timing of death, 
and asset returns. Inter-vivos bequests are also likely to be important. Although 
these sources of uncertainty are also present to some extent in the last work- 
ing years, labor income uncertainty is the dominant source of uncertainty when 
young. Further, high quality information on household asset holdings, together 
with consumption and income, is not available. Given that investment income, 
social security, and pensions represent the main sources of income during retire- 
ment, it is currently difficult to establish consumption patterns as a function of 
total wealth. Lastly, even with a proper treatment of retirement issues, one would 
have to make a guess about the bequest function. Instead, we make use of Bell- 
man's optimality principle, and truncate our problem at the date of retirement. 

Second, we assume that age variations in v(Z,) are common across households 
of the same age t, deterministic, and come from changes in family size, so that the 
evolution of the consumer problem can be captured by a single state variable.10 
This has the added advantage that we can adjust and report consumption and 
income profiles that maintain a constant effective family size across ages. 

Third, the model imposes a single vehicle for precautionary and retirement 
wealth accumulation, since there is only one asset. In practice, much of net 
worth at retirement is accumulated in the form of illiquid wealth, only available 
after retirement.11 This suggests that the relevant model of consumption behav- 
ior should incorporate an additional asset that is illiquid and accessible only after 

9 See Hubbard, Skinner, and Zeldes (1994), Palumbo (1999), and Hurd (1989). 
10 We directly control for heterogenous family size at a given age when constructing consumption 

and income profiles. The alternative is to model explicitly the stochastic process for changes in family 
size. 

11 Social security wealth is definitely illiquid and is only available as annuities after retirement. 
Early withdrawal of pension and saving vehicles targeted for retirement purposes, such as IRA's, 401k 
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retirement. However, this would substantially complicate the problem by intro- 
ducing another control variable (how much to save in liquid versus illiquid assets) 
and state variable (illiquid assets). In order to keep our estimation procedure 
tractable, we instead assume that illiquid wealth accumulates exogenously, cannot 
be borrowed against, and that illiquid wealth in the first year of retirement, HT+1, 

is proportional to the last permanent component of income, HT+1 hPT+l = hPT. 

These assumptions eliminate both illiquid assets as a state variable of the pro- 
gram, and contributions to illiquid assets as a control variable.'2 

Finally, we postulate a retirement value function that summarizes the con- 
sumer's problem at retirement time. Defining cash on hand X,+1 as total liquid 
financial resources, Xt+1 = R(Xt - Ct) + Yt+1 = Wt+1 + Yt+, we choose a func- 
tional form that maintains the tractability of the problem and is flexible enough 
to allow robustness checks: 

VT+1 (XT+1 HT+1, ZT+1) = KV (ZT+1) (XT+l + HT+1)' , 

for some constant K. Under the CRRA assumption, this functional form is exactly 
correct if time of death and/or asset returns are the only sources of uncertainty 
after retirement (Merton (1971)). Under this assumption, consumption is linear 
in total wealth at retirement. Since most households have large amounts of illiq- 
uid wealth in Social Security and pensions at retirement, a linear approximation 
for the true consumption rule is likely to be a good approximation.'3 

Defining the value function for the household problem at time T as VT, our 
problem becomes 

-T C I-P 

VT(XT, PT' ZT) = max ETT 'Plt v(Zt) P 

+ 3T+l-TKV(ZT+l)(XT+l + hPT+1)P] 

subject to 

Xt+1=R(Xt-Ct)+Yt+1, XT+1 >O, and given (3), 

where income is defined as disposable income, net of Social Security taxes and 
saving in illiquid assets. The assumption that illiquid wealth cannot be borrowed 
against imposes the borrowing constraint that liquid wealth must be weakly pos- 
itive at retirement. 

plans, and Keogh, is often restricted and fiscally penalized, if allowed at all. One might also consider 
a substantial part of housing wealth as illiquid wealth (at least during the time period that we study). 

12 We recognize that this assumption is problematic in some ways. For instance, two households 
with different income trajectories but the same permanent component of income at retirement are 
predicted to have identical accumulated illiquid wealth. 

13 To the extent that there is curvature in the relevant range of the consumption rule, our assump- 
tion of linearity will bias us away from finding important effects of uncertainty on consumption. 
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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 per- 
manent component of income P. We write the optimal consumption rule as a 
function of age, t, and the ratio of cash on hand to the permanent component 
of income, xt Xt/Pt. The budget constraint becomes 

R 
(4) Xt+1= (xt- ct)GN ?Ut+, 1 < t < T, 

where lowercase letters are normalized by the permanent component of income. 
The following Euler equation holds for t < T: 

(5) U'(Ct (Xt)) = OR E [ (Zt) u'(ct+1 (xt+i)Gt+iNt+i)], 

where ct (xt) represents the optimal consumption rule at time t (normalized), as 
a function of normalized cash on hand xt. In the last working period, the Euler 
equation becomes 

u'(cT(xT)) = max(u'(XT), OR V(ZT+) u'(CT+l (XT+))) 

since the household cannot borrow against illiquid wealth HT+l, and PT+1 = PT. 
Given our retirement value function, optimal consumption is linear in total 

wealth at retirement: 

CT+1 = Yl (XT+l + HT+1) 

where y, represents the marginal propensity to consume out of wealth."4 Nor- 
malized consumption, CT+1, is then linear in normalized cash on hand XT+1: 

(6) CT+1 = YO + Y1XT+1, 

with yo =- y1 h. 
The solution to the consumer problem consists of a set of consumption rules 

{Ct(Xt)}1<t<T. The consumption rule in the last working period is the solution 
to the above Euler equations for all values of cash on hand, where we replace 
CT+1 using equation (6). Solving recursively generates consumption functions 
CT(XT), . . ., c1(xl). A complete description of the solution method is provided 
in Appendix A. 

2.3. Characterization of Individual Consumption Behavior 

Figure 1 panel A shows consumption rules at various ages, for a typical house- 
hold working from age 25 to 65 and retiring thereafter with a consumption rule at 

14 In the case of full certainty after retirement and no change in the utility shifter, 

1 - fI/PR'/P-1 

1-(f3/PRl/P-1)N-T 
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consumption Panel A: P = 0.960, p = 0.514, y = 0.071, y = 0.001 

1.2 - Age=26 ,__= -i 

1.0 - 
Age 45 

0.8- 

0 6 / ~~~~~~~~~~~~Age -55 0.6- 

0.4- 

0.2 / 

0.5 1 1.5 2 2.5 

Panel B: f=0.960, p =0.514, y1 =0.077, y0 =0.594 

1.2 - 

1.0 

0.8- 

0.6- 

0.4- 

0.2- 

0.5 1 1.5 2 2.5 
Normalized cash-on-hand 

FIGURE 1.-A tale of two households. 

age 66 characterized by yo = 0.001, 7y = 0.071. These parameter values are those 
of our baseline estimates.15 If G and Z are constant, the finite horizon problem 
would converge to the infinite horizon one, as we move further away from retire- 
ment. Consumption is always positive, increasing, and concave in cash on hand. 
Early in life, households exhibit 'buffer stock' behavior: for low levels of cash 
on hand, typically less than the permanent component of their income (x < 1), 
households consume most, but never all, of their financial wealth, and move to 
the next period with a very low level of liquid assets. At high levels of cash on 
hand, the precautionary motive is small and households consume more than the 
income they expect to receive (which equals 1) and so run down their assets. As 
we discuss later, our baseline retirement consumption rule implies either little 
illiquid wealth or a low propensity to consume from it. Thus as households age, 
they must save for retirement: consumption rules decline and households accu- 
mulate significant amounts of liquid wealth. 

15 Other relevant parameters are ,3 = 0.960, p = 0.514, R = 1.0344, typical income uncertainty, fam- 
ily size, and expected income profile, as discussed in Sections 4 and 5. 



CONSUMPTION OVER THE LIFE CYCLE 57 

Figure 1 panel B reports consumption rules for a similar household with the 
alternative retirement consumption rule yo = 0.594, y, = 0.0774.16 The higher 
value of yo implies either larger illiquid wealth at retirement or a larger propen- 
sity to consume from it. The two households have very similar consumption rules 
early in life, for the same reasons that convergence occurs in the stationary prob- 
lem. Both households behave as buffer stock households in their youth. Later in 
life, the household in panel B does not need to accumulate as much liquid wealth 
since it can rely more on illiquid wealth to maintain consumption in retirement. 
Thus the consumption rules decline less as the household ages.17 

What general conditions are necessary to generate buffer-stock behavior? In 
a stationary infinite-horizon model, buffer stock behavior arises when agents are 
sufficiently impatient not to accumulate wealth without bounds. Formally, the 
mapping from current wealth to expected wealth in the next period must be a 
contraction. In this case, Carroll (1999) and Deaton (1991) prove that a solution 
to the consumer problem exists if 

(7) RfE[(GN)-1] < 1. 

Thus, a higher preference for the present, steeper growth of expected income, or 
a lower interest rate each make buffer stock behavior more likely. Under some 
additional conditions, one can also show that cash on hand admits an ergodic 
distribution."8 

In a life-cycle model, no such simple characterization exists because income 
growth and behavior change with age. Instead, we adopt a practical approach 
and call a household a buffer stock household if it saves more for precautionary 
motives than for life-cycle (bequest or retirement) motives. A household whose 
saving decisions are motivated primarily by uncertainty will have the characteris- 
tics of buffer stock behavior just described. 

