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Abstract

We study an intertemporal asset pricing model in which a representative consumer
maximizes expected utility derived from both the ratio of his consumption to some
reference level and this level itself. If the reference consumption level is assumed to be
determined by past consumption levels, the model generalizes the usual habit formation
specifications. When the reference level growth rate is made dependent on the market
portfolio return and on past consumption growth, the model mixes a consumption
CAPM with habit formation together with the CAPM. It therefore provides, in an
expected utility framework, a generalization of the non-expected recursive utility model
of Epstein and Zin (1989). When we estimate this specification with aggregate per capita
consumption, we obtain economically plausible values of the preference parameters, in
contrast with the habit formation or the Epstein-Zin cases taken separately. All tests
performed with various preference specifications confirm that the reference level enters
significantly in the pricing kernel.
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1 Introduction

The canonical consumption-based capital asset pricing model (CCAPM) where a repre-
sentative agent maximizes his expected time-separable utility over uncertain streams of
consumption is the workhorse of financial economists. It allows to understand intuitively
the marginal utility trade-offs between different time periods or states of nature given some
specification of the agent preferences. However, when per capita consumption enters a power
utility function, the model delivers gross inconsistencies with the observed asset returns,
whether the empirical assessment is based on calibration or on formal estimation. This
resilient empirical misfit has triggered, over the last two decades, a long series of attempts
to modify the basic model in order to achieve empirical success.

Among the various solutions to the empirical puzzles, enrichments of preferences figure
prominently.! A contribution of our paper is precisely to bring together and generalize three
preference-based approaches that are recognized as the main contenders to explain asset
price behavior: a consumption-based solution with habit formation proposed by Campbell
and Cochrane (1999); the recursive utility framework of Epstein and Zin (1989) and the
prospect-theory alternative specification of utility recently introduced by Barberis, Huang
and Santos (2001). A unified way to consider these three a priori different solutions is to
realize that in each case a state variable is added to consumption in the utility function
of the agent. In habit formation models, an investor derives utility not from the absolute
level of consumption but from its level relative to a benchmark which is related to past
COIISUInptiOH.2 When this reference level depends on past aggregate per capita consumption,
the catching up with the Joneses specification of Abel (1990), or on current per capita
consumption, the keeping up with the Joneses of Abel (1999)3, it captures the idea that
the individual wants to maintain his relative status in the economy. In Epstein and Zin
(1989), the agent mixes his current consumption with the expected future level of utility
to assess his current utility. The solution to this recursive problem introduces the return
on the market portfolio in the stochastic discount factor (SDF) which prices assets. Bakshi
and Chen (1996) arrives at a similar SDF in a standard expected utility framework by
introducing absolute or relative wealth besides consumption in the utility function. Again,

the idea of a relative social standing is present in this specification. Finally, a similar idea

We leave aside approaches that have questioned the representative agent paradigm by introducing in-
dividual heterogeneity and estimating the model with microeconomic data. For an overall assessment of
the generalizations of the basic asset pricing model with a representative agent, see the excellent surveys of
Campbell (2002), Cochrane and Hansen (1992) and Kocherlakota (1996).

2See among others Abel (1990, 1996), Campbell and Cochrane (1999), Constantinides (1990), Ferson and
Constantinides (1991), Heaton (1995), and Sundaresan (1989).

3Tt generalizes Gali’s (1994) specification of consumption externalities whereby agents have preferences
defined over their own consumption as well as current per capita consumption in the economy.



is found in Barberis, Huang and Santos (2001), where investors derive utility not only from
consumption but also from fluctuations in the value of financial wealth. Their model is
influenced both by prospect theory and experimental evidence since the agents are loss
averse and the degree of their loss aversion depends on prior investment performance.

In this paper we propose a pure consumption-based model which encompasses the three
models just described and offers new specifications. In our model, the state variable is an
exogenous reference level of consumption S;. We start by maintaining that the agent derives
utility not only from the level of consumption relative to this benchmark, as in the external
habit formation literature, but also from the absolute value of this reference level, that is
U (%, St) in ratio form or U(Cy — S, Sy) in difference form. From a behavioral point of view
it seems restrictive to judge utility only in relative terms, since the state of the economy,
captured by Sy, should also influence the overall satisfaction of the agent. Even if an agent
does not fare as well in a boom as the rest of the economy, he might still be happier just
because the overall consumption is higher. This specification will allow us to test formally
if the absolute level of per capita consumption is important per itself for pricing assets,
over and above consumption relative to the reference level as it is specified in the habit
formation model of Constantinides (1990) or Campbell and Cochrane (1999).

The empirical success of the latter habit formation model comes from a utility func-
tion with a slow-moving habit and from the nonlinear dynamics imposed on the surplus
consumption with respect to the habit. A second contribution of our paper is the statisti-
cal model proposed to identify the reference level and its dynamics. While Campbell and
Cochrane (1999) model consumption growth as an i.i.d. lognormal process and specify a
dynamic model with persistence and conditional heteroskedasticity for the surplus consump-
tion, we focus directly on the dynamics of the reference level interpreted as a predictable
component of consumption growth. Even though this predictable component is hard to
detect in consumption data, it is of utmost importance to explain asset prices, as recently
emphasized by Alvarez and Jermann (2002) and Bansal and Yaron (2002).

To keep the model purely consumption-based, we constrain the future values of the
reference level through an equality in expectations, E[S; 1] = E;[Cyy1], for all h > 0, where
C will typically refer to aggregate per capita consumption or to the average consumption of
a reference group. However, this constraint does not force the consumption reference level
to depend solely on consumption.? It can be a function of other variables in the information
set such as wealth (value of the market portfolio) and we then recover a specification similar

to Bakshi and Chen (1996).5 The novelty of our approach is apparent when the growth rate

“When the reference level of consumption is identified with the recent past and current aggregate per
capita consumption C, this specification is in fact a general version of the power utility formulation of Abel
(1990), which was recently used in a saving and growth model by Carroll, Overland, and Weil (2000).

°In Bakshi and Chen (1996) the agent compares his consumption to a reference level determined by the



of the reference level, the predictable part of aggregate per capita consumption growth, is
made a function of both past consumption growth and the return of the market portfolio.
We obtain in this case a stochastic discount factor (SDF) which embeds the usual habit
formation approach together with the so-called Kreps-Porteus specification of the recursive
framework of Epstein and Zin (1989). It should be noted that we then obtain a separation
between the attitude towards risk and intertemporal substitution even though the agent
maximizes expected time-separable utility. Indeed, this separation is generally associated
with the non-expected utility framework of Epstein and Zin (1989) where the agent combines
his current consumption with expected future utility in a recursive way.

Saying that the future levels of S; are equal in expectation to the future levels of ag-
gregate consumption means that S; represents the permanent component of consumption.
Allowing S; to depend on variables other than consumption is suggested by the results
of Alvarez and Jermann (2002) who show that the size of the permanent component in
consumption obtained from consumption data alone is much lower than the size of the
permanent component of pricing kernels. Therefore, they recommend that in asset pric-
ing models preferences should be such as to magnify the size of the permanent component
in consumption. When the reference level is made a function of the value of the market
portfolio, another permanent component is added to the pricing kernel. In the latter for-
mulation, the consumption wealth ratio will enter the pricing kernel. Lettau and Ludvigson
(2001) have emphasized the prominent role played by the log consumption-wealth ratio as
a conditioning variable for improving the performance of unconditional specifications.

Another important feature of our approach is that the dynamics specified for the growth
rate of the reference level adds a moment condition to the set of asset pricing Euler equations.
This additional condition relates the growth rate of log consumption to the variables deemed
to characterize the growth rate of the log reference level.® The estimation of this linear
equation delivers an estimated value for the growth rate of the reference level which is used
in the asset pricing equations. The estimation of the linear equation and the asset pricing
Fuler conditions can still be carried out jointly, imposing cross-equation restrictions which
improves efficiency of the estimates of preference parameters. Recently, Neely, Roy, and

Whiteman (2001) have addressed the issue of near nonidentification of the risk aversion

level of wealth in the economy, while in prospect theory, the utility function is kinked at a reference point
which is close to the current level of wealth. Barberis, Huang and Santos (2001) extend prospect theory to
make agents less risk averse when their wealth has risen in the recent past. In the last two papers, wealth
plays a similar role than reference consumption in habit formation models. While a volatile return on wealth
makes the SDF more volatile, and therefore better suited to explain the historical equity premium, it appears
as a solution which raises another puzzle. It is hard to reconcile the smoothness of consumption with the
volatility of wealth given that consumption and wealth are linked by the intertemporal budget constraint.

