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Substitution, Risk Aversion, and the Temporal
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This paper investigates the testable restrictions on the time-series
hehavior of consumption and asset returns implied by a representa-
tive agent model in which intertemporal preferences are repre-
sented by utility functions that generalize conventional, time-addi-
tive, expected utility. The model based on these preferences allows
a clearer separation of abservable behavior attributable to risk aver-
sion and to intertemporal substitution. Further, it nests the predic-
tions of both the consumption CAPM and the static CAPM, and it
allows direct tests of the expected utility hypathesis. We find that
the performance of the non-expected utility model and tests of
the expected utility hypothesis are sensitive to the choice of both
cansumption measure and instrumental variables.

I. Intraduction

The precursor to this paper (Epstein and Zin 1989) analyzed a gener-
alization of conventional time-additive, expected utility that built on
Kreps and Porteus (1978). When applied to the consumption/portfo-
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lio choice problem of an infinitely lived, representative agent, this
utility specification yields testable restrictions on observable variables,
namely, real, per capita, consumption growth rates and real asset
returns. This paper provides an empirical investigation of these re-
strictions and, hence, the role played by this form of utility in con-
sumption-based asset pricing models.

An attractive feature of this generalized specification is that inter-
temporal substitution and risk aversion can be partially disentangled
in the sense described in our earlier paper. This added fexibility
provides a remedy to a deficiency of existing models noted, for exam-
ple, by Hall (1987). He observes that, except for the special case of a
two-period model, “there does not seem to be a convenient class of
utility functions in which the two parameters (the coefficient of risk
aversion and the elasticity of substitution] are clearly separated” (p.
26).

The disentangling of risk aversion from the elasticity of substitution
is a problem that has been highlighted by the empirical literature on
the behavior of asset returns and consumption over time. Representa-
tive agent optimizing models have not performed well empirically
(see, among others, Hansen and Singleton [1983], Mehra and Pres-
cott [1985], and Grossman, Melino, and Shiller [1987]). One possible
explanation for this poor performance is that the maintained specifi-
cation of preferences is too rigid.! Indeed, in the conventional case
of an addidve and homogeneous von Neumann—Morgenstern inter-
temporal utility function, the elasticity of substitution and the coeffi-
cient of relative risk aversion are constrained to be reciprocals of one
another. Hall (1985), Zin {1987), and Attanasio and Weber (1989)
have made this observation and they have attempted to remedy the
problem by adopting Selden’s (1978) ordinal certainty equivalent
preferences. But these preferences lead to intertemporal inconsisten-
cies, and the associated Euler equations are applicable only to a naive
consumer who continually ignores the fact that plans formulated at
any given time will generally not be carried out in the future. In
contrast, utility functions considered in this paper are based on a
recursive structure and so are intertemporally consistent.

The orthogonality restrictions implied by the Euler equations of
the agent’s optimization problem are used (as in Hansen and Single-
ton [1982]) to identify and estimate the parameters of the utility func-
tion using the generalized method of moments (GMM). This proce-
dure also allows testing of the expected utdility hypothesis, the goodness
of fit of the general model, as well as its stability over subsamples. Our

¢ Other possible explanations include liquidity canstraints (Zeldes 1989), transactions
costs (Grossman and Laroque 1990), and incomplete markets with heterogeneous
agents (Scheinkman and Weiss {986).
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empirical work uses monthly U.S. data spanning the 195986 time
period and incorporates a variety of measures for consumption and
recurns for stocks and bonds.

The paper proceeds as follows: Section 11 reviews the major fea-
tures of the model of our earlier paper. Section Il details the con-
struction of data, the estimation and testing procedures, and the
actual empirical results. Section IV summarizes and concludes the

paper.

II. Utility Functions and Asset Returns

As noted in the Introduction, the model considered in this paper was
studied in derail in Epstein and Zin (1989) (to which the reader is
referred for a complete analysis). Ia this section we shall review the
major features of the utility specification and derive a set of testable
restrictions for consumption and asset returns.

A, Uality Functions

We consider an infinitely lived representative agent who receives util-
ity from the consumption of a single good. In any period ¢, current
consurmption ¢, is deterministic but future consumption is uncertain.
There are two key assumptions underlying our specification of inter-
temporal utility. First, we assume that the agent forms a certainty equiv-
alent of random future utility using his risk preferences. Second, we
assume that to ohtain current-period lifetime utility, this certainty
equivalent is combined with deterministic current consumption via
an aggregator function. For example, for an agent making a decision
in period ¢, utility U,,, from period ¢ + 1 onward is random. Its
certainty equivalent, given the information available to the agent in
the planning period, I, is w[¥,.]1,]. This is combined with current
consumption, ¢, using the aggregator function, W, so thac lifetime
utility is given by

U, = Wi, }"[U:H]"r])‘ (1)

This form of utility generalizes the recursive structure introduced by
Koopmans (1960) for deterministic models and also the specifications
studied by Kreps and Porteus (1978) in a stochastic setting. Moreover,
it implies the intertemporal consistency of preference (in the sense
of Johnsen and Donaldson [1985]) and the stationarity of preference
(in the sense of Koopmans [1960]). It is shown in Epstein and Zin
(1989) that this class of preferences allows a separation of risk aver-
sion from substituton that is not possible in the expected utdility
framework. Roughly speaking, intertemporal substitution is encoded
in W while the certainty equivalent function p reflects the degree of
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risk aversion. Expected utility is a special case of (1), as will be shown
below.

