Does Buffer-Stock Saving Explain the Smoothness and Excess
Sensitivity of Consumption?

By SybNEy C. LUuDVIGSON AND ALEXANDER MICHAELIDES*

One of the lasting contributions to modern- has positive serial correlation (as the quarterly
day consumer theory is the idea that consump-data suggest it does), yet aggregate consump-
tion is determined by the expected value oftion growth is in fact much smoother than ag-
lifetime resources, or permanent income. Thegregate income growth (Angus Deaton, 1987;
modern-day specification of this concept is typ- John Y. Campbell and Deaton, 1989; Jordi'Gali
ically presented as a special case of intertemporal1991). Second, the PIH predicts that consump-
choice theory, where felicity functions are qua- tion changes should be orthogonal to predict-
dratic, labor income is stochastic, there are noable, or lagged, income changes, yet the
restrictions on borrowing, consumers have infi- correlation between consumption growth and
nite horizons, and expectations are formedlagged income growth has been found to be one
rationally. We refer to this model as the permanent-of the most robust features of aggregate data
income hypothesis (PIH). (for example, Marjorie A. Flavin, 1981; Alan S.

Although the PIH has considerable intuitive Blinder and Deaton, 1985; Campbell and N.
appeal, a series of influential papers publishedGregory Mankiw, 1989; Orazio P. Attanasio
after its inception revealed two notable discrep-and Guglielmo Weber, 1993). Thus aggregate
ancies between the model’s predictions and agconsumption growth has been described as ex-
gregate data. First, the model predicts thathibiting two puzzles: it is both “excessively
consumption growth should be more volatile smooth” relative to current labor-income
than income growth if aggregate income growth growth, and “excessively sensitive” to lagged

labor-income growtH:?
In response to these and other empirical

* Ludvigson: Federal Reserve Bank of New York, 33 anor_n_ahe;, researchers have recently Sotht out
Liberty Street, New York, NY 10045; Michaelides: Univer- Modifications of the PIH framework. Chief
sity of Cyprus, P.O. Box 20537, 1678 Nicosia, Cyprus. A
previous version of this paper appeared under the title “Can
We Explain the Consumption Excesses Yet? Aggregate *Note that the important insight of Danny Quah (1990),
Consumption Implications of Buffer Stock Saving Behav- that individuals may be better able than econometricians to
ior.” For many helpful comments, we thank Orazio Attana- distinguish short-run from long-run innovations to their
sio, Dave Backus, Ben Bernanke, John Y. Campbell, income, cannot resolve the excess-smoothness puzzle laid
Christopher Carroll, Todd Clark, Angus Deaton, Pierre- out in Campbell and Deaton (1989). These authors show
Olivier Gourinchas, Bo Honore, James Kahn, Martin Let- that—in the context of the PIH—excess sensitivity and
tau, Costas Meghir, Christina Paxson, Steve Pischke,excess smoothness are the same phenomena. In addition,
Andrew Samwick, Christopher Sims, Mark Watson, Campbell (1987) demonstrates that superior information of
Guglielmo Weber, Michael Woodford, Steve Zeldes, and the type emphasized by Quah will show up in households’
two anonymous referees, conference participants at the Nasaving behavior, and using this information allows the
tional Bureau of Economic Research Summer Workshop oneconometrician to control for the agent’s private informa-
the Aggregate Implications of Microeconomic Consump- tion when predicting income. Since excess sensitivity is
tion Behavior, July 1998, the TMR Workshop on Saving well established, and controlling for saving does not elim-
and Pensions-CenTER, Tilburg University, March 1999, inate it (see Campbell and Deaton, 1989), the observed
and the New York Area Macroeconomics Workshop, Oc- smoothness of consumption cannot be explained by superior
tober 1998, seminar participants at Columbia University, information on the part of permanent-income consumers.
INSEAD, the New York Federal Reserve, University Col- See Deaton (1992) for further discussion.
lege London, London Business School, City University 2 Philippe Bacchetta and Stefan Gerlach (1997) and Lud-
Business School, University of Cyprus, Tel Aviv Univer- vigson (1999) document another kind of excess sensitivity:
sity, and Jeffrey Brown for excellent research assistance.the correlation between consumption growth and predict-
The views expressed are those of the authors and do noable changes in consumer credit. Although we do not
necessarily reflect those of the Federal Reserve Bank ofexplore these findings here, Ludvigson finds that a buffer-
New York or the Federal Reserve System. Any errors or stock model with time-varying liquidity constraints can
omissions are the responsibility of the authors. replicate such a correlation.
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among these is the so-called buffer-stock In this paper, we address the question posed
model, pioneered by the work of Deaton (1991) in the title by investigating two models of
and Christopher D. Carroll (1992), which mod- buffer-stock behavior. Our first framework fol-
ifies the PIH to allow for precautionary saving lows closely the original models of individual
motives, impatience, and restrictions on bor- buffer-stock behavior developed in Deaton
rowing3 Several authors have argued that the(1991) and Carroll (1992); we refer to this
buffer-stock paradigm provides a good descrip-framework as thestandard buffer-stock model.
tion of the median consumer’s behavior (for We then consider an alternative framework: fol-
example, Deaton, 1991; Carroll, 1997a; Carroll lowing Pischke (1995)—who worked entirely
and Andrew A. Samwick, 1997, 1998). The within the context of the PIH—we investigate
buffer-stock model has become a workhorse ofhow the predictions of the buffer-stock model
modern-day consumer thecty. vary according to whether households observe
Can buffer-stock saving explain the smooth- economywide variation in their income. Rather
ness of aggregate consumption and its correlathan analyzing the theory’s implications for in-
tion with lagged income? Several researcherdividual consumer behavior, as in most of the
have suggested that buffer stock behaviorexisting literature, we assume that there are a
should be a good candidate for doing solarge number of buffer-stock consumers and
(Deaton, 1991; Carroll, 1992, 1997a). Yet de- aggregate their consumption decisions explicitly.
spite the growing popularity of this model, vir-  Our results show that the standard buffer-
tually no research has set out to formally stock model, which incorporates borrowing
investigate whether buffer-stock saving behav-restrictions, impatience and precautionary mo-
ior can explain these well-established facts oftives, does not generate robust excess sensitiv-
aggregate dafa. ity and aggregate consumption growth that is
smoother than aggregate income growth. These
implications arise only in the alternate frame-
3In more recent work, Jeffrey Fuhrer (1999) argues that work which presumes that individuals do not
modifying the PIH to allow for habit formation may im- ohsarye the economywide component of their
prove its quantitative performance by imparting a motive . . .
for consumers to smooth the change in consumption. Martineammgs (an f'issum_ptl_on we refer_ tonason_w-
Lettau and Harald Uhlig (1999) show that excess sensitivity plete informatiof. This incomplete-information
may arise as the outcome of boundedly rational learningversion of the model goes a long way toward
beD?AVi\?;st literature has appeared that examines and ex reSOIVing- the consumption DUZZ|eS discuss-ed
tends the implications of the standard buffer-stock model of above: it ,pmduces .aggregate cpnsumptlon
Deaton (1991) and Carroll (1992, 1997a). See, for example,drOWth that is substantially less volatile than the
R. Glenn Hubbard et al. (1995); Pierre-Olivier Gourinchas benchmark PIH, and generates robust excess
and Jonathan A. Parker (1996); John Heaton and Deborah Jsensitivity to expected income growth. Never-
Lucas (1996, 1997); Carroll and Samwick (1997, 1998): theless, even this version of the buffer-stock
David I. Laibson et al. (1998); Michael Haliassos and ! . .
Michaelides (1999); Ludvigson (1999). model falls short of matching the data in mag-
5 Most work has focused on the model's implications for Nitude: most notably, aggregate buffer-stock
individual, not aggregate, consumption. A few studies have consumption remains insufficiently smooth rel-
addressed the aggregate implications of buffer-stock behavgqtive to aggregate income. In spite of this