SHansen and Singleton (1983) have also added information through an equation for predicting consump-
tion growth.



parameter in the intertemporal consumption capital asset pricing model. They conclude
that imposing natural identifying restrictions yields stable estimates of the parameters.

We follow this approach to estimate several generalized versions of the habit formation
models. In ratio specifications, habit may depend on one lag of consumption or respond
gradually to changes in consumption. In both cases, we find some support for the presence
of the reference level per itself in the utility function, but with estimates of the time discount
parameter always greater than one. We also test the specification in difference proposed by
Campbell and Cochrane (1999). Contrary to the ratio models, we find strong support for
the hypothesis that the absolute value of the reference level enters the utility function.

If we assume that the reference level growth rate is a function of the return on the
market portfolio, our model of expected utility yields a SDF which is isomorphic in its
pricing implications to the Epstein and Zin (1989, 1991) pricing kernel. A striking feature
of the comparison between the Epstein and Zin (1989, 1991) non-expected utility model and
our expected utility model with a reference level is that the measures of risk aversion differ
while the elasticity of intertemporal substitution remains the same in the two models. We
explore in detail this difference in the interpretation of the risk aversion parameter in Garcia,
Renault, and Semenov (2002). When we estimate this specification of our model which is
observationally equivalent to the Epstein and Zin (1991) specification, we obtain a negative
point estimate of the elasticity of intertemporal substitution but not significantly different
from zero. Finally, when we allow the reference level growth rate to be determined both
by past consumption growth and by the return on the market portfolio, we obtain a SDF
which incorporates habit formation in a Epstein-Zin-like SDF. With this specification, we
obtain precise and reasonable estimates of the coefficient of relative risk aversion (around
1), of the elasticity of intertemporal substitution (0.86), and of the time discount factor
(0.9988).

Our reference level model can accommodate specifications in which the investor expresses
disappointment or loss aversion whenever his consumption falls under the reference level.
Our results show that for consumption above habit, the most plausible assumption is that
the representative consumer derives utility from both consumption relative to habit and
the absolute level of habit. As consumption declines towards the benchmark level, we
cannot reject the assumption that the conventional time- and state-separable utility model
describes well the agent’s preferences. When we test a model of loss aversion similar to
Barberis, Huang, and Santos (2001), we confirm the importance of the absolute value of
the reference level in the utility function. Therefore, we are led to conclude that our utility
specification not only opens new avenues for modeling the SDF but is robust to existing
extensions of the standard CCAPM model.

Our approach can be put fruitfully in relation with the line of research which emphasizes



stochastic prices of consumption risks and adds flexibility to the standard CCAPM through
the risk aversion specification.” By allowing attitudes towards risk to reflect the information
set used for consumption and savings choices, risk aversion is no longer fixed, but contingent
upon the state of the world.® The same individual may be a risk-lover over certain states
of the world and risk averse over others, adjusting his tolerance to risk according to the
characteristics of the problem that he faces. Such shifts in attitudes could be related to
numerous factors. Bakshi and Chen (1996) and St-Amour (1993), for example, allow for
wealth-dependent attitudes towards risk, when the equilibrium relative risk aversion is a
decreasing function of the individual’s wealth, thus implying countercyclicality of risk aver-
sion. In Campbell and Cochrane (1999), Constantinides (1990), and Sundaresan (1989),
who introduce time-varying prices of risk through habit formation, relative risk aversion in-
creases as consumption declines towards habit and, therefore, also displays a countercyclical
pattern.

Our model may be given an alternative interpretation. The representative agent can be
thought as a portfolio manager whose performance is evaluated in terms of a benchmark
as it is the case in practice.” The idea of a reference level determining the utility of the
investor is related to an older literature. Porter (1974), Fishburn (1977), and Holthausen
(1981) present a risk-return model in which risk is associated with outcomes below some
specified target level and return is associated with outcomes above the target. A decision
maker may display different preferences for outcomes above and below the target outcome.
They show congruence between that model and a specific form of expected utility function.
Our model may be viewed as a particular extension to a dynamic setting of that risk-return
approach, when the reference level is seen as a target.

The rest of the paper is organized as follows. In Section 2, we discuss the major features
of the model in which a consumer derives utility from consumption relative to some reference
consumption level as well as from this level itself. In particular we propose various dynamics
for the evolution over time of the reference level which depend on the information set
used by the agent to forecast the state of the economy. Section 3 examines the empirical
implications of the proposed utility function under alternative specifications of the reference
level generating process and assesses the contribution of the model towards explaining asset

returns in US monthly data. Conclusions are presented in Section 4.

"One can include in this line of research Bakshi and Chen (1996), Campbell and Cochrane (1999), Chou,
Engle, and Kane (1992), Constantinides (1990), Gordon and St-Amour (1998a, 1998b), Harvey (1991), Mark
(1988), McCurdy and Morgan (1991), Melino and Yang (2003), St-Amour (1993), and Sundaresan (1989).

8In the standard power utility model, the SDF is just consumption growth raised to the power —y and,
thus, one needs a large value of v to get a volatile pricing kernel. The state dependent risk aversion implies
that consumption shocks generate larger unanticipated fluctuations in marginal utility than under fixed
preferences and, therefore, one can instead get a volatile SDF from a volatile relative risk aversion.

9Gali (1994) also alludes to such an interpretation in his model with consumption externalities.



2 An Expected Utility Model with a Reference Consumption Level

We generalize the standard time-separable power utility function by assuming that each
consumer derives utility from consumption relative to some reference consumption level as

well as from this level itself:

1—
T gl-e
Sy ¢

sign(1 —~)sign(1 — )’

Ut =

(1)

where 7 is the curvature parameter for relative consumption, C} is current consumption, S
is a time-varying reference consumption level, and the parameter ¢ controls the curvature
of utility over this benchmark level. We adopt the convention that sign(z) = 1if z > 0
and sign(z) = —1 if v < 0. If ¢ = 7, we get the standard time-separable power utility
function (the reference consumption level plays no role in asset pricing). With ¢ = 1, we
obtain a preference specification where the ratio of the agent’s consumption to the reference
consumption level is all that matters, as in habit formation models. If ¢ # v and ¢ # 1,
then the agent takes into account both the ratio of his consumption to the reference level

and this level itself when choosing how much to consume. Then, when maximizing expected
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We consider that the reference level S; is external to the agent and E; denotes a con-

utility over an infinite horizon, the agent assesses:
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ditional expectation given the information at time ¢. At the most general level in a rep-
resentative agent framework, this benchmark consumption provides a way to extend the
intertemporal choice of consumption without uncertainty to risky consumption streams.
When no uncertainty prevails, the future sequence of the reference level at time ¢, Siip,

h > 0, coincides with the optimal future aggregate consumption values:
Siin = Ciyp, identically for h > 0. (3)

In a risky environment, we just generalize condition (3) in terms of conditional expec-
tations:
Et[St—i-h] == Et [6t+h] for all h Z 0. (4)

Therefore, we can interpret Siyp as the reference level the agent has in mind at time ¢
when deciding his risk-taking behavior. In the latter case, some macroeconomic variables
which belong to the agent’s information set at time (¢ + h) may affect the assessment of the
reference level Syyp. Even with this constraint on the reference level, the utility specification

remains very general. Before discussing in detail the various modeling strategies of the



consumption reference level with respect to the existing asset pricing models and possible
extensions of these models, we need to establish how the presence of this benchmark will
change the intertemporal consumption trade-offs and the risk premia.
Since the reference level is considered external, the marginal utility of consumption is
given by
O _ ¢y, (5)
0Cy

Then, when maximizing his expected utility over an infinite horizon, the investor will

choose an optimal consumption profile which will satisfy the following Fuler equations:

Copr\ 7 (S %
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where I is the number of assets considered and R; ;41 is the gross return of asset i from ¢ to

Ey

=1,i=1,..,1, (6)

t+ 1. Expectations in (6) are taken conditionally on information available to the individual

in period t and Rj is the gross return on asset . The SDF is then
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To discuss the implications of asset pricing models, it is common to assume joint condi-

tional lognormality and homoscedasticity of the consumption growth rate and asset returns,
since we obtain loglinear relations for asset returns. With our utility model, the risk-free
rate will be determined by the following equation:

1
Trie1 = —10gd + YE; [Acyi1] — 57203
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whereas the risk premium on any asset ¢ will be given by:

1
E; [Tz’,t+1 - Tf,t+1] = —5022 + Y0 — (’Y - 80) Ojs, (9)

where Acyy1 is the log of the consumption growth rate, Asy4+1 is the log of the reference
consumption level growth rate, r; ;1 is the log of the simple gross return on asset 7, and
04y denotes generically the unconditional covariance of innovations.

