
 Earnings Uncertainty and Aggregate Wealth

 Accumulation

 By RICARDO J. CABALLERO*

 This paper argues that precautionary savings due to uninsurable earnings
 uncertainty are likely to be an important source of aggregate wealth accumula-
 tion. The stylized model presented in this paper can easily generate levels of
 wealth above 60 percent of the observed net wealth in the United States, net of
 conventional life-cycle savings. (JEL 023, 131)

 The textbook version of Modigliani's
 life-cycle model indicates that, for the low
 real interest rates and degree of inter-
 temporal substitution found in U.S. data,
 individuals' consumption paths should be
 approximately flat. If income paths are as-
 sumed to be flat until retirement, then con-
 sumption-smoothing generates a hump-
 shaped wealth model for individuals. In this
 case, both the amount and the motive for
 life-cycle savings are firmly rooted on the
 expected path of income.

 This paper presents a simple over-
 lapping-generations model in which not only
 the expected but also higher moments of
 the income path determine aggregate sav-
 ings. Individual consumers accumulate pre-
 cautionary savings to self-insure against po-
 tential earning misfortunes. When young,
 consumers accumulate more (on average)
 than they would were their income streams
 certain. This behavior yields a hump-shaped
 saving model even in the absence of a re-
 tirement motive. The model is highly styl-
 ized and is designed to isolate the long-run
 implications of earnings uncertainty for ag-
 gregate wealth accumulation. As such, the
 results obtained should be interpreted as
 measures of the potential incremental con-
 tribution of precautionary savings due to

 earnings uncertainty, not as a description of
 U.S. wealth accumulation.

 Borrowing parameter values from related
 research, I show that, within the context of
 the stylized model, precautionary savings
 due to earnings uncertainty alone can easily
 generate aggregate wealth levels above 60
 percent of the observed net U.S. total stock
 of wealth. This conclusion is robust to the
 presence of lifetime uncertainty, regardless
 of whether annuity markets exist or not.

 The evidence presented in this paper is
 just illustrative; however, the magnitude of
 the numbers found, together with related
 and consistent evidence presented by
 Jonathan Skinner (1988), brings about the
 need for more research on the behavior of
 consumers in the presence of earnings un-
 certainty and incomplete markets and its
 implications for aggregate wealth accumula-
 tion. Section I sets up the savings problem
 of an individual agent, deals with aggrega-
 tion under certain horizons, and discusses
 empirical evidence shedding some light on
 the parameters determining the relative im-
 portance of precautionary savings due to
 earnings uncertainty. Section II extends the
 previous results to the case of uncertain
 horizons. It shows the interactions between
 precautionary savings and horizon uncer-
 tainty and shows the robustness of Section
 I's conclusions to the introduction of life-
 time uncertainty and annuity markets. Sec-
 tion III summarizes the results, discusses
 some welfare implications, relates the find-
 ings to previous literature, and suggests pos-
 sible extensions of the model.

 *Department of Economics, Columbia University,

 New York, NY 10027. I am most grateful to Samuel
 Bentolila, Olivier Blanchard, Stanley Fischer, Glenn
 Hubbard, Anil Kashyap, Laurence Kotlikoff, Richard
 Lyons, Danny Quah, and three anonymous referees for
 their useful comments.
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 I. The Model: Certain Horizon

 A. Individual Behavior

 The behavior of an individual consumer
 in the presence of uninsurable labor-income
 (earnings) uncertainty has been extensively
 studied since the work of Hayne E. Leland
 (1968) and Agnar Sandmo (1970) (e.g.,
 Jacques H. Dreze and Franco Modigliani,
 1972; Bruce L. Miller, 1974, 1976; David S.
 Sibley, 1975; Jack Schechtman and Vera
 L. S. Escudero, 1977; David Levhari
 et al., 1980; Miles S. Kimball, 1987; Olivier
 J. Blanchard and N. Gregory Mankiw, 1988;
 Skinner, 1988; Stephen P. Zeldes, 1989; Ca-
 ballero, 1990). The chief conclusion of this
 research agenda is that whenever prefer-
 ences can be characterized by a separable
 utility function with convex marginal utility,
 the slope of the consumption path rises as
 the level of income uncertainty increases.1

 In this paper, I make assumptions to iso-
 late savings arising from precautionary rea-
 sons in the face of uncertain earnings from
 other sources of wealth accumulation. The
 base model is such that neither life-cycle
 nor cyclical savings exist. Consumption pref-
 erences of each individual i are character-
 ized by a constant-absolute-risk-aversion
 utility function. Consumers live for T years.
 Throughout most of the paper, both the
 interest and discount rates are constant and
 equal to zero, while labor income is uncer-
 tain and uninsurable and follows a random
 walk.2 Initial wealth is equal to zero, al-
 though this assumption is relaxed in Section
 II, when bequests are introduced into the
 model.