ior. Carroll (1992) argues that the behavior of a represen- . .
tative buffer-stock agent may explain some features of lack of smoothness in aggregate consumption,

aggregate data that are not explained by the PIH, but he derOWeYe.r: there may belconSiderable Smoqthing
not formally address these twin consumption excessesin individual consumption. An important im-
Deaton (1991) develops an aggregate version of the bufferplication of these results is that inferences

stock modql in Wh|<;h_|nd|V|dua}| income is subjected to both about aggregate buffer-stock consumption can-
economywide and idiosyncratic shocks and shows that such b de bv looki h hold-I |
a model can produce some smoothing of aggregate con-nOt e made by looking at household-level,

sumption, as well as some sensitivity to lagged income. Fepresentative-agent consumption functions.
Deaton’s results, however, are documented only for a lim-  The excess-sensitivity puzzle has been em-
ited set of parameter values and do not reveal how the irically investigated elsewhere using alterna-

absence (or ignorance) of contemporaneous information on. .
economywide variables—emphasized in subsequent work ive models of consumer behavior and by

by Jan-Steffen Pischke (1995)—influences the model’s €Mphasizing biases created by aggregation. At-
predictions. tanasio and Martin Browning (1995) argue from
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exploring cohort-mean data (somewhere intion-income tracking that is attributable to labor
between aggregate and individual data) thatsupply and demographics (Gourinchas and Parker,
excess sensitivity may be due to omitted vari- 1996). Similarly, Carroll (1997b) and Ludvig-
able bias. The omitted variables can, for in- son and Christina H. Paxson (1999) find that
stance, be various demographic indicatorshigher-order moments of consumption growth
which are important in models with nonsep- may also be important omitted variables in lin-
arable preferences over consumption and lei-earized Euler equations. Finally, our approach
sure. Alternatively, Attanasio and Weber is useful because we model aggregate consump-
(1993, 1995) show that aggregation problemstion behavior by explicitly summing the con-
with Euler equations for consumption can sumption outcomes of individual households,
lead to rejections of overidentifying restric- thereby allowing us to directly control for the
tions in those equations, and thus, in princi- aggregation problems studied in Attanasio and
ple, to excess sensitivity. Weber (1993, 1995).

While these alternate explanations for excess The rest of this paper is organized as follows.
sensitivity are clearly instructive, we think there Section | presents the buffer-stock model of
are several reasons it is useful to explore alterindividual behavior. To conserve space, we fo-
natives. First, the literature cited above has fo-cus our analysis here on a few specifications
cused on explaining excess sensitivity without which we argue are most plausible; other spec-
addressing the smoothness of consumption; yeifications along with the properties of U.S. ag-
other authors have argued that excess sensitivitgregate data are explored in more detail in
and excess smoothness are intimately related.udvigson and Michaelides (1999). Section I
(Campbell and Deaton, 1989). Accordingly, we discusses the aggregate properties of buffer-
think it makes sense to study these phenomenatock-saving behavior, comparing the implica-
jointly. Second, the results for household-level tions of the complete-information case with
cohort data using demographic variables, whilethose when individuals have incomplete infor-
suggestive, are impossible to replicate in aggre-mation about the economywide component of
gate data, and Attanasio and Weber (1993) findtheir earnings. We conclude this analysis with a
that excess sensitivity to expected incomeshort discussion of the differences between in-
growth remains even after controlling for de- dividual and aggregate consumption and how
mographic variables on data averaged over thehe aggregate results change if we allow uncon-
whole British Family Expenditure Surveyrhis  strained PIH consumers to comprise some frac-
latter finding suggests that factors other thantion of the population. Finally, we briefly
omitted demographic variables and nonseparaconsider two extensions of these models in Sec-
bilities in the utility function may play a role in  tion II, subsection A: allowing for geometric
generating excess sensitiviyThird, the empir- means, and time-averaged data when the deci-
ical studies in this literature, typically carried sion period of the household is shorter than the
out using linearized Euler equations, are unablesampling interval. Section Il concludes.
to control for the presence of a precautionary
saving term (an important feature of buffer- I. Microeconomic Model of Consumption
stock consumption), and other authors have
argued that omitting this term may lead re- This section presents the model of individ-
searchers to overestimate the share of consumpaal consumption behavior. Given that we will

compare the model’'s implications with the
properties of aggregate data, we face a pre-
liminary choice on whether to calibrate the

© Consistent with this finding, several papers using ag household-decision period as a _quarte_r ora
gregate data find no evidence of any important nonseparaye€ar. Two factors favor the consideration of
bility in preferences between consumption and leisure, andan annual, rather than quarterly, model of
e S ey oy f onmampaen PENair. FIrst, there are measurement prab-
gorngth :Jo prected income growth (see N)I/artin Eichent[))aumlems_ with aggregate quarterly, consumption
et al. 1988; Campbell and Mankiw, 1990; Paul Beaudry and @Nd income data, some of which have been
Eric van Wincoop, 1996). documented by David W. Wilcox (1992);
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Ludvigson and Michaelides (1999) provide motive for saving® “Cash-on-hand,”X,, is
more discussion. Second, there are severatlefined as the sum of current income and
microeconometric studies that estimate aassets)Y; + A.
loglinear labor-income growth process at an- Given the restriction on assets, = 0 V t,
nual frequency, thereby providing direct evi- the first-order condition for optimal consump-
dence for our calibration of individual tion choice may be writted:
income.

