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Abstract—We study the effect of income uncertainty on consumption inghe mean of future incomeWith convex margina| uti|ity,

model that includes precautionary saving. In contrast to previous Stucjiﬁ'?dividuals accumulate precautionary savings, which are
we focus on time-series variation in income uncertainty. Our time-series !

measure of income uncertainty is constructed from a panel of forecasts. $@&/INgs against uninsurable income risks. A test of the PIH
find evidence of precautionary saving in that increases in inconthat allows for income uncertainty is thus also a test of the

uncertainty are related to increases in aggregate rates of saving. We g?@cautionary saving theory. Recent theoretical work indi-
find evidence that anticipated income growth rates have less explana Q’ . . .
power for consumption growth rates after conditioning on income tes that precautionary saving can provide answers to the
uncertainty. The evidence indicates the presence of forward-lookis@nsumption puzzles pointed out in the traditional certainty
consumers who gradually adjust precautionary savings in responsegiguivalent PIH literaturé.In an effort to provide empirical
changing income uncertainty. support for precautionary saving, a number of authors have
undertaken cross-section studies, which link household
1. Introduction income uncertainty with household savings. While some
support for precautionary saving has been found, the results
he permanent income hypothesis (PIH) states th&te not conclusivé.
individuals base their consumption on the annuity value We focus on time-series, rather than cross-section, varia-
of current financial and human wealtiHall (1978) pro- tion in income uncertainty. Our time series of income
posed a simple statistical test of the PIH that has spawnedrtertainty is constructed from aggregate data because no
large literature. Although Hall reported some evidence ieliable time-series data exist at the household level. Co-
favor of the PIH, researchers that followed Hall's methodothrane (1991) and Pischke (1995) argue that aggregate
ogy often failed to find evidence supporting the FIH.income uncertainty measures typically underestimate house-
Because statistical tests of the PIH always include ancillangld level earnings uncertainty, which suggests that our
assumptions, rejections could be due to misspecificationrobasure of aggregate income uncertainty provides a lower
the ancillary assumptior'sWe focus on the possible mis-bound for the total uninsurable income risk faced by
specification arising from the assumption that only the me&inuseholds. In addition, if aggregate income fluctuations
of future income affects individual consumption paths. Hffect consumers unequally, then Blanchard and Mankiw
individual consumption decisions are influenced by unceg:988) show that aggregate income uncertainty may have a
tainty about future income, then the variance of futurarge effect on aggregate consumption.
income should affect consumption. We posit that the degredn section I, we derive the optimal consumption path for
of uncertainty about future income is time-varying and thétdividuals with convex marginal utility who face time-
incorrectly ignoring time-varying income uncertainty lead¥arying income uncertainty. The optimal consumption path
to rejection of the PIH. We find that time-varying incoméeads to testable regression hypotheses for both consumption
uncertainty does play a role in determining an individualgnd savings. We discuss our measure of time-varying
consumption path. income uncertainty in section Ill. Our measure is novel in
If the margina| ut|||ty of Consumption is nonlinear, therthat it is constructed directly from a survey of prOfESSional

individuals’ consumption decisions do not depend only dRrecasters rather than from a parametric model for time-
varying conditional variances. Because survey data may be

contaminated with measurement error, we do not rely only
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1 The modern interpretation of permanent income, due to Hall (1978) anthy explain the excess sensitivity and excess smoothness features of
Flavin (1981), is consistent with intertemporal choice models but is lesensumption. The importance of precautionary saving for government
general than the original interpretation of Friedman (1957). policy is studied in Barsky et al. (1986), Hubbard and Judd (1987), and
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martingale property for consumption, are summarized by the tertsss 6 Several studies report evidence that supports precautionary saving:
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Campbell & Mankiw, 1989; Hahm, 1998). Survey) finds little evidence of precautionary saving.

The Review of Economics and Statistlesbruary 1999, 81(1): 32—-40
© 1999 by the President and Fellows of Harvard College and the Massachusetts Institute of Technology