Before we examine the properties of (1) and the agent's optimiza-
tion problem in greater detail, it is convenient to make explicit func-
tional form assumptions for W and w. This also facilitates the empiri-
cal work of Section III. First, assume that the aggregator function
has the form

W(C‘-‘ Z) = [(1 - B)Cp + sz]hrp: 0# P < ]w
Wic,z) = {1 — B)log(c) + Blog(z), p =0,

wheree,z 2 0and B = 1/(1 + 8), 8 > 0. When future consumption
in (2) is deterministic, this aggregator function results in an intertem-
poral constant elasticity of substitution utility function with elasticity
of substitution ¢ = 1/(1 — @) and rate of time preference &. Thus
the parameter p is interpreted as reflecting substitution. We consider
an o-mean (or constant relative risk aversion expected utility) speci-
fication for the certainty equivalent. For a random variable %, the
a-mean specification for p is given by

niz] = [Ez*]", 0#a<]l,

()

i 3)
log(p) = Elog(z), a« =10,
where E is the expectation operator. This leads to the recursive struc-
ture for intertemporal utility (if « # 0 and p # 0) given by

U, = [(1 - B)ef + BETE F<]", (4)

where E, is the conditional expectation operator given I,.

Epstein and Zin (1989) show that a may be interpreted as a {rela-
tive) risk aversion parameter with the degree of risk aversion increas-
ing as o falls. When o« = p, (4) specializes to the familiar expected

utility specification
@ Mo
U, = [(1 ~BIE ) Bff:*ﬂ] - )
=0

In this case, there is indifference to the way in which uncertainty
about consumption is resolved over time (in the sense of Kreps and
Porteus [1978]). For the more general (4), early (late) resolution of
uncertainty is preferred if o < (>) p.

B. Euler Equations

The representative agent is endowed with an initial stock of the con-
sumption good, Ay, which can be either consumed or invested in
assets traded on competitive markets. The gross, real return on an
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asset held throughout period # is given by R,. When there are many
assets available to the agent, say N, R, is an N-vector of returns on
individual assets with typical element R; . The fraction of the agent's
total wealth held in the jth asset in period ¢ is denoted w;,, and the
N-vector of portfolio weights is denoted by @, There are only N —
l independent elements in e, since the constraint

)
D w1 (6)
=1

holds for all t. Typically, the return on an asset is uncertain during
the period in which the asset is held,? which implies that future wealth
and consumption are random variables. In fact, the agent's wealth
evolves according to the random process

A1 = (A — Cz}mcrlin t>0. (7

The agent is thereby able to affect future consumption flows by trad-
ing in the risky financial assets.® Naturally, the allocation of consump-
tion over time is chosen 50 as to maximize the lifetime utility of the
agem:‘

It 1s straightforward to show (as in Epstein and Zin (1989]) that
the recursive structure of preferences along with the homogeneous
functional forms and the linear budget constraint result in a set of
necessary conditions for the joint consumption allocation and portfo-
lio choice problem that can be written in terms of observable vari-
ables. We begin by defining the optimal value of utility in (4) as a
function f of current wealth and current information. The Bellman
equation takes the form

J (A 1) = max {(1 = B)ef + BIEJArp 1o L)oo, (8)
By the homageneity of the planning problem, this optimal value is
proportional to wealth, that is,

JAL L) = SUNA, = bA, (9)

The maximization with respect to consumption on the right-hand

? When emphasis is required, a tilde is used to denote a random variahle.

* Note that a term explicitly measuring labor income is not present in this wealth
constraint. If labor income is nanstochastic and there is a riskless assee, then the se-
quence of incames can be discounted back to period O and treated as part of the initial
endowment. If labor income is stochastic, then (7) is still applicable provided that the
wealth measure is reinterpreted. That is, labor income can be treated as a stochastic
dividend for a nontraded asset, say human capital. A shadow price and a shadow
recurn, can be camputed for this asset in equilibrium as in Epstein (1988). In this way
the portfolio is extended by ane asset and wealth now measutes the fulf wealth (buman
and nonhuman) of the agent. The problem posed by stachastie labor income is, chere-
fore, a problem in the measurement of the return on the wealth portfalio.
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side of (8) and the budget constraint (7) together imply
07 = BA, — )T, (10)

where u* = [E($2 M)V, and M, is the gross return on the optimal
portfolio. Given the structure of the problem, consumption is also
- proportional to wealth, so that we can rewrite (10) as

Y7t = B = )P e, (11)

where ¢, = U(I,)A, = YA, Solve for p* (assuming that p # 0) and
substitute into the definition of the value function in equations (8)
and (9 to deduce that

&

—lip
b, = (XL) for all ¢. (12)
Substitute this expression into {11) to obtain the Euler equation for
optimal consumption decisions (when a # 0 and p # Q)

5 @P_l_ \r_
|8 M| -t (13)

for all ¢, where ¥y = a/p.

Turn now to the restrictions implied by optimal portfolio selection.
The maximization with respect to e, on the right-hand side of (8) is
equivalent to the problem

| max [E($,. .0/ R)*1", (14
subject to the restriction in (6). After substituting (12), we obtain the
following necessary conditions:

z vip— 1l
E[(‘C—“) MYy (R, - Rl,t)] =0, j=2,...,N, (15
. .
for all &.

Equations (13) and (15) when taken together represent the Euler
equations of the problem defined in (8). They can be combined to
yield a set of N equations that allow a more direct comparison with
the typical expected utility Euler equations. Muluply (15} by @, sum
over j, and substitute from (13) to derive

; ¥ip—1)
E:[B"(;—”) M;'"RJ,-_I] =1, j=1,...,N. (16)
t

When vy = 1, the Euler equations of the expected utility model are
obtained.
Another specialization of this model that is of interest is the case
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of logarithmic risk preferences, & = 0 (p # 0). Then the counterpart
te equations (16) is

EM 'R, 1=1, j=1,...,N, (17)

which is a system of N — 1 independent equations that impose the
same restriction as those implied by the expected utility problem with
logarithmic preferences. Moreover, the parameter p governing inter-
temporal substitutability cannot be identified from these equations.
The distinction between the non-expected utility model with loga-
rithmic risk preferences and the expected utility model with togarith-
mic preferences lies in the counterpart to equation (13). To obtain
the logarithmic specialization of this equation, divide both sides by v
and rearrange terms to get

E{[[B(a“fcz):‘ﬂgr - 1] 0.

(18)

As a approaches zero, y approaches zero and (18) converges o

logB + (p — LE, log(c‘”) + E, log(M,) = 0. (19)

<

Clearly, this equation permits discrimination between the logarithmic
expected utility model (@« = p = 0) and the non—expected utility
model with logarithmic risk preferences (o = 0, p # 0).