Other factors argue for the consideration of a(1) U’(C,)
quarterly specification. The presence of signif-
icant positive autocorrelation in aggregate labor- = MAX[U’(X,), B(1 + r)E.U'(C. )],
income growth at quarterly frequency produces
interesting differences from the results of the
annual model where aggregate labor-incomewhere B =
growth is far less autocorrelatédMoreover,

1+s is the constant discount

almost all of the previous macroeconomic anal-fath.)r' If the agent is constrained at timethe
Jnaximum that can be spent on consumption is

ysis of these issues has been performed o ; . . )
quarterly data and then compared to the predic—CaSh on handX,), implying that marginal uti

tions of a quarterly framework. Thus we feel ity cr?n never bef Ies.sdt.h%n Ol(t.)' ified
that some consideration of both models is The process for individual income specifie

warranted. above was first used in a nearly identical form

For models of both frequencies, we ass;ume‘t"y Carroll §,1992) and is decomposed Into a
permanent” component?;, and a transitory

that the household-decision interval matches thecom onentU... We assume that IU.. and
data-sampling interval. (Later, we briefly pur- P it it

sue an extension in which we relax this assump-In N;, are independently and identically distrib

tion.) Time is discrete and agents have ang;edd (zllr?ei Véggvgeanwée;c;sime\/tig?geé
infinite horizon. We assume there is one non- Tn P Y-

durable good and one financial asset (a risklesﬁgnmarr%l;‘o all gﬂﬂ'ﬁﬁgznﬂiﬁﬁg l\jvnhﬁlzndl_
bond) which yields a constant after-tax real g ’

return,r. At timet, agents enter the period with the innovation to InG, is uncorrelated with

assets heid over from Ias perioch), and | 1 U 206 N P 3 esul e jogerthm of
receiveY,, units of the nondurable good from P P ’

inelastically supplying one unit of labor. House- Pit, evolves as a random walk with a stochastic

holds choose the level of nondurable good ex-d”g'. th i th th in indi
penditures C;;) to maximize the present- vidu%elgbofsir?c%ﬁgr?oﬁl(I)c\)/::ss, € growth in indi-
discounted value of expected utility, subject to

an accumulation constraint for assets. Individ-(2) A In Y,

ual income is given exogenously s = P;;U;,

where P;;, = G;P;,_;N;. Following Deaton =ING,+INN;+INU; —InU,_,,
(1991), assets are exogenously restricted to be

nonnegative. We assume that preferences are ahere the unconditional mean growth for indi-
the constant relative risk-aversion family; spe- vidual earnings isu4, and the unconditional

B cir _ varianceo; + o5 + 20s. Because the last
cifically, U(C,) = 1-p whenp > 0;if p =

1, U(C)) = In C,. Unlike the quadratic utility

specification in the PIH, this specification has ®The coefficient of relative prudence is defined by Miles

a positive coefficient of relative prudence, ¢ ;.. (1990) as U//(Ct)Ct

equal to 1+ p, leading to a precautionary o ) u"(Cy) o
restrictions may induce a form of prudence (convexity in the
marginal utility of consumption) even if preferences exhibit
no prudence (e.g., quadratic preferences). See Deaton

7 See Ludvigson and Michaelides (1999) for a recent (1992).
documentation of the time-series properties of aggregate ° This form for the Euler equation was first derived in
labor-income growth. Deaton (1991).

. Note that borrowing
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three terms in (2) are idiosyncratic, per capitatively autocorrelated AR(1) process (with an
aggregate labor-income growth inherits the dataautoregressive coefficient equal to 0.23) in

generating properties of 16,.*° quarterly datd? We use these distributions in
We make the following additional assump- the simulations discussed below.
tion: To our knowledge, there is no microecono-
metric study that estimates a loglinear specifi-
(3) BA+Tr)E[(Gis1Ni1q) 1< 1. cation of household earnings at quarterly

frequency; therefore some assumption about the
As Deaton and Guy Laroque (1992) have veri- quarterly process for the idiosyncratic compo-
fied, this assumption is a sufficient condition for nents of income growth must be made in order
(1) to have a unique solution. Equation (3) givesto model decision periods as quarters. A natural
the “impatience” condition common to buffer- starting point might be to think of annual in-
stock models which insures that borrowing come growth as the log difference in the sum of
is part of the unconstrained plan. If we let income over four quarters. Given the annual

income process specified in (2), however, this

B = 115 Use the fact thaG and N are  strategy turns out to imply an unreasonably
independent, and take logs of (3), this conditionSmall permanent component in the quarterly
can be written income process. To resolve this dilemma, we

instead model annual income growth as the
year-over-year change in log income. We may
m then derive the quarterly process for individual
P 2 ¢ income growth that gives the annual process as
the year-over-year change in log income, a
where the approximation In(*+ x) =~ x, for x  strategy that reduces the role of the permanent
small, has been used. component but does not eliminaté#tSince the
We begin by solving the model under a set of year-over-year log difference in income is just
“baseline” parameter assumptions. We set thehe sum of the quarterly log differences during
rate of time preference, equal to 0.05, and the the year, the idiosyncratic components of the
constant real interest rate, equal to 0.02, both  quarterly process for individual income growth
at annual rates. Carroll (1992) estimates thewill consist of an innovation to a random walk,
variances of the idiosyncratic income shocks“permanent” component of income, M, plus
using data from thePanel Study of Income the first difference of white noise, transitory
Dynamics,an annual household data set, andincome, InU;q — In U, _;, wheres denotes the
our baseline simulations use values very closetime interval in terms of quarters. Because quar-
to those: 0.10 percent per year oy, and 0.08 terly permanent shocks to income growth accu-
percent per year for,."* These estimates are mulate over a year, we divide the standard
consistent with those from other household deviation of the idiosyncratic permanent shock
studies (see Thomas E. MaCurdy, 1982; Johrestimated from annual data by two (the variance
Abowd and David Card, 1989). Aggregate
Iabor-ing:ome grOWth’ G, is well described . *2Ludvigson and Michaelides (1999) report several dif
by an i.i.d. process in annual data, and a POSIerent selection criteria to evaluate the best ARMA process

for aggregate labor-income growth.
13Because time aggregation of permanent shocks in
duces positive serial correlation, taking the log difference in

r—8+p(0'§+aﬁ)

(4)

191t can be shown that (rizi'\lzlyit) - In(i the sum of income requires the virtual elimination of the
N N permanent component in quarterly income in order to match
xSV .Y, ,] =G + 0502 the observed negative autocorrelation in annual income

growth. Such a specification did not seem sensible given
1 carroll usesr,, = o, = 0.1. Wedeviate slightly from that the little evidence we have on quarterly house-
these values by using,, = 0.08, ando, = 0.1 to be hold income suggests a substantial permanent component
consistent with the earnings-process specification in the(Pischke, 1995). Of course, if households receive exactly
incomplete-information case (see discussion below). Usingone-fourth of their annual income every quarter, the year-
o, = 0.1 instead ofo,, = 0.08 did notchange the over-year log change in income will be identical to the log
conclusions reported later in the paper. change in the sum of income over four quarters.
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by four) to get quarterly permanent innovations, components can be described by their respective
o) thaltfn = 0.04 for thebaseline quarterly stationary Wold representations,
model:
Empirical results in Ludvigson and Michaelides (5) A In Y, = A(L)g, + B(L) In N;
(1999) on aggregate data show that the standard
deviation of aggregate labor-income growth, +C(L) In Uy,
denoted o, is about 0.025 at an annual rate in
annual data (0.0115 at a quarterly rate in quar-whereA(L), B(L), andC(L) are distributed lag
terly data). In addition, the mean of the aggre- operators and the subscritenotes a household-
gate income-growth process, denotpd, is  specific variable. For the standard buffer-stock
found to be 0.02 at an annual rate (0.005 at amodel, we assume that individuals can distin-
quarterly rate). We use these parameter valueguish each of the separate Wold representations
below. for income growth given in (5). Note that this
There is no known analytical solution to the definition of complete information implies not
problem above; thus we seek a numerical solu-only that individuals understand the source of

tion described in the Appendix. each shock to their income, but also that they
comprehend perfectly the implications of the
A. Information Assumptions aggregate shock for their future income growth.