3. METHOD OF SIMULATED MOMENTS ESTIMATION 

We estimate our model using a two-step Method of Simulated Moments 
(MSM) as follows. Given the parameters of the consumer problem defined in 
the previous section (preferences, income process, etc.) we can solve numerically 
for the age-dependent optimal consumption rules. For a given set of consump- 
tion rules, we can numerically simulate the associated expected consumption as 
a function of age only. The estimation procedure then minimizes the distance 
between the simulated consumption profiles and empirical consumption profiles, 
which are described in Section 5. 

16 This rule is estimated directly from micro data. See Section 6.3. 
17 In Gourinchas and Parker (1997), we show that unexpected transitory shocks to income are 

better smoothed later in life, despite the fact that they then contain greater information about total 
resources for the remainder of the life. This change in consumption risk is what drives the cohort 
average consumption growth. 

18 Risk aversion and the income process must be bounded. These conditions are analyzed in more 
details in Deaton (1991), Ayagari (1994), and Schechtman and Escudero (1977). 
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According to Section 2, consumption at age t for individual i depends on 
normalized cash on hand xi,,, the realization of permanent component of income 
Pi t, and the parameters of the consumption problem, which we now denote by 
v E T c DRs. Defining the vector of state variable si, t = (xi,t, Pi,t) we postulate 
the following data-generating process for each age, t: 

(8) ln Ci, t = ln Ct(si, t; /) + ei, t = ln(ct(xi, t; )Pi, t) + ei, t, 

where ei t is an idiosyncratic shock that represents classical measurement error in 
consumption levels. We are interested in estimating / and then making inference 
about consumption behavior. Without quality panel data on consumption, assets, 
and income for individual households, direct estimation using (8) is not possible. 

We do however observe the average of log-consumption at each age, defined as 
ln Ct _ (1/It) Yi1 ln Ci, t where It represents the number of observations at age 
t and ln Ci, t is defined by equation (8). This suggests that we can look directly at 
the unconditional expectation of log-consumption at each age: 

(9) In Ct(0)-=E[In Ct(st;0)j0] = |lnCt(s;0) dFt(s;0), 

where the unconditional cumulative distribution of normalized cash on hand and 
permanent component of income at age t, Ft(s; f), depends on age t and on 
the parameters q. We seek to estimate the model from the following moment 
conditions: E[ (ln Ci; /0)] = 0, where 0/ is the true parameter vector, ln Ci = 

{ln Ci, t}T1 and (ln Ci, /) EE RT, with tth element: 

(10) vt (ln Ci; In) =lnCi t-ln Ct Q). 

This approach must address two further complications. First, it is difficult to 
estimate accurately all elements of / in one step. This is due in part to the com- 
putational complexity of the problem and in part to the loss of information that 
averaging entails. Instead, we employ a two-stage estimation procedure. We par- 
tition / into two subvectors 0 E 0 c Rk and X ER", where 0 is a compact set. 
We use additional data and moments to estimate X in a first stage according to 
E[Lu(x)] = 0 where /tt E Rr.19 We discuss this step in the next section and denote 
the associated first-stage estimator by X. For instance, rather than estimate the 
variance of permanent and transitory shocks to income from average consump- 
tion and income profiles, where identification might prove difficult in practice, 
we use time-series moment conditions and true household-level panel data on 
income from the PSID. 

The second complication arises from the analytical complexity of the uncon- 
ditional expectation (9). The unconditional distribution for the state variables at 
age t, Ft(s; q), is extremely cumbersome to evaluate and depends on the param- 
eters q. To overcome this difficulty, we use the Method of Simulated Moments, as 
developed by Pakes and Pollard (1989) and Duffie and Singleton (1993). Using 

19 The first stage is exactly identified while the second stage is overidentified. 
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the budget constraint (4), and the process for Pt, we define a measurable transi- 
tion function X: R2 x Rx x FXr > R2 that describes the dynamics of the state 
variables st+1 = (Xt+l, Pt+1) = X(st, vt+j; 0, ^), where vt+, = (Ut+,v Nt+1)'. This 
transition function can then be used to rewrite the unconditional expectation (9): 

(I11) In Ct (0, X) = |ln Ct (s, 0, X) dFt (s; 0, X) 

= Ifin 
C,(Z(s, 

v; 0, X), 0, X) dFt>1(s; 0, X) dF'(v), 

where FV(v) denotes the cumulative distribution of P. 
From (11), we approximate the theoretical unconditional expectation using 

Monte-Carlo integration. We generate income shocks for L households: an 
-x kT-valued sequence of random variables {il} Z^ where V^ = (V, 1, ... ., PT) , 

that are identically independently distributed. From any initial distribution F1 (sl), 
candidate 0, and estimated X, we can generate the path of state variables accord- 
ing to 

Sl,t?1 = 1; 0, V1<t<T-1 and 1<l<L. 

The unconditional expectation from the model ln Ct (0, X) is then simulated by 

lL 

In Ct (0, x )- Iln Ct (s^I t) 0, x)In Ct (0,x) 
1=1 

where convergence occurs as L oo. 
For any parameter vector 0 E 0, we can replace the theoretical expectation of 

consumption with its simulated counterpart in (10): 

~t(In Cj; 0, X)=In Ci, t-lIn Ct (0;X) 

Estimation now simply proceeds by making the simulated empirical moments as 
close as possible to their theoretical values using sample averages: 

gt(6; X) = I 
E (ln Ci, t; 0, X) 

it i=1 

1 It 

= In Ci, t-nC ln Ct(06 X) 
iti= 

= ln C - ln C (6, X) 

Note that we do not require repeated observations on the same households. 
Our second-stage estimation procedure is then a method of simulated moments 
estimator (MSM) that minimizes over 0: 

_ 
; X n _^.\ 

; 
/ 

D_ 
_ 
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where g(0; X) = (g,.... gT)/ E RT and W is a T x T weighting matrix. In the 
case where W = IT, the identity matrix, the estimation procedure is equivalent 
to minimizing the sum of squared residuals: 

T 

S(6; X) =(ln C( -ln C( (0 ))2 

t=1 

Note, however, that we are minimizing the sum of squared residuals with a con- 
stant T and that asymptotic results still apply as long as It, the number of obser- 
vations at age t, goes to infinity for each age. 

Under the regularity conditions stated in Pakes and Pollard (1989) and Duffie 
and Singleton (1993), the MSM estimator 0 is both consistent and asymptotically 
normally distributed. However, one needs to correct the second-stage estimator 
of the variance-covariance matrix for the first-stage estimation.20 Furthermore, 
an additional term is required to account for the fact that we have simulated 
moments rather than theoretical moments. 

The variance-covariance estimator and its derivation are contained in 
Appendix B. We use two alternative weighting matrixes in our estimation. First, 
we choose a matrix that, while not fully optimal, does not depend on the fit- 
ted model. This is motivated by the observation that optimally weighting GMM 
estimators can worsen finite-sample bias (see, for example, West, Wong, and 
Anatolyev (1998)). Second, we employ the optimal weighting matrix. Our 2-step 
procedure provides a test of the overidentifying restrictions in the second stage, 
which is derived in Appendix B. 

In practice, we simulate ln Ct(0, X) by running L = 20,000 independent income 
processes for 40 years, and computing in each year the associated consumption 
and cash on hand. Once the optimum is found, the gradient of the moment 
vector is evaluated numerically and the variance-covariance matrix is estimated. 

4. FIRST-STAGE ESTIMATION 

The first-stage parameters X include the gross real after tax interest rate R; 
the variances of the innovations to the permanent and transitory components, 
p, o-,2, o-,2; the initial distribution of liquid assets at age 26, which corresponds to 
the beginning of life in the empirical estimation of our model; and the income 
and family-composition profiles. The construction of profiles is discussed in the 
next section. 

First, we estimate the gross real interest rate, R, from the average real return 
on Moody's AAA municipal bonds and the Gross Domestic Product implicit price 
deflator for personal consumption expenditures used to deflate the consumption 
and income data. Over the sample period from January 1980 to March 1993, the 
average real interest rate is 3.440 percent with a standard error of 0.281. 

20 We thank the anonymous referees and David Card for suggesting that we move from calibration 
and robustness checks to formally integrating the first stage. 
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TABLE I 

VARIANCE OF INCOME SHOCKS 

Variance of Variance of 
Grotip Permanent Shock Transitory Shock 

Total 0.0212 0.0440 

Occupation 
Managerial and Prof. Specialty 0.0175 0.0341 
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 

Education 
Some High School 0.0214 0.0658 
High School Degree 0.0277 0.0431 
Some College 0.0238 0.0342 
College Graduate 0.0146 0.0385 
Graduate School 0.0115 0.0500 

Sour7ce: Carroll and Samwick (1997) and authors' calculations. Standard errors range from ten 
percent to thirty percent of the coefficient estimate, depending largely on the sample size. These data 
are available from the authors. 

Second, we estimate the variance of the permanent and transitory components 
of shocks to income, j2 and o-n-, using the PSID and the GMM methodology 
of Carroll and Samwick (1997).21 The GMM procedure and data employed are 
designed to estimate the parameters of exactly the income process we have spec- 
ified. We redo their calculations since the definitions of occupation in the PSID 
and CEX do not exactly overlap. We aggregate the occupational groups in the 
PSID into categories that better match the groupings that we employ in the 
CEX.22 Table I displays the variances of the permanent and transitory shocks 
across occupation and education groups. Since measurement error in income 
may exaggerate these variances and since households may have access to some 
informal insurance mechanisms, we study the impact of lowering these measures 
in Section 6.3. 