 Formally, the problem can be stated as
 follows:

 max Et E - e-ct+O]

 subject to

 Cti= Yt+i+ At+iA 1 - A for O<i<T-t

 CT = YT + AT-1

 AO=O

 Yt Y2 + Yo

 Y= y1 + wt wt i.i.d.

 where Et is the conditional (on information
 available at time t) expectations operator, 0
 is the coefficient of absolute risk aversion
 (6 > 0), c is consumption, y is labor income;
 w is labor-income innovation, A is nonhu-

 man wealth, and i.i.d. indicates that the wt
 are independently and identically dis-
 tributed. The Appendix shows that, under
 these conditions, the consumption function
 of an individual i is

 Ait-, l (T -t)
 Cit = Yit + T-t

 with

 1
 F= -E[e-Ow] > o.

 0

 A simple example of F is obtained when w
 is .zV(O, o2)2

 (1) r x

 The assumptions above grant not only a
 constant slope of the consumption path, F,
 but also a unitary marginal propensity to
 consume out of income. This determines
 that individual i's savings at age t, defined
 as sit - Y are a deterministic func-
 tion of time, even though consumption and
 income are stochastic.

 Using the facts that

 r(T -t) Ait-1
 si = _ =t 2 T-t+1

 Ait = Ait-i + Sit

 'In Caballero (1990), I study the implications of
 precautionary savings for the time-series behavior of
 consumption. Here, on the other hand, I look at the
 potential importance of precautionary savings in ex-
 plaining long-run aggregate wealth accumulation.

 2The consumer/worker is assumed to have an in-
 elastic labor supply. The source of labor uncertainty
 may come from both wages and employment.
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 FIGURE 1. THE PATHS OF WEALTH FOR
 DIFFERENT VALUES OF F

 and Ao 0, it is possible to express the
 saving function of individual i (of age t) as

 F(T+1-2t)
 Sit 2 -

 Summing over time, total wealth accumu-
 lated at time t by individual i (born at time
 0) is

 t F(T-t)t

 Ait E sij= 2
 j=1

 Figure 1 shows the path of (nonhuman)
 wealth for different values of F; later I will
 argue that these values are realistic. It is
 apparent that the model here described
 generates a hump-shaped path of individual
 wealth. Precautionary savings due to earn-
 ings uncertainty have a role very similar to
 retirement in Modigliani and Richard
 Brumberg's (1954) life-cycle model. Con-
 trary to their model, however, the precau-
 tionary motive does not depend on the ex-
 pected path of income. For example, if,
 instead of a driftless random walk, income
 follows a random walk with positive drift,
 precautionary savings due to earnings un-
 certainty would not change, although total

 wealth accumulation would fall due to a
 negative life-cycle component.3

 The complete separation between life-
 cycle and precautionary savings is a result of
 the specific assumptions made. However,
 the principle is not: in general, savings for
 earnings-precautionary reasons do not
 change one-for-one with changes in the ex-
 pected income path.

 B. Aggregate Behavior

 The purpose of this paper is to provide a
 simple model highlighting the potential role
 of precautionary motives due to earnings
 uncertainty in the determination of wealth
 accumulation. For this, I assume that there
 is no population growth and that the in-
 come process restarts with each consumer.4
 One drawback of these assumptions is that I
 have to concentrate on the factors deter-
 mining aggregate wealth as opposed to (flow)
 aggregate saving, since the latter is zero in
 the steady state. The advantage, on the other
 hand, is that most of the results can be
 expressed in closed form.

 Assuming that there are T cohorts of size
 T-' (hence, population size is invariant to
 T) and that every cohort lives for T periods
 yields the following expression for aggregate
 steady-state wealth, W:

 1 T =F(T2-1)
 (2) W=-- EAit= 1

 T i = 12

 This expression reveals the potential role of
 precautionary motives for wealth accumula-
 tion. For example, if equation (1) is used as
 an approximation for F, doubling the coef-
 ficient of risk aversion or the variance of

 3Certainly, if one lets earnings be a fixed constant
 after retirement, precautionary savings are reduced.
 This, however, is not a result of the reduction in
 expected income but of the reduction in earnings un-
 certainty after retirement. In a realistic situation, this is
 likely to be offset by health uncertainty.

 4The latter assumption can be relaxed without
 changing the results in any important way. However,
 given the random-walk assumption for the income pro-
 cess, relaxing the memoryless assumption would imply
 that eventually some consumers would have negative
 earnings almost surely.
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 labor income doubles the steady-state level
 of aggregate wealth.5 In partial equilibrium,
 the transition between steady states is
 smooth and lasts for T periods; this is de-
 scribed by

 W + (T2-1)
 wh -

 12

 -l E~1 (k -h)(T -k)

 with Wh denoting aggregate wealth h peri-
 ods after the new conditions were set, and
 with F+ and F- denoting the new and old
 F, respectively.

 Before more meaningful examples can be
 presented, it is necessary to gather some
 information on the determinants of F. The
 next two subsections survey empirical evi-
 dence shedding some light on possible val-
 ues of the coefficient of risk aversion and
 the degree of labor-income uncertainty
 found in U.S. data. These provide the basic
 elements needed to construct reference ex-
 amples.