C. Discussion

It is instructive to analyze the Euler equations in terms of a general
model of asset pricing as in Hansen and Jagannachan (this issue). In
their terminology, the intertemporal marginal rate of substitution
(IMRS) is used by agents to discount future payoffs to determine
current asset prices. Equations (16) imply an IMRS equal to

VAN
[ﬂ(c—,) ](MT) : 0

that is, a geometric weighted average of the IMRS from the standard
expected utility model and the IMRS from the logarithmic expected
utility model. The weights attached to each IMRS are determined by
the parameter y. When v = 1, consumption growth is sufficient for
discounting asset payoffs as in the intertemporal (or consumption)
capital asset pricing model (CAPM). When y = 0, the market return
is sufficient for discounting individual asset payoffs as in the simple
(or static) CAPM. For all other values of v, both consumption growth
and the market return are necessary for determining the IMRS.



270 JOURNAL OF POLITICAL ECONOMY

To gain insight into the comparative empirical predictions of the
expected utitity model and the model of (16), consider a linear ap-
proximation to the geometric weighted average for the IMRS in (20).
Although approximating a geometric average with an arithmetic av-
erage may be imprecise for some values of the variables and the
parameters, it is useful for gaining insight into the first-order proper-
ties of these restrictions.* Substitution of the approximate IMRS,

p-1
vt 1
*[B(?) ] a- ””(EE)’ @1

into the Euler equation for the portfolio return (13) implies the ap-

proximate restriction
fl\
E[B(T) M;]ml, (22)

14

which is precisely the restriction implied by the expected utility prob-
lem analyzed by Hansen and Singleton (1982, 1983). However, if this
linear approximation is substituted into the Euler equation {(16) for
an arbitrary asset return, it is clear thac a restriction like (22) is not
likely to hold. Rather, the following condition is predicted to be ap-
proximately satisfied:

- [}
'YEsI:B(Ei—Cu) Rf‘z] + (1 - ?)EL[Mc_IRj‘z] ~= ] (23)
L

Therefore, itis evident that distinguishing between the empirical pre-
dictions of these two models is likely to require the use of other assets
in addition to the market portfolio. Further, from the perspective of
the non~expected utility maodel, the predictions of the expected util-
ity model should be difficult to reject using the market portfolio but
should be rejectable using other assets. This is, in fact, the pawern
that emerges from the empirical work in Hansen and Singleton
(1982, 1983).

Equation (23) is also useful for gaining insight into the static versus
consumption CAPM debate. Heuristically, the static CAPM (surveyed
in Jensen [1972]) measures the riskiness of an asset by means of the
covariance of its return with the return on the market portfolio. In
the intertemporal CAPM (see Merton 1973; Breeden 1979), the riski-
ness of an asset is measured by the covariance of its return with
the marginal rate of substitution of consumption over time (most

* Alternatively, we could make the same point by assuming that consumption growth
and asset returns are jointly lognormally distributed and then approximating the con-
ditionzl expectations in (12) and (15) with dosed-form expressions; see eq. (24) below.
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commonly specified as a function of the growth rate of consumption).
Itis evident from (23) that in the non—expected utility model consid-
ered here, the riskiness of an asset is related to both the covariance
of its return with the market portfolio (as indicated by the second
term in {23]) and the covariance of its return with the growth rate of
consumption (as indicated by the frst term in {23]). This is even
clearer if we assume that consumption growth and the vector of asset
returns are jointly lognormally distributed. In this case we obtain
3 3 NE"‘HEJ’" Tk L3k 5 &

E.L[R_lf,! - Rx,r,] "“T + {1 - ‘Y)COVI(M“ pb R].,t) (24)

- 'Y(p - l)COVt(X':k,‘_ l!é;‘t - ﬁ:’,‘:),

where asterisks denote logarithms, X, is the conditional variance of
R¥ given [, and cov, is the conditional covariance operator given I,
The prediction of the static CAPM regarding the appropriate mea-
sure of risk obtains when y = 0, that is, logarithmic risk preferences.
The prediction of the intertemporal CAPM regarding the appro-
priate measure of risk results under the expected utility restriction,
vy = L It is clear from (24) that, in general, neither of these alone
will suffice for measuring risk.

Equation (24) also provides a structural model for interpreting the
empirical exercise of Mankiw and Shapiro (1986). They try to select
the better model on the basis of the predictive power of each of these
covariances. Their evidence shows that the covariance of an asset's
return with the growth rate in consumption does not contribute much
to the prediction of excess returns when the covariance of the asset's
return with the market portfolio is controlled for. This can be viewed,
given equation (24), not as a test of the static CAPM against the
intertemporal CAPM, but rather as a test of the expected utility hy-
pothesis. That is, if expected utility held, (24) predicts that they would
reach the opposite conclusion. Their evidence is consistent with (24)
when y = 0. On the other hand, when other econometric techniques
are applied to the static CAPM, as in Bollerslev, Engle, and Woaol-
dridge (1988), growth rates of consumption still have some predictive
power for excess returns. Therefore, given these conflicting findings,
the appropriate value for y cannot be determined ex ante.

It is clear that the model we have described in this section can be

% See Hansen and Singleton ¢(1983), Hall {1985}, ar Zin (1987} for a detailed accaunt
of how homathetic utilicy and lognormality yield such closed-form expressions. Equa-
tion {24) is an approximation since we require that individual returns and a linear
combination of these returns, i.e., the portfolio return, are jointly lognormally distrib-
uted. See Duffie and Epstein (1990) for the derivation of the continuous-time counter-
part of {24), which holds exactly.
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used to address numerous outstanding empirical issues in macro-
economics and fnance. For example, the equity premium puzzle
of Mehra and Prescott (1985), the term structure puzzles studied in
Backus, Gregory, and Zin (1989), and the price/dividend variance
inequalities in Grossman and Shiller (1981) can all be reassessed from
the perspective of non—expected utility models.® This is left for fu-
ture work. We now turn to a direct examination of the empirical
predictions of our model.