CONSUMPTION ADJUSTMENT UNDER UNCERTAINTY 33

on ordinary least-squares (OLS) estimates. We also conThe time path of consumptid@,};, that solves equation
struct estimators that are consistent in the presence (812) is given by the Euler equation
measurement error. We find that our results, which we report
in section IV, are substantively similar across estimators, e %¢ = E,e9C+1, (2.3)
which indicates that measurement error is not driving the
results. We find that, while time-varying income uncertaintyo understand the effect of uncertainty about future labor
has little role to play in explaining the instantaneouiicome on current consumption, we express the path of
adjustment of consumption, income uncertainty is importasdnsumption that satisfies equation (2.3) in terms of the
in explaining the level of savings. Our results on instantinovations to labor income. To capture time-varying uncer-
neous adjustment are echoed in Carroll (1992), who usestaimty about future labor income, we allow labor income
unemployment expectations measure to capture incoinfovations to have time-varying conditional second mo-
uncertainty. Together, these findings suggest that savingents.
and (nondurable) consumption do not adjust completely inTo begin, we assume that labor income follows the
one period. We investigate the possibility that consumptiemit-root processY;;; = Y; + W, 1, where W;;, has a
adjustment is not completed within one period, and find th&aussian conditional distribution that is centered at 0 with
time-varying income uncertainty has a substantial role t@riance EW? ,. We let V413 = C1 — ECi1 be the
play in explaining the adjustment of consumption over @ne-step-ahead forecast error for consumption. If the condi-
longer horizon. tional distribution ofV,; is Gaussian with mean zero, then
equation (2.3) implies that

II.  Model Specification

0
— _ 2
We model an infinitely lived representative consumer who Ct+1 = Gt T 5 BViy + Vi, (2.4)

maximizes the expected present value of lifetime utility. We

assume that utility is additively separable through time andihereE,V?, , is the conditional variance of the consumption

function of consumption alone. Le€; be the value of forecast error in perioti+ 1.

consumption in period We assume that the representative To relate the optimal consumption path to the innovations
consumer has constant absolute risk aversion (CAR®)labor income, we must relafé, |, to |W,,;]",. To do

ol

utility of the following form so, we follow Caballero (1990) and rewrite the intertemporal
L budget constraint as
UEG) = - ae“’ct, (2.1) .

i=1

' 0

G+ E > EVE
whereU(-) is the representative consumer’s utility function, i 9 = i
ando6 > 0is thg coefficient of absoll_Jte risk aversion. o + E — (Et+j—1Vt2+j — EtV12+j) + E Vi (2.5)

In each period, the representative consumer maximizes —12 =1
the expected present value of lifetime utility. To represent !
the consumer’s problem, we follow much of the extant  — E Wiy — Eth+i:| = A,
literature and assume that the real interest mate, 0, is =1
constant and equal to the rate of time preferenceB.ée wherea = (1+ r)~L The algebraic steps that lead to
the expectation operator conditional on all informatiosquation (2.5) are not particularly enlightening and so are
available to the consumer in peridd To maximize the contained in the appendix. If we divide equation (2.5) into
expected present discounted value of lifetime utility, thevo components, then the basic prediction of the theory of

representative consumer solves precautionary saving falls out. The component that holds in
periodt is given by the period-conditional expectation of
< equation (2.5)
maxE, >, (1 + r)~U(Cwu:), (2.2)
[Ct+il i=0 1-a o
, _ = A+ 2 aEYy;

subject to the budget constrai@.; = Y + (1 +7) o i=1
Acri—1 — Awti, WhereY, is the periodtvalue of labor income, 1—a.” i 9 (2.6)
andAy is the end of period-value of nonhuman wealth that - 2 ol 2 —EV2 .
satisfies lim...(L +r)~" A,; = 0. Because future labor a o1 ;2 !

income is the only source of uncertainty for the consumer,
labor income is the random variable that drives consumBecause [(1- a)/a] (A + =i_; a'EY;+i) equals permanent
tion. income, the second term on the right-hand side of equation
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(2.6) captures the amount that consumption is reduced in treefficient is no longer interpretable as one-half the coeffi-
face of uninsurable labor income uncertaihty. cient of absolute risk aversion, our essential result—that
The component of equation (2.5) that holds in futur@bor income uncertainty positively affects the change in
periods, that is, beyond periddis obtained by substituting consumption—is unaltered.
the right-hand side of equation (2.6) into equation (2.5): Because disposable income is equal to the sum of
consumption and savings, a model of consumption is
) implicitly a model of savings. In fact, the precautionary
Viyj + E > (EHHVEH - EtVtZH) saving theory argues that income uncertainty directly affects
=1 =1 2.7) savings, and it is the effect on savings that feeds through to
i ' consumption. Le¥? = Y, + rA,_, be disposable income in
— E V\/Hj) =0. periodt, and letY? be permanent income in periadif we
=1 substitute the equalitie¥? = [(1 — o)la] (A + =B Yesi)
andS + C, = Y¢into equation (2.6), then

o0

pIT

i=1

If we let Xi;; = (0/2) (Erj-1V5; — EVE,), then equation
(2.7) is rewritten as 1-a.”
S=YI-YP+ D a

i=1

EGEW
= 2 tV t+]