We calculate the probability of a truly zero income realization using the fre- 
quency of truly zero income in the PSID, as reported by Carroll (1992). There- 
fore, we set p = 0.00302 with a standard error of 0.000764. 

Finally, we require an initial asset level for households. We match both the 
typical level and the distribution in the population by estimating the ratio of liq- 
uid wealth to income for households between 24 and 28 years old. In simulating 
profiles, we assume that households are born with an initial level of assets rela- 
tive to income drawn from a lognormal distribution with mean w026 and standard 
deviation o-,26 that we estimate from the CEX data. Table II displays our esti- 
mates of the average log normalized liquid wealth, its standard deviation in the 

21 We thank Andrew Samwick for providing us with their raw data. 
22 We drop Service, Farming, Armed Forces, and Self-Employed occupations due to small samples 

in the CEX. 
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TABLE II 

LIQUID WEALTH HOLDING AT THE BEGINNING OF LIFE 

Ratio of Liquid Assets to Income Log Level 

Mean S.D. Mean 
Group 926 U026 exp[96+ X 6 

Total -2.794 1.784 0.300 

Occupation 
Managerial and Prof. Specialty -2.261 1.649 0.405 
Tech., Sales, and Admin. Support -2.574 1.625 0.285 
Precision Prod., Craft, and Repair -3.312 2.051 0.299 
Operators and Laborers -3.172 1.654 0.164 

Education 
Some High School -3.772 1.886 0.136 
High School Degree -3.296 1.797 0.186 
Some College -2.756 1.679 0.260 
College Graduate -2.181 1.554 0.377 
Graduate School -1.887 1.540 0.495 

Soiurce: Author's calculationis based on the CEX meastires of wealth and the constructed measure of inicome. 

data and the implied ratio of average normalized wealth by education and occu- 
pation groups. 

5. CEX CONSUMPTION AND INCOME PROFILES 

5.1. Profile Construction Methodology 

We estimate three profiles using household level data from age 26 to 65: a 
consumption age-profile {Ct }t626; the average income profile {Y 1 b26 from which 
we derive expected income growth {Gt }t=27; and a profile for the typical shifts in 
marginal utility, {v(Zt)}1t=26. 

Assume that the data generating process for consumption is as defined in 
Section 2, for each household. Define Ai t-v(Zi, t)C C` as the marginal utility of 
household i of age t. From the Euler equation (5) of Section 2, we know that 

Ai t = IB Ai, t- i,tv ORA-1i t 

where mi t is the (multiplicative) innovation to the marginal utility of wealth and 
satisfies Et_1[]i,t = 1. 

Iterating backward until the birth year, and substituting for Ci t, we obtain 

(12) C t = ( (zit))) (,8R)(26)/PH ,1/P)C26P26 27 < t < 65. 

The first term on the right-hand side represents the effect of family size variation 
between age 26 and age t. The second term reflects the drift in marginal utility 
that depends upon the discount factor, the real interest rate, and the intertempo- 
ral elasticity of substitution i/p. The third term reflects the effect of uncertainty 
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and precautionaly saving upon consumption at age t, through the past and cur- 
rent realizations of innovations to marginal utility, -q ,t due to individual income 
innovations. The fourth term, c26, represents variations in initial cash on hand 
across households. The final term, P26, captures variations across households in 
the initial permanent component of income. 

The household-level data from the CEX differs from the above Ci,t in four 
ways. First, consumption data are mismeasured. Thus, we do not exploit the 
limited panel nature of the Survey, but instead rely on data from repeated cross- 
sections. We assume that measurement error in consumption is classical and 
multiplicative. 

Second, year-specific events, such as the stage of the business cycle, affect the 
average consumption of households in each year. These effects are not included 
in the model. One possible justification is that aggregate fluctuations account for 
a small share of individual uncertainty (Pischke (1995)). We assume that time- 
effects enter multiplicatively.23 

Third, the model of Section 2 does not assume any variation in income profiles 
across cohorts. In reality, households start life with different levels of wealth and 
permanent components of income and thus with different levels of consumption. 
Some of these differences are due to the fact that households born in later 
generations on average have higher values for their initial permanent component 
of income. This implies that there is a correlation between the effect of birth 
year and the effect of age on consumption. Households observed at age sixty, 
say, are born long before those we observe at young ages and so have on average 
lower lifetime resources, and lower levels of income and consumption at each 
age. Ignoring birth-year effects would lead to a negative bias in our estimate of 
the slope of income and consumption growth. We assume, as in much of the 
empirical literature, that earnings have a time invariant age-profile so that cohort 
effects affect only the distance between the age-profiles of different cohorts. We 
decompose Pi,26 into a cohort effect, pb and an idiosyncratic component Pi,26. 

Finally, the model refers to household consumption, adjusted so that all house- 
holds have the same life-cycle pattern of family size v(Z,). We therefore estimate 
family size adjustments and apply them to the consumption data so as to control 
for within-age demographic variation.24 

23 The assumption that the time effects enter multiplicatively is only a convenient short-cut. A fuller 
model could include aggregate shocks as state variables. This is beyond the current paper. 

24 It is worth noting that the assumption that family size is exogenous might in fact be reducing 
the importance that we attribute to precautionaiy saving. If the buffer stock model is correct and 
having children is a form of consumption, then the decision to have children is affected by precau- 
tionary saving that is closely related to the timing of lifetime income. By normalizing by a family size 
adjustment over the life cycle, one is removing some portion of changes in consumption driven by 
expected income changes. 
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Define Ci,t,T, as the observed household consumption in the CEX, where T 

denotes the year. Taking logs of equation (12), we can write In Ci, t as 

(13) InCi't'T =t in ( v 26) ?+ PE26 [in=((R)2 ( i I 

+ ln(P26) + T +?Ei 

where (T represents a time-effect and ei captures classical measurement error as 
well as household heterogeneity in initial conditions and innovations to marginal 
utility. The second term captures the amount of intertemporal substitution and 
expected precautionary saving and is just a function of age. 

We estimate directly a linear regression based on (13) over households with 
male heads aged 26 to 65. As discussed in Deaton (1985), it is not possible to 
separately identify the linear component of the time, age, and cohort effects in 
equation (13).25 We make the identifying restriction that time effects are due 
to the state of the regional economy and captured by the partial correlation of 
consumption with the regional unemployment rate.26 Our empirical specification 
is then 

(14) ln Ci = f7l + ai72 + bi73 + Wi7T4 + RetiT +i 

where the X parameters are to be estimated, fi is a set of family dummies, ai 
is a complete set of age dummies, bi is a complete set of cohort dummies (less 
the middle one), 0di is the Census region unemployment rate in year T, Reti is a 
dummy for each group that is equal to 1 when the respondent is retired, and Si 
is a residual that captures all the individual effects (measurement error, initial 
normalized cash on hand, initial income, etc.).27 

With these estimates, we first reconstruct household-level consumption data 
uncontaminated by cohort and time effects, removing within-age variation in 
family size: 

(15) InCi-C tl f1+ai2 +? 4? +? 

Thus from here on, we work with household-level consumption that represents 
the consumption of the observed household with the typical age-dependent family 
size ft, facing the average unemployment rate 0t, born in the middle cohort, and 
not retired.28 It is this version of consumption to which Section 3 refers. 

25 This follows from the annoying identity that interview year less age equals birth year! 
26 This assumes that the time effects are not important for the linear trend in consumption and 

that they are observed by the household. The allocation of the trend in consumption to cohorts and 
age effects may be sensitive to this assumption. 

27 Dummy variables are constructed for family sizes 1 through 9 and then for whether family size is 
10 or greater. We also experimented with exogenous family size adjustments-assuming fi is simply 
family size raised to the power -0.7. This led to profiles that were noisier and flatter early in life. 

28 The middle cohort is 1941 and the average regional unemployment rate is 7 percent. 
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We construct average age-profiles of consumption by averaging these data 
across households. So that the role of precautionary saving is highlighted, we dis- 
play most of our profiles and simulations for consumption per capita and income 
per capita. This profile is constructed by replacing f, with f: 

lnCa =f7^1?+a?T2 .4- 

We also construct three other sets of profiles. First, and in the same manner, 
we construct profiles for income and the typical household family size. Second, 
we build smooth profiles using fifth-order polynomials in age and year of birth 
instead of dummies. Lastly, we estimate similar profiles separately for various 
occupation and education subgroups of the population. The construction of these 
series is similar to that of consumption, and described in Appendix C. 

The smoothed profiles for income and family size are used as inputs of 
the model. For instance, recall that ln Yi t= ln Pi,, + In Uj t = In Gt + In Pi, t-, + 

lnNi t + ln Ui t. After removing cohort and time effects, and averaging over a 
large number of households, I, with the same characteristics, 

Iln Yit = ln Gt + Iln Yi,t + I7lnNi,t 
i=l i=l i=l 

+ I?ln Ui,t--IlnU -i,t. 
i=l i=l 

Applying the Law of Large Numbers, the probability limits of the last three term 
are all zero. Hence, we get 

p (Im EIn Yit I n Yi,_S In Gt In Ft -ln1Y 

Thus first differencing our log-average income levels gives expected income 
growth rates Gt 

5.2. The Consumer Expenditure Survey and Our Use of It 

We use the Consumer Expenditure Survey (CEX) to construct life-cycle pro- 
files of consumption and income. The CEX contains information about consump- 
tion expenditures, demographics, income, and assets, for a large sample of the 
US population. 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 the best coverage of consumption expenditures, to have reasonable data on 
liquid assets, and to have income information of moderate quality.29 The survey 

29 See Lusardi (1996) and Branch (1994). 
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interviews 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 previous three months. In interviews two and five, income information is col- 
lected, and in the final interview asset information is collected. Families rotate 
through the 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 data point to our sample. For each household 
we construct a measure of household income and consumption. Based on the 
characteristics of the male head of the household, we assign the household 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 that has the required 
information, we drop a significant portion of the data and make a series of adjust- 
ments. Further description of the data preparation is contained in Appendix D. 
We note here three major points. 