 C. Coefficient of Risk Aversion

 If one is willing to restrict the coefficient
 of risk aversion to be equal to the inverse of
 the coefficient of intertemporal substitution,
 it is possible to use the wealth of results
 found in the "Euler equation"-approach lit-
 erature. Recent work in this area (e.g.,
 Robert E. Hall, 1988) suggests that the in-
 tertemporal substitution parameter is un-
 likely to be larger than 0.3. This implies,
 under some standard preference restric-
 tions, a coefficient of relative risk aversion
 above 3.6

 Irwin Friend and Marshal E. Blume
 (1975), on the other hand, obtain an inde-
 pendent measure of the degree of risk aver-
 sion using cross-sectional data on house-
 holds' asset holdings. Their comprehensive
 analysis of the data, leads them to the con-
 clusion that the coefficient of relative risk
 aversion of U.S. asset-holders exceeds 2.

 D. Human Wealth Uncertainty

 Measuring human wealth uncertainty is
 difficult, since it requires assessing the aver-
 age uninsurable risk faced by individuals.
 Benjamin Eden and Ariel Pakes (1981) and
 Kotlikoff and Pakes (1988) have suggested
 doing this by measuring the variance of con-
 sumption changes. Unfortunately, using
 readily available aggregate data averages out
 much of the microeconomic uncertainty.
 Microeconomic consumption data, on the
 other hand, do not match the required the-
 oretical consumption measure (in adequate
 length) and are subject to substantial noise.

 An alternative procedure is to look di-
 rectly at earnings data. Uncertainty in the
 annuity value of wealth is then obtained
 from the estimated stochastic process of
 earnings. Again, aggregate measures of in-
 come uncertainty are easily attainable; how-
 ever, they are not likely to provide a good
 proxy for the uncertainty faced by individu-
 als unless idiosyncratic risk is fully insur-
 able. On the other hand, disaggregate-data
 studies usually involve short time-series ob-
 servations. The latter fact impedes a good
 understanding of the degree of persistence
 of income shocks, a crucial issue in estab-
 lishing the links between income and hu-
 man wealth uncertainty. In spite of this
 shortcoming, disaggregate data seem more
 appropriate for addressing the earnings-
 uncertainty issue.

 Thomas E. MaCurdy (1982) designs a
 random sample from the Michigan Panel
 Study of Income and Dynamics (PSID) for
 the years 1968-1977 (annual). His preferred
 specifications for wages and earnings, re-
 spectively, are

 A x, = e, - 0.484e 1- 0.66e,2

 A z= vt -0.411lt_ 1 - 0.106vt-2

 5In this model, changes in the coefficient of risk
 aversion have first-order effects on the slope of the
 consumption path and hence on the level of aggregate
 wealth. This contrasts with previous models (e.g., Lau-
 rence Kotlikoff et al., 1987) where the coefficient of
 risk aversion is not of primary importance in the deter-
 mination of savings.

 6Lars P. Hansen and Kenneth J. Singleton (1983)
 present somewhat lower estimates of the coefficient of
 risk aversion, although 3 is well within their confidence
 intervals.
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 with o7 = 0.061 and (J2 = 0.054, where x
 and z are the logarithms of wages and
 earnings, respectively.

 Strictly speaking, these estimates do not
 fit the theoretical model, since the equa-
 tions are in logarithms and include moving-
 average coefficients. It is still possible,
 nonetheless, to calculate the variance of the
 rate of change of the annuity value of hu-
 man wealth, although it will no longer be
 equal to the variance of income innovations.
 An additional problem with the moving-
 average terms is that, when combined with
 the finite-horizon assumption, they imply a
 nonconstant variance of the annuity value
 of human wealth.7

 Given these caveats, if T = 50 the esti-
 mates of the standard deviation of (propor-
 tional) changes in the annuity value of hu-
 man wealth calculated from the process of
 wages varies from 0.123 at birth to 0.247
 one period before death. If earnings are
 used instead of wages, it varies from 0.115
 at birth to 0.232 one period before death.

 Hall and Frederic Mishkin (1982) mea-
 sure income uncertainty through the resid-
 ual of a regression of PSID data on
 demographic and life-cycle variables. Their
 procedure yields estimates of human wealth
 uncertainty of the same order of magnitude
 as those in MaCurdy's work.