. (2.10)

[

> o

i=1

I I |

2 Ve + 2 X — 2 We| =0,
j=1 ji=1 j=1 From equation (2.10) we see th&thas two components.
o o ) ) The first componenty? — YP, captures the standard role
which is satisfied for all, if and only if of saving in smoothing consumption, where saving antici-
pates future declines in income. The second component,
[(1 — a)/a]Z7 10 (2], (0/2)EVE,,), captures the amount of
savings that is due to the riskiness of expected future labor
income. That s, if uncertainty about expected future income

The solution to equation (2.8) 1, + X, — W, = O for allh, Ncreases, then savings increase.
In particular, forh =t + 1.

o]

D ol (Vi + Xy — W) = 0 for all h, (2.8)

i=1

A. Regression Specification

Vier = Wy, Our test of precautionary saving is based on the signifi-

) ] cance of the conditional variance of labor income shocks in a

becauseX;;; = 0. For periods further into the futur¥.;  regression with a function of consumption or savings as the
equals W;;; adjusted for future revisions in conditionaljependent variable. To ensure that our estimators are
expectations. For periotd+ 2, Vii2 = W2 — (8/2) (Biv1  constructed from stationary random variables and that our
Vi, — EVE). . estimates are comparable with those contained in previous

Becauseé/.; equalsi. 3, equation (2.4) becomes studies, we use the consumption growth rate as a dependent
variable rather than the first difference of consumption.
Similarly, we use savings rates, rather than the level of
savings, as a dependent variable.

We begin with specification of the consumption regres-
For a representative consumer with precautionary saving$n. To transform equation (2.9), we divide both side€py
changing labor income uncertainty affects the value 8hd multiply and divide the right-hand side b§f and
consumption that solves the maximization problem in equ@stimate the consumption adjustment regression
tion (2.2). The positive effect of labor income uncertainty on
the change in consumption is due to the reduction in current Y2 OWA, Wi,
consumption reflected in equation (2.6). AlInGCy=Bo+ Bla Et7 + c (2.11)

For mathematical simplicity, we derive equation (2.9) t
under the assumption that labor income follows a rando\m1ere 6 . t f t Und tional
walk. Because the first difference of labor inconvé,, ,, 0 By) is a vec Sr c,) parameters. Under rationa
may be serially correlated, it is natural to ask how serigf(peCtatlonSE‘(VV‘”/ C) = 0; 0 W/ Ct.) Is interpretable

i . : ) as the forecast error for the consumption growth rate, and
correlation affects equation (2.9). W, is a serially

P i ,
correlated random variable, then the coefficient for Iab{)zﬁ(W‘H/Yt) is interpretable as the forecast error variance for

income uncertainty is a function éfand the squared sum of e logarithm of labor incom&.The precautionary saving
the serial correlation parameters fiv,.;. Although the

0
Ci—CG= 5 EtWt2+1 + Wy (2.9)

8 Qur results accord with previous results derived (under the assumption

that the representative consumer has constant relative risk aversion utility)

7 Our result is distinct from that of Caballero (1990) in that equation (2.6)y Skinner (1988) and Zeldes (1989) who show that precautionary saving
is not a closed-form solution as the right-hand side coniE,M%H. affects the optimal consumption path. Although both authors assume
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theory implies thatB; = (8/2) is positive, although the a given period as income uncertainty changes over time. As
magnitude of3; depends on the degree of risk aversion. Thearroll (1992) conjectures, instantaneous adjustment in
presence of the regressor3(C,) E; (W?_,/Y?) in equation consumption may be difficult, so that the level of consump-
(2.11) indicates that, under precautionary saving, the contion and savings may adjust incompletely within one period
tional expectation of the consumption growth rate is nat the face of anincrease in the level of income uncertdihty.
constant but is instead a function of income uncertainty. To determine the level of empirical support for incomplete
Accounting for precautionary saving may also help exdjustment in consumption and savings, we first estimate a
plain the empirical finding that the expected income growsavingslevel regression. To derive a specification for a
rate predicts the consumption growth rate. This findingavings (rather than a savings adjustment) regression, we
often referred to as the excess sensitivity of consumptiapproximate equation (2.10). To approximate, we rep¥ce
may simply arise from the fact that income uncertainty iwith Y¢ ,, and we replace the third term on the right-hand
incorrectly omitted from the regression and that incomside of equation (2.10) witlEW?,,. We then divide both
uncertainty is correlated with expected future income. ®ides byY?, and replac&[W?, /(YY) with E(W?Z, ,/Y?):
test for excess sensitivity of consumption under changing

income uncertainty, we test the null hypothesis tBat S W2,
equals zero in the consumption adjustment regression W = Bo T+ BlY?Et7 +BEAINYY  — 7 . (2.14)
t t t
i We, - - . "
ANCu1=PBo+P1—=E—— The precautionary saving theory predicts tBais positive