The first three terms on the right-hand side of (8) and the first two terms on the right-
hand side of (9) are the same as for a time-separable power utility function of consumption
alone. Thus, utility function (1) can help to explain the risk-free rate puzzle if the term
— (v =) Bt [Asiq1] — % (v—¢)? 02 + v (7 — @) 0es is negative and the equity premium
puzzle if the term — (v — ¢) 045 is positive. Therefore, the position of v with respect to ¢

and the signs of the covariances between the innovations in the reference level growth rate



and the innovations in consumption growth and in asset returns are key in solving the two
puzzles.

Another important dimension over which the resolution of the puzzles is discussed is the
disentangling of risk aversion and intertemporal substitution. The standard consumption
CAPM model with power utility imposes a functional restriction which is not sustainable
theoretically nor supported empirically. For our model, we can study this separation by
writing the expected return equation, always under the same joint conditional lognormality

and homoscedasticity of the consumption growth rate and asset returns:

1
Ey [rig1] = —logd + vE; [Ace] — 27202 — (v — @) By [Asyy1]

2
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To study intertemporal substitution in a simplified framework, let us assume that all
quantities are now deterministic so we can ignore the expectation operators. With the

standard power utility function under this assumption, equation (10) reduces to

1
rer1 = —logd + vAciy1 — 5’7203, (11)
which implies ¢ = % = %ﬁ;l' From (10), it follows that when the agent’s preferences are

of the form (1), the intertemporal elasticity of consumption is
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where %ﬂl can be interpreted as the elasticity of the reference level with respect to the

interest rate.'% The latter equation implies that the elasticity of intertemporal substitution
differs from the inverse of the RRA coefficient if (v — ) %ﬁ:l # 0. In our external
reference level setting, it will therefore be important to distinguish the specifications where
this level depends on past variables, in which case the disentangling will not occur, from
the ones where it depends on contemporary variables and allows to differentiate o from the
inverse of .11 We will therefore separate our analysis of the various models for the reference
level into two sections. In the first one we will consider that the reference level depends
only on past variables as it is often the case in the habit formation literature. In the second

we will allow the reference level to be determined by contemporaneous variables.

ONsy 1
Oriy1

utility model (1) generates an equity premium which is larger than that produced by the basic power utility
model, it also generates an elasticity of intertemporal substitution which is less than the inverse of the RRA
coefficient.

"Ferson and Constantinides (1991) study an internal habit model, in which the utility is a power function
of the difference between the current consumption flow and a fraction of a weighted sum of lagged consump-
tion flows, and prove that habit persistence and/or durability of consumption drive a wedge between the
elasticity of consumption with respect to investment returns and the inverse of the RRA coefficient.

9As we can see from equations (9) and (12), since the terms and o;s have the same sign, if



2.1 Reference Level Determined by Past Variables

In this subsection we will model the reference level strictly as a function of past variables,
mainly lagged aggregate per capita consumption. This will allow us to make the link with
the habit formation literature and discuss how our model has the potential to extend it.

We will also discuss the issue of persistence of the reference level.

2.1.1 Modeling of the Reference Level

An approach commonly used in the literature consists in assuming that the reference con-
sumption level, Syt+1, is an expectation of consumption Cy4; taken conditionally on past
consumption levels, that is S;11 = E [Cyy1|Cy, Cy_1,...].12 According to this approach, the
time-varying habit can be specified either as an internal habit (habit depends on agent’s own
consumption) (Constantinides (1990), Sundaresan (1989)) or as an external habit (the indi-
vidual’s reference consumption level depends on aggregate consumption, which is assumed
to be unaffected by any one agent’s consumption decisions, rather than on the history of
individual’s own consumption) (Abel, 1990, 1996, Campbell and Cochrane, 1999).

Let us start with the case where Sy = Cj_;, as in Abel (1990). As already mentioned,
the ratio habit-formation model or the catching up with the Joneses are special cases of (1)

when ¢ = 1. The utility function is in this case:

o\

which, with a = 0, gives the standard time-separable model and, with o = 1, the catching

up with the Joneses model. In the latter case, only relative consumption matters to the
consumer. Recently, Carroll, Overland, and Weil (2000) and Fuhrer (2000) have argued
that one need not impose the constraint that o has to be 0 or 1. For values of a between
0 and 1, both the absolute and relative consumption levels are important to the consumer.
The way we have rewritten the utility function lends itself to a different interpretation. Let
us suppose that actual consumption never deviates from the reference level. In this case
there is no consumption risk and the consumer needs just decide how to intertemporally
substitute consumption over time. The exponent of the reference level is then quite naturally
p =1— ¢, with the elasticity of intertemporal substitution ¢ = 1/(1 — p). Of course, there
is consumption risk and the consumer reacts to it trough the curvature parameter v which
measures risk aversion.

Even though a number of papers have assumed that habit depends on only one lag of

consumption, an alternative view is that the habit level responds only gradually to changes

12This assumption is of course compatible with equation (4).



in consumption.'® Carroll, Overland, and Weil (2000), Constantinides (1990), and Fuhrer
(2000), for example, assume that the benchmark level evolves according to the adaptive
expectations hypothesis, which postulates that the change in expectations, S;11 — S, is

equal to a proportion A of last period’s error in expectations, Cy — Sy :
Sir1 =St =A(Cr—85;), 0< A< 1 (14)

or, equivalently,
StJrl = AC; + (1 — /\)St (15)

We consider the unrestricted form of (15):
St+1 =a-+ )\Ct + (1 — )\)St (16)

After repeated substitution, we finally obtain:
a > -
St+1 - X + )\lZ(:)(l - )\)ZCt_i (17)

which means that the habit stock is a weighted average of past consumption flows with the
weights A(1 — A\)? declining geometrically with time.
Since the subsistence level, Syy1, is assumed to be an expectation of consumption taken

conditionally on past consumption levels, we can rewrite (17) as

> e

o
Cir1i=<+A Z(l — A)'Cii + €t41, (18)

i=0
where ;41 is an innovation in Cii;. Estimating this equation allows us to recover the

parameters a and A and therefore obtain an estimate of the reference level.

2.1.2 Persistence of the Reference Level

The persistence of the reference level formation process is an important issue for consumption-
based asset pricing models. Alvarez and Jermann (2002) derive a lower bound for the size of
the permanent component of asset pricing kernels and find that it is very large. They also
show that in the many instances where the pricing kernel is a function of consumption, in-
novations to consumption must have permanent effects. When Alvarez and Jermann (2002)
measure the size of the permanent component of consumption using only consumption data,
they find it is well lower than the size of the permanent component of pricing kernels. They
suggest that in a representative agent asset pricing framework the specification of prefer-

ences should magnify the permanent component in consumption. The reference level in

13See in particular Campbell and Cochrane (1999), Carroll, Overland, and Weil (2000), Constantinides
(1990), Fuhrer (2000), Heaton (1995), and Sundaresan (1989).

10



our utility function offers a way to introduce variables which, along with consumption, will
contribute to amplify the permanent component of the asset pricing kernel. We will ex-
plore these possibilities in the next section where we will most notably look at the link
between the reference level and the return on the market portfolio. Additionally, adding
contemporaneous variables will allow to disentangle risk aversion from intertemporal sub-
stitution, whereas this disentangling could not occur when the reference level depended on

past aggregate consumption, as explained in the introduction to the section

2.2 Reference Level Determined by Contemporaneous State Variables

A more general approach to modeling the subsistence level formation process is to assume
that an agent can take into account not only the information available to him at time ¢, but
also some information available at time ¢+ 1, when he forms his reference consumption level,
Sit1. Abel (1999) and Cochrane (2001), for example, suppose that the agent’s benchmark
level depends on current period aggregate consumption. Campbell and Cochrane (1999)
also make their habit a contemporaneous variable.

According to (6), the reference consumption level growth rate is all we need to know
about the reference level for asset pricing. We first motivate by an economic argument
why the reference level growth rate should be made a function of the return of the market
portfolio. We then present a general framework which allows other contemporaneous or
past state variables to explain the reference level growth rate. We further show how to
nest in this framework both the Epstein and Zin (1989, 1991) pricing kernel and the power
utility model of Campbell and Cochrane (1999) with a slow-moving external habit.