 These estimates have to be taken with
 caution. First of all, they represent the un-
 certainty as measured by the econometri-
 cian, which is not necessarily the same as
 the uncertainty faced by individuals, who
 are likely to have more information about
 their future earnings. Furthermore, even if
 this is not the case, the uninsurable compo-
 nent of labor-income risk may be smaller
 than measured earnings uncertainty; for ex-
 ample, insurance within the family (Kotli-
 koff and Avia Spivak, 1981) may reduce
 nondiversifiable risk. Hence, on one hand,
 the above estimates represent an upper

 bound for the uninsurable component of
 labor income. Yet, on the other hand, some
 of MaCurdy's procedures bias downward
 the estimate of total labor-income uncer-
 tainty faced by individuals. For instance,
 only white males between the ages of 25
 and 46 who have been continuously married
 to the same spouse are considered. All these
 characteristics tend to smooth large and un-
 expected changes in income. Also, to avoid
 outliers, observations with large changes in
 wages or earnings are excluded. Finally, a
 dummy for each year is used, ruling out
 aggregate uncertainty, perhaps the most
 uninsurable of all the risks faced by an
 individual. Hall and Mishkin's procedure is
 subject to the same issues, as they remove
 all demographic and life-cycle components
 from their residuals.

 Given these considerations, it seems sen-
 sible to postulate-although with a great
 deal of incertitude-that labor-income un-
 certainty (as measured by the standard devi-
 ation of the percentage change in the annu-
 ity value of human wealth) is, on average, a
 number on the order of 10 percent, and
 perhaps larger than this. The next subsec-
 tion combines these estimates with the esti-
 mates on the coefficient of risk aversion
 presented above, to speculate on the possi-
 ble importance of precautionary motives for
 U.S. wealth accumulation.

 E. Some Relevant Examples

 As a reference case, it is convenient to
 assume that labor-income innovations are
 normally distributed. Columns 2 and 4 in
 Table 1 present values of average F's for
 coefficients of relative risk aversion and
 earnings uncertainty in the neighborhood of
 those discussed above. The contribution of
 precautionary motives to the slope of an

 TABLE 1-STEADY-STATE RATIO OF WEALTH TO

 CONSUMPTION, WITH CERTAIN LIFETIME

 OC = 3 OC=4

 -/ Y Fr W/C r W/C

 0.05 0.38 0.78 0.50 1.04
 0.10 1.50 3.12 2.00 4.17
 0.15 3.38 7.03 4.50 9.37

 7Certainly the moving-average coefficients also have
 implications for short-run fluctuations in savings. This,
 however, is of second-order importance for this paper;
 hence, it will be disregarded. I also disregard the
 potential implications of the conditional heteroscedas-
 ticity embodied in a logarithm equation (Caballero,
 1990).
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 individual's consumption path is large. For
 example, it does not seem unreasonable to
 assume that U.S. data are likely to be well
 characterized by coefficients of relative risk
 and degree of labor-income uncertainty
 around 3 and 10 percent, respectively. In
 this case, the contribution of precautionary
 motives to the slope of the consumption
 path of an individual is 1.5 percent of aver-
 age consumption per year.8

 The ratio of steady-state wealth to aggre-
 gate average consumption, W/C, can be
 obtained from equations (1) and (2) and the
 fact that average consumption (C) is equal
 to average income (Y):

 W (T 2- 1) (OC) (a/ Y)2
 C 24

 Columns 3 and 5 of Table 1 show that, with
 reasonable values of the coefficient of rela-
 tive risk aversion (OC) and the standard
 deviation of the rate of growth of labor
 income (cr/ Y), it is possible to impute siz-
 able amounts of wealth to precautionary
 savings due to earnings uncertainty.

 According to estimates of the Board of
 Governors of the Federal Reserve System
 (1990), the ratio of private wealth to private
 consumption in the United States is around
 5.2. The estimates of Table 1 are of the
 same order of magnitude. For example, if
 the coefficient of relative risk aversion is
 equal to 3, T = 50, and labor-income uncer-
 tainty is 10 percent per year, then W/ C is
 around 3. On the other hand, if labor-
 income uncertainty is 15 percent per year,
 then W/ C is around 7. Furthermore, in a
 previous paper (Caballero, 1990), I show
 that if the distribution of labor-income in-
 novations is asymmetric, in the sense that
 very bad low-probability events (without a
 positive counterpart) exist (unemploy-
 ment?), F is substantially larger than in the
 normal-distribution case. This type of phe-

 nomenon magnifies all the numbers pre-
 sented in most of the tables of the paper.
 Of course one could also imagine situations
 in which this asymmetry is reversed and the
 size of F is reduced.9 In general, most of
 the results presented in this paper are scaled
 by F (i.e., by 1/0 times the expected value
 of e - Ow); thus, assessing the impact of
 changes in the distributional assumptions
 about labor-income innovations is trivial.

 F. Interest Rates and Discounting

 Interest and discount rates are assumed
 to be equal to zero throughout the paper.
 These assumptions are momentarily relaxed
 in this subsection in order to study their
 impact on the main conclusions of the pa-
 per. Still, in order to isolate the saving mo-
 tive studied here from conventional in-
 tertemporal-substitution arguments, I main-
 tain the assumption of equal interest and
 discount rates; thus, in the absence of pre-
 cautionary motives, the aggregate stock of
 wealth is zero.