G Y? and B, is negative; the latter implication follows because
higher expected future income lowers saving, as in standard
, certainty-equivalence permanent income models (Campbell,
o 1987).

If savings do not adjust instantaneously to changes in
whereEA In Y{, , is the expected growth rate of disposabliicome uncertainty, then an increase in income uncertainty
income? in periodt leads to an increase in bothandS; ;. If both §

To obtain a specification for the savings regressions, WadS, ; increase, thef; in equation (2.14) is larger thagy
begin with a savings adjustment regression that is analog@ysequation (2.13). As a result, a statistically significant
to equation (2.11). To transform equation (2.9), we replaggtimate of3; in equation (2.14) and a statistically insignifi-
Cywith Y{ — § and divide both sides by: cant estimate off; in equation (2.13) is evidence of

incomplete adjustment. Because adjustments to savings are

(2.12)

t+1

+ BEAINYY, +

AS; g W2, § mirrored by adjustments to consumption, evidence of incom-
5 = Bot BiY{E v + BAIN Y, plete adjustment is also provided by a statistically insignifi-
cant estimate g8, in equation (2.12). To capture incomplete
t t (2.13) t estimat tion (2.12). To capt let
Wi adjustment in response to changing income uncertainty we
yd estimate the following consumption and savings adjustment
t regressions:
whereB; = (6/2) andB, = 1. Once again, an increase in the Y2 W2,
conditional variance of the income growth rate reduces N Ci.p—INC = Bo + Bla E Ve (2.15)
A S, because it increas&; leavingS ., unchanged. t '
All of the specifications given above assume that adjust- + Uiyp and
ment in consumption and savings occurs completely within
YE_ WE,
_ _ _ INCp=INC =B+ B1 B~
constant income uncertainty, they also show, through comparative static G Y; (2.16)
analysis, that higher income uncertainty raises the expected consumption
growth rate. + BE(In Y?er —InY% + Utip s

9 Campbell and Mankiw (1989, 1990) construct a model in which there

are two types of consumers: those who consume current income (du ; ; ;
liquidity constraints), and those who consume permanent income. erepis the number of quarters over which the adjustment

extension of their model into our framework implies tifatin equation Process takes place. ff is greater than 1, the adjustment
(2.12) represents the share of consumers who consume current inc_qm@cess is not completed within one period implying that an

Campbell and Mankiw, who omit the uncertainty term, report poi [ ; ; ; _
estimates o, that cluster around 0.5, indicating that only half of incomghcrease in income uncertainty in peribtbwers consump