2.2.1 Modeling the Growth Rate of the Reference Consumption Level

The SDF defined in (7) implies that the reference level must produce conditional expecta-
tions which not only are constrained by (4) but also are consistent with asset prices. Let
us consider first the market portfolio pricing condition. If we denote by Rps¢11 the gross

return on the market portfolio observed at time (¢t + 1), we get

C - S =¥
5< (t;) ( gl> RM,tH] —1. (19)

Condition (19) shows that covariation between the reference level and the market return

Ey

may compensate for the lack of covariation between consumption and the market return.
This extension of the traditional consumption-based asset pricing model may help to solve
several asset pricing puzzles features associated with aggregate data. As stressed by Bar-
beris, Huang, and Santos (2001), such an extension has some behavioral foundations since

it captures the idea that the degree of loss aversion of the investor depends on his prior

11



investment performance. To make even more explicit this tight relationship between the
reference level and investment performance as measured by the market return, we will refer
to a loglinearization of conditional moment restrictions (4) and (19) (see Epstein and Zin
(1991) and Campbell (1993) for similar interpretations based on a loglinearization of the

Euler equations). Conditional expectations are computed as if the vector

C S
(Actr, Aser, raren) = (log( g;) Jog( gf) »lOQRM,tH) (20)

were jointly normal and homoscedastic given the information available at time ¢. Conditions
(4) and (19) at horizon 1 become:

Ei[Acii1] — Et[Asiy] = k1, (21)

—YEi[Aciy1] + (v — 0) Et[Asi 1] + Ey[rares1] = ke (22)

for some constants kjand ka. Equivalently, these two restrictions say that both [As;4q1 —
Acpy1] and [Asprq — éT’M7t+1] must be unpredictable at time ¢. The Epstein and Zin (1989)
pricing model is in fact observationally equivalent to the particular case of our CCAPM

with reference level where [As; 1 — %T’M,H_l] is not only unpredictable but constant:

1
Asiyy = oM + K, (23)

for some constant k. In other words, we consider the particular case where the benchmark
growth rate of consumption is loglinearly determined by the current value of the market
return, with a slope parameter equal to the elasticity of intertemporal substitution. Note
that this is in accordance with the portfolio separation property generally implied by ho-
motheticity of preferences (see Epstein and Zin, 1989), whereby optimal consumption is
determined in a second stage, after the portfolio choice has been made.

An interesting generalization is to relate the log of reference level growth to past period
consumption growth, as we did in the previous section for habit formation models, and the

current period return on the market portfolio in the following way:

n
Asi1 = ag + Zai cAcpy1—i + b ragger (24)
i=1
Condition (21) is consistent with a model where consumption growth is equal to the

reference level growth rate plus a constant and noise:

Acpy1 = K1+ Aspq1 + €441, (25)

14This assumption also relates our framework to the prospect theory of Kahneman and Tversky (1979)
and Tversky and Kahneman (1992). The intuition behind this is that if the level of market portfolio moves
up, an agent should think that this increase in his wealth will bring him the additional consumption. It
means that the benchmark consumption level, which reflects anticipated consumption, should also move up.
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where €441 is an innovation in Aciy; with Ei(e441) = 0 and Ey [Asir1e41] = 0. It follows

that the log of consumption growth may be described by an affine regression

n
Aciy1 = ag + K1 + Z a; - Acip1—; + b a1, (26)
i=1
with By [razer1664+1] = 0. From (24),

St+1 S Crpr—i \ @ b
s, ZAH<W> (Rat+1)” (27)

=1

where A = exp (ag + K1)-
Under the above assumptions, the SDF (7) becomes

i (Cet\ T (Crer a(r=¢) b(y—¢)
Mt+1—(5 < Ct > 71:[1 thi (RM,t+1) ’ (28)

where 6* = §AY¥. This specification allows to separate risk aversion from intertemporal

substitution, since o = W‘ Therefore, we may rewrite (28) as
Cir1\ Ty (Crani )07
M 1—5*<— — Ruri1)", 29
a=e () (5 (Raps) (29)
where kK = 07 — 1, so that testing the null hypothesis Hy : kK = 0 is equivalent to testing
Hy:0=21.

2

This specification of the SDF is interesting for several reasons. First, when a; = 0
(i=1,...,n), the SDF in (29) is isomorphic in its pricing implications to the Epstein and
Zin (1989, 1991) pricing kernel for a Kreps and Porteus (1978) certainty equivalent. When
b = 0, the reference level growth depends only on previous period consumption growth,
as in the habit formation approach. When neither of these restrictions holds, we have a
new asset pricing model which puts together two strands of the literature which evolved in
parallel until now.'® This new framework offers a way to test existing models since they
are embedded in the general specification. Let us look in more detail at the comparison
between the Epstein-Zin SDF obtained under a non-expected recursive utility model and

the SDF under expected utility with a reference level.

15This provides identification of the coefficient of returns in the prediction equation of consumption since
the imposed equality in expectations between consumption and the reference level which leads to (25) is not
sufficient to provide this identification.

16Recently, Schroder and Skiadas (2002) have shown an isomorphism between competitive equilibrium
models with utilities incorporating linear habit formation and corresponding models without habit formation.
In particular, they have offered a solution to problems with utility that combines recursivity with habit
formation.
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2.2.2 Comparison with the Epstein-Zin Stochastic Discount Factor

Under the assumption that a; =0 (i = 1, ...,n), the SDF in (29) reduces to

% Ct+1 - K
M1 =46 < (Raa+1)" - (30)

When v =1/0 (i.e. K =0), we get the SDF for a standard power utility model. When
v = 0, the consumption growth rate is irrelevant to the determination of equilibrium asset
prices and the market return is sufficient for discounting asset payoffs. In any other case,
both the consumption growth rate and the market return are relevant to the determination
of equilibrium asset prices.

The Epstein-Zin (1989, 1991) SDF is

Lo (p1)
1—a (C P l-a
Mgy =p v <%tl> (Rager1) 7 ', (31)

where p is the parameter reflecting intertemporal substitutability (the elasticity of intertem-
poral substitution is ) = 1/ (1 — p)) and « is the risk aversion parameter. Epstein and Zin
(1989) interpret o as a measure of risk aversion for comparative purposes with the degree
of risk aversion increasing in a.

The observational equivalence between the SDFs (30) and (31) implies that 6* = MPTQ,

—y = 1_70‘ (p—1), and oy — 1 = I_Ta — 1. The two last identities put together yield
l-o _
=La -

is equivalent to that in the Epstein-Zin non-expected recursive utility specification. In the

1/ (1 — p) = 1), that is the elasticity of intertemporal substitution in model (1)

case of the Epstein-Zin utility function, the elasticity of intertemporal substitution may not
be equal to 1, whereas in the case of utility specification (1) any value of ¢ is allowed.

Since c =1/(1—p),y=(1—a)/(c —1). It follows that the measure of risk aversion
in the Epstein-Zin (1989, 1991) utility specification, «, is equal to 1 — yo + . It is easy to
see that « is equal to the RRA coefficient, 7, only if v = 1/0, what corresponds to the case
of the standard power utility model.!” If v differs from 1/, the parameter « is no longer
the RRA coefficient and is equal to the RRA coefficient plus the term 1 — vo.

Several comments are in order. First, the ability of the recursive utility model to dis-
entangle risk aversion and intertemporal substitution is questionable. Actually, it is only
in the standard expected utility model case, when o is the inverse of the risk aversion pa-
rameter 7y, that o can be interpreted as a risk aversion parameter. Even more problematic
is the fact that o becomes negative whenever o is greater than % + 1. Note that this lack

of disentangling manifests itself even without resorting to our interpretation of v as a risk

"In the Epstein-Zin (1989, 1991) preference specification, the parameter « is the RRA coefficient when
1 — a = p (in this case, we get the SDF for the conventional power utility model, for which v =1/0).
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aversion parameter. The natural requirement of a negative exponent for Cgtrl in the SDF

implies that the alleged risk aversion parameter o and % should be on the same side of 1.

Second, as soon as ¢ is greater than %, the alleged risk aversion parameter o underes-
timates the genuine risk aversion parameter . Hence, a relatively high level of elasticity
of intertemporal substitution may spuriously indicate a moderate risk aversion. If, as doc-
umented by Mehra and Prescott (1985), the model can replicate the equity risk premium
only for a high level of risk aversion, say v = 20, even a moderate elasticity of substitution,
say .8, will dramatically lower the perceived risk aversion in the recursive utility model, i.e.
a=9.