Given stationarity, individual income changes

In a recent paper, Pischke (1995) argues thatlso have a single Wold representation
economywide shocks account for a very small
fraction of the variance in individual earnings (6) A In Y, = D(L)n;.
growth. As such, households have little incen-
tive to distinguish aggregate from idiosyncratic If individuals can observe only the log difference
shocks to their income. Although Pischke doesin their income each period and do not distinguish
not address the impact of this form of incom- any of the separate components given in (5), the
plete information on buffer-stock-saving behav- process for individual income growth appears just
ior, he shows that informational assumptions like the single Wold representation in (6).
can have important effects on aggregate con- When the aggregate component of the earn-
sumption when individual households behaveings growth process is i.i.d., individual income
according to the PIH. growth follows

We apply Pischke’s insights to the buffer-
stock model by considering two frameworks. In (7) AInY, = pg+ e+ InNy
the first, which we define as the standard buffer-
stock model, we assume that individuals ob- +In Uy — In Uy, _4,
serve each component of their earnings
separately fomplete informatioy in the sec- where InG, = u4 + &, andA(L) = 1,B(L) = 1,
ond, we assume that households have no way cdnd C(L) = 1 — L. Given incomplete infor-
separating the individual and aggregate compo-mation, individual earnings growth looks just
nents of their earnings-growth processcom-  like an MA(1), a specification that has been
plete informatiof), but rather can only observe estimated in many empirical studies using an-
how much their income changed in a given nual data on household inconie:
period.

The growth in income is assumed to be sta-(8) AInYy=pg+ N — YmMi—1,
tionary, so that the aggregate and individual

whereys > 0.
We consider models of both annual and quar-

**The idiosyncratic transitory shocks, once accumu terly decision periods. In the annual incomplete-
lated, completely cancel each other out since the transitory
component is white noise. Accordingly, we keep the stan-
dard deviation of this component the same at both quarterly
and annual frequency. This procedure follows Carroll and  *°*For example, MaCurdy (1982), Abowd and Card
Samwick (1997). (1989).
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information version of the model, aggregate procedure that accumulates the consumption
income growth appears well described by andecisions of many buffer-stock consumers. The
i.i.d. process, and we solve for the consumptionprocedure takes the following steps. First, for a
policy rule assuming that individuals only ob- large number of households, we use Monte
serve the log first difference in income [in this Carlo simulations to generate the idiosyncratic
case the MA(1) process in (8)] even though shocks to their income for 200 periods (roughly
shocks to this process are actually generated byhe size of our quarterly data set). In each pe-
innovations to each of the separate componentsiod, every household also receives a common
given in (7). The parameters of (8) are calibratedaggregate shock to their income growth gov-
by settingys = 0.44, andr, = 0.15, in accordance erned by the process for IG,. The number of
with evidence from annual earnings in householdhouseholds is determined by increasing the pop-
datal® These values, along with an estimatergf  ulation until the individual income draws, once
taken from aggregate annual data, generate valuesggregated, match the appropriate aggregate in-
for o, ando,, by matching variances and covari come process. This procedure showed that
ances between (7) and (8). Note that the estimat®,000 households was sufficient; using more
of ¢y pins down the relative variance of the per- households did not change the results.
manent to transitory component, implyirag, = Second, given an initial value for normalized
0.08 andr,, = 0.10, values that are consistent with cash-on-handy;,, we use the policy functions
Carroll's (1992) estimates obtained using annualcomputed from the microeconomic model of
PSID household data. consumption behavior to determine the value of
In quarterly data, aggregate income growthindividual consumptionc;, for each house
can be well described by a stationary AR(1) hold!’ An aggregate time series on consump-
process, thus we specify a quarterly process fottion and labor income is constructed by taking
individual income as the cross-sectional average of the simulated data
at each point in time. Aggregate consumption is
simply the sum of many individual consump-
tion outcomes.
Throughout the paper we define thmooth-
+InU;—InU;_;. ness ratioas the ratio of the standard deviation
of consumption growth to that of labor-income
As with the annual incomplete-information growth. Thesensitivity coefficienis defined as
model, we assume that individuals in the quar-the ordinary least squares (OLS) coefficient
terly model with incomplete information only from a regression of aggregate consumption
observe the log difference of their income, evengrowth on lagged aggregate labor-income
though shocks to this process are actually gengrowth!® These properties from the model can
erated by innovations to each of the separatebe compared with the analogous statistic com-
components in (9). puted from U.S. aggregate data, shown in Table 1.

&t

m‘f‘ In N;;

© AlnY,=p,+

Il. Aggregate Consumption Properties of
Buffer-Stock Saving Behavior 17We used several different procedures to find the initial
cash-on-hand to income ratio. In practice, the results are not
. sensitive to the initial asset-income ratio becaxgecon
To study the properties of aggregate bUﬁ?r' verges to an invariant distribution after about 12 periods.
stock consumption, we employ an aggregationThis characteristic of buffer-stock saving behavior has been
documented elsewhere. See Deaton (1991, 1992); Carroll
(1997a).
18 Many of the early tests for excess sensitivity consisted
16See MaCurdy (1982), Abowd and Card (1989), and of regressing the change in consumption on the ladgpeel
Pischke (1995), which all find thak is estimated around of income. As Mankiw and Matthew D. Shapiro (1985)
0.44. The choice of 0.15 fow, follows Deaton (1991).  point out, however, if income is not trend stationary, these
Although this value is lower than what MaCurdy, Abowd tests will be biased in favor of finding excess sensitivity
and Card, and Pischke estimated, Deaton argues that thigven if none exists. Since we find strong evidence of a unit
variance should be reduced from its estimated value whichroot in aggregate income, we use lagged values of the
is likely inflated by substantial measurement error in re- growthin income, thereby avoiding inference problems due
corded income. to the nonstationarity of lagged income.
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TaBLE 1—RELATIVE SMOOTHNESS AND EXCESS ness ratio and for the excess-sensitivity coeffi-
SENSITIVITY: U.S. AGGREGATE DATA cient are given in parenthes%b.
Table 1 shows that consumption growth is

Relative Excess . .
smoothness sensitviy  about half as volatile as the growth in aggregate
labor income in both quarterly and annual data,
A A’g‘?ga' Data 0.48 017 with a smoothness ratio equal to 0.48 in annual
thet—1 : : ;
(0.04) (0.07) data and 0.47 in quarterly data. Much of the
ACNP/CNP, 0.61 0.18 smoothness is in services expenditure: the
o s (0.06) (0.08) smoothness ratio for this component of spend-
ACICE- o 8-32 8-32 ing is 0.46. By comparison, the smoothness
(0.04) (0.06) ratio for nondurables is 0.68. For all of these
B. Quarterly Data categories of consumer expenditure, the
ACJC,_, 0.47 0.16 smoothness ratio is statistically significantly
(0.04) (0.03) smaller than one. Consumption growth is also
ACHRICER, 0.68 0.16 ositively correlated with lagged income
(0.05) (0.05) P y 99
ACYCE 0.46 0.15 growth in both annual and quarterly data. The
(0.03) (0.03) sensitivity coefficients are statistically signifi-

cant at better than the 5-percent level in data of
Notes: The sample period begins with the first quarter of both frequencies and the point estimates are