falls to consumers who follow the PIH. Of course, improperly omitting the

uncertainty term biases the estimatoref In fact, if B; > 0 in equation ~ 10A number of authors have shown that consumption adjustment is
(2.12) and the uncertainty term adn Y¢,, are positively correlated, then incomplete within one period in their models: Constantinides (1990) and
omitting the uncertainty term leads to an upward bias in the instrumentéaton (1990) include habit formation; Goodfriend (1992) and Pischke
variables estimator of8,, which understates the adequacy of the PIH t¢1995) include information lags; and Bertola and Caballero (1990) include
describe consumption. other adjustment costs.
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tion in both periodt and periodt + 1, so the sign on the about the distribution of their annual forecast. Specifically, a
coefficient of income uncertainty in the standard Euleange of intervals is provided (each interval is of the form
equation is not clear. Clearly, if the adjustment process takéscome will increase between 2.0 and 2.9 percent”), and
p periods or less, an increase in income uncertainty in peritite respondents assign probabilities to the intervals. The
t leaves consumption in period+ p unchanged, so therange of probabilities assigned to the intervals leads to a
coefficient on income uncertainty in equation (2.15) imeasure of the conditional variance of the forecast error for
positive. To estimate the model, we setequal to 4 to each respondent. The average across respondents, of the
capture adjustment processes that are not instantaneouscBHtlitional variance for each respondent, is an interval
are completed within one year. forecast measure of the conditional variance of the forecast
error. If respondents exercise as much care in assigning
Il Data probabilities to the listed intervals as they do in constructing
Our data set is novel in that we use a survey measuretBeir poir_1t' forecas'ts, then the interval forecast measure of
income uncertainty. Recall that our regression model e conditional variance should be at least as accurate as the
quires the conditional variance of the income growth rate B8int forecast measure of the conditional variance.
a regressor. Because we observe only one time series fognfortunately, the interval forecasts are only surveyed at
income, we cannot construct a conditional variance of tfige annual frequency, so there is no consistent interval
income growth rate from the observed time series on incorifgecast at the quarterly frequency. To determine the ad-
without parametric assumptions. One set of parametgguacy of our point forecast measure of the conditional
assumptions, which is popular in the empirical financeriance of the forecast error in quarterly income growth
literature, is to parameterize the conditional variance withrates, we turn to the correspondence between the interval
generalized autoregressive (GARCH) model. Yet any pafarecast measure and the point forecast measure for the
metric model suffers from the weakness that there is litt®nditional variance of annual income growth rates. Zarno-
economic motivation for the specific parametric form of theitz and Lambros (1987) study the relation between these
model!! The problem is potentially serious as results oftelvo measures of the conditional variance for the annual
differ substantially over different parametric forms. We ar@come growth rates contained in the survey. They find that
able to avoid the problem by using what is, in effect, the correlation coefficient between the two measures is 0.71,
nonparametric measure of conditional variance. That ighich suggests that our point forecast measure is an
rather than trying to infer the conditional variance of incom@aformative measure of the conditional variance of the
growth rates from past observations of income, we havegtecast errors.
direct measure, namely the survey responses of forecastergf course, survey measures are not without drawbacks.
of income. Our survey was initially gathered by the American Statistical
Why do the surveyed income forecasts provide informassociation, in conjunction with the National Bureau of
tion on the conditional variance of income? To understangtonomic Research, and begun in 1968. Over time, respon-
why, consider the mode In Yi.; = px + Visa, where Wis  sipjlity for gathering the survey data has shifted to the
the conditional mean given all information available ifceqeral Reserve Bank of Philadelphia. Each of the institu-
period t and Vi, is the forecast error. The conditionakjons could potentially survey different groups. (In fact, the
variance of the income growth rate—where use of the Wopdjera| Reserve Bank of Philadelphia has attempted to
conditionalmeans conditional on periddinformation—is o ntinye the original survey design used by the ASA/NBER,
the conditional variance of the forecast error. To measure d the survey group is restricted to professional forecast-

conditional variance of the fore_cast error we first construg s.) Note that we do not have a panel of forecasters in which
the one-quarter forecast of the income growth rate for e track a specific group of forecasters over a given time

of t'he forecasters in the panel, and, second, construct Siod. Rather, our individual forecasters exit and enter the
variance, across forecasters, of the one-quarter forecast,

- " : Survey, and they occasionally fail to respond. Thus, we have
Since our measure of the conditional variance of the forec Sk arent numbers of responses in different quarters. and we
error is the variance of the individual point forecasts of th b d '

quarterly income growth rate, we refer to our measure as t‘ﬁ% not track a consistent group of forecasters. Further, the

point forecast measure of the conditional variance. nurr&ber c:f resp?ntshes d'ﬁeIS from period ]E? perlodt. Be_c auseh
In addition to the point forecasts, in each survey thi¥® c:jno sgmpe _?exag'dsalrone group otforecas efrsmfeac

respondents are also asked to provide additional informatigf'09——and, even it we did, because our group of protes-

sional forecasters does not cover the entire population—our
1 As evid th o ¢ statistical modeling without h regressor is measured with error. In the econometric work
S evidence o € problems of statistical moaeling withou eory, .

estimate a GARCH(L,1) model for disposable income in which thi€ describe below, we take care to treat measurement error

conditional mean is a first-order autoregression. A GARCH(1,1) modand calculate estimators of the parameters that are consistent

J, asd = yo + v1(YL; — E_,YY )2 + v, The estimate ofy, is . . .