In our model, risk aversion is defined with respect to the unpredictable discrepancy
between actual consumption and the reference level (a quantity independent of the attitude
towards risk) and not with respect to the forthcoming level of recursive utility which still
mixes attitudes towards risk and intertemporal substitution. Garcia, Renault, and Semenov
(2002) develops further the comparison between the two models.

The SDF in (30) yields the following Euler equations:

« [ C - .
6 (il> (Rart+1)" Rijg+1

E
t C,

=1,i=1,.., 1.8 (32)

A test of the null hypothesis Hp : ¢ = 0 can be carried out by testing the null hypothesis
Hp: k=—1and v # 0. To examine whether ¢ = 1/, we have to test the null hypothesis
Hy: k=0.

We may rewrite the SDF in (30) as

C —7 _
My = 5*< é—:l) (RM,t-&-l)bw 2

- (6*1/9 <Cé'—;“1> —‘P>9 <(RM,t+1)_b‘p) 1_0' (33)

Approximating this geometric average with an arithmetic average yields

M1 =10 (6*1/9 <%> w) + (1= 0) (Rargs1) . (34)

t

After substituting this linear approximation into the Euler equations (32), we obtain

C —¥
6*1/0 <%1> (Rz’,t+1)

t

1 ~ 0F, + (1= 0) By | (Raresn) P (Rign)| . (35)

It can be viewed from (35) that, as in the Epstein-Zin utility function case, the riskiness

of an asset is measured by means of the covariance of its return with the market portfolio

8Since kK = oy — 1, one may want to estimate o directly. However, we prefer estimating « instead of ¢
because the latter will be unidentified whenever ~ is near 0.
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return (as in the static CAPM) and the covariance of its return with the consumption
growth rate (as in the intertemporal CAPM).

Another usual way to illustrate this interpretation is to assume joint lognormality and
homoscedasticity of the consumption growth rate and asset returns. Under this assumption,

we have
1 5 1 5
Eyrigq1 —rges1) = —50i + 705 — (v — ) boin = —50i + ¢ (0o + (1 —0)boips) . (36)

So, the parameter ¢ can be thought of as a coefficient measuring the contribution
of a weighted combination of asset i’s covariance with consumption growth and asset i’s
covariance with the market return towards the risk premium on asset i.

Alvarez and Jermann (2002) refer to the recursive preferences of Epstein and Zin (1989)
and Weil (1989) as a way to increase the size of the permanent component in the pricing
kernel. Our utility specification, through the assumed connection between the reference
level and the value of the market portfolio, adds similarly a permanent component to the

pricing kernel.

2.2.3 Habit Formation in Difference with a Reference Level

Campbell and Cochrane (1999) interpretation of the reference level S; as an external habit

leads them to specify some nonlinear dynamics consistent with the structural restriction

S; < C4. Actually they specify the surplus consumption Hy = thTt St as a conditionally

lognormal process. In this setting, we can still introduce our reference level principle by
considering that the representative consumer derives utility from consumption relative to

his reference level as well as from this level itself

o
= sign(l —v)sign(1 —¢)’ (37)

according to (1). However, in order to really nest Campbell and Cochrane (1999) utility

model, we must extend this formulation by writing

_ (GEY TS
= Sign( = sign(i—9) 38)

Then, testing Hp : v = ¢ amounts to testing the particular case of Campbell and
Cochrane (1999) utility model. At first sight, it may appear a bit artificial to introduce
three variables in the definition of the utility functions since any of them is a well-defined
function of the two other ones. However, the utility function rewritten in that way (38) helps
to better understand the external habit paradigm of Campbell and Cochrane (1999). The
statistical model (see (41) below) specifies the joint dynamics of the two lognormal processes

(Ct, Hy) while the dynamics of the reference level S; is only a by-product. However, in the

16



economic model, the optimizing agent considers the product (CyH;) as its optimal control

variable given the external habit level S;. Therefore, the resulting SDF is:

A Hg\ T (Coa\ T (S
(1) (G (B -

Another way to understand this formula is to realize that the utility function in (38)

can also be written :
(CL—S)'8]77

sign(1 —y)sign(l —¢)’

and the consumer see the reference level S; as external.

The statistical model proposed by Campbell and Cochrane (1999) is specified in order to
make the volatility of the SDF stochastically time-varying with the business cycle pattern.
The consumption process is seen as a lognormal random walk'® while the log H; process

has the same standardized innovation but evolves as a heteroscedastic AR(1):
Acii1 = g+ vig1, vin iid. N(0,02), (41)

ht+1 = (1 - (ZS)E + QZSht + A(ht)l/t+1.

We use the sensitivity function A(h;) proposed by Campbell and Cochrane (1999), that
is:
1 T .
Ahe) = { = 1—=2(hy —h)—1 if hy < hpax (42)

0 otherwise,

where Amax = b+ 3(1 — F2) and H = o, /ﬁ. By choosing this sensitivity function,

Campbell and Cochrane (1999) had two objectives in mind. The first was to obtain a
constant risk-free rate. This restriction is typically relaxed in our more general setting with
v # , where the absolute value of the reference level plays an independent role in the
utility function. The second one was to ensure that the elasticity of the reference level with
respect to consumption is zero in the steady state and is a U-shaped function of h around
h = h. This objective is still achieved in our setting.

Besides allowing for a time-varying risk-free interest rate, our setting with v = ¢ disen-
tangles the relative risk aversion coeflicient and the elasticity of intertemporal substitution,
as already emphasized in the Epstein-Zin-like interpretation of our model in the previous
section. This disentangling appears important since in the Campbell and Cochrane (1999)
model risk aversion (T}—t) can become very large in the states of the economy where H;

approaches zero, that is when consumption comes very close to the external habit. In our

9Tn keeping with the statistical model of Campbell and Cochrane (1999), where consumption growth is
a random walk, we depart from our statistical model where the growth of the reference level captures the
predictable part of consumption growth. The main interest in this extension of their habit formation model
is to test the presence of the level of the reference level in the utility function.
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setting, a large risk aversion does not automatically imply a dramatically low level for the
elasticity of intertemporal substitution. However, as in Campbell and Cochrane (1999), we
make the steady state of the reference level (and in turn the sensitivity function) depend
on the preferences only through the risk aversion parameter ~.

Campbell and Cochrane calibrated the parameters in order to assess the model implica-
tions for asset pricing. Suppose we wanted to estimate this model and test their specification
against the more general SDF (39). We should be able to compute the time series of surplus
consumption H and to deduce the time series of the growth rate of the reference level S.
For the former, given v and a process for consumption growth, we need the parameter ¢. In
choosing parameters, Campbell and Cochrane match ¢ to the serial correlation of the log
price-dividend ratio. But this measure of persistence is tightly related to the persistence of

the market portfolio return since one can always write

logRar1+1 = Act1 +1og(1 + Qrr1) — logQt, (43)

P, C P . .. . .
where Ry 141 = %tt“ and Qi1 = Cii denotes the price-dividend ratio for a claim on

aggregate consumption. Therefore, approximately

logRar 141 = Acip1 + 10g(Qri1) — logQy. (44)

When Aciy; is viewed as a white noise (as in Campbell and Cochrane (1999)), the
dynamics of the rate of growth of the price dividend ratio is tightly related to the one of the
market return. In other words, plugging into the SDF (39) a rate of growth of the reference
level that mimics the price dividend ratio dynamics is very similar in spirit to the Epstein
and Zin SDF, as revisited in the previous subsection. In this sense, we can claim that our
proposed extension of Campbell and Cochrane (1999) nests the Epstein and Zin (1989) asset
pricing model expressed with a habit formation model in difference. Therefore, as with the
ratio model in section (2.2.1), we maintain habit formation preferences while disentangling
risk aversion from intertemporal substitution in a way observationally equivalent to Epstein
and Zin (1989).

2.3 Preferences with a Reference Level as a Threshold

Introducing a kink in the utility function has been another way to attempt rescuing the
consumption CAPM. Disappointment aversion and loss aversion are two examples of such
preferences, the former being defined over intertemporal consumption streams, the latter
over wealth. A disappointment averse consumer will put more weight on bad outcomes
than on good ones, where bad and good are defined with reference to a certainty equivalent
measure of a consumption gamble. Epstein and Zin (1989) integrate these generalized

preferences in an intertemporal asset pricing model within a recursive utility framework.
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Bekaert, Hodrick, and Marshall (1997), Bonomo and Garcia (1993), and Epstein and Zin
(2001) explore the asset pricing implications of disappointment aversion. Benartzi and
Thaler (1993) also adopt asymmetric preferences over good and bad results, but instead of
using an intertemporal asset pricing framework with preferences defined over consumption
streams, they start from preferences defined over one-period returns based on Kahneman
and Tversky (1979)’s prospect theory of choice. The central idea of prospect theory is that
an investor is assumed to derive utility from fluctuations in the value of his financial wealth
and to be loss averse over these fluctuations, meaning that he is distinctly more sensitive to
reductions in his financial wealth than to increases. Recently, Barberis, Huang, and Santos
(2001) have studied asset prices in the context of prospect theory. In their model, investors
derive utility both from consumption and changes in the value of their financial wealth.
They introduce loss aversion over financial wealth fluctuations and allow the degree of loss
aversion to be affected by prior investment performance.