1947 and ends with the fourth quarter of 1997. The column _ . - - .
labeled “Relative smoothness” reports the ratio of the stam—vIrtually identical regardless of which measure

dard deviation of the aggregate consumption growth mea-Of consumption is used, equal to 0.16 and 0.17
sure in the row, to the standard deviation of aggregatefor quarterly and annual data respectively.
labor-income growth. In parentheses are the standard errors Tq investigate how closely the aggregate
for this ratio, computed by GMM. The column labeled _ ;

“Excess sensitivity” reports the OLS coefficient of con- buffer-stock models come to matchmg the.se
sumption growth on lagged labor-income growth. OLS feat_ures of aggregate data, we perform 100 sim-
standard errors are in parentheses. The consumption growttilations of the models described above and re-
measurdC,/C, _, is growth in real, per capita nondurgbles port the mean smoothness ratio and sensitivity
and services expenditure less shoes and clothir@]'®/ coefficients in Tables 2 and 3. The standard

CMP, is nondurables expenditure growth less shoes and e - . L
clothing andACS/CS , is growth in services expenditure. d€Viation across simulations for each statistic is

Labor income is compiled from the NIPA components as given in parentheses. Table. 2 presents results
wages and salaries plus other labor income, minus personafrom the standard, complete-information frame-

contributions for social insurance minus taxes. Taxes areywork for both the annual model [where aggre-

defined as the fraction of wage and salary income in total ; ;
income, times personal tax and nontax payments. This meagate labor-income growth is assumed to be an

sure is also per capita and is deflated by the PCE chain-typd R (1) process]. Table 3 presents th_e analogous
price deflator. results for the alternate model with incomplete

information. The simulated statistics reported in

the first two columns are given for two values of
The table gives the smoothness ratio and sensithe risk-aversion parametgr,= 1, andp = 2,
tivity coefficient for three measures of real, per and for a low- and high-variance case. The
capita consumption expenditure: nondurableshigh-variance case utilizes the baseline values
and services less shoes and clothi@,(non-  for the standard deviation of each component of
durables less shoes and clothing™P), and  income; for the annual model these ang, =
services C5);1° standard errors for the smooth-

capita terms and is deflated by the PCE chain-type price

19These measures of consumption are part of the per deflator. The source for both the consumption and income
sonal consumption expenditure series, seasonally adjustedomponents is the Bureau of Economic Analysis (BEA).
at annual rates, in billions of chain-weighted 1992 dollars. The construction of all of these variables is detailed in
Labor income is defined as wages and salaries plus othetudvigson and Michaelides (1999).
labor income minus personal contributions for social insur-  2° The standard errors for the smoothness ratio are-com
ance minus taxes. Taxes are defined as the fraction of wag@uted by estimating population moments of consumption
and salary income in total income, times personal tax andand income growth using Generalized Method of Moments
nontax payments. This measure of labor income is in per(GMM) and then applying the delta method.
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TABLE 2—SMULATED RELATIVE SMOOTHNESS AND EXCESS SENSITIVITY: COMPLETE INFORMATION

High relative
Risk preference Low variance High variance variance
A. Annual Model, I.1.D. Income Growth
p=1 0.99 0.004 0.99 0.00 0.98 0.00
(0.004) (0.070) (0.009) (0.071) (0.008) (0.067)
p=2 0.98 0.006 0.98 0.009 0.97 0.012
(0.004) (0.067) (0.010) (0.070) (0.009) (0.063)
PIH 1.00 0.00 1.00 0.00 1.00 0.00
B. Quarterly Model, AR(1) Income Growth
p=1 1.06 0.063 1.06 0.059 1.05 0.051
(0.017) (0.083) (0.019) (0.072) (0.025) (0.081)
p=2 1.09 0.055 1.08 0.041 1.07 0.035
(0.018) (0.080) (0.022) (0.078) (0.024) (0.079)
PIH 1.26 0.00 1.26 0.00 1.26 0.00

Notes: The first number in each cell is the mean smoothness ratio (the ratio of the standard deviation of consumption growth
to the standard deviation of income growth) over 100 simulations; the second number is the mean excess-sensitivity
coefficient (the OLS coefficient estimate from a regression of consumption growth on lagged income growth). The standard
deviation across simulations for each parameter is given in parentheses. The column labeled “Risk preference” indicates
whether these statistics are reported for a buffer-stock model with coefficient of relative risk aversionfor a
representative-agent PIH model, where the representative agent receives the aggregate income process. The column labele
“Low variance” reports these statistics for cases where= 0.07,0,, = 0.05; thecolumn labeled “High variance” reports

these statistics for cases wherg = 0.1, o, = 0.08. Thecolumn labeled “High relative variance” reports these statistics

for cases where the ratio of the standard deviation of the transitory to permanent shbgk, is double that of the
high-variance case. The AR parametgér,s set equal to 0.23.

0.025,0, = 0.08; o, = 0.10, implying the  has the most important influence on the results.
standard deviation of the innovation to over- Similarly, given this range fop anda,, varying

all income growth,o, equals 0.15; the low- r, 3, and g from their baseline values by
variance case sets, one-third lower than this amounts that do not breach (4) has little effect
value. on the outcomes reported below.

By varyingp anda,, in the manner discussed  In the third column of Tables 2 and 3, we
above, we may investigate the properties ofreport an additional case in which the standard
buffer-stock saving over a wide range of per- deviation of the transitory component relative to
missible parameter values that adhere to thehe standard deviation of the permanent compo-
impatience condition (4). Note that, for exam- nent is twice as high as that in the high-
ple, in the high-variance case and wilandr variance, baseline case. The results in this col-
set at their baseline values, calibrating the valueumn, along with the motivation for considering
of the risk-aversion parametep, higher than such a case, are discussed later. We begin by
two would lead to a violation of (4). Although discussing the first two columns of Tables 2
we could raise risk aversion as long as weand 3.
loweredr or raisedd by a sufficient amount, The first two columns of Panel A, Table
such permutations of the parameter space do na2, show the results from the annual model with
produce results that are substantively differentcomplete information. Over a range of parame-
from our current baseline case. The reason iger values, simulated aggregate consumption is
that each of these parameter combinations yieldust as volatile as aggregate income—the
very similar degrees of impatience relative to smoothness ratio is very close to one in each
prudence. The degree by which the constraintcase, and, in all but one case, is not statistically
(4) binds (that is, how close the inequality is to different from one at the 5-percent level of
being strict) is about the same in each case, angignificance. Consumption and income have
it is this relationship among the parameters,roughly the same volatility in this model be-
rather than the value of any one parameter, thatause the variation in aggregate consumption
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TABLE 3—SMULATED RELATIVE SMOOTHNESS AND EXCESS SENSITIVITY: INCOMPLETE INFORMATION