First, we drop households that are classified as incomplete income reporters, 
that have any of the crucial variables missing, or that report changes in age over 
the course of the survey greater than one year or negative. 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 drop all households with male heads 
younger than 26 or older than 70, given our focus on the working life. We are 
left with just under 40,000 households. Third, we use individual as well as family 
level information to correct most of the top-coding in household labor income. 

We construct measures of income and consumption that match the concepts 
in the theoretical model. First, we define consumption as total household expen- 
ditures less those on education, medical care, and mortgage interest payments.30 
These categories of expenditure do not provide current utility but rather are 
either illiquid investments or negative income shocks. So that these expenditures 
do not incorrectly appear as liquid saving, they are also subtracted from income. 

It should be noted that our model refers to total consumption at annual 
frequencies. In the data, we are averaging total expenditures, not consump- 
tion, across a large number of individuals and looking across one-year hori- 
zons. Hence, we suspect the distinction between durables and nondurables is not 
likely to matter much. Further, since the buffer stock model gives strong pre- 
dictions about consumption tracking income, it is important not to break the 
consumption-income link when studying consumption. We will also report the 
results when consumption is restricted to nondurables and income is defined as 
disposable income after durable expenditures. 

Our measure of disposable labor income is comprised of after-tax family 
income less Social Security tax payments, pension contributions, after-tax asset 

30 We are arguing that user cost of housing-repairs, maintenance, utilities, and housing services- 
captures the expenditures made for consumption on housing by homeowners. Note that we do not 
subtract down payments or payment of principal from consumption or income so that nearly all 
housing wealth is modelled as liquid. 
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FIGURE 2- Household consumption and income over the life cycle. 

and interest income and, as noted, those expenditures subtracted from consump- 
tion. The first two adjustments are saving in illiquid form and so are available to 
the household only after retirement. We remove asset income since the input to 
our theoretical model is a profile of income net of liquid asset returns. Consis- 
tent with the spirit of our model, all items removed from income involve a large 
amount of commitment and are hard to substitute intertemporally. 

Finally, we put all data into real 1987 dollars using the Gross Domestic Product 
implicit price deflator for personal consumption expenditures.31 

5.3. Life Cycle Profiles 

Figure 2 presents consumption (raw and smoothed) and income profiles for 
our entire sample when the family-size is held constant over the life-cycle. Even 
after correcting for the effects of cohort, time, and family, both profiles are still 
hump shaped and track each other early in life. Consumption lies above income 
over the late twenties. Given that the CEX wealth data, and better household 
wealth surveys, show modest increases in liquid wealth over these ranges, this fea- 
ture seems likely due to misreporting of income or consumption. One possibility 
is underreporting the assistance that 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 because we control for changes in family size and cohorts effects. 

31 t is important not to use different deflators for income and consumption. This could break 
the relationship between cash on hand and consumption in nominal terms, which is the relationlship 
predicted by the buffer-stock theory. 
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Figures 3 and 4 give some evidence that consumption and income track each 
other across subgroups of the population defined by education and occupation 
groups. These graphs are somewhat noisy. However, despite the noise, 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. This is 
essentially a now standard test of the linearized consumption Euler equation, as 
studied by Attanasio and Weber (1995), Lusardi (1996). 

Our profiles differ slightly from the results of Attanasio and Browning (1995) 
and Attanasio and Weber (1995). These papers employ a larger set of preference 
shifters: once controlling for these, consumption is smoother and the CEQ-LCH 
is not rejected. In Attanasio and Weber (1995) and in the linear Euler-equation 
approach generally used in micro data, precautionary effects are omitted so that 
preference shifters absorb, correctly or incorrectly, variation in consumption that 
we attribute to uncertainty. Clearly, allowing for enough preference variation can 

Thofu1987ndols A. Some High School of 1987 dollars B. High School Degree 
20 25 

18 - 
00 20- 0 0O 

0 . _ 20 0 0 
16 - 00 00 

00 0 

14- 15 00 

30 40 50 60 30 40 50 60 

C. Some College D. College Degree 
30 35 

30 - 

25- t ? ? Income 
20- 0 000002- 2 ~~~ ~~~~~~0 00 20 - 

00 
15' - 151 

30 40 50 60 30 40 50 60 

E. Some Graduate School Age 
35 

-Fitted Consumption 

0 ~~~~Smooth Consumption 
0Raw Consumption 

20~~~~~ 

30 40 Ae50 60 

FIGURE 3.-Household consumption and income over the life cycle, by education group. 
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FIGURE 4.-Household consumption and income over the life cycle, by occupation group. 

explain the life-cycle correlation without reference to substantial household-level 

uncertainty. The approach of this paper is to adjust only for the size of the house- 

hold and examine how precautionary saving explains the observed consumption 

behavior. Our methodology has the potential to nest and test both explanations. 

It is also worth noting that our profiles represent total consumption expenditures 

rather than nondurable consumption. 

6. RESULTS 

We first estimate our model for the average household and discuss the impli- 

cations of the fitted structural model for household behavior. We then turn to 

disaggregated results, by education and occupation groups, and to evaluating the 

robustness of our findings. 

6.1. Findings from the Entire Samnple 

As a useful benchmark, we begin by asking what the standard Life-Cycle theory 
would predict, assuming away all uncertainty. To give the best chance to the 

CEQ-LCH, we perform first difference estimation, not asking it to fit the mean 

of the consumption profile. Under certainty, equation (2) holds, implying, after 
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controlling for individual characteristics, a constant growth rate of consumption 
over the working period: 

- 1 
,A In Ct - ln(OR). 

P 

We estimate (llp) ln(/3R) from the coefficient on age in a least-squares regres- 
sion of the profile of consumption with family size, cohort, and time effects 
removed, as displayed in Figure 2. This procedure seems trivial only because of 
our earlier efforts to remove changing family-size and cohort effects. It is pre- 
cisely this simplicity that gives the CEQ-LCH its power. From our estimate, we 
use the delta method to recover the discount factor and its standard error, using 
the real interest rate estimated in the previous section and a choice of the coef- 
ficient of relative risk aversion of unity.32 We estimate a discount rate of 3.44% 
with a standard error of 0.281%, after adjusting the estimate for both first order 
serial correlation and first-stage uncertainty. Since the CEQ-LCH consumption 
profile is flat and the data as shown in Figure 2 are hump-shaped, the certainty 
model performs poorly when it comes to explaining the dynamics of consumption 
across the life cycle. 

Table III presents the results of estimating our structural model with income 
uncertainty. The associated consumption rules are displayed in Figure 1, panel A. 
The first column of Table III displays the results when the initial, robust weight- 
ing matrix is employed; the second displays the results with the optimal weighting 
matrix. The standard errors are calculated without (A) and with (B), the adjust- 
ment for uncertainty in the parameters R, p, &2, &,2, and (O26 from the first-stage 
estimation.33 The standard errors typically increase, once the uncertainty in the 
first-stage parameters is accounted for. 

The discount rate is estimated at just over four percent, which is within con- 
ventional significance levels of the real interest rate of 3.44 percent. It is worth 
noting that the discount rate is within a reasonable range. Using information on 
the elasticity of assets with respect to uncertainty, Carroll and Samwick (1997) 
estimate a discount rate in the vicinity of 10-15% and argue that even higher 
discount rates are needed to rationalize the findings of Hubbard, Skinner, and 
Zeldes (1994). Our lower discount rate, however, does not imply that households 
are not impatient enough to generate buffer stock behavior, as we will show 
shortly. 

When we employ an optimal weighting matrix, the precision with which we 
estimate the discount rate declines significantly compared with the variance esti- 
mate that does not correct for uncertainty about the first stage parameters (A), 

32 Since OR 1, the choice of p matters little. The coefficient of relative risk aversion and the 
discount factor are not separately identified because we do not have any variation in the desire to 
shift consumption across time. 

33 We do not include all the first-stage parameters in the first-stage variance correction. In particu- 
lar, we do not include the parameters that drive the family shifters and the expected income profile. 
We report results including uncertainty about these parameters in Section 6.3 where we investigate 
robustness issues. 
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TABLE III 

STRUCTURAL ESTIMATION RESULTS 

Robust Optimal 
MSM Estimation Weighting Weighting 

Discount Factor (,() 0.9598 0.9569 
S.E.(A) (0.0101) 

S.E.(B) (0.0179) (0.0150) 
Discount Rate (,31- 1)(%) 4.188 4.507 
S.E.(A) (1.098) 

S.E.(B) (1.949) (1.641) 
Risk Aversion (p) 0.5140 1.3969 
S.E.(A) (0.1690) 
S.E.(B) (0.1707) (0.1137) 
Retirement Rule: 

YO 0.0015 5.68 10-6 
S.E.(A) (3.84) 

S.E.(B) (3.85) (16.49) 
Yi 0.0710 0.0613 
S.E.(A) (0.1215) 

S.E.(B) (0.1244) (0.0511) 
x 2 (A) 175.25 
x2(B) 174.10 185.67 

Note: MSM estimation for entire group. Standard errors calculated without 
(A) and with (B) correction for first stage estimation. Cell size is 36,691 house- 
holds. The last row reports a test of the overideiitifying restrictions distributed 
as a Chi-squared with 36 degrees of freedom. The critical value at 5% is 50.71. 
Efficient estimates are calculated with a weighting matrix Q computed. from 
the robust estimates. 

but increases compared to the 2-step variance estimate (B). There is a growing 
literature that questions the small-sample validity of optimal weighting due to 
the correlation between parameter uncertainty and the weighting matrix. Opti- 
mal weighting can be more efficient; it can also be more biased. Thus we report 
both. 