negative, which implies that forecasts of the conditional variance GPnStrUCthn Ofameasu'tement'e”or consistent estimator are

disposable income can be negative. contained in the appendix.
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To construct our measure of income uncertainty, TasLE 1.—DaTA DESCRIPTION 1981:11I-1994:V
E(W2, ,/Y?), we use survey responses for real GDP. Al- Summary Statistics
fchough the model in section Il is cqnstructgd from Iabor_ AlnG, AlnY, (SIY) (AS/Y) E(W2,,/Y?)
income, the closest measure to labor income in our survey is 1.502 1.543 5.644  —0.187 3.478
real GDP2 Each survey response contains forecasts of the (1.546) (3595)  (L746)  (3.726) (4.790)
level of real GDP for four quarters into the future. From the Correlation Matrix
forecast level of GDP, we construct the implicit forecast of AlnC (S/Y) (AS/Y)) AlnY,
the growth rate of real GDP. (S/Y) 0.245

Our measurements of the other variables (namel con{A30) —0.187 ~0.313

, : , _ y AlnY, 0.287  —0.162 0.809

sumption, disposable income, and savings) are drawn frong, w2 ,/v? 0.198 0.658  —0.175 -0.020

the US National Income and PrOdUCt Accounts. Gpwe Note: Growth rates fo€; andY; are measured in percent per year.
use quarterly consumption of nondurables and services; for

d i ; .
Y1, we use quarterly disposable personal income; andSt’foralternative hypotheses have precise implications for the

WE use quarterly per;onal savings, where ?‘” series are B6&fiicient on the uncertainty terms: namedy, = O under
capita, seasonally adjusted, and measured in 1987 d#ilar, ie null hypothesis, ang; > 0 u.nder thé alternative
1 l

Because survey data for real GDP is gathered beginning in : . . :
the third quarter of 1981, our sample period begins in tgﬁ pothesis for the consumption adjustment and savings rate

. . régressions; anfl; = 0 under the null hypothesis, ad <
thl;;drtéqru;rtlegggf 1981 and continues through the fourt6| under the alternative hypothesis for the savings adjustment
q ) eé;ressions. Because the alternative hypothesi3,firone

2

Table 1 presents descriptive statistics of the data usearF{lIe ed, we construct one-sided significance tests for
1)

the empirical analysis. In the summary statistics panel, t , L.
i . ; ection of the null hypothesis is thus support for our
first row contains the mean, and the second row contains e el

Staf?d‘”?“d deviation of each varlable. Below t.he summaryMany of the specifications contain an additional regressor
statistics panel, we report the matrix of correlations betweﬁp

the variables. The estimated correlations support the the rat is a function of expected disposable income. The
o ; > pzp . NeQWefficient on this additional regress@;, is assumed to
that our income uncertainty measuk(Wr¢, ,/Y;), is posi-

X ) ! . have the same value under both the null and alternative
tively correlated with both real per capita consumptloE

growth rates and savings rates, and is negatively correla & otheses fofy. As a result, it is not a simple matter to

with the ratio of the change in savings to disposable incomﬁ0 struct joint significance tests. We proceed by construct-
We present the mean forecast growth rate and the acthig separate significance tests. Testodire general tests of

growth rate of real GDP in figure 1. As the figure indicate%,ie adequacy of the PIH with income uncertainty. Because

the growth rate forecasts are unbiased. (The average de 8[at|ons of the PIH imply a two-sided rejection region for

| . . .
tion over the entire sample i50.0436% per year with aéz’ we use two-sided significance tests ffor
standard deviation of 2.5773.) The correlation between the
mean forecast growth rate and the actual growth rate is 0.51.
In figure 2, we plot the conditional standard deviation of the To determine the adequacy of the prediction that consump-
income growth rate from the survey. As can be seen froian adjusts instantaneously to changes in income uncer-
figure 2, there is a marked change in the conditional variangginty, in table 2 we report estimates from equation (2.11)

of the forecasts over time. This may reflect the highnd equation (2.12). In table 2 (as in each of the remaining
variability of inflation in the early 1980s.

Instantaneous Adjustment

FIGURE 1.—ReAL GDP GROWTH RATES: REALIZED AND MEAN FORECASTVALUE

V. Empirical Results "

For each regression specification, we test the significar
of income uncertainty. More precisely, we test the nu
hypothesis that the PIH without income uncertainty holc
against the alternative hypothesis that the PIH with incong
uncertainty holds. For each specification, the null arg «}

realized ------ forecast I

Annu

12For the sample period, the standard deviation of the growth rate £
disposable income is 3.6%, while the standard deviation of the growth ri
of GDP is 3.0%.