High relative
Risk preference Low variance High variance variance
A. Annual Model, I.1.D. Income Growth
p=1 0.96 0.047 0.92 0.114 0.84 0.180
(0.005) (0.064) (0.011) (0.066) (0.016) (0.061)
p=2 0.92 0.104 0.85 0.168 0.77 0.212
(0.008) (0.062) (0.016) (0.066) (0.022) (0.058)
PIH 1.00 0.00 1.00 0.00 1.00 0.00
B. Quarterly Model, AR(1) Income Growth
p=1 0.93 0.365 0.91 0.381 0.88 0.400
(0.014) (0.056) (0.019) (0.056) (0.017) (0.049)
p=2 0.91 0.433 0.84 0.409 0.77 0.400
(0.016) (0.054) (0.019) (0.049) (0.017) (0.046)
PIH 1.26 0.00 1.26 0.00 1.26 0.00

Notes: The first number in each cell is the mean smoothness ratio (the ratio of the standard deviation of consumption growth
to the standard deviation of income growth) over 100 simulations; the second number is the mean excess-sensitivity
coefficient (the OLS coefficient estimate from a regression of consumption growth on lagged income growth). The standard
deviation across simulations for each parameter is given in parentheses. The column labeled “Risk preference” indicates
whether these statistics are reported for a buffer-stock model with coefficient of relative risk aversionfor a
representative-agent PIH model, where the representative agent receives the aggregate income process. The column labele
“Low variance” reports these statistics for cases where= 0.07,0,, = 0.05; thecolumn labeled “High variance” reports

these statistics for cases wherg = 0.1, o, = 0.08. Thecolumn labeled “High relative variance” reports these statistics

for cases where the ratio of the standard deviation of the transitory to permanent shbgk, is double that of the
high-variance case. The AR parametgér,s set equal to 0.23.

reflects those saving and dissaving decisionssented in the third row of Table 2, Panels A and
that do not cancel out in the aggregate, namelyB. The benchmark PIH statistics depend only on
the responses of individual consumption to the value of the real interest rate and on the
economywide shocks. Since (for the results re-persistence of the aggregate income-growth
ported in Panel A) consumers correctly perceiveprocess, and therefore do not vary over all the
that shocks to the aggregate component of theiparameter permutations given in Table 2. Note
income are permanent, it is undesirable forthat the excess-sensitivity coefficient is always
households to undertake any smoothing out ofzero in the PIH, and when income growth is
aggregate shocks. Similarly, there is no sensid.i.d., the smoothness ratio is unity. Thus, the
tivity of aggregate consumption growth to complete-information, annual model of aggre-
lagged income growth—the OLS point estimate gate buffer-stock behavior produces a smooth-
on lagged aggregate income growth is not sta-ness ratio and sensitivity coefficient that is
tistically different from zero. virtually indistinguishable from that which
To form a benchmark of comparison, we would be implied by the representative-agent
contrast these results with the smoothness ratid’IH model.
and sensitivity coefficient that would be implied  How do the results in the standard model
by a representative-agent version of the PIH,differ at quarterly frequency when the process
where the representative agent receives the agior aggregate income growth is positively auto-
gregate income proceéThese figures are pre- correlated? Panel B of Table 2 presents the
smoothness and sensitivity coefficients when

aggregate labor-income growth follows the
21The PIH is formulated in levels, rather than in log
levels. It relates changes in the level of consumption to
changes in the level of labor income given WC,=

aggregate income can be described by the process for log

changes used above, so that the smoothness ratio in this case
AY, = A(L)e,. For the purposes of providing a rough is the standard deviation of aggregate consumption changes

benchmark, we assume the process for the first difference into that of aggregate income changes.

1
A<m> &, Where income has the Wold representation
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AR(1) discussed above. Positively autocorre-robust excess sensitivity or consumption that is
lated aggregate income growth produces aggresubstantially smoother than income.
gate consumption that is more volatile than in How does the alternate model with incom-
the annual model. The smoothness ratios rangglete information fare? Table 3 shows that the
from 1.05 to 1.09, so that consumption is al- introduction of incomplete information into the
ways more variable than income. The standardstandard framework causes the smoothness ra-
errors for this statistic show that, in all cases, wetio to fall substantially. In the annual model
cannot reject the hypothesis that the ratio is(Panel A), the smoothness ratio is as low as 0.84
greater than one at conventional significancein one case, and both economically and statis-
levels. The intuition for why consumption is so tically lower than the benchmark PIH figure of
volatile in this case is simple: since shocks to 1.0. Furthermore, the alternate framework pro-
the aggregate component of income growth areduces aggregate consumption which is far less
expected to persist, individuals respond to pos-volatile than the analogous case with complete
itive (negative) innovations by reducing (in- information. This occurs because individuals
creasing) their savings when they are notmistake part of the macroshock as idiosyncratic
constrained, thereby causing consumption toand therefore transitory. Smoothing at the in-
move by more than one-for-one in response to adividual level gets transferred to aggregate con-
given change in income. sumption as a result of an (unwitting) smooth-
Again, these values can be compared with theing of the aggregate shock.
smoothness ratios that would be implied by the Inthe quarterly model (Panel B), the alternate
representative-agent PIH given in the last rowframework also displays more consumption
of Panel B. In this case, the representative agensmoothing than the standard model. In this case,
receives the aggregate, AR(1) process for thehe smoothness ratios in the first two columns
first difference in income. Unlike the annual, range between 0.80 and 0.92. In contrast to the
complete-information model, the quarterly analogous complete-information model, con-
model is noticeably different from the PIH. sumption growth is always smoother than in-
With r = 0.02, the PIHwould generate a come growth. In addition, the presence of
smoothness ratio of about 1.26, compared to thencomplete information coupled with positive
range of 1.05 to 1.09 generated by the aggregatserial correlation in the aggregate income pro-
buffer-stock model. Thus, although the standardcess produces robust excess sensitivity. If a
buffer-stock model fails to generate consump- positive aggregate shock to income occurs, in-
tion smoothing that is close to empirical values, dividuals mistake the shock for transitory and
in the face of positively autocorrelated shocks todo not raise consumption by the amount war-
aggregate income growth, it does generate conranted by the persistence of the shock. This
sumption that is considerably smoother than amisperception creates a sluggish response of
representative-agent, PIH benchmark. More-consumption to aggregate income shocks: next
over, the standard deviation across simulationgperiod’s consumption will be raised again when
suggests that the differences in smoothness arsncome is higher than expected. The sluggish-
statistically significant. If we compare these fig- ness of consumption in turn produces a direct
ures to the smoothness ratio for expenditures orcorrelation between consumption growth and
nondurables (less shoes and clothing—Tabldagged income growth and explains why con-
1), we find that the standard buffer-stock model sumption growth may display excess sensitivity
produces a smoothness ratio that is about a thir&even when income growth follows an i.i.d. pro-
of the way between that of the representativecess, as it does in the annual buffer-stock model,
agent, PIH, and the U.S. data. Panel A. The phenomenon of excess sensitivity
Table 2 shows that the quarterly model with coupled with i.i.d. income growth is consistent
complete information does not produce a statis-with what is found in the annual data. Notice,
tically significant correlation between consump- however, that the excess-sensitivity coefficient
tion growth and lagged income growth. We for the quarterly model with incomplete infor-
conclude that the mere presence of liquidity mation ranges from about 0.36 to 0.44 and is
constraints, coupled with impatience and pre-strongly significant for every parameter combi-
cautionary motives, is not enough to generatenation we consider. These point estimates are
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considerably higher than the 0.16 estimatedulated entirely by PIH consumers, the smooth-
from aggregate data. ness ratio is farther from its empirical
In summary, the buffer-stock model with in- counterpart than for any other mix of these two
complete information goes a long way toward types of consumers, equal to 0.92 for the base-
resolving the consumption excesses: it producedine annual model, compared to 0.84 when the
aggregate consumption growth that is substaneconomy is populated entirely with buffer-stock
tially less volatile than the benchmark PIH, and consumers. We conclude that the lack of
generates robust excess sensitivity to expectedmoothness at the aggregate level cannot be
income growth. Despite the improvements overexplained by an absence of unconstrained
the standard model, however, the incomplete-households.
information buffer-stock model still falls short It might seem that the insufficient smooth-
of matching the data. Consumption growth is ness of aggregate consumption could be re-
both too volatile and too highly correlated with solved by changing the specification of the
lagged income growth. income process. For example, decreasing the
Why isn’'t aggregate buffer-stock consump- relative variance of the permanent component
tion smoother? It is tempting to attribute this reduces the perceived persistence of the indi-
finding to the fact that buffer-stock consumers vidual's income process when households can-
hold few assets and face constraints on theimot observe these components separately,
liquidity, thereby making it difficult for them to  thereby magnifying mistakes households make
smooth out the effects of transitory shocks towhen responding to permanent aggregate
their income. This is not the case, however, shocks. The exact amount of additional smooth-
because with such transitory noise in individual ness produced, however, will depend on param-
income, buffer-stock households can achieve aeter values. To investigate the importance of the
great deal of smoothing with few asséfsin- relative variance of transitory to permanent
ferences about aggregate buffer-stock consumpshocks in the models studied above, column 3
tion cannot be made by looking at household-of Tables 2 and 3 shows the results from dou-
level consumption functions, or vice versa. bling the standard deviation of the transitory
Would aggregate consumption be smoothercomponent relative to that of the permanent
in an economy that also included more patientcomponent over the (high-variance) baseline
households who may at times hold large case. The standard deviations of the individual
amounts of assets and who do not face concomponents are adjusted so that the overall vari-
straints on their ability to borrow? It is clear that ance is the same in columns 2 and 3. Table
the answer to this question would be “no” if 2 demonstrates that increasing the importance
those households were PIH consumers withof the transitory shock does not have a notice-
complete information about the income pro- able affect on the smoothness ratio or sensitiv-
cesses we have been considering. This followsty coefficient in the complete-information
because we know from the benchmark results inmodel. This is not surprising since complete-
Tables 2 and 3 that those households will haveinformation households do not misperceive the
consumption that is at least as volatile as that ofsource of any shock to their income. By con-
an aggregate of buffer-stock consumers. More-trast, in the incomplete-information model, a
over, results in Ludvigson and Michaelides larger transitory component leads to smoother
(1999) show that adding some fraction of PIH consumption for all the parameter values we
consumers to the population who have the sameonsider (compare columns 2 and 3, Table
incomplete information about their earnings 3). The decrease in the volatility of consump-
process as do the buffer-stock consumers typition is not large, however. The lowest smooth-
cally does not improve the aggregate model'sness ratio obtained from a doubling of/a,
performance. Indeed, when the economy is pop-over the baseline case is about 0.77, a value that
is still substantially above that in the data.
22 |_udvigson and Michaelides (1999) show that individ Moreoyer’ there -are at leaSt-tWQ caveats Wlth
ual consumption growth in these models is much smootheracc,eptlng an arbitrary reduction in the relative
relative to individual income growth than is aggregate con- Variance of the permanent component as a res-
sumption growth relative to the aggregate income growth. olution to the smoothness puzzle. First, such a