The intertemporal elasticity of substitution is estimated quite tightly, and is 
the sole parameter estimate that depends significantly on the weighting matrix 
employed. The estimated retirement rule suggests a marginal propensity to con- 
sume out of wealth at retirement (yl) between 6 and 7 percent, also quite rea- 
sonable. For instance, in the case of full certainty after retirement and no change 
in the utility shifter, the marginal propensity to consume is given by 

(1 R1/ 01/ -1)/(1 - = 7.05 percent, 

given our estimates of /3, p, and R and setting death at age 88. Thus the estimate 
is very much in line with simple predictions of the model. 

Finally, under our assumptions, the ratio Yo/Yi provides an estimate of the 
ratio of illiquid wealth to the permanent component of income at retirement. The 
point estimate is extremely small, around 2%. The first thing to note is that this 
ratio is imprecisely estimated and we cannot reject more reasonable values. An 
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alternative interpretation for a low PYo is that households have a low propensity 
to consume out of illiquid wealth at retirement.34 

It should be noted that both estimation methods reject the overidentifying 
restrictions at the 5%o level. The 95%o critical value for a X2(36) is 50.71 and the 
chi-square always exceeds 150. This is not entirely surprising, given the number 
of moments we use (40) and the few parameters of the model. The estimated 
model should still be taken seriously however. As we now discuss, the model 
does much better in an economic sense than the CEQ-LCH model with which 
this section begins. 

With our estimates in hand, we can address how well the stochastic model fits 
the life-cycle consumption profile. The first panel of Figure 5 plots the simulated 
and actual consumption data along with the income profile. The stochastic life- 
cycle model does a much better job at fitting the consumption profile than the 
consumption profile with constant growth rate of (1/p) ln(/3R) that would obtain 
under the certainty-equivalent. The consumption profile from the fitted model 

34 For instance, if the ratio of illiquid wealth to permanent income, h, were equal to 6, the marginal 
propensity to consume out of illiquid wealth would be a mere 0.35%o. 
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tracks income until around age 40 and then falls as households start increasing 
their liquid wealth holding in preparation for retirement. 

In two places however, the model fit is not good. First, actual consumption 
exceeds simulated consumption early in life. As we discussed in the preceding 
section, in the data consumption exceeds income early in life. This may reflect 
a weakness of the data, rather than the model. Second, the actual consump- 
tion profile is slightly flatter and peaks slightly later. Apart from these features 
however, the tight structure imposed by the model produces good predictions in 
terms of consumption dynamics. 

Why are we able, within the context of our model to obtain such tight esti- 
mates? The second panel of Figure 5 plots various simulated profiles for values 
of ,B, one percent away from the point estimate. This corresponds to choices of 
/ = 0.9498 and / = 0.9698, or equivalently, to discount rates of 3.11 and 5.28 
percent. It is obvious that the profiles are very sensitive to small variations in the 
discount factor, holding p constant. With a higher discount factor, the household 
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, as is the case in this figure. On the other hand, for more impatient 
households, consumption parallels income until much later in life and then falls 
more precipitously to build assets for retirement. This implies a stronger con- 
cavity of the consumption profile. Thus, our method yields tight estimates of the 
discount factor because the discount factor is an important determinant of the 
hump shape in the consumption profile. 

We now turn to the question of how household behavior changes over the life 
cycle. Define the target level of cash on hand at age t, xt, as the level at which 
cash on hand is expected to remain unchanged from age t to age t + 1 (Carroll 

(1997)): 

xt = Et [Xt+iI Xt = Xt] 

For large initial levels of cash on hand (xt > x-J, households choose high levels 
of consumption and thus future levels of cash on hand are on average lower. For 
low levels of cash on hand (xt < x-), households consume less than the income 
they expect to receive and so on average accumulate cash on hand. 

Figure 6 presents the target level of cash on hand for consumers aged 26- 
42, from the fitted model. One can see from the graph that the target level of 
cash on hand-including current income-remains small early in life, around 1.2 
times the permanent component of income. Around age 40, this target increases 
substantially, as consumers begin to build their wealth for retirement. This figure 
shows a dramatic change in behavior. When the target level of liquid wealth is 
small, households behave as 'buffer stock' consumers. Good income shocks are 
consumed away and bad income shocks are imperfectly smoothed. Household 
consumption closely follows household income. Starting around age 38, agents 
begin to accumulate assets for retirement. As households move into their forties, 
they build significant amounts of liquid wealth. This retirement wealth allows 
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FIGURE 6.-Normalized target cash-on-hand by age. 

households to smooth high frequency movements in income so that their behavior 
more closely mimics that of certainty-equivalent consumers. 

We next decompose total saving and wealth at each age into that driven by 
life-cycle considerations and that additional amount driven by the presence of 
uninsurable risk. 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. First, we define saving in 
liquid wealth as the discounted variation in financial wealth from one period to 
the next:35 

Si t = (Wi, t+1 -Wi, )/R = (R - 1)/RWi, t + Yi, t-Ci t. 

Saving is equal to investment income-liquid and illiquid-plus labor income 
minus consumption. From our empirical profiles in Figure 5, it follows that house- 
holds save relatively little and consume roughly their income on average early 
in life. Second, at the estimated parameters, we compute the consumption path, 
{C/c}, that would occur if all income risks were pooled, so that for all households 
YtLC = E26[Yt], but the household's environment otherwise remains unchanged.36 
Finally, we define life-cycle saving as the difference between total income and 

35 The discount comes from the assumption that income is received and consumption occurs at the 

beginning of the period. 
36 In order to do this, we input the consumption rule at retirement as estimated in our benchmark 

case. Our estimates imply that if households faced no risks after retirement, the age of death, N, is a 
reasonable 87 years. That is, if we set preferences at our estimated values and N = 87, the standard 
life cycle model with a certain date of death implies the same value function at retirement as we 
estimate (up to a constant). 
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life-cycle consumption: 

SfC t(W 1 - W )/R = (R - 1)/RWtc + YtL Ci-t 

Precautionary saving is the complement of life-cycle saving. 
The first panel of Figure 7 plots the precautionary and life-cycle liquid saving 

of the average household. Given the estimated discount rate and the profile of 
expected income, young consumers facing no income risk would like to borrow 
large amounts, so life-cycle saving is negative early in life. Young households in 
fact hold a positive buffer stock of wealth in response to income risk, so that pre- 
cautionary saving is positive early in life. In the early to mid forties, in accordance 
with our previous discussion, life-cycle saving becomes larger than precautionary 
saving. Households begin to build their liquid wealth for retirement purposes. As 
asset levels increase, the expected variance of consumption declines, decreasing 
the precautionary saving motive. Since households that face income uncertainty 
save more early in life due to risk, they are able to consume more and save less 
when older, leading to negative precautionary saving late in life. This discussion 
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FIGURE 7.-The role of risk in saving and wealth accumulation. 
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highlights the importance of the income profile. Absent income growth, house- 
holds would start saving for retirement early in life. This liquid wealth would 
double as a buffer stock. Thus there would be no additional precautionary saving 
motive and household behavior would be well approximated by the CEQ-LCH. 

Panel B of Figure 7 displays average total, life-cycle, and precautionary liquid 
wealth, obtained by integrating the corresponding saving profiles. We observe 
first that total wealth always exceeds life cycle wealth, reflecting the presence 
of uninsurable income risk. Second, life-cycle wealth is negative early in life, 
representing the desire of households facing no risk to borrow as just discussed. 
Third, since young households actually hold small positive amounts of wealth on 
average, precautionary wealth early in life is substantial, peaking at $110,000 or 
3.6 times current income by age 42. Finally, as households get older, life-cycle 
wealth becomes very substantial, reaching $229,000 or 6.7 times current income 
at the age of retirement, while precautionary wealth slowly declines, leaving total 
wealth at $312,000, or about 9 times income at retirement.37 

An important caveat to this exercise is that our estimation does not try to 
match the model to wealth data, and household accumulation of liquid wealth 
is larger than observed liquid asset wealth at retirement. According to the 1998 
Survey of Consumer Finances, mean total (excluding Social Security wealth but 
including pension and housing) wealth of 55-64 year old households is 7.4 times 
total pre-tax income, where our model predicts a factor of 9 times, excluding 
pension wealth.38 This feature of the data is the same feature that drives the 
finding of low yo. 

Finally, we apply the same partial-equilibrium decomposition to aggregate 
wealth per effective household in our economy. We assume that there is no 
uncertainty after retirement and certain death at age 87. According to our defi- 
nition, precautionary wealth represents 62 percent of all wealth holding with no 
population growth. This share rises to 71 percent under the assumption that the 
population grows at one percent per year. These shares are reasonably close to 
Caballero (1991), who reports findings for a calibrated CARA model, and Cagetti 
(1998), who employs our methodology to fit wealth profiles.39 

6.2. Findings from Different Education and Occupation Groups 

We next estimate the model separately on subgroups of the population defined 
by education levels and occupations. This allows us to exploit variation in the 
environments of different agents and allows different subgroups of the popula- 
tion to have different preferences. Technically, we simply follow the procedure 
described above on each cell, using first-stage estimates already presented by 
subgroup in Sections 4 and 5. Each group's consumption profile is matched with 

37 These current income and wealth numbers refer to averages of levels (not logs) and so are not 
immediately comparable to the income profiles. 