13The survey response is a forecast of real GDP rather than per ca,
real GDP. We constructed the conditional variance of surveys for t -4
growth rate of real GDP and per capita real GDP. Because our conditio
variance measures were virtually identical (which reflects the stability
the population growth rate over our sample), we use the conditior _g Liioou oy en vy innny
variance of the growth rate of real GDP because that is the quant 82 83 84 85 86 87 8 8 9 91 9 93 94
reported in the survey. Quarterly Data
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FIGURE 2.—STANDARD DEVIATION OF REAL GDP (ROWTH RATE FORECASTS TABLE 3.—SAVING AND INCOME UNCERTAINTY, 1981:111-1994:1V
5 A. Savings Adjustment Regression
(AS /YD) = Bo + BLYIE(WZ /YD) + BAIN Y, + Upyy
4t B1 H B2 2°
—0.0086 —0.0136* 0.6962 0.7369
(0.0066) l.os= —0.0076 (0.3017) (0.2384)
@
& .t B. Savings Rate Regression
©
g (S/Y]) = Bo + BYIE(WELYE) + BoA In YEiy + Ups
by pre B
g 2 0.0177* 0.0170* —0.4141 —0.4980
o (0.0021) Bos= 0.0144 (0.1188) (0.1061)
Notes: An * indicates rejection of the null hypothesis at the 5% significance level. Because the
1 F alternative hypothesis & < O for the specification in panel A, we reject the null hypothesisghat 0 at
the 5% significance level if the fractile corresponding to the upper 95% of the empirical distribufigh of
(which isFq gs) is less than zero.
o Lt L

82 83 84 85 86 87 8 8 90 9 92 93 94
Quarterly Data

From panel A, which contains estimates for equation
(2.11), we see that both estimategefire positive as theory
TABLE 2.—CONSUMPTION AND INCOME UNCERTAINTY, 1981:111-1994:1V predlcts.. quyever, both eStlmateS are also |r13|gp|f|cant at
the 5% significance level. (The estimated valu@®fis not
significant because the upper 95% range includes zero as
indicated by the negative value for the 5% fractile.) From
panel B, which contains estimates for equation (2.12), both
estimates of3; are again positive. Furthep, is significant
(recall that the appropriate critical value is 1.645), although

T¢is insignificant at the 5% significance leVéIBecause
i i & ! the PIH impliesp, = 0 for the specification in panel B, the
o 5549* 08&"529 085133 %2“16832 statistically insignificant estimates @, support the PIH.
(0.0029) Fre— —0.0014 (0.1164) (0.1325) Th_us, our consumptlon adju_stment regressions _prowde
— — . — evidence that income uncertainty affects consumption (al-
Notes: An * indicates rejection of the null hypothesis at the 5% significance level. Because the ..
alternative hypothesis & > 0, we reject the null hypothesis th = 0 at the 5% significance level if the thhough measurement error could be derIng the effeCt) and
fractile corresponding to the lower 5% of the empirical distributioBf(which isFg os) exceeds zero. that income uncertainty may remove the effect Of expected
income growth on consumption as indicated by the insignifi-
tables), B denotes the least-squares estimator (two-stagRt estimates @, in panel B.

least squares for specifications that confaiIn YY,, and _ VeXt, e fum o the savings regressions in table 3. In
q panel A, we report results on the savings adjustment

OLS for all other specifications), anfi™ denotes the _ ! N A .
measurement-error consistent estimatom parentheses regression equation (2.13). Boga andB* are negative, as
below 3, we report estimated (serial-correlation and heterredicted by the precautionary saving theory. Wileis
skedasticity consistent) standard errors, and bgdé®we insignificant at the 5% significance levgl®is significantly
report either the appropriate fractiles from the empiricé@ss than zero, as indicated by the negative 95% fractile.
distribution of ™ for one-sided tests or the standard errdeorrecting for measurement error results in evidence in
from the empirical distribution for two-sided tests. We ussupport of the precautionary saving theory, as an increase in
the empirical distribution fop™econstructed from bootstrapincome uncertainty raises current savirgsand lowersA
resampling, because the asymptotic covariance matrix is ot/ Y{. Because the PIH impligd, = 1 for the specification
easily obtained. (Details of the bootstrap algorithm are in thig panel A, the result that both estimates [&f are not
appendix.}>Again, because the alternative hypothesis is oségnificantly different from one supports the PIH.
sided, we reject the null hypothesis if the fractile correspond- Further evidence in support of the precautionary saving
ing to the lower 5% of the empirical distribution @™me theory is contained in panel B, where we report results for
exceeds 0. the savings rate regression (equation (2.14)). Etfand