 Under the random-walk assumption for
 labor income, the interest rate has no impli-
 cations for the value of F.10 However, it
 does have an effect on the amount the con-
 sumer needs to save today in order to build
 up his defenses against possible future in-
 come misfortunes: the larger the interest
 rate, the less the amount of current saving
 that is required to finance future consump-
 tion. The new consumption function (see
 the Appendix) for individual i reveals this:

 1-ae

 cit = yit + aT-t At-1

 ai1 (T-t+1)aT-t]
 a -C -T-t+1 Fr

 8Very large values of F have to be interpreted with
 caution. Given that the exponential utility function
 does not preclude negative consumption, it is possible
 that very large values of F may overestimate the poten-
 tial wealth accumulation of the young.

 9As is the case with the lognormal distribution, for
 example. See Caballero (1990) for an extensive discus-
 sion of the conditional heteroscedasticity-precautionary
 savings issues arising in this case.

 10Since the annuity value of an income innovation
 remains unchanged and equal to the income innova-
 tion.
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 where a is equal to 1/(1 + real interest rate).
 Trivial algebra shows that the term preced-
 ing F in the new consumption function is
 smaller (in absolute value) than (T- t)/2,
 thus lowering the amount of precautionary
 savings at each point in time. As for the
 aggregate, analytical expressions are obtain-
 able but are unrevealing.

 What is important, however, is that the
 ratio of wealth in an economy with positive
 interest rate to aggregate wealth when the
 interest rate is zero is not far from one for
 reasonable interest rates: 0.97 and 0.89 for
 annual interest rates of 2 and 5 percent,
 respectively. Thus, the simplifying assump-
 tions on interest rates are not likely to
 weaken the main results of the paper.

 The model is partial-equilibrium (or small
 open economy) in nature. Instead of deter-
 mining the level of wealth, one could use it
 to determine the level of the interest rate,
 given the level of wealth; if the aggregate
 technology has decreasing returns to capi-
 tal, precautionary savings due to earnings
 uncertainty lower the equilibrium interest
 rate. In this case, an interesting reinforcing
 effect arises from the fact that lower inter-
 est rates increase precautionary savings, re-
 ducing interest rates even further.

 In the next section, the zero-interest-rate
 assumption is reinstated, but lifetime be-
 comes uncertain. The issue studied there is
 whether the presence of bequests may alter
 the potential importance of precautionary
 savings due to the uninsurability of labor-
 income uncertainty for aggregate wealth ac-
 cumulation."

 II. Lifetime Uncertainty

 In this section, I introduce horizon uncer-
 tainty and show that the interaction of this
 with precautionary savings due to earnings
 uncertainty results in even larger wealth
 accumulation than when the horizon is cer-
 tain.12 Again, the model described below is
 such that longevity risk alone is not a source
 of additional savings.

 A. Absence of Annuity Markets

 The framework is similar to that in the
 previous section, except for the fact that
 there is a constant per-period survival prob-
 ability p between periods 1 and T. The
 maximum age (T), however, is still known
 with certainty. The formal problem of the
 individual is

 maxEt[E - Pie-oct+l
 ct+1 i = 0

 subject to

 Ct+i = Yt+i +At+i 1 -At+1 for O < i < T-t

 CT = YT + AT-1

 Yt- Y* + Yo

 Y* = Y* +wt w i.i.d.

 1"This paper discusses the case of involuntary be-
 quests. It is also possible to provide strong arguments
 in favor of a precautionary-motives explanation for
 wealth accumulation in the context of an altruistic
 model. In this framework, the steady-state equilibrium
 interest rate (r) is lower than that in the case in which
 precautionary motives are not taken into account. As
 long as there are decreasing returns to capital, this
 implies a larger steady-state capital stock. In terms of
 the model shown in this paper, a steady state would
 require r = a - 02cr2/2 (where U is the discount rate).
 For example, assuming that labor-income uncertainty
 is 10 percent and that the coefficient of relative risk
 aversion is equal to 3 would imply an equilibrium
 interest rate 4.5-percent lower than the equilibrium
 rate of an economy with no precautionary savings.

 12The formal treatment of the role of uncertain
 horizons on the consumption/savings profiles starts
 with the work of Menahem E. Yaari (1965). His work
 was followed by many studies (e.g., Levhari and Mir-
 man, 1977; James B. Davies, 1981; Eytan Sheshinski
 and Yoram Weiss, 1981; Andrew B. Abel, 1983, 1985;
 R. Glenn Hubbard, 1984; Zvi Eckstein et al., 1985;
 Hubbard and Kenneth L. Judd, 1987; Kotlikoff et al.,
 1987). Some of the main issues addressed by this
 literature are: the effect of changes in the degree of
 lifetime uncertainty on the level of current consump-
 tion; the possibility of generating slow dissaving of the
 elderly; involuntariness and endogeneity of bequests;
 the effects of social security systems on welfare and
 wealth accumulation; imperfections in annuity markets;
 alternatives to the existence of complete annuity mar-
 kets; and the effects of social security on welfare and
 aggregate savings when borrowing constraints are pre-
 sent.
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 It is particularly important to notice that,
 in the absence of annuity markets, the bud-
 get constraint remains unchanged. This im-
 plies that the variance of the annuity value
 of human wealth also remains unchanged.
 In fact, the new consumption function is
 similar to that of the previous section, ex-
 cept for the fact that there is an additional
 (negative) term in the slope of the consump-
 tion path to take into account the increase
 in discounting of future-periods utility (see
 Appendix). The new slope, F*, can be writ-
 ten as follows:

 (3) log p

 Equation (3) illustrates that, under the type
 of preferences assumed in this paper, unin-
 surable earnings uncertainty and lifetime
 uncertainty do not interact in determining
 the slope of the consumption path. The
 interaction between both types of uncer-
 tainty comes only through the risk of
 longevity, which raises the "overaccumula-
 tion" of the young. It is important to notice,
 however, that contrary to most of the litera-
 ture on uncertain horizons, risk of longevity
 does not have any effect on savings unless
 there is income uncertainty.

 Aggregating over time yields the same
 saving equation as before, with the excep-
 tion that now bequests have to be intro-
 duced in the definition of wealth. Assuming
 initially that bequests are received at birth

 (Aio 2 0), the saving function can be written
 as follows:

 F*(T+1-2t) Aio
 5it - 2 T-t+1

 As before, summing over time yields the
 wealth of individual i at time t (born at
 time 0):

 F*(T-t)t ( t
 Ait = 2 +AiO 1--,. 2 ~ , TI

 Normalizing by (1- pT)7(l - p), so that the
 population size is independent of p and T,
 implies that at each point in time there are
 pi-(1 - p)/(1- pT) individuals of age i.
 Hence, in a steady state, aggregate wealth is
 defined as:

 -p T

 W -- 1 - p~T E 1'l

 Using the fact that in equilibrium bequests
 must equal the initial wealth of the just
 born,

 lp
 Aio l T -(1 - p) W.

 It is then possible to determine the steady-
 state level of wealth:

 T{(T -1)(1 -pT)(1 -p)-2p[1 +(T-1)pT-TpT])
 W-F* 2(1-p)3 [l -pT + TpT-1 (2p- 1) J

 Keeping expected lifetime constant (i.e.,
 increasing T when p is lowered), Table 2
 shows that the presence of lifetime uncer-
 tainty does not preclude precautionary
 motives (the only source of wealth accumu-
 lation in this model) from delivering large
 amounts of steady-state wealth. For exam-
 ple, if p = 0.995, OC = 3, and a / Y= 0.1,
 the wealth:consumption ratio is around 4.9.
 If p = 0.990, on the other hand, this ratio
 rises to 9.2. Several effects account for the
 change in steady-state wealth when p falls.
 First, the effective discounting of individual
 wealth rises, reducing the slope of the con-

 TABLE 2-STEADY-STATE RATIO OF WEALTH TO
 CONSUMPTION, KEEPING EXPECTED

 LIFETIME CONSTANT

 p = 0.995, T= 57 p = 0.990, T= 69

 CJ/Y OC=3 OC=4 OC=3 OC=4

 0.05 0.76 1.37 0.32 1.96
 0.10 4.88 6.86 9.17 13.80
 0.15 11.70 16.00 23.90 33.40

This content downloaded from 18.9.61.112 on Tue, 31 Jan 2017 20:55:10 UTC
All use subject to http://about.jstor.org/terms



 VOL. 81 NO. 4 CABALLERO: EARNINGS UNCERTAINTYAND WEALTH 867

 sumption path and, as a result, wealth accu-
 mulation. This implies that the threshold
 model, in which there are no precautionary
 savings due to income uncertainty, yields a
 negative steady-state stock of wealth. Sec-
 ond, a larger fraction of individuals die be-
 fore age T, increasing bequests (see discus-
 sion below) and, therefore, wealth in the
 hands of youngsters. Third, the demo-
 graphic structure changes in the direction of
 younger consumers. This, combined with the
 second effect, tends to raise steady-state
 wealth. Fourth, in order to keep expected
 lifetime constant, T must rise, increasing
 the longevity risk. Individuals must save for
 the additional lifetime income uncertainty
 arising from the possible "extra" years alive;
 this is the main factor responsible for the
 increase in the steady-state stock of wealth.

 Kotlikoff and Lawrence H. Summers
 (1981) show that a large amount of U.S.
 wealth accumulation must be explained in
 terms of intertemporal transfers. In the
 model presented here, the only structural
 reason for wealth formation is the overaccu-
 mulation by youngsters to protect them-
 selves against future misfortunes; however,
 it is still the case that one can determine the
 ratio of involuntary transfers to the stock of
 wealth (Abel, 1985). Using the equation

 B T 1+(T 1)pT_TpT1
 -=1-p - T(1-p)

 (see the Appendix for the derivation) re-
 veals that, if p = 0.995, approximately 13
 percent of steady-state wealth can be im-
 puted to bequests, while if p = 0.990, this
 number rises to 28 percent.