III. Data, Estimation, and Testing
A. Data

We have constructed a number of monthly data sets {(for the United
States) differing in the measurement of consumption {and, hence,
prices), asset returns, and the time period. Monthly data have been
used in previous studies (e.g., Hansen and Singleton 1982, 1983}, so
that our results will allow a direct comparison with the literature.
Further, the frequency of observations of a month (as compared to
a quarter or a year) may correspond more closely to the relevant
timing of actual decisions of individuals in the economy. Examining
different consumption measures and time periods should provide
some insight into the robustness of our empirical model to deviations
from the underlying assumptions.

The economy under consideration has only a single consumption
good. In the expected utility model, it is frequently assumed that
there are a number of different goods, say durables and nondurables,
but utility is additively separable across these goods. Thus use of
nondurable consumption alone is theoretically justifiable. A similar
argument is not applicable here, however. It is necessary for us to
assume that the service flow from tetel consumption is a constant
proportion of the service flow from measured consumption. Given
the difficulty in measuring the service flows generated from durable
goods, this is not a directly testable assumption. It is, therefore, on
the same uncertain ground as the separability assumptions made in
the expected utility literature, since a test of those would also require
a measure of the service flows (rather than the stocks) of all goods
(including durables). Recent work by Heaton (1990) provides an anal-

8 Recent work by Weil (1989} on the Mehra-Prescott puzzle using the madel in this
section is not encouraging. Hansen and Jagannathan (this issue), hawever, show that
the logarithmic specialization of our maodel comes closer o satsfying momene resteic-
tions implied by asset data than the expected utility model wicth maderate risk aversion.
Epstein and Zin {1989, p. 959) demonstrate how the model in this section can be used
to detive present-value stack price represencations that are analogous to those used by
Grossman and Shiller (1981).
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ysis of a model in which both time aggregation and durable goods
are treated explicitly in a linear-quadratic expected utility framework.
Incorporating these features into our model, however, is beyond the
scope of this paper and is not attempted.

The model’s restrictions apply to average behavior if wealth, but
not preferences, varies across consumers. That is, we adopt the com-
mon (though restrictive) assumption of identical and homothetic
preferences to justify aggregation over consumers and we apply the
model to data on per capita consumption.

To check the robustness of our results, we use four different mea-
sures of per capita consumption. The first is expenditures on nondu-
rable goods. To obtain the second measure of consumption, we re-
move expenditures on clothing and shoes from nondurables since
the nondurability assumption for these goods may be questionable.
The third is expenditures on nondurable goods and services. This
provides a broader measure of consumption. However, since services
contain some expenditures with durable components, we construct a
fourth measure of consumption by removing clothing, shoes, and
medical expenditures from nondurables and services.”

We turn now to the measurement of asset returns. The nominal
return on the optimal portfolio is measured with the value-weighted
index of shares traded on the New York Stock Exchange. A number
of issues arise from the use of this measure, but the primary concern
for our purposes is whether it is sufficiently broad to capture the
relevant part of actual holdings of wealth; thac is, Roll's (1977) cri-
tique of CAPM is relevant here. If stochastic wages are a large factor
in the wealth constraint of the typical agent, then, as discussed in
Section 11, the return on the optimal portfolio of the agent should
reflect the shadow return of the agent's human capital. Rather than
attempt a lengthy analysis of this issue at this time, we shall simply
assume thart factors that may not be properly measured by the value-
weighted index of stock returns do not affect the empirical analysis
in an appreciable way. The appropriateness of this assumption, vis-a-
vis the empirical results below, remains an open question.

We test the model using asset returns corresponding to both gov-
ernment debt and corporate equity. We view the market portfolio
as consisting of five individual stock return indices that are value-
weighted returns for broad groups of the standard industrial classifi-
cation (SIC) of individual firms. Since we shall always include an

?The data for constructing these consumption series were taken from Citibase.
Prices are measured with the implicit deflators corresponding to the definition of
consumption adopted. These prices are used to deflate nominal asser returns. Real
consumption variables are put in per capita terms using total civilian population.



TABLE 1

DESCRIPTIVE STATISTICS

MEAN
VARIABLE 1959:4-1986:12 1959:4—1978: 12 1979:1-1986:12
l. Nandurables
€ G 1.0010 1.0012 1.0006
(0078) .0081) {0070}
M, 1.0052 1.0024 L.oL14
(0427} {.0423) .0431)
B, 1.0013 1.0003 1.003R
(.0047) {.0042) {.005(4)
El, 1.0055 1.0043 1.0086
{.053%) {0472y {.0680)
R2, 1.0050 1.0024 1.0115
.0377) {0383) (.0354)
R3, 1.0065 1.0:3030 10151
{.0540) {.0534) {.0549)
R4, 1.0061 1.0033 1.0130
(0434) (.0432) {.0485)
2. Net Nandurables
€ G 1 0008 [.0011 1.0001
(0076) {0079) (.0066)
M, 1.0050 1.0026 1.0110
{.0428) (.0425) {.0433)
B, 1.0011 10001 1.0034
{.0051) {.0045) {.00A8)
R1, 1.0053 1.0041 1.0082
{.0539) (.0472) {0679
R2, 1.0049 1.0022 1.0112
{.0378) {.0383) .0359)
R3, 1.0063 1.00238 10147
{.0543) {.0535) (0551
R4, 1.0059 1.0031 1.0126
{.0485) {.0483) {.0486)
3. Nondurabhles and Services
e il 1.0017 1.0019 1.0012
(.0044) (.0045) .0042)
M, 1.0050 1.0026 1.0110
(.0428) {.0425) (.0433)
B, 1.0009 1.0001 1.0027
{0039 (.0024) {0030
R1, 1.0051 1.0041 1.0076
{.0540) (.0471) {.068%)
R2, 10046 1.0022 10105
(.0372) (.0379) (.0350)
R3, 1.0060 1.0028 1.0140
(.05386) (0530) {.0545)
R4, 1.00457 1.40031 1.0119
{0481} {0473 (04835}
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TABLE 1 {Continued)

