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sense, it might be fair to say that consumer pessimism about unemploy-
ment accounts for about one-third of the error in the forecast of growth
in total consumption spending of the standard Campbell-Mankiw model.

The next part of table 9 shows how the two models performed for non-
durables and services spending and for durables spending. The aug-
mented model performed slightly better in predicting nondurables and
services consumption, and performed far better in predicting durable
goods spending. Indeed, while the standard model underpredicts dura-
bles spending substantially, the augmented model overpredicts durables
spending. This suggests that, controlling for consumers’ pessimism
about unemployment, durables spending has actually been stronger
than would have been anticipated.

The next part of table 9 performs a similar analysis, but uses versions
of the models estimated through the end of the sample in 1992:2. As
should be expected, the in-sample forecasts are somewhat better than
the out-of-sample forecasts. For total consumption expenditures, the
augmented model’s average error in the period since the peak is less than
half the Campbell-Mankiw model’s average error.

It is tempting to draw the conclusion that lingering consumer pessi-
mism is the cause of the recent weakness of the economy. However, the
pessimism has turned out to be justified: unemployment remains stub-
bornly high and has even increased substantially since the trough. There
are two possible extreme interpretations of these events. The first is that
consumer expectations are largely determined by random shocks, but
that expectations turn out to be correct because they constitute self-ful-
filling prophecies. Pessimism leads to low spending, which in turn gener-
ates layoffs. Thus in the end, the pessimism turns out to have been justi-
fied. The second extreme possibility is that the future unemployment
rate is autonomous and unaffected by current consumption shocks. If
consumers are rational and forward-looking, however, current changes
in consumption will anticipate subsequent changes in unemployment
without being the underlying cause of those changes, in the same way
that one’s decision about whether to bring an umbrella to work may be
a good forecast of whether it rains, but certainly does not cause the rain.
Although there are probably elements of truth in both interpretations, it
is difficult to know which is a better description of the recent behavior
of the economy.

A small clue may have been provided by the events following the end
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of the Persian Gulf War in the spring of 1991, when a surge of consumer
confidence and consumer spending occurred for several months. If ever
there were a natural experiment to determine whether exogenous
shocks to consumption can generate subsequent economic growth suf-
ficient to sustain and justify the original consumption shock, this was it.
But by the fall of 1991, it was clear that the spending of the previous
spring had not generated enough new employment and income to sustain
anormal recovery. The economy began to struggle again, and consumer
confidence collapsed. Although not conclusive, this experience sug-
gests that the recent weakness in consumption growth is largely a ra-
tional reaction to justified pessimism about continuing high unem-
ployment.

Directions for Future Research

Uncertainty about future income has been largely left out of much
macroeconomic analysis of consumption and saving, in part because no
convenient model existed that could analyze uncertainty. This paper
shows that the buffer-stock model can be used effectively to explain a
variety of macroeconomic phenomena, both at the cyclical frequency
and over longer time spans. The model implies in particular that the un-
employment rate, or expectations about the future unemployment rate,
may be quite important in determining current consumption and saving
behavior, because unemployment fears are likely to be the most im-
portant component of uncertainty in overall household income. The em-
pirical results confirm that consumers’ self-reported expectations about
the unemployment rate are closely associated with the level of saving
and the growth rate of consumption. Although the correlations between
consumption growth and unemployment expectations do not conform
to the strict interpretation of the model, if consumption does not adjust
instantaneously to changing unemployment expectations, even these
correlations can be explained as roughly consistent with the model.

The model also provides several explanations for the drop in the per-
sonal saving rate in the 1980s: lower income growth, greater income se-
curity, and easier borrowing. Of these, easier borrowing seems likely to
have been the most important. Finally, the model can explain why over
time horizons of a few years or more, consumption growth and income
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growth move so closely together. If consumers have a target net wealth-
to-income ratio, in the long run, consumption growth must match in-
come growth; otherwise the net wealth-to-income ratio would explode
or implode.

The buffer-stock model does not, of course, explain all behavior of all
consumers. Some consumers accumulate very large amounts of wealth;
neither the buffer-stock model nor any traditional consumption-smooth-
ing model is likely to explain the behavior of these consumers. Many
other consumers do engage in some form of life-cycle saving behavior,
particularly as they approach retirement. Recall, however, that the re-
quired condition for buffer-stock saving in the infinite horizon buffer-
stock model was p~! (r — 8) < g. Although in a finite horizon model the
condition is more complex, this equation provides the correct intuition:
whether buffer-stock saving behavior will occur depends on the ex-
pected future growth rate of income. If expected income growth is high
early in life but lower (or negative) as retirement approaches, it is en-
tirely possible that consumers will engage in buffer-stock saving when
young but, after a certain age, will switch to more traditional life-cycle
saving behavior as their expected future income growth falls.

The buffer-stock model presented here calls for a variety of further
work, both theoretical and empirical. On the theoretical side, it would
be desirable to develop the model with a choice of assets. For instance,
consumers are able to make long-term but illiquid investments with a
high rate of return such as housing. I would speculate that some set of
parameter values can accommodate such behavior, predicting long-
term investment in housing alongside buffer-stock behavior with respect
to short-term fluctuations in income. Whether those parameter values
would be plausible is hard to know in advance. Another interesting theo-
retical question is whether formally adding habit formation or fixed costs
of adjustment to consumption can explain the fact that the average
growth rate of consumption is negatively related to the level of unem-
ployment expectations. Again, the answer is likely to depend on param-
eter values.

On the empirical side, a great deal more work could be done to flesh
out the time-series relationship between saving, consumption, and un-
employment expectations. This may be a difficult task because of the re-
verse causality problem, but that has not prevented a substantial re-
search program on consumption and income expectations in the last few
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years. A careful analysis of the University of Michigan Surveys of Con-
sumers data on income expectations and unemployment expectations
would also be interesting. It would be useful to know whether these se-
ries satisfy constraints that represent a rational expectations formation
process. A substantial opportunity also exists for research using micro-
economic data. In a 1992 paper, Andrew Samwick and I, for instance,
find that households that face greater income uncertainty hold more
assets, and in approximately the ways predicted by the buffer-stock
model.'® Another type of useful microeconomic research would be to
provide a more detailed and careful description than provided in the sec-
ond section about the stochastic process for household income, particu-
larly around episodes of unemployment. In sum, a host of interesting
questions remain about both the theoretical and empirical implications
of the model.

APPENDIX

A. Estimating the Variance of Transitory and Permanent Shocks
When the Transitory Shock Is Not Independently Identically
Distributed

The first section of the paper assumes that the level of the transitory
component of income is identically independently distributed (iid). The
assumption that the level is iid implies that the first difference of log in-
come should follow an MA(1) serial correlation process (because the
transitory change in income this period should reverse itself next per-
iod). The estimates of John Abowd and David Card'®! and Thomas Ma-
Curdy'®? are consistent with an MA(1) serial correlation process in the
first difference, but both papers prefer an MA(2) to an MA(1) serial cor-
relation. Hence, the assumption of an uncorrelated transitory compo-
nent in levels is probably not strictly correct.