The utility function defined in (1) offers at least two ways to model asymmetric pref-
erences. First, we can use the reference consumption level S; as a threshold below which
outcomes are penalized in terms of utility. In this generalization of habit formation models,
investors will have the following utility function:

gt 17715‘1*‘#71
5t : if C, > S,

1-—v
AR E

5, t .
A = otherwise,

Ut =

(45)

where ) is a disappointment aversion coefficient. The intuition here is that the investor is
likely to be disappointed if his consumption is lower than the reference level and, conversely,
satisfied otherwise. Note that we maintain the same parameter ¢ above and below the
threshold for parsimony reasons even though it is conceivable to have different attitudes
towards intertemporal substitution in the two states of the world.

A second type of asymmetry could be built by modeling the threshold level in a fashion
similar to Barberis, Huang, and Santos (2001). The reference level S; in this case could be
assimilated to the value of the market portfolio, while the threshold will be given by the
position of the return on the market portfolio with respect to the safe asset return. Such a

utility specification yields the following SDF:

Ci1 %ﬁlI[RM,tH?me,tﬂ] Az)Cyi tﬁl <1 B I[RM’t+1>ztRf’t+l])
Ct ' lé&l[RM,t?%Rfﬁ] )\Ct 2‘/?0 (1 B I[RM‘t>ztRf’t]>

where Rjps ;41 is the return on the market portfolio, Ry ;41 is the risk-free interest rate, Vi1

M1 =6

,  (46)

is the value of market portfolio, and I [ is the indicator function, which takes

RM,t+1>ZtRf,t+1]
the value 1 if Rps 441 > 2¢Rf 441 and 0 otherwise. The variable z; measures the size of prior
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losses. The larger the prior losses, the more painful subsequent losses will be. Our goal will
be to estimate such models by the generalized method of moments to assess the presence
of such preferences in the data, as opposed to the calibration exercise of Barberis, Huang,
and Santos (2001).

3 Empirical Results for Alternative Models of the Reference Level

In this section, we estimate the models described in Section 2 using US monthly data. After
a brief description of data construction, we discuss the estimation procedure in light of the
identification issues surrounding the preference parameters. We then start by providing the
empirical results corresponding to the conventional time- and state-separable preferences.
This will provide a basis with which to compare the richer specifications offered by the three
types of models with a reference level discussed in section 2. First, we estimate models for
the augmented habit formation approach, where the absolute value of the reference level
enters in the utility function along with relative consumption. Second, we consider several
specifications where the market portfolio return enters in the determination of the reference
level growth rate. We estimate models which embed two well-known models: the Campbell
and Cochrane (1999) habit formation model and the Epstein and Zin (1989, 1991) non-
expected recursive utility model. For the former case, instead of calibrating the model, we
estimate and test the model in a GMM framework keeping the original specification of the
consumption surplus dynamics. For the latter, we estimate a utility specification where
the reference consumption level growth rate is assumed to depend on the previous period
consumption growth rates and the return on the market portfolio. As the Epstein-Zin model
is seen to be a mixture of the CAPM and the CCAPM models, this generalized specification
can be described as a combination of the CAPM with a habit formation CCAPM model.
Finally, we estimate models of asymmetric preferences, where the investor draws different
utilities above and below the reference level or some function of it. Most notably, we
estimate a model of loss aversion very similar in spirit to the model of Barberis, Huang,

and Santos (2001), thereby providing a useful complement to their calibration exercise.

3.1 Data and Estimation Issues
3.1.1 Consumption and Returns Data
The measure of real aggregate consumption used in this paper is the personal consumption

expenditures (in constant 1987 dollars) on nondurables and services (NDS) taken from the

United States National Income and Product Accounts.?? Monthly per capita consumption

20Taken from CITIBASE, mnemonics GMCNQ and GMCSQ.
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is obtained by dividing the real aggregate consumption by the total population, including
armed forces overseas.?!

The nominal, monthly risk-free rate of interest is the one-month Treasury bill return
from the Center for Research in Security Prices (CRSP) of the University of Chicago. The
real risk-free rate is calculated as the nominal risk-free rate, divided by the one-month
inflation rate, based on the deflator defined for NDS consumption. As a proxy for the
nominal, monthly market return, we take the value-weighted aggregate nominal, monthly
return (capital gain plus dividends) on all stocks listed on the NYSE and AMEX, obtained
from CRSP. The real, monthly market return is calculated as the nominal market return,
divided by the one-month inflation rate. The size portfolios are also obtained from CRSP

and are formed with all stocks listed on the NYSE and AMEX.

3.1.2 Estimation and ldentification Issues

An iterated GMM approach is used to test Euler equations and estimate model parameters.
For each preference specification the Euler equations for the excess market return and the
real risk-free interest rate are estimated jointly together with the process describing the

evolution of the reference level. Our typical set of equations will be:

C - S s
() (%) T
C - S T—¥

(%) (%) e ] o

ASi11 = a+ xp41b

Et = 17 (47)

E;

where s;41 = log Sy4+1 and x441 represents a vector of variables, current and past, deemed
to forecast the growth of the reference level. Using condition (4) at horizon 1 one can write

an equation in terms of aggregate consumption growth similar to (26):

Acgy1 = a1 + Te41b + €441 (48)

Note that we do not keep the upper bar over aggregate consumption since it is the same as
the consumption of the representative agent.

It is by now well established?? that asymptotic normality is often a poor approximation
for the sampling distributions of the GMM estimators. These distributions can be skewed
and have fat tails. Tests of overidentifying restrictions can exhibit important size distortions.

*CITIBASE, mnemonic POP.
228ee Tauchen (1986), Kocherlakota (1990) and Hansen, Heaton and Yaron (1986) among others.
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Stock and Wright (2000) argue that the problem in GMM with instrumental variables might
come from the weak correlation between the instruments and the first order conditions
which results in a poor identification of the parameters. In the CCAPM it is the risk
aversion parameter which is nearly unidentified. To address these problems, they propose
an asymptotic theory for GMM with weak identification. For many of the models we
will estimate (CRRA, habit formation and Epstein-Zin preferences), they have derived
expressions allowing the computation of new confidence sets for the parameters and the
test statistics. Moreover they have shown that the confidence sets based on their theory
differ considerably from the conventional confidence sets. This is not a small sample problem
in the traditional acceptance of the term. A Monte Carlo study shows that with monthly
data, a sample of about 1000 observations is needed for the conventional normal asymptotics
to provide a good approximation to the finite sample distributions of the estimators. Given
our sample size we will explore this issue with our new specifications.

Recently, Neely, Roy, and Whiteman (2001) address the issue of near nonidentification
in the standard CCAPM model. They also argue that the lack of identifiability of the risk
aversion parameter is due to the weak correlation between the instruments and the endoge-
nous variables. Lagged values of consumption growth and asset returns are not very useful
in predicting either variable. To improve identification, they suggest to add restrictions in
the form of a regression. One possibility is to regress returns on consumption growth assum-
ing that the error is uncorrelated with consumption growth. The OLS regression coefficient
provides an estimate of the risk aversion parameter +v. Another way to improve identifica-
tion of v is to add a regression of consumption growth on asset returns, thus obtaining an
estimate of the intertemporal elasticity of substitution 1/7.23 Both these regressions lead
to more stable estimates of either the coefficient of relative risk aversion or the elasticity of
intertemporal substitution.

In the model which embeds habit formation and Epstein-Zin preferences in (29), we will
use regression equation (26), together with an orthogonality condition between the market
portfolio return and the error term, to estimate the growth rate of the reference level.
We therefore provide a more structural justification to the introduction of this additional
regression. Indeed, our approach assumes that the agent is using the return on the market
portfolio and past consumption growth to assess his target consumption growth rate. Based
on this estimated benchmark consumption growth parameters of the utility function will be
estimated with the Euler conditions. Of course the estimation of the regression and of the
Euler conditions can be carried out simultaneously. Consistently with the results of Neely,

Roy, and Whiteman (2001), this approach leads to more sensible and stable estimates than

23They refer to the first regression as a Hansen and Singleton (1982, 1983) normalization and to the second
as the Hall (1988) normalization. In both regressions, the simultaneity problem is assumed away.