MeaN

VARIABLE 1959:4-1986:12 1959:4-1978:12 1979:1-19486: 12

4. Net Nandurables and Services

ande, 1.0014 L.OA16 [.0009
(.0047) (0046) (.0048)
M, 1.0048 1.0026 1.0102
(.0424) 1.0420) (.0429)
B, 1.0008 1.0001 1.0027
(0031) (.0026) (.0035)
R1, 1.6051 1.0041 1.0075
(.0539) (0471) (.0682)
R2, 1.0046 1.0022 10104
(.0572) (.0379) (.0551)
R3, 1.0060 1.0028 1.0140
(0537 (0531} (.0545)
R4, 1.0057 1.0031 1.0119
(0481) (.0479) (0483)

NOTE.—M, is the market return; B, is the band return; and R |, R2,, R3,, and R4, are rewurns an sioek portfotias.
Net nandurahles exeludes expenditures on clothing and shass. In additian ro dathing and shoes, net nondurables
and services excludes medical expenditures. Standard errors are in parentheses.

equation for the market return, one of these five individual returns
will be redundant. We therefore omit group D, manufacturing, from
the analysis, which leaves us with four equity returns.® The first equity
return is a value-weighted index of stocks in the broad groups A, B,
and C of the SI1C code (i.e., agriculture, forestry, fishing, mining, and
construction). Similarly, the second asset return is a value-weighted
index of stocks in category E of the SIC code (transportation and
public udlities). The third asset return comprises groups F and G
{(wholesale trade and retail trade), and finally, the fourth asset return
comprises groups H and I (fiinance, insurance, real estate, and ser-
vices). Along with these monthly stock returns we also use 2 30-day
U.S. Treasury bill return® to test the restrictions of the theory dis-
cussed in Secuon II. All nominal asset returns are converted to real
returns using the appropriate consumption deflator.

The sample period extends from April 1959 to December 1986.
We also consider a subsample roughly corresponding to the sample
period used by Hansen and Singleton ending in December 1978. This
division will allow direct comparison with the related work of Hansen
and Singleton as well as a test of the structural stability of our model.

Descriptive statistics for our data are displayed in table 1. It is worth

* Stock returns data were taken from the monthly tape of the Center for Research
in Security Prices (CRSP) of the University of Chicaga.

¥ Data far this retutn were taken from the Fama term structure file of the monthly
CRSP bond tape.
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stopping to take note of some of the patterns that emerge from these
simple statistics. First, notice that the variance of asset returns is al-
ways substantially greater than the variance of the consumption
growth rate. This is true across consumption measures and across
time periods. Second, notice that for the time period beginning in
1979, average returns are substantially larger than in the earlier pe-
riod: the market rate is about four times larger, the bond rate is about
30 tmes larger, and the rates on the other stock portfolios range
from two to five times larger. Further, the average growth rate in
consumption is much less for the latter part of the sample: roughly
one-half as large for nondurables, nondurables and services, and net
nondurables and services, and one-tenth as large for net nondurables.
Though this analysis is very casual, it seems to be indicating that the
data after 1979 are qualitatively different from the data before 1979.
This issue will be investigated in greater detail in the context of for-
mal estimation and hypothesis testing below. These particular sub-
samples, although ad hoc, are convenient because the first corre-
sponds with the sample used by Hansen and Singleton and also
because the division corresponds roughly with the change in the op-
erating procedures of the Federal Reserve in the latter part of 1979.
This event is considered to represent a large structural change in
the Fed’s behavior that could conceivably affect economic activity,
especially capital markets, in a detectable way. Finally, note that net-
ting out clothing, shoes, and medical expenditures from our mea-
sures of consumption reduces the average growth rate but does not
have much of an effect on the variability. This is in contrast to the
inclusion of services, which results in a higher average growth rate
and a smaller standard error. Real returns appear to be relatively
stable when services are added to the consumption measure, indicat-
ing that the implicit prices do not differ much across these definitions
of consumption.

B.  Estimation and Testing Procedures

The econometric procedures detailed in Hansen and Singleton
(1982) are well suited for estimating Euler equations of the type pre-
sented in Section II since these equations imply, ex post, an additive
forecast error. The large sample properties of these GMM estimators
and tests have been thoroughly documented,'® so we shall only briefly
outline their application to our model.

We shall typically work with a set of five of the equations derived

W In addition to Hansen and Singleton (1982), see Hansen {1982, 1985), Bates and
White (1985}, and Newey {1985).
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TABLE 2

GMM RESULTS FOR STOCKS aND NONDURABLES

1959:4-1986:12 1959:4-1978:12
INST1 [NST2 INST3 INSTIL INST2 INST3

Nandurables
& 0033 0033 - .00Lh 0006 0006 —.0040
{.0G1R) 0018y  (.0036) {.0031) (.0031) {0031
¥ —.0108 —-.0146 —.0235 — 0297 —-0122 - 0065
{0564) (.0564)  (.0746) {0659) {.0644) {0889
T R652 B158 1754 A499 7973 234632
(5422 {.H021) (L0728 {.6331) {.5948) (0950)
a 0016 0033 1106 0052 0031 0207
{.0127) (.0182) (3402 .0307) {.0214) {.2790)
Ju 19.04 2420 8.054 18.54 18.69 10.22
[-088] [.019] [.781] [.104] [.096] [.597]
Ja3dy — f{12) 157.17 165.73 7.942 141.46 148.359 6.760
[.0040] [.000] [005] (.0400] [.004] [.009]
GH{15) 16.40 15.40 17.94
[.356] [-423] [.266]
Net Nandurables
& A0ié 0037 —.0005 002 0003 — Q037
(.0018) (0018)  (0036) (0031) (0031} (003D
o 0087 0235 — 0233 — 0131 0126 — (0063
(.0619) (.0637)  .0801) {.0720) {.0704) (0797)
o 73814 7826 2000 8042 .7815 2617
(.4548) (51671  (.087Y .6025) {.58AA) {.1104)
® - 0031 — 0065 0932 0044 L0035 0176
(.0218) {0237y (3147 (.0278) .0199) (.2229)
Ja 16.75 23.00 8.09 17.59 18.12 13.22
[.159] [.028] [.778] [.136] [-112] [.353]
F(13) — J(12) 11546 121.88 8.336 111.94 [14.59 7099
[.000] [.000] [.004) [.000] [.000] [.008]
GH{L) 15.77 15.53 19.61
[.398] [414] [.[187]