Fortunately, the decomposition methodology described in the text
can be easily extended to the case of a transitory error that is MA(q)

100. Carroll and Samwick (1992).
101. Abowd and Card (1989).
102. MaCurdy (1981).
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serially correlated rather than iid.'*®* Suppose In V, is MA(q). For nota-
tional convenience call r,, = In YL,,, — In YL,. Then var (r,) =
m oty + 2 of,y still holds for any m > g because cov(In V,,,,,In V) =
0. So long as the data contain at least g + 2 years of data, it will still be
possible to solve two linear equations for o, 5 and o, .

If there are T + g years of data, there are (+ — 1) potential m’s and
(T — 2) potential different estimates of o2, y and o2, ;. Assuming that the
serial correlation properties of income are constant through time, each
individual estimate is consistent, but greater efficiency is obtained by
averaging the separate estimates of o, , and o, 5. Suppose ¢ = 2 and

7 = 8. Call the vector of calculated variances v = [var(r;), . . . ,
var(r,)]’. In a linear regression of v on a constant and the vector (3,
4, . ..10), the coefficient on the constant term should be 202, , and the

coefficient on the count term should be oZ 5. This is the methodology
actually used for estimating o, , and o, 5.'*

B. Deriving the Optimal Policy Rule for Consumption

The model presented in the third section is solved using backwards
recursion on the period-by-period Euler equations to derive a numerical
optimal consumption rule for periods T—1, T—2,. . . T — n.!% Optimal
consumption in any period will depend only on the sum of current assets
and current income, a variable that I will call X, gross wealth,

X, =W, + YL,

where W, is net wealth and YL, is noncapital labor income.
The evolution of gross wealth over time is given by

X1 =RX,-C)+ YL,

where C, is consumption at time ¢ and R is the interest factor.
Now consider a consumer solving the finite horizon problem, with
last period of life T. Because the consumer is assumed to spend what-

103. An AR process would be more difficult to address. However, Abowd and Card,
MaCurdy, and most other economists have consistently rejected an AR specification in
favor of MA specifications.

104. Asin constructingthe YLRATIO, the predictable life-cycle element of changes in
income was removed before these calculations were performed.

105. The solution method follows that of Deaton (1991).
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ever gross wealth he has in the last period, the Euler equation for optimal
consumption in the period before last is

(B-1) u'(Cr_y) = RBE;_, u'(Cp) = RBE;_, u'(Xy),

where 8 is the discount factor.
This equation is in the levels of C, X, and YL. The income process is
given by

YL, =P,V,
P,y =GP/ N,y

where G is the growth factor for permanent income; N, is the transitory
shock; P, is permanent labor income; and V, is a multiplicative transitory
shock in year ¢.

It would be more convenient to expresss equation B-1 in terms of ra-
tios to permanent income P. To accomplish this, it is necessary to write
out the difference equation for x,, the ratio of X, to permanent income P,,
as a function of ¢,, the ratio of C, to permanent income P,:

X1 = X1 /Py
= [RX, - C) + YL, ,J/P,,,
= [R(&x, — c) P, + YLt+1]/Pt+l
= [R(x, — ¢) PJ/GP,N, + YL, /P, .,
(B-2) X1 =R, = 0))/GNy + V.

This means that B-1 can be rewritten as
(B-3) u'(cr—y Pr_y) = RBE;_u' (xy Py) = RBE;_, u'(x7 G Py_ Nyp).

For a homogeneous utility function, it is permissible to divide both
arguments by P;_,. Doing this and substituting for the value of x; yields

M'(CT_I) = RBET—I u’ {[R(XT_I - CT—I)/G NT + VT] GNT}.

For any given value of the gross wealth ratio x;_,, this equation im-
plicitly defines the optimal value of the consumption ratio ¢;_,(x;_,).
Now between period T — 1 and T — 2 a similar Euler equation holds:

u'(Cr_2) = RBE;_,u'(Cr_y)
u'(cr_ Pr_3) = RBE7_yu'lcq_y(x7—_y) Pr_4],
u'(cr_y) = RBEr_u'{cr_i[R (xp_, — c7_))/
GNr_1+ VrJGNp_\}
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So this implicitly defines c;_, as a function of x;_,, ¢;_, (x;_,). More
generally,

(B-4) u'(c) = RBEIu’{Ct+1[R(xt - ¢)IG Nir + Vil GNr+l},
I,l'(C,) = RBfoV M'{CH][R(X, - C,)/GNH_]
+ Vis1il G N, 1} dF(V) dF(N).

The function c,(x,) is defined implicitly by this equation. Because
there is no analytical solution for ¢, (x,), numerical methods must be used
to solve; for details of how the numerical calculations are performed, see
my 1992 paper.!% Thus the optimal consumption rules are found by solv-
ing successively for c;_(x;_,), cz_»(x7_,), and so on back to the first
period of life. As illustrated in figure 3, however, under the parameter
values chosen here, the c,_; functions converge rather quickly; the func-
tion they converge to is designated c(x).

C. Proving That Consumption Growth Is Higher When
Wealth Is Lower

If shocks to consumption are lognormally distributed, the Euler equa-
tion for consumption growth is given by:

(C-1) AInC,.,=p'(r—23%) + %pE,var(AlnC,H) + e,

where C, is consumption; p is the coefficient of relative risk aversion;
ris the interest rate; and d is the discount rate.

In the text, I asserted that the expected growth rate of consumption
will be greater when wealth is lower because the conditional variance of
consumption growth is higher when there is less wealth available to
buffer income shocks. I will prove this for the simplified case where the
interest rate is zero and income shocks are independently identically dis-
tributed, ¥ = Y + u, where Y is mean income and u is an iid mean zero
error (there is no income growth). In this case, there will be an optimal
consumption rule C(X) that relates the level of consumption to the level
of gross wealth X. Define

€D 20 =) :
03 (X) = E,[var AIn C,..)] = Efvar [Z(X,..,) - Z(X)}
E E, {Var [Z(Xl+|)]}’

106. Carroll (1992).
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where X, , , is the random variable representing the value of gross wealth
in period ¢ + 1, and the last equality is true because X, is known at time
dix, 03,(X) <0,
the expected variance of consumption growth declines as gross wealth
increases. Define F(X)) = E, X,,; = X, — C(X) + Y. Then Z(X,,, =
Z[F(X,) + u,,,]. Taking a first order Taylor expansion yields

t so that var [Z(X,)] = 0. Then the task is to prove that

(C-3) Z(X,_) =ZIFX)] + Z'[FX)] u,.,.