38 In favor of our model, the households we would like for this comparison are 65 year olds in 
2006. On the other hand, some housing wealth is de facto illiquid in our model. 

39 Gourinchas and Parker (2001) provide some additional calculations based on our model. 
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different estimates using a different income profile (Figures 3 and 4), income 
uncertainty (Table I), and initial average log liquid wealth (Table II). The results 
are summarized in Table IV and the simulated consumption profiles from the 
fitted model are presented in Figures 3 and 4. 

The estimated discount factors are close to that obtained using the aggregate 
profile. The discount rate lies between 3.94 percent (Some High School) and 5.71 
percent (Managerial and Professional). Interestingly, there is no clear pattern 
associated with the level of education. If anything, the discount rate is slightly 
higher for more highly educated households. By contrast, there is much wider 
dispersion in the estimated coefficients of relative risk aversion, from a low of 
0.282 (Some High School) to a high value of 2.290 (Graduate School). The 
coefficients of the consumption rule at retirement are also within a reasonable 
range of the aggregate estimates. The marginal propensities to consume out of 
liquid wealth range between 5% and 7% despite being imprecisely estimated. On 
the other hand, we find extremely low and imprecise estimates of yo for most 
cells, implying, as before, either an unreasonably low ratio of illiquid wealth to 
permanent income at retirement, or a very low marginal propensity to consume 
out of illiquid wealth. 

TABLE IV 

ESTIMATES FROM THE STOCHASTIC MODEL BY EDUCATION AND OCCUPATION 

Discount Discount Risk 
Factor Rate Aversion Retirement Rule 

Group (X3) (-11) (P) Yi N 

Education 
Some High School 0.962 3.94 0.282 0.209 0.072 53.60 4,270 

(0.082) (8.92) (1.481) (5.04) (2.360) 
High School Graduate 0.949 5.30 0.869 3.79 10-3 0.059 59.12 12,445 

(0.015) (1.64) (0.220) (20.05) (0.049) 
Some College 0.960 4.15 0.394 0.351 0.043 84.21 9,653 

(0.159) (17.29) (2.344) (4.095) (3.156) 
College Graduate 0.930 7.48 2.290 1.55 10-8 0.049 111.70 6,350 

(0.060) (6.97) (0.423) (54.60) (0.075) 
Graduate School 0.944 5.93 1.694 1.06 10-7 0.057 87.26 5,973 

(0.087) (9.77) (0.843) (18.23) (0.076) 

Occupation 
Managerial and Prof. 0.946 5.71 1.672 5.20 10-8 0.050 115.62 12,693 

(0.060) (6.69) (0.524) (22.78) (0.067) 
Tech., Sales, Admin. 0.953 4.90 1.059 2.13 10-7 0.049 64.02 6,548 

(0.037) (4.11) (0.339) (39.42) (0.064) 
Precision Prod., Craft 0.953 4.97 0.990 0.003 0.054 52.86 4,469 

(0.333) (36.77) (3.895) (18.49) (0.997) 
Operators, Laborers 0.953 4.90 0.867 3.14 10-6 0.049 57.58 6,063 

(0.489) (53.80) (4.846) (1365.28) (2.35) 

Note: MSM estimation in levels. Standard errors calculated with correction for first stage estimation. The next to last column 
reports a test of the overidentifying restrictions distributed as a Chi-squared with 36 degrees of freedom. The critical value at 5% is 
50.71. 
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Perhaps more interestingly, the overidentification test statistics are much 
smaller, indicating that the model does a better job at fitting the actual consump- 
tion profiles. Indeed, looking back at Figure 3 and Figure 4, we see that the fitted 
consumption profiles are very much in line with the unconstrained smoothed con- 
sumption profile estimated from the data. For all cells, the consumption profile 
is hump-shaped and the simulated profiles indicate that households start accu- 
mulating for retirement purposes between 35 and 40 years. The behavioral impli- 
cations of this set of results are the same as those just discussed for estimation 
that did not allow for cross-group heterogeneity. 

6.3. Robustness 

To provide further evidence on the strengths and weaknesses of the model, we 
present the results of five alternative procedures: (i) estimating the initial level 
of liquid wealth in the second stage; (ii) estimating the retirement consumption 
rule directly from micro data in the first stage; (iii) estimating by matching age- 
specific growth rates rather than levels; (iv) adjusting the second-stage inference 
for income and family profile estimation; and (v) reducing the variance of the 
income shocks to account for measurement error, (vi) matching the consumption 
profile for expenditures on nondurable goods only. 

First, we estimate in the second stage the average initial cash on hand 6i26 with 
which households begin life. While the model fits the data better with this extra 
parameter, the second stage no longer provides precise or sensible identification 
of the structural parameters. The results are presented in columns 1 and 2 in 
Table V and in Figure 8. This alternative simulated profile does a better job than 
the baseline model in terms of fitting household consumption during the first 5 
years of life, when measured consumption lies above measured income. The pro- 
cedure attains this by assigning an implausibly high value of initial cash on hand: 
the mean level of assets is estimated to be 12.6 times current income.40 With high 
initial wealth, the typical household can easily buffer labor income shocks and 
enjoy high consumption early in life. To fit the observed high correlation between 
income and consumption prior to middle age, the estimation procedure guesses 
that agents are very impatient (so that they run this initial wealth down) and are 
quite unwilling to substitute intertemporally. The discount rate is estimated as 
14% and the coefficient of relative risk aversion at 5.2. 

While it is possible that this high wealth comes from inheritances, this is at 
odds with all household surveys of wealth holding. In our minds, this is enough 
to reject this alternative scenario; however it informs us about the model. From 
this and other experiments, we conclude that identification hinges in part on pro- 
viding the second-stage with more information than is contained in the profiles 
alone. In particular, from the typical consumption profile, one can accurately and 
sensibly estimate the preference parameters only by fixing either the retirement 

40 Recall that we estimate ti26 = E[ln w26], and so the mean level of cash on hand is given by 

exp((026 + -226) 
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TABLE V 

ROBUSTNESS CHECKS 

Estimation (1) (2) (3) (4) (5) (6) (7) 

Consumption 
Measure: Total Total Total Total Total Total Nondurable 

Optimal 
Weighting No Yes No No No No No 

Fix Ct26 No No Yes Yes Yes Yes Yes 
Method Level Level Level First Diff Level Level First Diff 
Fix (70, yl) No No Yes No No No Yes 
Income 

Correction No No No No Yes No No 
Variance 

Correction No No No No No Yes No 

Discount 
Factor (,B) 0.8741 0.8724 0.9648 0.9643 0.9598 0.9606 0.9630 

S.E.(A) (0.0984) (0.0002) (0.0202) (0.0101) (0.0013) (0.0962) 
S.E.(B) (0.1032) (0.0197) (0.0087) (0.0206) (1.1147) (0.0033) (0.1080) 
Discount Rate 14.406 14.627 3.6412 3.6992 4.188 4.102 3.843 

(p-1 
- 

1) (%) 
S.E.(A) (12.881) (0.0224) (2.171) (1.0981) (0.1363) (10.370) 
S.E.(B) (13.515) (2.589) (0.935) (2.212) (121.01) (0.3597) (11.635) 
Risk Aversion (p) 5.1817 5.2823 0.1278 0.1585 0.5140 0.4803 0.1536 
S.E.(A) (0.5640) (0.0004) (0.5855) (0.1690) (0.0249) (1.8082) 
S.E.(B) (0.6522) (0.1195) (0.0088) (0.6669) (16.592) (0.2707) (2.0180) 
Retirement Rule: 

YO 5.37 10-' 1.36 10-4 0.594 0.001 0.0015 0.0001 0.2977 
S.E.(A) (20.70) (1.668) (3.849) (5.510) 
S.E.(B) (20.74) (7.86) (1.675) (1221.) (8.390) 
yi 0.0211 0.0203 0.0774 0.1455 0.0710 0.0832 0.0388 
S.E.(A) (0.1824) (0.3163) (0.1215) (0.0533) 
S.E.(B) (0.1847) (0.0465) (0.3184) (38.976) (0.0750) 

Initial Wealth 
(exp((026)) 2.5715 2.5715 0.0612 0.0612 0.0612 0.0612 0.0612 

S.E.(A) (0.6472) 
S.E.(B) (0.8578) (0.4808) 
X92 (A) 91.89 1690 34.13 175.25 163.25 42.22 
x 2 (B) 91.83 91.78 1619 33.37 155.66 154.83 41.36 

Note: MSM estimation in levels and first differences. Standard errors calculated without (A) and with (B) correction for first stage 
estimation. The next to last column reports a test of the overidentifying restrictions distributed as a Chi-squared with 36 degrees of 
freedom. The critical value at 5% is 50.71. 

consumption rule or the initial value of assets. Without these parameters esti- 
mated from other sources in a first stage, there is not enough information in the 
profiles to provide accurate estimation of the model. 