22



an approach where all the parameters are estimated using only Euler conditions.

Another way of overcoming the identification problem is to add information by intro-
ducing more Fuler conditions with other asset returns. We will do that for our joint model
of habit formation with Epstein-Zin preferences by introducing size portfolios. However,
what counts in the end for identification is that these returns are not too strongly correlated
with the market portfolio returns.

Otherwise, we carry out the estimation with two usual sets of instruments. The first
instrument set INS1 is comprised of a constant and one lag of the real market return, the
real risk-free rate and the real consumption growth rate. The second set INS2 includes the
first set of instruments plus the same variables lagged an additional period. The sampling
period is 1959:1 to 1996:12. After allowing for the construction of the lagged variables, the
sample period used in the estimation is 1960:3 to 1996:12, for a total of 442 observations.

3.2 Results

3.2.1 Time- and State-Separable Preferences

Our benchmark model is the standard time- and state-separable CRRA utility function.

C -
1) (_g:l) Ryi1

C -
(il> (Rpg+1-Ryi41)

Here, we test the Euler equations

E, =1, (49)

Et = 07

Cy

for the real risk-free interest rate and the excess market return. The parameter estimates and
statistical tests for this utility specification are reported in Table I (model M1). For both sets
of instruments, the point estimate of the RRA coefficient comes out negative, while the time
discount parameter ¢ is less than 1. Based on the nonsensical negative estimates of the RRA
coefficient, we will pursue further the investigation of different preference specifications. We
consider that the non rejection of the model at the 5% significance level with the second set
of instruments according to the J statistic is due to the poor properties of the conventional

asymptotics. We rely here on Stock and Wright (2000) results for such a specification

3.2.2 The Habit Formation Approach

The external-habit specification of utility function (1) yields the following Euler equations:
Cer1\ T[S\ ¥
1) R
< C, S, i1

23

Ey

—1, (50)




Ey

C - S Y=
(;;) <%tl> (Rmp+1-Ryppv1) | = 0.

To estimate habit as a function of past consumption levels, we follow the adaptive expec-

tations hypothesis whereby the habit, S;y1, is assumed to be an expectation of consumption
taken conditionally on information available to the individual at time ¢, we can rewrite (17)

as

Ct—H =

a e .
3+ )\;(1 — N)!'Cy_i — €441, (51)

where €441 is an innovation in Cj11. Using the Koyck transformation yields
A0t+1 =a — &t+1 + (1 — )\)€t, (52)

where ACy 41 = Cpy1—Cy. To start, we follow a two-stage procedure. First, we estimate (52)
by maximum likelihood and then estimate the Euler equations (50) for the excess market
return and the real risk-free interest rate with habit replaced with its estimate obtained
through (16) based on the estimated values for a and A. The estimation and test results
for the Euler equations are presented under Model M2 in Table I based on the following
estimated values: @ = 1.5620 and X = 0.7638.

When we estimate and test ARIMA models for NDS consumption, the AIC preferred
model is an ARIMA(0,1,2) with a drift term, which is significantly different from zero. We

therefore estimated:
ACtJrl =a+€&41 + (9 — (1 — )\)) Et — 9(1 — )\)Etfl. (53)

by maximum likelihood and found @ = 1.5633 and X = 0.7115. The estimation and test
results for the Euler equations are also given in Table I under model M3.%4

The results are practically the same for both specifications. The null hypothesis Hy :
© = v is rejected at the 5% significance level for both sets of instruments. We find some
evidence against the hypothesis that the absolute value of the reference level does not affect
utility. For the second instrument set we can reject at the 10% level the null hypothesis
Hy : ¢ = 1.25 The estimate of v — ¢ is negative and significant for both sets of instruments,
which implies that durability in consumption expenditures dominates habit persistence.
The value of the time preference parameter ¢ is greater than 1 for any set of instruments.
The model is not rejected statistically at the 5% level for both sets of instruments.

Therefore, we can conclude that the data strongly reject the standard expected utility

model in favor of the habit specification, that durability dominates habit persistence at

24Tn the next section, we conduct estimation in one stage by GMM for a more general specification which
embeds the habit formation model estimated here.

ZFuhrer (2000) uses the US quarterly data over the period from 1966:1 to 1995:4 and also rejects the
time- and state-separable utility specification and cannot reject the ratio model.
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the monthly level,?6 and finally that there is mild evidence for both the absolute and the

relative importance of the reference level in the utility function.

3.2.3 The Reference Level as a Function of the Return on the Market Portfolio

In section 2.2.2, we have shown that given a certain specification of the reference level growth
rate, we obtained generalized versions of the SDF derived by Epstein and Zin (1989) in a
recursive utility framework when the certainty equivalent of future utility is of the Kreps
and Porteus (1978) form. We will start by estimating the constrained version of the model
described in section 2.2.3. We then estimate the generalized version of the model with
the SDF in (29). The third subsection reformulates this generalized model with the habit
formation model in difference as in (39), of which Campbell and Cochrane (1999) model is

a particular case.

The Epstein-Zin Stochastic Discount Factor. Given that (29) is observationally equiva-
lent to the Epstein-Zin (1989, 1991) SDF when a; =0 (i = 1,...,n), we estimate the Euler

equations

E, ~1, (54)

o <%1> (Rai41)" Ry
t

C’ -
Ey <—ﬁi> (Rare+1)” (Rarger — Rpgq1)| =0,

Ct

jointly with the equation

Acpp1 =ag + b rayesn + €1, (55)

where 6 =6 - exp (ag(y — ¢)) and K = b(y — ).

In Table II, in Column EZ, we present the estimation and test results of Euler equations
(54) for the excess market return and the real risk-free interest rate together, when the
latter equations are estimated jointly with the log consumption growth rate equation (55).
The Euler equations are estimated with the instrument set INS2, while the instruments
used to test the equation for the log consumption growth rate consists of a constant, the
log real market return lagged two periods, and the log consumption growth rate lagged two
periods.

The obtained point estimate of the RRA coefficient is positive (3.53) but not significantly
different from zero at the 5% level. The null hypotheses Hy : ¢ = v and Hy : o = 1 are
both rejected statistically. The null hypothesis Hy : kK = 0 (J = %) is also rejected at the

5% significance level. The point estimate of the elasticity of intertemporal substitution is

26This result is consistent with the empirical evidence in Eichenbaum and Hansen (1990), Eichenbaum,
Hansen, and Singleton (1988), Ferson and Constantinides (1991), Gallant and Tauchen (1989), and Heaton
(1995).
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negative (-1.95) but not significantly different from zero at the 5% level. This negative
point estimate for the elasticity of intertemporal substitution is consistent with Stock and
Wright (2000) who estimate the Epstein-Zin SDF (31) using US monthly data. According
to Hansen’s test of overidentifying restrictions and the conventional asymptotics, the model
is not rejected statistically, but again we rely on Stock and Wright (2000) to attribute this

non-rejection to the poor properties of conventional asymptotics for such a specification.

A Generalized Epstein-Zin Model with Habit Formation. We now assume that the refer-
ence consumption level growth rate is a function of the previous period consumption growth

rate and of the return on the market portfolio. Therefore, we estimate the Euler equations

_ nay
B |6 (Cgl) ’ < c?t1> " (Raras)® Rpest| = 1, (56)
Con\ V([ G\ x
E; ( c, ) <Ct—1> (Rare+1)" (Rare1 — Rpgq1) | =0,
jointly with the equation
Aciy1 =ag+ay - Acg +b -1 + €441, (57)

where 6 =6 - exp (ag(y — ¢)) and K = b(y — ).

The estimation and test results for equations (56) and (57) are presented in Table II, in
Column GRS. As in the case of the Epstein-Zin pricing kernel, we use the instrument set
INS2 when estimating the Euler equations and the set of instruments which consists of a
constant, the log real market return lagged two periods, and the log consumption growth
rate lagged two periods when estimating the equation for the log consumption growth rate.
This two-period lag is important since ;41 can be correlated with Ac;.