But because Z(F[X,]) is known at time ¢ and has no variance, it follows
that

(C-4)  Efvar[ZX,.)]} = E,(var {Z'[FX)] u,.1}) = {Z'[FX)}o},.

03,(X,) will be the same as the sign of 4

. d
Thus the sign of dx,

dx,
{Z'[F&X)1P.
d ' —_ ' i '
(C-5) d_x,{z [FX)IP =2 Z'[F(X)] dx, {Z'[FX)1}-

Now Z(X) =InC(X),s0Z'(X) = so Z'(X) = C' (X)/C(X), which will
always be positive because both the level of consumption and the mar-
ginal propensity to consume (MPC) out of wealth are always positive.
The question is now to determine the sign of

(©9) L zFx) = 2P F X)),

Taking the derivative of Z'(X) = C’'(X)/C(X) and dropping arguments
for clarity gives
_ C’IC — CICI

—a

Kimball’s work!? established that for utility functions that exhibit de-
creasing absolute prudence (as does the CRRA utility function used by

Zeldes'® and the model in this paper) C"(X) < 0; that is, the marginal
propensity to consume declines as gross wealth increases. However, the

(C-7 zZ'

107. Kimball (1990a,b).
108. Zeldes (1989a).
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level of consumption C is always positive, so Z” must be always nega-
tive. The remaining question is the sign of F'(X,).

d
dx,

Because the MPC out of wealth will always be less than one, F'(X,) >
0. Thus C-6 is negative, implying C-5 is negative, implying that d/dx,
0%, <0. Thus, wealthy consumers have alower variance of consumption
changes, and so a lower expected growth rate of income.

(C-8) F(X) = %[X, —Cx)+ T =1- C'X).

D. Proof That If x, > x*, Then E, x,,, < x,

In the text, I claim that if gross wealth x is greater than the target
value, then the expected value of gross wealth next period will be less
than gross wealth this period; formally, if x, > x*, then E, x, ., < x,. This
section proves that proposition for the case with only transitory shocks
to income. Equation B-2 above established that

X1 = Rlx, — c!(xl)]/GNt+l + Vi

where N is the shock to permanent income and V is the shock to transi-
tory income. If there are no shocks to permanent income, N = 1. If
H(x) = E, x,,,, then, because V, by definition, has a mean of one, it is
clear that

H(x)) = RIG [x, — c(x)] + 1.

Because x* was defined as the point where E, x, ., = x,, H(x*) = x*.
Now consider some x, in the vicinity of x*, x, = x* + u,. Taking a first
order Taylor expansion,

H(x,) = Hx*) + H'(x*)u, = x* + H'(x*) u,.
So the question becomes whether E, x,,., = x* + H'(x*) u, < x* +
u, = x—that is, whether H'(x*) < 1. But
d
dx,

Kimball’s work'® proved that the marginal propensity to consume is
greater under uncertainty than under certainty. Using the usual approxi-

H(x,) = RIG[1 - ¢'(x)].

109. Kimball (1990a,b).
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mations, the marginal propensity to consume under certainty is given by
[r — p~' (r — d)], so that:

Hx) =RIG[1 — ' x)I<R/IG[1 —r+p~'(r—139)]
=(+r—-g[-r+pt(r -3l

So the question is now whether (1 + r — g)[1 —r + p~ ' (r — 9] <
1. This condition will hold as long as p~! (r — 3) < g. But because p is
positive and (r — ) is negative for all parameter combinations consid-
ered in the paper, the left-hand side of the inequality is always negative,
while g is always zero or positive. So, assuming all the approximations
hold,

Hx)<(Q+r—-gl-r+p'r-9I<1,

which is the required condition to guarantee that if x, > x*, E, x, ., < x,.

E. Proof That If x, = x*, Then E,AC,,, = g

In the text, I claim that if gross wealth x, is at the target ratio x*, then
the expected rate of growth of consumption is approximately equal to g,
the growth rate of income. I prove this, again, for the simplified case
where there are no shocks to permanent income.

Recall that (again using C for the level of consumption and ¢ for the
ratio of consumption to permanent income) C, = ¢, P,, where P is perma-
nent income. If there are no shocks to permanent income P, it grows so
that P,,, = G P,. If In (G) = g, then the expected growth rate of con-
sumption is given by

(E-1) E,[In(C,,y) — In(C)] = E/{In [c(x,, 1) P,1] — In[c(x) P,]}
= E, [In c(x,.))] + In(G) + In(P)
— Inc(x) — In(P),
(E-2) =E,[Inc(x,.)] + g — Inc(x).
Recall from section B of the appendix that x,, , = R/G [x, — c(x,)] +
V... Recall that the mean of V was 1, and definev,,, = V,,, — 1. Call
F(x) = E,x,,, = RIG[x, — c(x)] + 1. Then define Z(x) = In c(x) so that

(E-3) In [eCx, )] = Z(x,4)) = Z[F(X,) + vl
A first-order Taylor expansion of Z around F(x) yields
(E-9) Z(x,.1) = Z[F(x)] + Z'[F(x)] v, ;.
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The expected value of Z(x,, ,) yields E, Z(x,.,) = Z[F(x,)]. Substitut-
ing this for the first term in equation E-2 yields

(E-5  E/[n(Cyy) —In(C)] = E, Z[F(x)] + g — Inc(x),
=Inc(E x,,,) + g — Inc(x).

But at the target ratio, E, x,,,; = x,, so the first and third terms are
equal, so

(E-6) E/[In(C,yy) — In(C)l=g.

That is, at the target gross wealth ratio, the expected growth rate of
consumption is approximately the same as the growth rate of income.

F. Proof That the Target Saving Ratio s* ~ gw*

In the text, I asserted that if wealth is equal to its target w*, the per-
sonal saving rate will be approximately gw*. I will prove this for the case
in which there is no uncertainty in permanent income, P, = G P,_, or
P,_, = P,/G. Personal saving is defined as the difference between total
personal income (including both capital and labor income) and con-
sumption. Capital income in period ¢ will be given by the interest rate r
multiplied by the unconsumed portion of total period ¢+ — 1 resources,
(W,_, + YL,_, — C,_)). This leads to the definition of saving:

S, = r(W,_l + YL,_] - C,_]) + YL, - C,.
Because by definition
W,=RW,_, +YL,_, - C,y,

it follows that S, = (//R) W, + YL, — C,.'"°

The precise question is the following. Suppose w, = w*. What is the
expected personal saving rate in period ¢, where expectations are taken
before the realization of the period ¢ shock (that is, expectations are
taken as of time ¢ — 1)? 11!