Nare —INSTL = {1, efe, 2 oo fepgb, INSTE = {1, ¢de,_ |, M,_}, and INSTS = INST2_,. fin) 1s Hansen's
test af the averidentifying restrictions, GH{r) is the Ghysels-Hall test for structural stabilicy {hath have lirniting
26 disteihutians), and flr + 1) - Fia) is a likelihgod vatio—type test of the 4 = | restrictian (distributed as x*(1)
in the large samples). Asymprotic standard errors are in parentheses, and asympratie p-values are in brackers.

in Section II. To maintain the identifiability of the parameter ¢ =
{1 — p)~', we shall always include equation {18) linking the market
return with consumption growth in a form that allows for the log-
arithmic-risk special case. We then include four other asset return
equadions of the form (16). Tables 2 and 3 contain results from using
the four stock return equations. Tables 4 and 5 contain results ob-
tained by using the first three stack return equations and replacing
the fourth stock return equation with the Treasury bill return equa-
tion. The existing evidence (e.g., Hansen and Singleton 1982, 1983;



278 JOURNAL OF POLITICAL ECONOMY

TABLE 3

GMM RESULTS FOR STOCKS AND NONDURABLES AND SERVICES

1959:4-1986:12 1959:4—1978:12

INSTIL INST2 INST3 INSTI1 I[NST2 [NST3

Nondurables and Services

) -.0022  -.0020 —.0029 —.0024 —.0043 —.0073
(0036)  (0086) (0055)  (0061)  (0061) (.0123)
v -.0043 0355  —.0609 0981 0365  —.0095
(0473)  (0509) (4876)  (.0598)  (0613) (2131
g 9486 2616 2539 L3546 .3028 2082
(1455)  .1528) (5622)  (.3480)  (2437)  (.2744)
« 0131 —.1001 1790 —.1785  —.0840  .0360
(1474) 15100 (1.576) (2698) (1579}  (.8155)

J(19) 26.58 30.12 7.81 26.38 91.24 11.90
[.009] [003]  [.800] [.009] [047]  [454]

J3) = J(19) 210,70 175.87 2.73 163.82 153.69 7.73
[000] [000]  [.098] [.000] (006]  [.009]

GH(15) 17.56 19.60 15.41
[.287)] [188]  [.422]

Net Nondurables and Secvices

8 —.0019  —.0019 —.002]  —.0044 —.0044 —.0074
(0036)  (.0036) (.0091)  (.0061)  (.0046)  (.0092)
5 .0898 0844 —0535 - 0067  —.0057 —.0087
(0528)  (0528)  (5119)  (0629)  (0644)  (.172%)
a 2419 2454 9609 2572 2588 .1919
(1383)  (1383) (4621)  (2094) (1947}  (.1794)
a — 9816 -.2506  .I517 0194 0162 0365
(2438)  (2274) (1.44D) (LBES)  (1886)  (.7266)

J(12) 94.65 28,95 7.99 95.57 19.52 13.40
[017] [004]  [786] [012] L077] 341

J(18) — J(12) 138.02 184.54 A46  148.99 138.41 1.36
(.000] [000]  [.358] [.000] L600]  [.243]

GH(15) 99.30 25 53 17.91
[.100] [074]  [.267]

Note,—See table 2.

Mehra and Prescott 1985) suggests that explaining bond and stock
returns jointly poses a problem for the expected udility model. Includ-
ing bond returns in our empirical analysis will allow us to investigate
whether our non—expected utility specification provides a better em-
pirical model of the equity premium.

To implement GMM estimation, it is first necessary to identify a
set of instrumenis. The estimator is based on the fact that the forecast
error associated with Euler equations {(such as those derived in Sec.
II) is additive and is uncorrelated with any information available to
agents during the planning period. We can therefore generate arbi-
trarily many orthogonality restrictions if we can identify variables that
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TABLE 4

GMM Resurts ror BonDs, STocks, aND NONDURABLES

1959 :4—1986: 12 1959:4-1978:12
INST1 [NST?2 INST3 INST INST2 INST3

Neondurables

) 0016 0017 —.0010 0000 —.0002  —.003]
(0007) {0007y (0036)  (0015)  (00L5)  (.0015)
¥ 0509 0595 — 0010 0818 0799 .1093
(0600  (.0564) (O0878)  (0659)  (0567) (08192)
a 7526 7183 1931 7149 6665 2423
(1838)  (1637) (0764)  (2146)  (.1794) (.0874)
a — 0167  —.0233 0042  —.0326 —.0400 —.3418
0091y (0182)  (.3693)  (0230)  (.0245)  (.2882)

JO2) 30,71 37.91 Q.55 928,29 928,03 13.87
[.002] [.000]  [.65%] [.005] [005]  [.309]

JO3) - J(12) 21485  212.48 7.47 1891.66  291.94 9.05
[.000] [000]  [.006] [.000] [000]  [.152]

GH(15) 95.50 26.68 9277
[.044] LO31] 089

Net Nondurahles

5 0017 0016 —.0008 0001 —.0001  —.0027
(0005 (0007)  (0018)  0015)  (0015)  (0015)
Y 0427 0571 0050 0807  —.0800 —.0006
(05097 (0637) (0910)  «0751)  (0629)  (.0766)
T 7336 7125 .1980 6964 6677 9615
(1010)  (1728) (.0801)  (.2181)  (.1824)  (.0843)
a —0155  —.0230 -—.0209 —.0352 —.0398 0016
(0164)  (0182) (3784  (0215)  (.0230) .216])

J(12) 97.46 36.14 7.64 97.02 98.38 14,29
[.007] [000]  [813] [.008] [005]  [.287]