 Total wealth and the bequest:wealth ratio
 are not invariant to the timing of bequests.
 The later bequests are received, the more
 people borrow against future bequests, re-
 ducing capital accumulation and the relative
 contribution of bequests to wealth forma-
 tion. The Appendix shows that, if bequests
 are received at time t* instead of at time 1,
 total steady-state wealth, W*, is equal to

 TABLE 3-STEADY-STATE RATIO OF WEALTH TO
 CONSUMPrION, KEEPING EXPECTED LIFETIME

 CONSTANT AND WITH t* = T/2

 p=0.995, T=57 p=0.990, T=69

 CJ/Y OC=3 OC=4 OC=3 OC=4

 0.05 0.66 1.19 0.23 1.40
 0.10 4.25 5.97 6.55 9.93
 0.15 10.20 13.90 17.10 23.90

 and the bequests:wealth ratio is

 B*
 _= p t* -1(1 - pT-t* +1)

 1+(T-1)pT- TpT-1

 T(1-p)

 Table 3 is the analogue of Table 2, except
 that now t* = T/2. Not surprisingly, if bor-
 rowing against future bequests is allowed
 for-or if the precautionary savings motive
 due to income uncertainty is strong enough
 to offset the needs for borrowing against
 future bequests-wealth accumulation is
 lower than for the case in which t * = 1.
 Nonetheless, it is still true that sizable
 amounts of wealth accumulation can be
 generated just out of earnings-precau-
 tionary motives. In fact, the wealth:con-
 sumption ratio is larger than in the certain-
 horizon case for most of the parameter
 combinations presented.

 The negative effect of late bequests on
 saving behavior by the young is taken into
 account in these calculations. Once this is
 done, the net importance of intergenera-
 tional transfers on the steady-state level of
 wealth accumulation disappears, in spite of
 the large observed bequests flows.

 The results in this section depend on the
 lack of fair annuity markets. Although an-
 nuity markets exist in the United States,
 they do not seem to be "fair." Moreover,
 these markets are seldom used. Why this is
 so is beyond the scope of this paper (see
 Eckstein et al., 1985; Kotlikoff et al., 1987;
 Benjamin M. Friedman and Mark J. War-
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 shawsky, 1990). Nonetheless, the next sub-
 section assesses the effect of a complete
 annuity market on the potential importance
 of precautionary savings for wealth accumu-
 lation.

 B. Complete Annuity Markets

 In the selfish world described in this pa-
 per, fair annuity markets rule out bequests.13
 Thus, initial wealth is zero as in the
 certain-horizon problem. The other impor-
 tant difference with respect to the model
 presented in the previous subsection is that
 now the gross return on savings is p-1;
 therefore, the lifetime budget constraint be-
 comes

 T

 E pj (cij - yij) = 0.
 j=l

 Table 4 shows the steady-state wealth:con-
 sumption ratio (see Appendix). For each
 individual consumer, the case of annuity
 markets resembles the certain-horizon prob-
 lem with positive interest rate (and equal
 discount rate) but with more periods to save
 for due to the longevity risk.14 From the
 aggregate point of view, the difference be-
 tween these two cases relies on the demo-
 graphic structure. These two effects deter-
 mine that wealth accumulation is above that
 of the certain-horizon case. Not surpris-
 ingly, however, for most parameters the
 stock of steady-state wealth of the incom-
 plete-annuity-markets case is larger than
 when annuity markets are complete. Most
 importantly, however, the presence of annu-
 ity markets does not invalidate the fact that
 sizable amounts of wealth due to precau-
 tionary measures against earnings uncer-

 TABLE 4-STEADY-STATE RATIO OF WEALTH TO
 CONSUMPTION, WITH COMPLETE

 ANNUITY MARKETS

 p = 0.995, T= 57 p = 0.990, T= 69

 CJ/Y OC=3 OC=4 OC=3 OC=4

 0.05 1.11 1.48 1.75 2.33
 0.10 4.43 5.91 7.00 9.33
 0.15 9.97 13.30 15.70 21.00

 tainty are consistent with feasible prefer-
 ences and uncertainty levels.

 III. Conclusions

 Many sources of saving and dissaving are
 discussed in the literature (e.g., health rea-
 sons, voluntary-bequests motives, nonlinear
 income profiles); hence, trying to assess the
 exact contribution of any of them to actual
 wealth accumulation is difficult and far too
 ambitious. Here the objective is more mod-
 est, and it consists of comparing the wealth
 that would be accumulated due to earnings-
 uncertainty precautionary motives with the
 observed net wealth in the United States. It
 is shown that reasonable parameters are
 consistent with levels of wealth originating
 from precautionary attitudes toward earn-
 ings uncertainty, in excess of 60 percent of
 the observed net U.S. wealth. These results
 are consistent with Skinner's (1988) inde-
 pendent finding on the potential importance
 of precautionary savings. He shows that
 about 56 percent of an individual's life-cycle
 wealth could be explained by the cautious
 behavior of young consumers.