110. A more familiar version of this equation wouldbe S, = rW, + YL, — C,. The equa-
tion here differs because, in my notation, wealth in period ¢ includes the interest income
earned on savings from period ¢ — 1. I made this notational choice because it usually sim-
plifies the algebra of the model, but in this particular case it leads to an equation with a
slightly nonstandard appearance.

111. Note that w,is known at time t — 1, because w, = R/IG(w,_, + V,_; — ¢,_}), soit
makes sense to consider a case where w, is known to equal w*, even though the values of
other'time ¢ variables is not yet known.
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(F-1) E,_,s =E,_, (ﬁ W, + YL, — C)IE,_, YL,

r
= r—l(Etht + V,.P,— c¢,P)IE,_, V. P,

= R;w, +1-E,_

(F-2) E_,s,=r(l —nw,+1—-E,_c,.
Now, noting that x, = w, + V,, from equation B-2, it follows that
w1 =RIGw,+V,—c¢c)
E,_w,., =RIGw,+1—-E,_, c).
Now w* was defined so that at w, = w*, it will be the case that E,_,

w, ., = w, = w¥. Substituting, it follows that:

w¥=RIGWwW*+1—-E,_,c)
1-E,_,c,=w*(G/R - 1)
F3)1-E_,c,=w*(l+g-r—rg—1)=w*(@g—r—rg.
Substituting this expression into equation F-2 at w,_, = w* yields

E_,s*=r(l—-rnw*+(g—r—rg)wt*
=m* — riw* + gw* — rw* — rgw*
=(r—-r+g—r—rgw=gw"

where the last near-equality holds because r and g are both close to zero
sothatr?=rg =0.



Comments
and Discussion

Robert E. Hall: In this paper, Carroll provides an impressive review of
the evidence on consumption within the framework of optimization the-
ory. A basic point of this and his earlier work is that optimization theory
can explain features of consumption behavior that previously seemed to
require theories of nonoptimal behavior. Rather than invoke inefficient
liquidity constraints, Carroll argues, it is better to look closely at optimal
behavior for individuals who are trying to avoid the catastrophe of close-
to-zero consumption. Further, Carroll states, what may have appeared
to be spontaneous shifts of consumption and saving may actually be the
rational response by consumers to changes in their stochastic environ-
ments.

An interesting feature of the paper is that it builds upon the same
model of consumption that has dominated thinking in this area since the
rational expectations revolution. Rather than advocate a new model,
Carroll asks us to take seriously the nonlinearities in the existing model.
He sees the majority of consumers as accumulating a buffer stock of net
worth to guard against the small probability of earnings dropping to a
level that would support only extremely low consumption. Once the
buffer stock is in place, consumption has the same expected growth rate
as income, contrary to, say, the certainty equivalence model. In the lat-
ter, only the present discounted value of earnings over the entire lifetime
matters for consumption; spending does not respond at all to year-to-
year changes in income, unless they signal changes in the entire present
discounted value.

Households will not be in the buffer-stock mode unless they meet the
following conditions. First, they must abhor low levels of consumption:
utility must go to minus infinity as consumption goes to zero. The con-
stant-elasticity family, including log utility, has this property, but not

136
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Figure 1. Supply and Demand for Capital
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Supply, life-cycle
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Demand
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quadratic utility. Second, the rate of impatience must be high relative to
the real interest rate or the rate of growth of income must be high. The
precise condition is that the rate of impatience must be greater than the
real interest rate less the product of the rate of growth of income and the
coefficient of relative risk aversion. When this condition is satisfied, the
household with quadratic preferences would go substantially into debt.
By contrast, the household that puts high value on avoiding very low
levels of consumption would not go into debt.

The difference between the two types of preferences in general equi-
librium is shown in figure 1, which portrays the supply and demand for
capital as functions of the real interest rate. The demand schedule is the
marginal product of capital, net of depreciation. The supply schedule is
the level of wealth that consumers will choose to hold in the steady state
at a given interest rate. The upward-sloping curve describes the behav-
ior of families with the constant relative risk aversion (CRRA) prefer-
ences hypothesized by Carroll. As the real interest rate approaches the
critical value, the wealth held by consumers approaches infinity. But
even at low interest rates, families hold positive amounts of wealth be-
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cause of the buffer-stock motive. The horizontal dashed line is the
wealth supply curve for families with quadratic preferences. Their sup-
ply is perfectly elastic at the critical interest rate. They would go indefi-
nitely into debt if the interest rate were lower than the critical level.

From the figure, it is immediately apparent that the buffer-stock econ-
omy will have a higher capital stock and a lower real interest rate than
the certainty-equivalence economy.

Carroll builds the model in both of the ways prevalent in the modern
literature on consumption. First is the structural consumption function,
which shows how families choose consumption given its determinants.
Second is the Euler equation, which relates next year’s expected mar-
ginal utility of consumption to this year’s, based on the principle that the
expected marginal rate of substitution should equal the expected price
ratio. Carroll’s structural consumption function must be calculated nu-
merically to do full justice to the nonlinearities stressed in his approach.
The calculations confirm that consumption and saving depend on net
worth in such a way that there is a target ratio of net worth to permanent
income.

Carroll’s Euler equation (equation 5) shows that consumption growth
depends on the two factors stressed in the Euler branch of the litera-
ture—the real interest rate, and the unpredictable random increment
embodying the effect on consumption of all new information—plus a
factor implicit in earlier work. The third factor is the conditional vari-
ance of next year’s consumption, given information available this year.
Variations over time in the conditional variance have been an important
topic in the applications of the Euler equation in finance.! Carroll ap-
pears to be the pioneer in making the conditional variance an active part
of the Euler equation in the study of consumption.

Carroll observes that an increase in uncertainty will trigger an imme-
diate drop in consumption. In the structural consumption function, the
amount of uncertainty is one of the determinants of the function; more
uncertainty brings a downward shift. In the Euler equation, more uncer-
tainty shows up as a negative value of the random disturbance term. Fol-
lowing the immediate drop, consumption growth rises; consumption
eventually returns to its previous level, with consumers holding more
wealth. In the structural consumption function, it is rising wealth that

1. See Backus and Gregory (forthcoming) for a recent discussion and many citations.
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causes higher consumption as time passes. In the Euler equation, it is
the higher conditional variance of consumption that brings higher con-
sumption growth. As the buffer stock of wealth rises, the conditional
variance falls back and the extra consumption growth comes to an end.