F(18) — J(12) 19652 198.80 10.50 16402 294.40 3.82
[.600] LO00]  [001] [.000] [000]  [.051]

GH(15) 97.16 2990 32.60
.027] [LO15]  [.005]

MNaTe.—See ahble 2.

we can measure that are also in agents’ information sets. Estimation
is based on finding parameter values that make sample analogues of
these population orthogonality restrictions close to zero. Choosing
instruments, therefore, embodies assumptions regarding agents' in-
formation. Mareaver, the econometric issues of identification and
efficiency depend on the set of instruments used (see Hansen [1985]
and Hansen, Heaton, and Ogaki [1988] for details). The results in
tables 2—5 are based on estimation that exploits 15 orthogonality re-
strictions. That is, we use three instruments for each of the five Euler
equations. Estimating three parameters from 15 orthogonality restric-
tions leaves 12 gveridentifying restrictions that can be used as a fur-
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TABLE 5

GMM REsuLTs FoR Bownps, STOCKS, AND NONDURABLES SERVICES

1959:4-1986:12 1959:4-1978:12

INSTI INST?2 INSTS INST1 INST2 INST3
Nondurables
& —.0041 —-.0028 —.0020 — {050 0068 —.0074
(.0018) 0018y  (0055) (0031 (.0031)  (0061)
¥ ~.0002 .03 —~.4120 —.0027% 1408 —.0087
{.0528) {.0546)  (4894) (0613) (05867) {2207
a 26540 2814 4103 2851 2606 2064
{.0764) (0710)  (3184) (.1042) (0797)  (.1334)
a {0005 0211 5922 0RI —.3994 0333
{.1492) {.1485) (1.070) {.1564) (.1533)  (.8569)
J12) 30.57 34.96 5.37 27.61 26,86 11.91
[.002] [.000] [.944] [.008] [008) [.453]
JO18) — Jil12) 24643 224.20 26.80 249.27 158.38 8.07
[.000] [-000] [.000] [.000] [.000} {.005]
GHil5) 22.55 2708 17.90
[-094] [.028] {.268]
Net Noodurables and Services
& —.(036 —-.0032 - .0024 — 0049 —.0048 —.0072
{.0018) (0018) {0036) {.0031) (.0031) {.0046)
¥ 0013 0000 — 1461 — 0067 —0014 0087
{.0564) (0600 {.5385) {.0659) {06297 (. 1748)
T 92477 2570 23081 2637 2652 1918
(.0728) {.0728)  {.2056) {.0950) (0812 {.09240)
@ —.004] —.0260 3281 0188 0039 {0365
{. 1728} {1.203) (3.038) (1.493} {1.266) (2.764)
U2 28.20 35.89 5.51 24 .61 2332 12.14
(.005] [.000] [.939] [017] [025] (.435]
Je13) — J12y 189.28 175.25 16.55 181.61 179.86 436
[000] (000 [000] [.0G0) {.0:00) [.0387]
GH15) 26.60 2941 19.63
[.032] [.O14] [.187]

NoTE—See table 2.

ther test (in addition to the expected utility restriction) of the implica-

tions of the model.

Since we have very little guidance in picking instruments, we repli-

cate the estimation using three different sets of instruments. The first
set has a constant, consumption growth lagged, and consumption
growth lagged twice. The second set has a constant, consumption
growth lagged, and the market return lagged. This set of instruments
was used by Hansen and Singleton (1982). Finally, we use as our
third set the second set of variables lagged an additional period. This
requires weaker assumptions on the information structure of the
problem than the other two instrument sets do. Hall (1988) argues



SUBSTITUTION 281

that the additional lag helps in reducing the effects of time aggrega-
tion and the mismatching of measurement time periods with plan-
ning time periods. Ogaki (1988) shows that the additional lag is con-
sistent with the information structure of a monetary economy with
cash-in-advance constraings.'!

Before examining the actual results presented in tables 2—5, we
briefly review how these numbers were obtained. Numerical minimi-
zation was accomplished with the DFP algorithm of the GQOPT nu-
merical optimization package. Analytical derivatives were used in this
aptimization as well as in the construction of variance-covariance esti-
mates. Convergence of this algorithm occurred when either the norm
of the gradient or the norm of the change in the parameter vector
was less than 1077, A first round of consistent but inefficient estimates
was obtained in each case using a nonlinear two-stage least-squares
estimator, that is, using a block-diagonal weighting matrix with diago-
nal blocks equal to the inverse of the moment matrix of the instru-
ment vector. At this stage a variety of starting values were attempted
in each case. If the algorithm found more than one local optimum,
the one with the smallest function value was taken as the global opti-
mum. These consistent estimates were then used to construct the
efficient weighting matrix for the relevant instrument vector and
were also used as starting values for another round of estimation
based on this efficient weighting matrix.'? These estimates, reported
in the tables, are consistent, relatively efficient, and asymptotically
normally distributed.

The models of Section Il allow some freedom in choosing a param-
eterization; for example, we could estimate a directly or indirectly by
estimating . We found our numerical methods to be most reliable
when we estimated the parameters & (the rate of time preference), -y
(the ratio of the risk parameter to the substitution parameter), and
o (the elasticity of intertemporal substitution in consumption). An
estimate of o and its asymptotic standard error can be derived from
the results for the other parameters. The test of the expected utility
hypothesis under this parameterization is a test of y equal to one. In
finite samples, a ¢-test of this hypothesis will not be invariant to nonlin-
ear transformations or the hypothesis, that is, alternative nonlinear
parameterizations. We therefore also estimate the model using the

'" We assume that che additional lag in this instrument set implies that the forecast
ecror has a maving average component of order one. In this case, we use an optimal
GMM weighting matrix that takes account of this moving average process.