VOL. 91 NO. 3 LUDVIGSON AND MICHAELIDES: BUFFER-STOCK SAVING 643

reduction does not appear to be supported by0.029 and is statistically insignificant, while it
existing evidence from studies using household-produces a smoothness ratio of 1.08. Similarly,
income data (MaCurdy, 1982; Abowd and the incomplete-information version of this
Card, 1989; Carroll, 1992; Pischke, 1995). Sec-model produces an excess-sensitivity coeffi-
ond, decreasing the perceived persistence of theient of 0.41 that is strongly statistically signif-
household’s income process often generatescant, while the smoothness ratio is 0.83. These
greater excess sensitivity (e.g., rows 1, 2, and Jesults are almost identical to those presented in
of Table 3), already too high in the incomplete- Tables 2 and 3 for the same cases using arith-

information model. metic means. It appears that specific features of
the buffer-stock model dominate these aggrega-
A. Extensions tion effects in determining the degree of excess

sensitivity and consumption smoothing relative

We have explored whether two variants of to that of PIH?>
buffer-stock-saving models can account for the A second extension we consider is to alter the
smoothness and excess sensitivity of aggregatéming of households’ decisions so as to create
consumption data. In this section we briefly a mismatch between their decision interval and
investigate two extensions of these models andhe data-sampling interval. The possibility that
ask whether these extended versions allow thehese intervals do not coincide has been ex-
model to do a better job of replicating the data. plored elsewhere as an explanation for excess

The first extension follows Attanasio and sensitivity found in aggregate data (for exam-
Weber (1993) who stress the possible role ofple, Luigi Ermini, 1989, 1993; Lawrence
aggregation bias in generating excess sensitivityd. Christiano et al., 1991; Heaton, 1993). These
in linearized Euler equations. Since the first- authors point out that if the decision period of
order condition for optimal consumption choice households is more frequent than the data-
is often approximated as a loglinear function, sampling interval, measured consumption will
they argue that loglinear Euler equations shouldbe the time-averaged value of multiple con-
ideally be estimated using the average of thesumption decisions, a phenomenon that may
logarithms of expenditures, rather than the log-introduce spurious serial correlation in con-
arithm of the average. While this estimation is sumption growth. For example, if the original
not possible with aggregate data, Attanasio andconsumption process follows a martingale (as in
Weber carry out this exercise using household-the PIH), the first difference of time-averaged
level data and find that the overidentifying re- consumption will follow a first-order moving
strictions of the standard Euler equation may beaverage process (Holbrook Working, 1960).
rejected simply because logs are taken overThus, in empirical tests, this type of temporal
arithmetic averages rather than taking geomet-aggregation bias could create excess sensitivity
ric averages. This finding suggests that someesven if consumption growth is in fact unfore-
amount of excess sensitivity may be attributablecastable over the interval in which households
to aggregation bias. make decision$?

In the simulation exercises performed above,
we compiled results by calculating the loga-
rithm of the arithmetic average since this repli- s may be partly a result of the fact that the typical
cates the procedure used to construct actuahousehold in our sample is constrained about 35 percent of
aggregate data. Although it is impossible to the time.
control for this possible source of bias in the  *In practice, time averaging has not been found to explain
data, there iS Of course no reStriCtion in our ?XCESS sensitivity in aggregate data. T|me-averag|ng problems

. |t d it is straightf d t induce spurious correlations for adjacent observations of a
sSimulations and It 1S straightiorward 10 reCOM- geieg that has been first-differenced: there is no overlap be-

pute the statistics using geometric means. Weween differences two or more periods apart. Researchers have
did not find that this change qualitatively influ- instrumented for income growth using variables lagged at least
enced the results. For example, using geometriéWO periods to avoid a spurious finding of excess sensitivity.