Having isolated the effects of changing income uncertainty on con-
sumption with greater specificity than in previous work, Carroll turns to
the task of finding an observable measure of uncertainty. He chooses
unemployment. His logic is that low-probability episodes of dramatic in-
come loss are the most important kind of uncertainty and that unemploy-
ment is the reason for most such episodes. He makes the implicit as-
sumption that periods of higher or rising unemployment are periods
when the probability of large income losses from joblessness rises. The
relation between aggregate unemployment and income volatility is more
complicated. In a contraction, rates of job loss rise dramatically. How-
ever, when unemployment stops rising, unemployment typically re-
mains elevated for several years. In fact, this appears to be the situation
in the U.S. labor market since the middle of 1991. When unemployment
is high but not rising, the rate of job loss is at roughly normal levels. The
typical episode of joblessness lasts longer, however, because job-finding
rates are lower in slack markets.

It is an interesting question whether a direct attack on the buffer-
stock hypothesis could be made using microeconomic panel data. Car-
roll comments skeptically on the interesting attempt by Karen Dynan to
estimate an Euler equation with explicit treatment of the conditional
variance of log consumption growth.? Her results lend little support to
the buffer-stock hypothesis. I am not aware of any attempts to estimate
structural consumption functions in microeconomic data with explicit
uncertainty. It is possible that microeconomic panel data could be used
to estimate the conditional distribution of future earnings and then to
show that the dispersion of that distribution shifts the consumption func-
tion downward, as the buffer-stock hypothesis holds. In particular,
panel data may make it possible to see directly how uncertainty changes
from booms to recessions.

Carroll’s applications of the model to consumption-saving puzzles
are uniformly interesting, but not all are convincing. I found the discus-
sion of the parallel behavior of consumption and income confusing. The

2. Dynan (1991).
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joint behavior of consumption and income is the result of random shocks
influencing both variables. The statement that the growth rate of income
does not enter anywhere in the Euler equation misses the point. A ran-
dom event that affects both income and consumption will have effects
on all three terms in the Euler equation: the real interest rate, the condi-
tional variance of future consumption, and the random increment. To
decide if the parallel behavior of income and consumption is consistent
with a particular theory, it is necessary to trace through the effects of
an outside shock on the two variables to see whether they should move
together for that type of shock. Carroll makes this kind of analysis for
the buffer-stock regime, but he does not make a comparable analysis for
the standard life-cycle regime. I do not think that he can reach a clear
conclusion that parallel movements of consumption and income support
the buffer-stock case over the standard case. Only a full general equilib-
rium analysis could resolve this question, but that analysis is way be-
yond the scope of this paper.

Carroll tackles the key question of the decline in consumption that
occurs in recessions. His empirical results confirm that times when un-
employment is high or rising are times when saving is higher than usual.
Although Carroll is careful to consider the possibility that causality runs
from higher saving to higher unemployment, rather than the other way
around, I am not as persuaded as he is that the evidence favors causality
from unemployment to saving. I find nothing to commend his identifying
hypothesis that changes in preferences related to saving are uncorre-
lated with events in the economy six months earlier. To me, it is an open
issue whether the story of the typical recession runs the way Carroll
wants to tell it: some force depresses aggregate activity, raises unem-
ployment, and thus raises income volatility, so consumption declines in
relation to permanent income, thus worsening the recession. Although
I see it as an open question whether Carroll’s hypothesis is correct, I
think the hypothesis deserves to be taken very seriously.

Carroll uses the buffer-stock hypothesis to explain at least part of the
puzzle of low saving in the 1980s. Relaxation of borrowing constraints,
improved credit reporting, and more widespread health and unemploy-
ment insurance are influences that depress saving in a buffer-stock
world, but not in a life-cycle certainty-equivalence world. Carroll here
offers an intellectually attractive alternative to the view that there was
an unexplained spontaneous burst of extra consumption in the 1980s.
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Carroll’s paper is an important advance in consumption economics
even after a decade of intense research. The paper also shows that much
more remains to be done.

Stephen P. Zeldes: Iwill begin by describing how this paper fits into the
existing literature on consumption and saving. Then I will briefly sum-
marize what I think are the paper’s main points. Finally, I will discuss
some of the pitfalls and problems with Christopher Carroll’s approach.

In recent years, there have been two main branches of the literature
on consumption and saving. The first is what I will call the certainty or
certainty equivalence (CEQ) approach; the second is the Euler equation
approach. Let me describe each briefly.

Virtually all the work that has examined the optimal level of con-
sumption and saving as a function of different variables has assumed
either that labor income is variable, but nonstochastic, or has assumed
quadratic preferences (so that consumption in the presence of uncer-
tainty about labor income is identical to what it would be if labor income
were set equal to its mean). The basic result is that optimal consumption
is based on expected lifetime resources, calculated by adding financial
wealth to the present value of expected future income. Consumption is
set equal to the annuity value (possibly allowing for growth) of this sum-
mary statistic. The CEQ model is standard in almost all the literature on
the life-cycle hypothesis (LCH) and permanent income hypothesis
(PIH) that examines the level of consumption, and is the basis of virtu-
ally all of our intuition about consumption.

The second approach in the consumption literature has been the Eu-
ler equation approach, following the work of Robert Hall and many oth-
ers.! This approach has focused on the expected growth rate of con-
sumption, rather than on the level. The key result is that consumption
growth should be orthogonal to lagged information. This approach typi-
cally assumes constant relative risk aversion (CRRA) preferences, al-
though sometimes quadratic utility is assumed.? This approach has con-
tributed substantially to our intuition about the expected growth rate of

1. Hall (1978).
2. Some recent work uses preferences that allow for a risk aversion parameter that is
independent from the parameter for the intertemporal elasticity of substitution.
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consumption, but has not contributed to our intuition about the level of
consumption.

Carroll’s paper is part of a literature that combines parts of each of
these approaches. This literature looks at the level of consumption and
saving in the presence of random labor income and imperfect insurance,
but uses preferences such as CRRA that are not immune to the effects
of this income uncertainty. These preferences exhibit what Miles Kim-
ball has termed “prudence”: a positive third derivative of the utility
function.? These preferences generate a difference between what saving
would be under certainty, with income set equal to its mean, and what
saving is under uncertainty, a difference Hayne E. Leland dubbed “pre-
cautionary saving.”* Leland and Kimball, as well as Agnar Sandmo,
Truman Bewley, Jack Schechtman, Vera L.S. Escudero, and others,
have been able to derive some properties of the solution analytically.’
Unfortunately, however, no one has been able to solve this optimal con-
sumption problem analytically, so until recently economists were stuck.
The advent of high-speed computers, however, has broken new ground
on this problem. For example, in my 1989 paper, I applied some existing
numerical dynamic programming techniques to the optimal consump-
tion problem and examined the resulting numerical solution.é I calcu-
lated the level of consumption as a function of wealth, the marginal pro-
pensity to consume out of wealth, and the expected growth of
consumption over time as a function of initial wealth.