 It is important to realize that my ruling
 out of voluntary bequests is not responsible
 for the main conclusions of this paper. Of
 course the particular numbers and even the
 general framework would change if the
 selfishness assumption is relaxed; however,
 precautionary savings due to income uncer-
 tainty works its way toward wealth accumu-
 lation through its impact on the slope of the
 consumption path, and this occurs regard-
 less of the nature of bequests.

 A topic for future research is the poten-
 tial welfare implication of earnings insur-

 13Note that the level of wealth attained in Kotlikoff
 et al.'s (1987) case with collected pooling between
 children and parents can be seen as a combination of
 the results in this and the previous subsection. Further-
 more, the complete-annuity-markets case corresponds
 to the limit case of the pooling equilibrium when the
 number of family members is large.

 14Note that in this case F* = F, since the annuity
 interest cancels with the discounting term due to life-
 time uncertainty.
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 ance mechanisms within the context of a
 general-equilibrium model. Not surpris-
 ingly, the implications of the introduction of
 a labor-income insurance mechanism re-
 semble the role of social security in a model
 with retirement and uncertain lifetime
 (Sheshinski and Weiss, 1981; Abel, 1983;
 Hubbard, 1984; Kotlikoff et al., 1987). An
 extended version of this paper (Caballero,
 1988) shows that, for the case in which the
 aggregate technology is linear, a reduction
 of labor-income uncertainty benefits not
 only current, but also future generations
 even in a completely selfish world, as long
 as the coefficient of risk aversion is not too
 small. Early generations benefit unambigu-
 ously since they receive not only the direct
 utility gain of a more certain environment,
 but also increase their lifetime consumption
 by eating part of the capital stock. Future
 generations also perceive the direct utility
 gain but reduce their lifetime consumption
 since there is a lower capital stock. The
 utility gain turns out to outperform the con-
 sumption-level effect. Generalizations of the
 technology used for these simple experi-
 ments seem to be an important next step.

 Also, tax policy may have insurance com-
 ponents (Robert Barsky et al., 1986) that
 could largely affect welfare and wealth ac-
 cumulation. Quantifying the extent of the
 insurance component of different taxes is
 another interesting issue for future re-
 search.

 To summarize, precautionary savings are
 likely to be an important source of wealth
 accumulation in the United States. How-
 ever, the motives for these savings may also
 be a major source of welfare reduction.

 APPENDIX

 A. Consumption Function
 (Certain Horizon)

 The derivations of this appendix are based
 in the approach proposed in Caballero
 (1990).'5 The Euler equation of the opti-

 mization problem [equation (1)] is

 (Al) e-oc,= Et[e-oct+i].

 It is easily verifiable (by substitution) that
 the process

 ct+i+l -= Et[e-ow] + ct+j+ +wt+i+l 0

 satisfies (Al). Replacing the stochastic pro-
 cess of consumption and income in the in-
 tertemporal budget constraint yields the
 consumption function shown in Section I of
 the paper.

 B. Consumption Function
 (Uncertain Horizon)

 The derivation is identical to the previous
 section except for the fact that the Euler
 equation is now

 (A2) e-oct = pEt[e-oct+'].

 As before, it is easy to verify that the pro-
 cess

 1 - log p Ct+i+l= -Et[ew + + c ct+i+ wt+i+l
 0 ~~~0

 satisfies (A2).
 Given the absence of annuity markets,

 the budget constraint is identical to the
 perfect-horizon case. Once more, substitut-
 ing the consumption and income processes
 in the budget constraint yields the consump-
 tion and saving functions under horizon un-
 certainty.

 C. Ratio of Bequest to Total Wealth

 Bequests-originated wealth can be writ-
 ten as

 h ~ ~ ~ ~ ~ ~~p

 ___ = { >3i11y~ [h>l] p'-1} Wh ( =l ( T)i= )

 for h, the time at which bequests are ex-
 pected to be received. The first term corre-
 sponds to the weighted sum of the propor-

 15See Kotlikoff and Pakes (1988) for a somewhat
 similar approach.
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 tion of bequests held by individuals of age i,
 had bequests been received at time 1,
 whereas the second term corresponds to
 borrowing against the bequest to be re-
 ceived at time h. Simple geometric-sum for-
 mulas lead to the equations shown in the
 text.

 D. Annuity Markets and Interest Rates

 As said in the text, the only difference
 from the case without annuity markets is
 that now wealth holding receives a gross
 return equal to p-1. Using the same steps
 as before yields the following consumption
 function:

 i-p

 CitYit+ 1pT-tP Ait-1

 [1 (T-t+1)pT-t
 -Plp- 1 pT-t+1

 Hence,

 Sit= (p1 - )Ait_- 1- _T_PAit-1

 [1 (T- t + 1)pT 1

 The results shown in Table 4 correspond
 just to the weighted sum of saving across
 age and individuals. Replacing p by a above
 yields the microeconomic equations for the
 case with positive interest rates and a cer-
 tain horizon. The aggregation is different
 from the uncertain-horizon case, however,
 since the age distribution of the population
 differs.
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