. sing twice-lagged instruments for income growth, however,
means and our baseline parameter values, th#as not been found to eliminate excess sensitivity in aggregate

quarterly model with complete information pro- gata (for example, Campbell and Mankiw, 1989; Deaton,
duces an excess-sensitivity coefficient equal t01992; Ludvigson, 1999).
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The smoothness and excess sensitivity oftime averaging, these figures were 0.85 and
consumption growth documented above for the0.17, respectively. In summary, time averaging
incomplete-information models cannot be ex-increases the sensitivity coefficient in both
plained by this type of temporal aggregation models, but the point estimate remains statisti-
because we assumed above that householdstally insignificant in the complete-information
decision intervals match the data-sampling in-version of the model and the smoothness ratios
terval. Moreover, since there is no martingale are in the same range as that produced by the
presumption in the buffer-stock model, the non-time-averaged data.
findings of Working (1960) are not directly
applicable to the framework we consider. [ll. Conclusions
Nevertheless, it is possible that the standard
complete-information model—which displays  One of the primary objectives of modern-day
little excess sensitivity in the results above— consumer theory has been to understand the de-
might match the data better if we modeled gree of smoothness and predictability of aggregate
households’-decision intervals so that they oc-consumption. Buffer-stock models with precau-
curred more frequently than the sampling inter- tionary motives and borrowing restrictions have
val. To consider this possibility, we assume thatrecently become popular tools for thinking about
households make decisions on a quarterly basisthe way the typical consumer behaves. Yet exist-
but that the stylized consumption facts are com-ing research gives little dication of how close
puted from annual averages of quarterly data.buffer-stock savindgehavior, once aggregated,
To proceed, we simulate the quarterly model, might come to quantitatively matching these
compute annual consumption and labor incomewell-known features of aggregate consumption.
as the sum of quarterly data in levels, and then Can buffer-stock saving explain the twin “con-
take log differences of these time-averagedsumption excesses?” Our results show that incom-
data. We then recompute our excess-sensitivityplete information about the aggregate component
and smoothness statistics using these annuailf individual earnings may be an important factor
averages, which should be compared with thein explaining the smoothness of aggregate con-
results from the annual model above in which sumption growth and its correlation with lagged
the data are not time averaged. Because thdabor-income growth. Only the incomplete-infor-
difference in results this extension produces aremation version of the aggregate buffer-stock
not highly sensitive to variations in the param- model is capable of simultaneously producing
eter values, we only discuss the findings undersome smoothing of aggregate consumption in the
our baseline parameter assumptions. face of persistent aggregate income shocks (ex-

The results of this exercise show that time cess smoothness), and a robust correlation be-
aggregation of household-consumption deci-tween consumption growth and lagged income
sions does improve the standard model’'s pre-growth (excess sensitivity).
dictions along the excess-sensitivity dimension, Yet even the buffer-stock model with incom-
increasing the excess-sensitivity coefficient toplete information creates a smoothness puzzle
0.20 from about zero. Even with this time ag- that remains to be explained. Aggregate con-
gregation, however, the coefficient is not statis- sumption growth generated by the model is, at
tically significant at the 5-percent level. best, only about 80 percent as volatile as aggre-
Moreover, the smoothness ratio is hardly gate income growth, compared to about 50 per-
changed, remaining about 0.98 and not statisti-cent in aggregate data. Further, the incomplete-
cally different from 1. The results are qualita-
tively similar for the model with incomplete
mformat!on_: using annual averages, the SmOOth'may appear that the model with annual averages generates
ness ratio is found to be 0.98, while the sensi-less excess sensitivity than the quarterly model without

tivity coefficient is found to be 0.2% Without averaging. This is not the case, however, since the standard
error of the excess-sensitivity coefficient computed from the
averaged data is more than twice as large as that computed
from the nonaveraged data. Thus the point estimate of the
25 Comparing this estimate of excess sensitivity with that latter is well within the 95-percent confidence interval of the
from the quarterly model with incomplete information, it  point estimate of the former.
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information model often produces estimates ofscribed by a ten-point discrete Markov process
excess sensitivity that are too large to fall within that approximates the Normal Distribution, thus
empirical ranges, while cases which deliver esti-m;;, 7, andm, are transition probabilities as
mates closer to empirical values do not deliver thesociated withG,, N,, andU, respectively. We
most favorable degrees of consumption smooth-discretize the state variabkeby dividing it into
ing. Lack of smoothing at the individual level or 100 equidistant grid points. Starting from an
the absence of unconstrained permanent-incomaitial guess for the policy function on the right-
consumers does not appear to explain the insuffihand side, we update the function using the

cient smoothness at the aggregate level. above functional equation until convergence,
the convergence criterion being a difference of
AprPENDIX NUMERICAL PROCEDURES six decimal points between a guess and its up-

date at all grid points. Whenever the need arises
Define the marginal utility of money (price of to evaluate a candidate policy function in be-

consumption)(x;) by tween grid points, we use an interpolation
scheme such as cubic splines.
p(x;) = U'(f(x)), An additional complexity in the AR(1) case
involves the transition probabilities for the com-
or equivalently mon shock. Given the autoregression’s Markov
structure, knowing the current state contains
¢ = f(x) = U "Ypx)). information about next period’'s state that is

used to compute expectations. The transition
We seek the solution to the functional equation probabilities are set identical to the transition
probabilities of the true underlying autoregres-
p(x) = MAX[U'(x), {(X)], sive proces$® We numerically solve for the
transition probabilitiesr; of moving from in
where the second argument on the right-handerval i to intervalj set to be identical to the

side is defined by transition probabilities from interval to interval
of the underlying normal autoregressive process
for aggregate income growth. The aggregate
Bf J f (1 + r)(expgn)) * shock is approxmated usinguf, + 9z};-1°
nreny whered = ﬁ From the properties of
X p{(1+r1) * (exp(—gm)) the normal distribution of the error term per-

turbing the aggregate shock, we have
X (x = U "1 (p(x)) + v}

X dY(y) dG(g) dN(n). my = P9z = g, — pg = 97|

Ten policy functions (one for each aggregate 92, =9 — po=9z-4)

state) are defined by:

1 0z — ¢x
p(x, i) = max{u’(x), C9\2m ; p(z&?){ ( o )
B > > aymem (1 + 1) (GNy) ~°

F ‘ _(‘941)

X p{(1+r)(GN)*

X (x = U""H(p(x, ) + Uy, j1]-

26 See Deaton (1991) and Deaton and Laroque (1995) for
We assume that each shock can be well dea lengthier analysis.
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For any given ¢, ¢}, this integral can be

calculated directly using GAUSS routines that

approximate the cumulative normab).

The optimal individual policy function under
incomplete information is obtained by the fol-
lowing functional equations:

i
Xp{[L+ v (L +r)(x— A" px, D], jH,
where g is the discount factory; = exp
(=Yit+1/Yy) and m; is the probability from

income statei given that income statg has
occurred.
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