What has emerged from the papers mentioned above, and from work
by Jonathan Skinner and Angus Deaton, as well as a number of papers
in the consumption-based asset pricing literature, is a somewhat new in-
tuition about optimal consumption under uncertainty.” Although some
of the intuition of the CEQ remains in these models, some surprising dif-
ferences arise between consumption under uncertainty and under CEQ.

First, at any given wealth and income level, the level of consumption
is lower (and thus saving is higher) under uncertainty than under cer-
tainty with income set to its mean. Second, at any given wealth and in-
come level, the marginal propensity to consume out of wealth is higher

. Kimball (1990a).

. Leland (1968).

. Sandmo (1970); Bewley (1977); Schechtman and Escudero (1977).
. Zeldes (1989a).

. Skinner (1988); Deaton (1991).
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under uncertainty. While the result about the level of consumption de-
pends on a positive third derivative of the utility function, the result
about the marginal propensity to consume depends on derivatives
higher than the third.

Third, the expected growth in consumption is higher under uncer-
tainty. Fourth, all three of the above effects are stronger, the lower the
level of financial wealth. Finally, the expected growth in consumption
depends on the conditional variance of consumption growth.?

This brings us to Carroll’s earlier work,’ some of which he reviews
in this paper. One of the main results is that consumption more closely
parallels income under uncertainty than under certainty.

Carroll examines both permanent and transitory differences in in-
come growth. For comparisons of permanent differences over some
range of growth rates, the model works similarly to a model with liquid-
ity constraints. Given the rate of time preference, the interest rate, and
the coefficient of relative risk aversion, if the income profile starts out
steep enough, then steepening it further will cause the consumption pro-
file to steepen; that is, wealth falls, causing expected consumption
growth to rise. Carroll stresses this result in his other 1992 paper. I
should point out that over lower ranges of the growth in income, this par-
allel breaks down; reducing the growth in income will cause the con-
sumer to save more, but this will have only a small effect on the growth
of consumption. Thus the consumption/income parallel occurs, but only
over certain ranges of income growth.

Carroll also argues that a consumption/income parallel will occur for.
short-term fluctuations. This result builds on two existing ones. The first
is the observation—made by many—that the conditional variance of
consumption growth enters as a separate term in the linearized Euler
equation. (This term is often assumed to be a constant in the empirical
Euler equation consumption literature, although this is not the case in
the consumption-based asset pricing literature.) The second is the result
in my 1989 paper that the expected growth of consumption is signifi-
cantly higher at low levels of wealth than at high levels of wealth. Carroll
argues that low draws of income will lead to lower levels of wealth, and

8. Engen (1992) adds that the interest elasticity of saving can be much smaller in a pre-
cautionary saving model than in a certainty equivalence model.
9. Carroll (1992).
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that this leads to a higher conditional variance of consumption growth
and higher mean consumption growth. This introduces the possibility
that consumption can more closely track income in the short run, and
that the commonly found violation of the linearized version of the Euler
equation is due to this changing conditional variance. This is an intrigu-
ing theoretical possibility ; the degree to which it is important in practice
is still a wide-open question.

Deaton and then Carroll have also examined the implications for
wealth accumulation over time.!? They have argued that in order to ex-
plain the relatively low wealth holdings of a large fraction of the popula-
tion, it is necessary to assume that individuals have a relatively high rate
of time preference or a high growth of income. In the model with CRRA
preferences, a simple income process, and an infinite horizon, there is a
single-state variable: the ratio of wealth to the permanent component of
income. Because of the single-state variable property of the model,
Deaton and Carroll have called the model with the higher rate of time
preference a “buffer-stock model” of saving. Below some level of the
single-state variable, the precautionary motive dominates and people
accumulate wealth, on average. Above that level, the high rate of time
preference dominates and people run down their wealth, on average. It
is worth emphasizing that this buffer-stock model is a standard model of
intertemporal consumer optimization under uncertainty, with a parame-
terization such that consumers would want to borrow in the absence of
uncertainty.

After deriving analytic and numerical results, the next step is to see
whether precautionary saving is important in practice, and whether a
model with precautionary saving can explain empirical phenomena that
are puzzling from the point of view of a CEQ model. There are two ways
of doing this: the first uses numerical methods, simulation, and/or cali-
bration to see whether an appropriately parameterized model can match
certain stylized facts about the world. The second approach is to per-
form empirical estimation and test directly for the presence of precau-
tionary effects. A number of very recent papers do this, including Karen
Dynan’s.'" The current Carroll paper uses both these approaches; the
numerical work guides the empirical work. It examines the effects of

10. Deaton (1991); Carroll (1992).
11. Dynan (1991).
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changes in expected income growth, as well as changes in uncertainty
about future income. A main result is that small changes in the probabil-
ity of extremely low realizations of income can have significant effects
on precautionary saving. Carroll interprets these low realizations of in-
come as spells of unemployment.

I have only one comment on the specifics of the numerical results.
The comparative statics exercises done in the paper are suggestive, but
do not completely correspond to the types of changes households face
in the world. For example, consider the effects of a change in the growth
rate of income or a permanent change in uncertainty. The paper assumes
that individuals have always faced—and always will face—that same
growth rate or that same uncertainty. The paper then changes the
growth rate or uncertainty and examines the dynamic effects. That is,
people face a change to which they had ex-ante assigned zero probabil-
ity. While this approach used to be a commonly performed comparative
statics exercise, it is an inappropriate experiment to perform. It is espe-
cially problematic here, where the whole point of the exercise is that
people are forward-looking and take into account all possible contingent
outcomes. The correct way to do the calculations (which, granted, is
very difficult) is to let people face a probability distribution for future
income growth and possibly for uncertainty, and then examine the opti-
mal response to various realizations. This is an important area for future
research.

Let me now turn to the empirical work. The goal of Carroll’s paper is
to examine the empirical effects of an economy-wide change in the de-
gree of uncertainty facing individuals. Much of what is new in the paper
is the direct empirical work, and in particular the idea of using the unem-
ployment rate (or a proxy of it) as a measure of this uncertainty. Carroll
claims that a high (or rising) unemployment rate corresponds to a high
level of income uncertainty. His empirical work examines the relation-
ship between the saving rate or consumption growth and a proxy for un-

-employment expectations.

Let me briefly describe the variables used in the empirical work. The
paper uses answers to survey questions about saving, changes in aggre-
gate unemployment, and changes in individual income. It is worth re-
viewing exactly what these questions are.

The saving question asks: “If there were a major purchase that you
wanted to make, do you think that now is a time when it would be okay to
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use some of your savings, or is now a time when you would be especially
reluctant to use some of your savings?” Carroll constructs a measure
(SAV) equal to the fraction of the people who answered that they would
be reluctant minus the fraction who answered that it would be okay.