2 To investigate the stability of these numerical procedures, a third round of esti-
mates was computed using the second-round estimates as starting values and o com-
pute the weighting matrix. In all cases, there was little mavement in either the parame-
ter estimates ar their estimated standard errors.
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efficient weighting matrix imposing the expected utility constraint,
¥ = L. The difference in the values of the objectve functions forms
a test analogous to the likelihood ratio statistic, which is invariant to
the parameterization and has a y*(1) distribution in large samples.'*

With this description of the details of the estimation in mind, we
can now turn to the actual results.

C.  Empirical Results

The empirical results presented in tables 2—5 show some broad pat-
terns that appear to hold over time periods, consumption measures,
asset recurns, and instrument sets. The elasticity of substitution is
typically small (i.e., always less than one), corroborating the empirical
work of Hall (1988). Risk preferences do not differ statistically from
the logarithmic specification. This is consistent with intuigon in
Arrow (1965) and also the cross-sectional evidence of Mankiw and
Shapiro (1986). With logarithmic risk preferences, the asset return
equations reduce to those tested by Hansen, Richard, and Singleton
(1981) and Brown and Gibbons (1985). QOur model differs in that the
elasticity of substitution is still a free parameter and equation (19)
contains independent information. A troubling pattern that emerges
is that the rate of time preference, 8, is often significantly less than
zero; that is, the discount factor is bigger than one. This result indi-
cates a problem that this model shares with the expected utility model
in fitting the levels of asset returns.'* The point estimates for vy typi-
cally imply a preference for the late resolution of uncertainty.

Many of the results are sensitive to the consumption measure
adopted and to the choice of instrumental variables (which deter-
mines the moment restrictions employed in the estimation and tests).
The inclusion of services in the consumption measure can substan-
tially alter both the point estimates and the economic interpretation
of the model. The exclusion of clothing, shoes, and medical services
has a much smaller impact on the results. To see this, consider first
the results relating to the entire sample and the first two instrument
sets.'” For both sets of moment restrictions and for both sets of re-

1 See Newey and West (1987) and Eichenbaum, Hansen, and Singleton {1988) for
a complete discussion of this test statistic.

' This property is predictable given the general equilibrium simulations that have
been, done with these madels. See Kocherlakota (1988) for an expected udlity model
with this feature that can match levels, and Weil (1989) for a non—expected utility
model without this feature that cannot match levels of returns.

\¥ Recall that the first instrument set restricts the unconditional means of the Euler
equation errors and their correlations with consumption growth at L- and 2-month
lags. The second instrument set restricts the unconditional means of the errors and
their correlations with consumption growth and the market return at a 1-month lag.
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curns, we find that (i) the risk aversion parameter is larger and less
precisely estimated for nondurables and services than for just nondu-
rables; (ii) the elasticity of substitution has the opposite pattern, being
smaller and more precisely estimated for nondurables and services
than for just nondurables (e.g., neither ¢ = 0 nor ¢ = 1 can be
rejected with nondurables, whereas both hypotheses can be rejected
with nondurables and services); (i) the rate of time preference is
positive for nondurahles and negative for nondurables and services;
and (iv) the overidentifying restrictions tests provide more evidence
against the made] for nondurables and services than for just nondu-
rables. (In addition, this test provides slightly more evidence against
the model when the bond return is included than when only stocks
are used.)

For the first two instrument sets, rejection of the expected utility
model by either the Wald test of y = 1 or the likelihood ratio—type
test is not sensitive to the consumption measure. Furthermore, all
these patterns carry over to the pre-1979 subsample (with the possible
exception of the risk aversion estimates, which can be extremely im-
precise). This stability is reflected in the Ghysels-Hall (1990) test:
parameter stability cannot be rejected at the 1 percent level.

The third instrument set does not impose any restrictions on the
correlations of the Euler equation errors and the information mea-
surable one period earlier. It does, however, still restrict the uncondi-
tonal means and the two-period lag correlations of the error with
consumption growth and the market return.'® The results for this
instrument choice for the vector of returns that includes the Treasury
bill, when the entire sample and only nondurables are used, provide
perhaps the most favorable evidence for our model. The overidenti-
fying restrictions test does not provide evidence against the model,
whereas both tests of the expected utility model clearly reject. The
elasticity of subscitution estimate is small and quite precise. The rate
of time preference, however, is sdill less than zero.

These favorable results are tempered hy the evidence across con-
sumption measures and time periods. For example, for the stock
returns, even though the model is not rejected, the expected urility
model is not rejected by either test when the nondurables and services
consumption measure is used. Further, the point estimate for e,
though still small, has an extremely large standard error when non-
durables and services are used. Related to this, we find that for the
pre-1979 subsample, it is not uncommon for the two tests of the
expected udlity rescriction to disagree. Therefore, even though chese

'% Finn, Hoffman, and Schlagenhauf (1989} have investigated this lag structure for
the expected utility madel. Their conclusions are consistent with our findings.
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instruments provide the most favorable evidence for our madel, they
are to some degree poor instruments since they can lead to fragile
conclusions.

IV. Conclusion

This paper continues the work that was begun in the precursor to
this paper (Epstein and Zin 1989). Models that generalize the conven-
tional, time-additve, expected utility specifications and that retain
empirical tractability are used to analyze the stylized facts of consump-
tion and asset market data and to estimate and test the model using
formal econometric procedures. Generalized method of moments es-
timates of the parameters of preference for a variety of monthly U.S.
data sets generally lead to rejections of the expected utility hypothesis.
The performance of the non—expected utility model is sensitive to
the choice of consumption measure and instrumental variables. The
dating of information is crucial: period ¢ + 1 “forecast errors” appear
w be correlated with variables measured in period ¢ but not with
variables measured in period ¢ — 1. This fact may be an indication
of time aggregation problems or institutional constraints such as
cash-in-advance restrictions. In general, we find that the eiasticity of
intertemporal substitution is less than one, relative risk aversion is
close to one, and consumers prefer the late resolution of uncertainty.
Future research will investigate the sensitivity of these results to
the functional forms adopted in this paper. In particular, we shall
examine alternative characterizations of risk preferences that relax
the independence axiom {as in Epstein and Zin {1989]). Another di-
rection that merits investigation is the integration of stochastic labor
income into the model of consumption and portfolio selection.
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