7'¢ are significantly greater than zero, which implies that

14 To ensure that our results are driven by uncertainty about the incomreasing income uncertainty immediately increases sav-
growth rate and not by variables such ¥§C; or Y¢, we estimate all

regressions with the uncertainty regressor set equa(w?, ,/Y?). The ings. To assess the magnitude of the effect, Weﬁjﬁeo

results from these regressions, which are available on request, are

essentially the same as the results we report. . 16\We use two-stage least squares to estimate regressions with income
15The fractiles from the empirical distribution f@™e are denotedr,s growth rates. The regressors for the first-stage regression are a constant,

andF g5, where five percent of the bootstrap values are lessfggsand the first four lags of both income growth rates and consumption growth

95% of the bootstrap values are less thggs rates, and the first lag of the logarithm@{f'y,.

A. Consumption Adjustment Regression
AN Ciep = Bo + Bu(YHC) E(WE/YD) + Upa

B1 g
0.0042 0.0029
(0.0032) Fs = —0.0013

B. The Permanent Income Hypothesis under Changing Income Uncertain
Aln Ciiq = Bo + BuYFC) E(WZA/YD) + BoEA IN Yy + Upiy
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TaBLE 4.—UNCERTAINTY EFFECT UNDER INCOMPLETE ADJUSTMENT, due to the incorrect assumption that the conditional variance
1981111719941 of income is constant.
A. Consumption Adjustment Regression
In Criq — In Ct = Bo + Bu(YFC) E(WZ4/Y?) + Utssg V. Conclusion
By pre : : . : .
0.0056* 0.0041* We derive and estimate a simple framework in which
(0.0022) Fo.05 = 0.0003 consumers optimally revise their intertemporal consumption
B. Excess Sensitivity of Consumption to Current Income plan, not only in response to changes in the level of

IN Crrs — I Gy = By + B1(YZ/C) E(W2, /Y2 + BE(IN Y., — YY) + Uy permanent income but also to changes in their uncertainty

- - ~ e about future income. We find that our measure of income
B1 B1 B2 B2

0.0058* 0.0041* 0.2268 0.1983 uncertainty changes significantly over time, indicating that
(0.0019) B.05 = 0.0002 (0.1365) (0.1773) the popular assumption of constant income uncertainty over
Note: An * indicates rejection of the null hypothesis at the 5% significance level. t|me iS miSleading. Furthel’, the precautionary SaVingS re-

sponse to changing income uncertainty is a significant

source of observed changes to both consumption and
infer that an increase of one standard deviation in tR@vings, and, the higher the uncertainty level, the more
conditional variance of the income growth rate, given ¥at precautionary savings consumers accumulate. However, the
is set to the sample mean value of 13.58 (in thousandsggfiustment does not seem to occur instantaneously, possibly
1987 dollars), leads to an increase in the savings rateddfe to information lags or adjustment costs. The estimates
approximately 1.1 percentage points. Note that the estimafgsim the incomplete adjustment model indicate that the
of B, (which is the coefficient on the instrumentized incomegxcess sensitivity of consumption to current income may be
growth rate) are significantly less than zero. The negatiy@rtially explained by the role of time-varying income
estimates are consistent with the savings behavior of forwa(gicertainty operating through precautionary savings.
looking consumers under the PIH, as noted by CampbellThe overall evidence indicates that there exist forward-

(1987). looking consumers who adjust precautionary savings in
_ response to changing income uncertainty. Although our
B. Incomplete Adjustment research focuses on consumption of nondurable goods and

ﬁ%rvices, our results also have implications for consumption

The results from the savings rate regression indicate t urabl ds. B durabl tion is believed
income uncertainty has an effect on current savings, but the, urab'e goods. Because durablé consumplion IS believe

effect is not easily detected in savings and consumpti chbe quite volatile over the business cycle and sensitive to

adjustment regressions. The reason may be that the adj gisumer sentiment, future models of the optimal consump-

ment process takes more than one period. If this is the ca R of durable goods should include time-varying income

then a change in income uncertainty today affects consu ICertainty. The consumption response to changes in uncer-

tion and savings both today and tomorrow, so the measufed' about future income, which is the optimal precaution-

effect on the difference is reduced. To measure the impacfaéY Isavmgslresl,(podnse, IS a pot?ntl?lly (ljmp?rtantt aﬂd Eret\;:_
incomplete adjustment within one period, in table 4 wRUSly overiooked component of adjusiment in Do

report empirical results for equation (2.15) and (2.16). frensumption and savings.
panel A, both3; andB}*are significantly greater than zero,
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