I have two comments about this variable. First, because it refers to a
“major purchase,” it is clearly asking about durables. However, all the
theory in the paper is about nondurables and services. There are un-
doubtedly important links between uncertainty, illiquidity, and durables
expenditures (some of which have been modeled in other recent pa-
pers),'2 but they are not modeled or carefully discussed in this paper.
This makes me question the validity of the mapping from the theory to
the empirical work.

Second, I can not tell from this question what the suggested alterna-
tive is. If respondents answer that they would be reluctant to use some
of their savings now, does that mean that they would be unlikely to make
the major purchase or that will they find the money elsewhere (by using
current income or cutting other expenditures) and purchase it anyway?
It is not clear what this question reveals.

Another question is about unemployment changes. It asks: “How
about people out of work during the next 12 months—do you think that
there will be more unemployment than now, about the same, or less?”
Again, Carroll uses a constructed variable (MU): the fraction of house-
holds who believe unemployment will increase minus the fraction who
believe it will decrease. I also have two comments about this variable.
First, it is about the change in unemployment, not the level. Second, it
measures how much of a consensus exists about the change in unem-
ployment, not the amount that unemployment is expected to rise. Thus
if a large fraction of the population anticipates a very small rise in unem-
ployment, MU will be very high, even though the expected change in
unemployment may be very low. Calling the variable the “expected
change in unemployment” is therefore misleading.

Yet another question has to do with the change in income. It asks:
“[In] the next year or two, do you expect that your (family) income will
go up more than prices will go up, or less than prices will go up?”’ Carroll
uses the constructed variable (MY): the fraction of households who be-
lieve their real household income will increase minus the fraction who

12. See, for example, Eberly (1992).
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believe it will decrease. This variable has the same problem as MU: it
does not capture the degree to which income is expected to rise, but
rather measures the fraction of people who expect their income to rise.
Also note—and this is what is intended—that this question is asking
about individual income, while the previous question was asking about
aggregate unemployment.

I will focus on four sets of tests and results: those of tables 5, 6, 7, and
9. I will first summarize the intuition behind the tests and the results in
all four tables, and then comment on them.

The first part of table 5 regresses the first variable described, SAV, on
the two expectations variables, MU and MY. The idea is as follows: if
MU is high, lots of people expect unemployment to rise, so that uncer-
tainty about who will become unemployed is high, which means that
precautionary saving is high; therefore now is a bad time to buy. This
suggests a positive coefficient on MU, and Carroll does find a significant
positive coefficient.

Table 6 regresses the personal saving rate on MU, MY, and the unem-
ployment rate, using quarterly data and (in some cases) instrumental
variables. The idea is similar to the test in table 5, except here the actual
saving rate, s, is used rather than the survey variable SAV, and the level
of unemployment is included as well. An expected increase in unem-
ployment should correspond to high uncertainty and, thus, to a high sav-
ing rate. The empirical results are mixed, but, in some cases, MU enters
with the correct sign, and in others the unemployment rate itself enters
with a positive sign.

Table 7 reports a regression like the ones run by John Campbell and
N. Gregory Mankiw."® The change in consumption is regressed on the
(instrumented) actual change in income and MU. The test is as follows:
once MU is included as aregressor, is there any remaining evidence that
some households follow rule-of-thumb behavior of consuming their in-
come in every period? If so, then after allowing for some rule-of-thumb
consumers, does MU help predict consumption growth? The standard
theory of precautionary saving implies that MU should enter with a posi-
tive sign: higher MU implies higher uncertainty, which implies a faster
expected growth of consumption. Carroll finds that including MU de-
creases the sign of the coefficient on the growth in income, but it remains

13. Campbell and Mankiw (1989).
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significantly greater than zero. He also finds that MU does seem to have
a separate role, and enters the equation significantly; unfortunately, the
sign of the coefficient is negative rather than positive. So, Carroll says
that in order to reconcile this finding with the theory, the theory must be
augmented in one of two ways: by adding habit formation or adjustment
costs for consumption.

Finally, in table 9, Carroll takes up the current recovery. He exam-
ines the consumption growth forecast errors from the table 7 equations
(the Campbell/Mankiw model with and without MU) for the period
since the 1990:3 business cycle peak, and also for the period since his
estimate (1991:2) of the business cycle trough. He finds that there is
slightly less underprediction of the growth of consumption when MU is
included than when it is not. His interpretation is that high uncertainty
has generated low consumption growth in the current recovery.

Let me comment on these tests and results. Overall, I find the empiri-
cal results intriguing and suggestive, but they do not constitute strong
evidence supporting the theory. A large gap between theoretical results
and the empirical tests often exists that requires a leap of faith on the
part of the reader. Carroll provides only a sketch of how the empirical
tests might follow from the theory; much more work is needed to pro-
vide the bridge and the road map between the two.

The other main difficulty that I have with the empirical implementa-
tion is that I am not convinced that the survey variable MU is a good
proxy for future income uncertainty. Two links must be made to justify
MU as a good proxy. One is the link from MU to expected changes in
unemployment. The other is the link from expected changes in unem-
ployment to uncertainty. I have already discussed my reservations
about the MU variable as a proxy for the expected change in unemploy-
ment. As far as the second link, Carroll does not make it clear whether
income uncertainty is high when the expected change in unemployment
is high or when the expected level of unemployment is high: that is, is
uncertainty higher if unemployment is expected to rise from 6 to 8 per-
cent next period or if unemployment is expected to stay constant at
10 percent? Much of the discussion in the paper is about the level of un-
employment, but MU seems to be serving as a proxy for the expected
change in unemployment. Presumably, whether it is expected levels or
changes (or neither) that is relevant for uncertainty has to do with the
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dynamics of unemployment at the household level: how does an individ-
ual’s probability of job loss change with the aggregate unemployment
rate? Unfortunately, the paper does not include a discussion of, or evi-
dence about, labor market dynamics. Direct evidence on the relation-
ship between the aggregate unemployment rate and the probability and
duration of individual spells of unemployment should be a key goal of
future research in this area.

Finally, the MU variable could easily be a proxy, in my mind, for the
mean of expected future income, rather than the variance. Carroll tries
to adjust for this by including the MY variable in the regressions, arguing
that MY captures the expected change in income, and any additional in-
formation in MU must be about other moments of the distribution. How-
ever, because MY is the fraction of the population expecting increases
in income, rather than the actual expected income itself, it seems un-
likely that it is fully capturing the expected change in income. If a large
fraction of the population believes unemployment will be rising, this cor-
responds to an expected drop in the mean of future income. The stan-
dard certainty equivalence model (with no precautionary saving) would
predict a high saving rate. Therefore I am not convinced that the tests
are capturing a precautionary saving effect, rather than an effect that
would arise in a standard certainty equivalence permanent income/life-
cycle model.