In our second evaluation of the model, we estimate yo and yi in the first stage 
from consumption and asset measures around the age of retirement. We use 
the PSID to construct measures of liquid assets in 1989, income from 1989 to 
1994, and total consumption from 1989 to 1994, from active saving, wealth, and 
income measures. We then annualize the data and estimate a crude consumption 
function as 

Ci = YOPi + ylXi + Y2fi + Ei 
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FIGURE 8.-Fitted consumption profiles under different model assumptions. 

across households. We obtain 

O = 0.594 s.e. (0.158); -% =0.0774 s.e. (0.0125). 

This estimated marginal propensity to consume at retirement, 0.0774, is very 
close to the one in our baseline results 0.071, while the ratio of illiquid wealth to 
the permanent component of income, at retirement, is equal to (Yo/Yl) = 7.67, 
a more realistic number.41 

The third column of Table V shows that the estimated discount rate is slightly 
lower than in the baseline estimation and the coefficient of relative risk aversion 
is estimated to be quite low. While the parameters appear very tightly estimated, 
the overidentification restriction increases dramatically. The chi square value is 
1690. As shown in Figure 8, the simulated profiles are substantially higher than 
the actual profile in most years. This accounts for the overidentification rejection. 
Given the above parameters, households receive 7 times their permanent income 
at retirement. This decreases saving in liquid assets over the working life. This 
alternative scenario highlights the difficulty the model has in fitting both the 
large amount of liquid saving implied by the CEX profiles and the implicit large 
amount of illiquid wealth made available at retirement. 

Since there may be some problems in the CEX measuring the relative levels 
of consumption and income, we next estimate the model in first differences, 
so as to try to match the growth of consumption over the life cycle, not its 

41 Gourinchas and Parker (1997) present a similar result based on the CEX data. 
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level. This eliminates one moment condition. The resulting parameter estimates 
(column (4) of Table V and Figure 8) are substantively and statistically similar to 
our benchmark results. More importantly, the test of overidentification does not 
reject the model. Since it is likely that all household consumption expenditures 
are not measured in the CEX, this mismeasurement may well be the reason that 
the data reject the baseline model. 

Fourth, we adjust the standard deviations of the second-stage estimates to 
account for the statistical uncertainty in the estimation of the profiles of income 
and utility shifters, as estimated in Section 5. Formally, the second-step correction 
employs the variance-covariance matrix for the fifth-order polynomial coefficients 
from the smoothed income and utility shifter profiles. The results are reported 
in column (5) of Table V and demonstrate extremely large standard errors. That 
is, given the sampling uncertainty with which a fifth-order polynomial estimates 
the income profile, the consumption profile does not provide an accurate mea- 
sure of preference parameters. Since the age-pattern of income determines the 
age-pattern of consumption, the income profile is important in identifying the 
consumption profile. 

Fifth, we address the possibility that our measures of uncertainty overstate the 
true risk faced by households. If there were mismeasurement in labor income, 
this would bias upwards our estimates of income uncertainty. With serially uncor- 
related measurement error, mismeasurement inflates only our measure of the 
variance of transitory income. Serially correlated mismeasurement could however 
bias both of our measures. Additionally, households may have access to informal 
mechanisms that mitigate the impact of income risk on consumption. If we have 
overestimated permanent and transitory income uncertainty, the reader might be 
concerned that this is generating some of our results, particularly our low esti- 
mate of risk aversion.42 A reasonable guess might be that roughly a third of the 
variance of measured income growth is due to mismeasurement and that most 
of this is transitory (see Bound and Krueger (1991) and Bound (1994)). How- 
ever, given our concern about unmodeled sources of insurance, we experiment 
with an extreme alternative. We re-estimate our model halving the variance of 
transitory income shocks and reducing by one third the variance of permanent 
shocks. Column (6) of Table V reports our findings. Most parameter estimates 
are largely unchanged with a tightly estimated discount rate of 4.1% and a rel- 
ative risk aversion of 0.48, close to the benchmark estimate of 0.51. Thus, our 
procedure estimates a relatively low risk aversion even for substantially lower 
estimates of individual income uncertainty. 

Lastly, we estimate the same set of parameters using information on non- 
durable expenditures only. Strictly speaking, our model refers to total consump- 
tion, the sum of expenditures on nondurables and the flow consumption on 
durable. However, since households do not rent all durables, a more complete 
model would accommodate both sorts of goods separately. We stop short of 

42 We thank one of our referee for pointing this out to us. 
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doing so and investigate here what our model implies for nondurable expendi- 
tures assuming durable expenditures are mandated expenditures and subtracting 
them from our measure of income and consumption.43 Since we are altering the 
level of the profiles, we also estimate the model in first differences and adjust 
the parameters of the consumption rule at retirement so as to match the ratio of 
nondurable to total consumption at retirement. The results (column (7)) indicate 
a substantially lower coefficient of relative risk aversion, at 0.15. The discount 
rate is unchanged at 3.84%. Neither parameter is estimated very tightly, which 
accounts for the relatively low value of the overidentification test which does not 
reject the model. 

7. CONCLUSION 

This article contributes to the analysis and understanding of household con- 
sumption and saving behavior. 

We develop a new method for estimating household consumption behavior. 
We model consumer behavior in the presence of realistic levels of uninsurable 
income uncertainty and estimate preference parameters and household consump- 
tion behavior using the Method of Simulated Moments. The model fits well and 
yields tight estimates of the discount rate and intertemporal elasticity of substi- 
tution. This methodology is now being used to estimate expanded models that 
address portfolio choice, labor supply, and retirement behavior (Gakidis (1998), 
Cagetti (1998), and French (1998)). 

Our results indicate that small holdings of liquid assets by young households 
is an optimal response to expected income growth and the riskiness of future 
labor income over the life cycle. Until their early forties, household consump- 
tion behavior, while fully optimal, appears short-sighted within the context of the 
CEQ-LCH. Despite this apparent impatience, we estimate that households dis- 
count the future at modest rates and are not particularly risk averse. Our results 
also imply that older households save actively for retirement purposes and behave 
in a manner more consistent with the CEQ-LCH. These two phases of consumer 
behavior turn out to be quite distinct and are at the heart of our identification 
procedure. The neoclassical representative-agent model of aggregate consump- 
tion is incorrect precisely because of this changing behavior over the working life. 

We see two interesting avenues for future research. First, our method could 
be fruitfully extended to richer representations of household intertemporal 
choices. We suspect there is much to be learned from the study of portfo- 
lio choice, durable goods, retirement, labor supply, or the effect of tax policy 
and social insurance programs. Second, our approach could be applied to esti- 
mate the aggregate implications of micro heterogeneity. For instance, estimated 
age-variation in consumption behavior that we find in the data may explain 

43 Under this assumption, durable goods cannot be used to offset labor income uncertainty. While 
this is an extreme assumption, the common assumption of adjustment costs implies that durable 
goods are worth a fraction of their original value on second-hand markets. 
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Campbell and Mankiw (1989) finding that roughly 40% of all agents are 'hand 
to mouth.' 
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APPENDIX 

A. NUMERICAL SOLUTION TO THE CONSUMER PROBLEM 

This Appendix describes our approach to solving numerically the consumer problem. 

A.1 Gauss-Hermite Quadrature 

The algorithm exploits the recursive structure of the consumer problem by solving the Euler 
equation for the optimal consumption rule. Assume for the time being that we know how to compute 
c+1 (.) for all possible values of cash on hand. One can rewrite the Euler equation (5) using the 
intertemporal budget constraint (4) as: 

(16) u'(ct(x))=/PRv(Z+;) (pE[ u' (, ((x-c,) N )Gt+?N)] 

+(1-p)E u (ct+l((x-ctG N+U G1+1N U > 0u 

The first problem consists in evaluating the expectation in (16). Since N and U are log normally 
distributed, a natural way to evaluate these integrals is to perform a two-dimensional Gauss-Hermite 
quadrature: 

E[u'(ct+1(xt+1)Gt+1N) U > 0] = flu'(ct,1 (xt+ )Gt+IN) dF(N) dF(U) 

= f ft (n, u)e'2 ee diu dn 

ft Ef(ni, 11j)c0ij, 

where 

f,(n, it) =T C+((x - c) G e'[2''E+e-[1 G,e- 

The weights otoi and nodes ni, u1 are tabulated in Judd (1988). In practice, we performed a quadrature 
of order 12. 

One can then find the root of the Euler equation at any point x using standard methods. We 
constrain the root to be positive and less than x, the current value of cash on hand. As discussed in 
the paper, this restriction is always satisfied when there are no illiquid assets. 
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A.2 Consumption Rutles 

We initialize the algorithm with the consumption rule at retirement. One can show that the con- 
sumption rules for this problem are continuously differentiable 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 (1994). We effectively impose a liquidity constraint by not 
allowing the household to borrow against illiquid assets. This indicates that smooth approximation 
methods are inappropriate. Instead, we use a standard discretization method: we specify an exoge- 
nous grid for cash-on-hand: {xj}f I C [0, Xnlax]. In order to capture the curvature of the consumption 
rule at low values of cash on hand, the grid will be finer for x E [0, x""]. In practice, for each value 
of cash on hand on the grid, xi, we find the associated consumption, c', that satisfies (16). In choos- 
ing 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 + 1 is the input necessary to get the consumption rule at age t, impre- 
cisions 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 periods, we must solve (16) 4000 
times. This takes approximately 1.5 minutes on a Sun Sparc Enterprise 10000. We also face a deci- 
sion regarding the range of cash on hand, Xmax. For small values, cash on hand in sample is likely to 
move out of the grid. Consumption will then be evaluated using extrapolation methods, much less 
precise than interpolation. On the other hand, increasing the range for a fixed number of grid 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 a simpler 
approach consisting in checking that cash on hand, in the simulations, remains strictly inside the grid. 
In practice, we took Xmax = 40, xint = 2, and J = 100, with 50 points between 0 and Xinl. 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. Note that even if simu- 
lated x remains strictly inside the grid, approximation errors can arise from the Euler equation since 
evaluating expected future marginal utility may require looking outside the grid. 