Thus while the evidence linking saving to MU is suggestive that pre-
cautionary saving may be important, more work (both theoretical and
directly empirical) is needed to show that MU is indeed capturing house-
hold uncertainty about future income. This paper is likely to stimulate
further research in this area.

In conclusion, I think that this paper contributes to the growing litera-
ture on the effects of uncertainty on optimal saving and consump-
tion, and in particular draws out many of the macroeconomic implica-
tions of the theory. Some of the numerical exercises help change our
intuition about saving under uncertainty. The most innovative part of
the paper is the idea of using MU as an empirical proxy for individual-
level uncertainty about income. I find the empirical results intriguing
and, on the whole, intuitively appealing. However, I am not fully con-
vinced that they actually provide support for this precautionary saving
model.
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General Discussion

Olivier Blanchard noted that the common empirical finding of a low
interest elasticity of saving is consistent with the paper’s result that the
target wealth ratio is unlikely to be sensitive to changes in the interest
rate. However, Alan Blinder noted that interest rates could have im-
portant wealth effects that would affect saving in the model. If interest
rates rise, wealth is reduced; this, according to the model, raises the con-
ditional variance of consumption and consumption growth. Inresponse,
consumers would lower current consumption and increase saving. In
this vein, Richard Cooper asked whether the increase in wealth in the
1980s could be a reason for the lower saving rate of that period. Carroll
noted that alarge fraction of personal wealth is held by the very wealthy,
people to whom he does not claim his model applies. He further argued
that macroeconomic models of consumption which explicitly incorpo-
rate an effect of wealth on the saving rate are unable to explain the mag-
nitude of the decline in the saving rate, so the wealth effect cannot be the
only explanation for the decline in saving.

Christopher Sims observed that using models of this type to explain
the business cycle is risky unless they are embedded in a general equilib-
rium framework. Interest rates and income growth are not exogenous
as assumed in the model. Sims noted, for example, that neoclassical
growth models can alter standard consumption growth results which as-
sume an exogenous constant interest rate.

Blinder observed that the model also suggests that a widening dispar-
ity in incomes may affect saving. Increasing inequality of income and
wealth is likely to involve an increase in the probability that some con-
sumers might have zero incomes. Because buffer-stock saving is espe-
cially sensitive to the risk of very low incomes, the model predicts that
growing inequality would lead to lower aggregate consumption levels.

Blanchard noted that the model as specified does not capture the life-
cycle motivation of saving for retirement; income is expected to grow
over the lifetime and, indeed, is assumed to continue growing until
death. In real life, consumers must increase their target wealth ratio be-
fore they retire to provide for retirement. He suggested interpreting the
model as part of a two-track saving process in which individuals make
contractual commitments for their retirement. Once consumers have
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made such commitments to cover major saving for retirement, then they
may behave according to the buffer-stock model with the remainder of
their incomes. He suggested a possible rationale for this sort of two-
track saving behavior: nonexponential discounting by consumers that
reflected high levels of impatience in the short run, but less impatience
over the longer run. Carroll acknowledged that the version of his model
with constant income growth until death does not provide a role for life-
cycle saving. He added that if the model is modified so that incomes
grow rapidly during the early part of the life cycle and then turn down,
his model would predict buffer-stock saving early in the life cycle; but
that later in life, as life-cycle considerations dominate, buffer-stock con-
siderations would fade.

Gregory Mankiw was skeptical that the precautionary saving effects
predicted by the model could be seen in the data. He noted that recent
research by Dynan (1991) using panel data finds little evidence of a cor-
relation between consumption growth and the variance of consumption.
But he also suggested how this finding might not be inconsistent with the
model: people may self-select into occupations that have different in-
come risks, on the basis of their degree of risk aversion. This self-selec-
tion process would obscure the evidence of the effects predicted by the
model in panel data.

Julio Rotemberg cautioned against interpreting the estimates from ag-
gregate Euler equations in terms of the characteristics governing indi-
vidual behavior in the model. As aggregate unemployment varied cycli-
cally, the probability of becoming unemployed would vary in different
ways for different individuals. For many, the risk of job loss would not
change perceptibly while for others it would change dramatically.

Robert Gordon distinguished between two descriptions of the current
recession: the popular account of a “hangover recession” and the ac-
count proposed by the model. On the first description, one of the current
“hangovers” stems from an excessive increase in debt by households
and firms during the 1980s, which must now be serviced and retired. By
contrast, the Carroll model could imply that no hangover exists because
greater indebtedness resulted from an equilibrium adjustment by con-
sumers to loosened borrowing constraints. Carroll responded that the
“hangover” description of the current recession could still be accurate
because an increase in uncertainty could raise consumers’ desired target
wealth, making them uncomfortable holding debts that were viewed as
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tolerable when times were better. He pointed out that, in this interpreta-
tion, the increase in unemployment expectations is what converted an
acceptable debt burden in 1989 into a debt “hangover” in 1991. Sims
cited reductions in the penalties for personal bankruptcy during the
1980s as another equilibrium explanation for consumers’ greater willing-
ness to borrow.

Martin Baily related the model to inventory theories of the firm. If
firms, like Carroll’s consumers, are concerned about low-probability
but disastrous events such as bankruptcy, then the use of inventories for
production smoothing may not occur over the business cycle. Rather,
firms would run down inventories as the economy enters recession—as
is in fact observed. However, Baily cautioned that people often do not
behave rationally in planning for low-probability disastrous events,
citing the apparently irrational behavior in the market for flood or
earthquake insurance. Such irrational behavior would weaken the link
between current consumption and the probability of future unemploy-
ment. Carroll noted the ample research into this type of behavior. His
impression of the literature was that people planned incorrectly, not that
they failed to plan altogether. Thus, he argued, a link between unem-
ployment expectations and consumption may exist, even if those expec-
tations do not reflect an optimal forecast of unemployment.

Drawing an analogy to physics, William Nordhaus noted that, like the
physical anomalies that appear at low temperatures, strange behavior
whichthe modeldoesnotcaptureoccursatthelowendoftheincomescale.
He cited several examples of consumers whose behavior is not easily
explained by the buffer-stock model: students, welfare recipients, and
business people who go on a spending spree as personal bankruptcy
looms. Baily argued for the importance of contagion effects: consumers,
intheir spendingpatterns, may be influenced by the attitudes and behavior
of theirreference group. When the prevailing consumer mood is generally
depressedduringarecession, consumers may spendless, regardless ofthe
true expectation of their own future incomes. Carroll acknowledged the
possibility of contagion effects, and suggested that beliefs about the in-
creased risk of unemployment may be important for explaining con-
sumption even if economists have trouble detecting the marginal effect
of increased unemployment on the conditional distribution of income.
He argued that consumers should act on the basis of their own beliefs,
whether or not those beliefs can be shown to be optimal forecasts.
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