A.3 Simulations 

We simulate consumption profiles by generating a sequence of 20,000 fictitious income processes 
over 40 years. For given parameters of the consumption problem, we solve for the optimal age- 
dependent consumption rules as explained above. Lastly, we calculate the consumption decisions of 
households receiving these income processes. We then construct life cycle consumption profiles by 
log-averaging across age. 

B. ASYMPTOTIC VARIANCE COVARIANCE MATRIX AND TEST OF 
OVERIDENTIFYING RESTRICTIONS 

We follow Newey and McFadden (1994) and use an expansion method. Define the first-stage sam- 
ple moments that correspond to the theoretical moments as mn(x) = (1/J) ?j. I Lj(X), where J is the 
number of observations for the first stage. X is asymptotically normally distributed with a theoretical 
variance covariance matrix V -' f2..,-" where ?2. = E[[L(X0)[L(X0)'] and M = E[d[(Xo)1dX ]- 
Consistent estimation of V. uses the empirical counterparts to M. and ?2,. as is standard in GMM. 
Since the first-step is exactly identified, the choice of a weighting matrix is irrelevant here. X is 
an asymptotically linear estimator with influence function -M= -M4-1j(X0) where V(X - Xo) = 

(11/,F) -_lj + op (1). 
The first order condition for the second stage estimator is: 

go, X)Wg(O, X) = 0, 

where go(O, X) = dg(H, X)/Id'. Expanding g(H; X) around Ho and rearranging yields 

(O - 0H) = -(go(6; X') Wgo(O; X)) go (; X) WVJg(00; X), 
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where 0 denotes a consistent mean value. Expanding the same term further, this time around Xo, we 
obtain 

17(0- o0) = -(go(&; D)'Wgo(; X))go(0; k)'W 

x [ig(0o; Xo) + X) - , + o (1)] 

By the Slutsky and central limit theorems, v1I(H - 0H) converges in distribution to a mean zero normal 
distribution with asymptotic covariance matrix: 

V0 = (G WGo)-GoWE [(g(0o; Xo) + Gx ) (g(oo; Xo) + /G 

x WG0(G'WG4)-1, 

where G, = E[da(00, XO)/d0'] is T x k and G. = E[da(00, Xo)/ax'] is T x r. As the mean values 
converge to the true ones the sample gradients converge to their theoretical counterparts. 

Since our first-stage and second-stage estimator use different structural models and mostly differ- 
ent data, we assume that the first-stage and second-stage moments are uncorrelated. In that case, the 
formula simplifies to 

(17) Vo = (G'0WG0)-l G' WE [g(00; X0)g(00; Xo)' + Gx/iG] WGo(G/oWGO)l 

= (GWGO) GoW [ng + UGxVxG WGo(GoWGo)-', 

where f2g = E[h(0o, Xo)h(0o, Xo)'] is T x T, s = lim1O.(I + (I/L)), and e = lim1O(I/J). This makes 
clear that as the relative precision of the first stage increases (i.e. e -* 0), the correction for the 
first stage disappears. s controls for the simulation error. As the simulation becomes more and 
more precise, s -* 1. To construct an estimate of (17), we replace the theoretical concepts with their 
empirical counterparts, as is done in the usual GMM framework. 

We use two different choices of the weighting matrix in our estimation. First, we choose a matrix 
that, while not fully optimal, does not depend on the fitted model. This is motivated by the observation 
that optimally weighting GMM estimators can worsen finite-sample bias (see for example West, fu 
Wong, and Anatolyev (1998)). We set the weighting matrix to f2-1. This is the optimal weighting 
matrix when the first stage correction does not matter, i.e. when G. = 0 or e = 0. This yields 

Vo(G'02-' G0)-' G'0f-1 ['42g + UGxVxGx1 f-1 Go(G'0f2-' G l)-1. 

where f2-1 is not the optimal weighting matrix given the first-stage correction, this case is easy to 
implement since an estimate of f2g can be obtained directly as the sample counterpart of E[(ln Ci - 
E(ln C))(ln Ci - E(ln Ci))']. Since we do not observe households across years, this is equivalent 
to assuming that f2g is diagonal with f2 = (1/II) _i (ln Ci, - ln Ct)2. In the case of difference 
estimation, we use an identity weighting matrix since different households are observed in different 
years. 

Second, we also employ the optimal weighting matrix W = (lf2g + YGXVXG')-1. In this case, the 
variance formula simplifies to 

V0 =(Gw [slf2 + 0 GxVx Gx] - 1G9) -1l. V0 = x 

This requires using the estimates from our first case and constructing an estimate of W using sample 
counterparts. 

There are two other interesting special cases. First, if the second stage is exactly identified (T = k), 
the covariance matrix simplifies to V0 = G-' [s2g + UGXVXG'1G-1. Second, if there is no cross 
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derivative, so that G. = 0, the first stage uncertainty does not affect the second stage. In this case 
the formula collapses to the familiar one in which first stage estimation does not appear: V0= 

s (G'oWGO)- G'Wf2 gWG(G'oWgGo)-1. 
This methodology also provides a useful test of the overidentifying restrictions in the second stage. 

If the model is correct and GX= 0, the statistic 

XT-2 = Oig(H; X)4jgg(H; X) 

is distributed asymptotically as Chi-squared with T -2 degrees of freedom. 
Under the correction for the first stage, the statistic 

XT-2 = Ig(H; X) [s;g + I GxIxGX] g(X; X) 

is distributed asymptotically as Chi-squared with T -2 degrees of freedom. 

C. CONSTRUCTION OF LIFE CYCLE PROFILES 

We construct profiles of consumption over the working life both smoothed and unsmoothed. 
Unsmoothed profiles are constructed by averaging our reconstructed measure of consumption by age. 
Smooth profiles are constructed by estimating an equation similar to (14) that fixes 1T2 at the value 
estimated on the unsmoothed data, replaces the age and cohort dummies by fifth order polynomials, 
and extends the highest age to 70 to avoid some of the endpoint problems commonly encountered 
with polynomial smoothers. 

We generate a profile for per-household-equivalent consumption for a constant family size, by 
replacing the typical family size, ft, for each age with its sample average, f = 2.8. Finally, we construct 
the typical profile of the shift in marginal utility caused by changes in family size for our typical 
household as 

v 1(Z / = k exp ( f lf#T2) 

using 1T2 estimated from equation (14), where It is the number of households observed at age t where 
k is a constant.44 The smoothed version of this is constructed by predicting ft,r2 using a fifth-order 
polynomial. 

We employ the exactly same procedure for income, except that the adjustment for family size het- 
erogeneity, 1T2, is set equal to its value from the consumption regression. Yt = exp[(1/It) L-Li ln Yi t] 
is an estimate of average income by age. To estimate separate profiles by education group or by occu- 
pation group, we add interaction terms between the categories considered and age and retirement 
status. 

D. THE CONSUMER EXPENDITURE SURVEY 

We use the CEX family, member, and detailed expenditure files for years 1980 to 1993, as pro- 
vided by the NBER. Most of our information about the CEX is obtained from the Bureau of Labor 
Statistics (1993, and years 1980-1992) and conversations with BLS statisticians. Households are dis- 
carded if they are missing any of the information necessary 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 clas- 
sified as incomplete income reporters, or if their reporting implies less than $1000 in annual income 
or consumption. 

44 This is correct up to a multiplicative constant. 
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We use information about the reference person to assign the household to cells, unless the ref- 
erence 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 fam- 
ily 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 ref- 
erence person and spouse. Information was 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 subcate- 
gories and thus includes private pensions, ptiblic pensions, Railroad Retirement pensions, and self- 
employed, IRA, and Keogh plans. If the after-tax family income variable is topcoded, reference 
person and spouse labor incomes are subtracted and we add, for each, the variable created by mul- 
tiplying the earnings in last paycheck by the fraction of the year the pay period covers. These labor 
income variables are the sole variables from the member files used. Assets and asset income refer 
to the sum over savings accounts, checking accounts, bonds, and stocks, as of the time of inteiview. 
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. 

While topcoding is very infrequent in consumption information, the household annual 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 almost 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 income in family income with our con- 
structed measure whenever the family income variable is topcoded. We are able to correct almost all 
topcoding. 

Consumption data is compiled from the detailed expenditure files as all expenditures by a house- 
hold 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 expenditures 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. 

One might be concerned about the coverage of income and consumption and thus about the rela- 
tive levels of the profiles. We get reasonable relative levels of consumption and income. Also, we have 
checked a total income profile and a food consumption profile against similar profiles constructed 
from PSID data. In the case of food, the level and shape of the two profiles were nearly identical. 
For total income profile, the shapes of the profiles were less similar, but still quite close. Finally, in 
otir results section, we present evidence on estimation that instead uses only information from the 
changes in income and consumption. See the working paper version for further details. 

The unemployment rates merged to the CEX are the regional unemployment rates for civilian 
population from the household survey conducted and published by the Bureau of Labor Statistics in 
"Employment and Earnings." The GNP IPD PCE is from Council of Economic Advisors (1995). 
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