The obtained point estimate of the RRA coefficient is in the conventional range (close
to 1) and, in contrast to the case of the Epstein-Zin SDF, significantly different from 0 at
the 5% significance level. The point estimate of x is significantly different from zero and,
therefore, the null hypothesis Hy : 0 = % is rejected at the 5% level. The estimate of the
elasticity of substitution is in the conventional range (0.85) and significantly different from
0. We reject at the 5% level the null hypotheses that the reference consumption level plays
no role in asset pricing (Hp : ¢ = ) and that an agent derives utility solely from the ratio
of his consumption to some reference level (Hy : ¢ = 1). According to Hansen’s J statistic,

the model is not rejected statistically at the 5% significance level.?

2"When the Euler equations (56) for the excess market portfolio return and the real risk-free interest
rate are estimated alone, the point estimate of the RRA coefficient is 5.3307 and that of the elasticity of
intertemporal substitution is -1.0047. Both are significantly different from 0. Adding equation (57) allows
therefore to obtain more sensible estimates of the preference parameters.
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As announced, we would like to test our specification under the assumption of weak
identification given the poor properties of conventional asymptotics. In conducting such a
test, we treat 6* as strongly identified and 6 = (v, 0, ag, a1, b) as weakly identified.?® Under
weak identification asymptotics, we compute a 95% confidence interval for + in which 6* is

concentrated out:
{’70 : T'Ser (907 6" (90)> < X2G—1,0.95} ; (58)

where G is the number of orthogonality conditions, Sqr () is the continuous updating ob-

jective function computed using a heteroscedasticity robust weighting matrix, and &* 0) =

(oy—1)aq -1

(leg'il((jéfl)_W (%) " (Rare) Y Ry

To assess the plausibility of the GRS SDF under the weak identification assumption,

we compute the S-set for v when 6 is in the conventional GMM confidence interval. The
result is that our model is not rejected at the 5% significance level under weak identification
asymptotics for v > 1.985, a value only slightly greater than that corresponding to the upper
bound of the 5% GMM confidence set for 4. This result is consistent with that obtained by
Stock and Wright (2000), who also find that the value of v at which the model is not rejected
under the assumption of weak identification is usually higher than that under conventional
normal asymptotics. However, in contrast to their result, the value of the relative risk
aversion coefficient at which our model is not rejected statistically may be recognized as
economically plausible.

To check whether our SDF performs better than the Epstein-Zin one in this weak identi-
fication context, we compute the 95% S-set for  for the model associated with the Epstein-
Zin SDF. For the Epstein-Zin specification of the SDF, 6§ = (v, 0, ag, b) and

T —

S _ C, 7 oy

o (0) = (T () R <1+Rf,t+1>> SN CY)
t=1

We find that there is no value of 7 in the 5% GMM confidence set for which the model
is not rejected at the 5% significance level for  in the conventional GMM confidence set.?*
The upper bound of the 5% confidence set for v under conventional normal asymptotics is
9.20. This means that even if, as in Stock and Wright (2000), there is some value higher than
this upper bound value of the risk aversion coefficient at which the model is not rejected at

the 5% level, this value appears less economically plausible than for the GRS SDF..

28Given 0, the parameter §* can be estimated precisely from the Euler equation for the risk-free rate of
(oy—=1)aq

return, 6 = (T Sr (Cgtfl ) - (cfil) " (R )V (14 Rf,tﬂ)) and, hence, is strongly

identified by a constant.
2%For ¢ we only consider non-negative values in the 5% GMM confidence interval.
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To check the robustness of the estimates we obtained for the preference parameters and
to hopefully improve identification, we estimate the risk-free rate equation in (56) together
with (57) and the following set of Euler equations corresponding to the ten decile portfolios
formed with all stocks listed on the NYSE and AMEX, obtained from CRSP:

Kaq

C - C R K .
( t+1> < t > (Rarss1)” (Rige1 — Rf,t+1) =0,:=1,...,10. (60)
Ct Ct—l

Ey

The estimation results are reported in Table II in the columns below the heading GRS
deciles. As it can be seen, the preference parameters v and o are estimated much more
precisely. The point estimate of v is higher (2.8) than when we used only the market
premium (0.98), while the elasticity of intertemporal substitution is slightly lower (0.68
instead of 0.86). The conclusions about the value of ¢ and the null that ¢ is equal to 1

remain unchanged.

The Campbell-Cochrane Stochastic Discount Factor. The Campbell and Cochrane (1999)
model occupies a prominent position in the recent literature on empirical asset pricing with

consumption. As expressed in (39), the SDF corresponding to their utility specification is

Ci1\ 7 (Hip\ 7
My =96 , 61
w=o() ( (61)
where H; is the surplus consumption ratio, H; = Q% The success of their calibration

exercise relies on specifying the heteroscedastic dynamics specified in (41). However, they
do not estimate the coefficient of relative risk aversion and set it equal to 2. In this section
we will propose a GMM estimation strategy to see if the model is supported by the data
and, if it is the case, for what values of the RRA coefficient. We also want to test the model
against the more general model with the absolute value of the reference level in the utility
function. Tallarini and Zhang (2000) estimate the Campbell and Cochrane (1999) model by
the efficient method of moments using quarterly data. For -, they find high values between
6 and 8 and reject statistically the model. They also report estimation results obtained with
GMM where the initial surplus consumption is estimated jointly with the other structural
parameters. Then, the RRA coefficient is smaller than 1 in general. However, they discard
these results on the basis that the high persistence parameter estimate coupled with a
relatively small sample size render the GMM estimation unreliable.

We start by estimating the Euler equations for the equity premium and the risk-free-rate
jointly with the Campbell-Cochrane SDF (61):

Cis1\ 7 (Hi\ 7
() () A
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E =1, (62)




Ey

C [/ H, -
(é?) <£1) (Ryi+1 — Rye1) | =0,

together with (41) and (42). To obtain the time series of the unobservable surplus con-

sumption, one needs to set the initial value of surplus consumption and a value of the
autoregressive parameter ¢. The former can be set at the steady state value, which means
that we need a starting value of . For the latter, Campbell and Cochrane (1999) use the
autoregressive parameter of the price-dividend ratio. If we follow this strategy, assum-
ing some starting value of the coefficient of relative risk aversion, v, say 2, calculating H;
(t =0,...,T), estimating the Euler equations and iterating over 7, the estimate of v ap-
proaches 0 and, depending on the starting value, goes into the negative. To better control
the estimation of v, we proceeded by grid search to obtain an initial value that was close to
the estimated value by the Euler equations. For the persistence parameter ¢, we estimated
it with the S&P 500 price-dividend ratio and obtained a value of 0.985.

The results presented in Table III (CASE1) are based on the set of instruments with a
constant and the real market return, the real risk-free rate, and the real consumption growth
rate lagged one and two periods. The estimated value for + is 0.0122 and is significantly
different from 0. The parameter ¢ is estimated very precisely as usual and is less than 1,
contrary to the estimate above 1 obtained by Tallarini and Zhang (2000).

Our main interest remains to test the Campbell-Cochrane specification against our
model where the absolute value of the reference level enters per itself in the utility function.

We therefore apply the same estimation procedure to the following Fuler equations:

5 Co1\ " (His1\ 7 [ Sia ’yfch
C, H, S, fit+1

C T /H /8 TP
(%) (52) (52) G- Ry

The estimation and test results are presented in Table III under CASE2. The estimated

E =1, (63)

=0.

Ey

values for v and 6 are very close to the values obtained with CASE1. The parameter
o which distinguishes between the Campbell-Cochrane specification and our specification
has a point estimate of —0.2034. Both null hypotheses ¢ = v and ¢ = 1 are rejected,
the second one very strongly. This means that, similarly to the Epstein-Zin and habit
formation specification of the previous section, we reject the hypotheses that the reference
consumption level plays no role in asset pricing (Hp: ¢ =) and that an agent derives
utility solely from the difference of his consumption with some reference level (Hy : ¢ = 1).
Interestingly, the value estimated for ¢ is close to the value of —0.3059 obtained with the
Epstein-Zin-habit formation specification. Given the interpretation of the habit mentioned

in section (2.2.3) assimilating it to the value of the market portfolio, this result should not
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be too surprising at an intuitive level. In a way, the Campbell and Cochrane model is more
than just habit formation: it has some flavor of a mixture of Epstein-Zin specification and

habit formation.

3.2.4 Asymmetric Preferences

The model proposed recently by Barberis, Huang, and Santos (2001) also figures promi-
nently in the empirical asset pricing literature. In the same spirit as Campbell and Cochrane
(1999), they calibrate their model to reproduce several empirical regularities between asset
returns and consumption. Before testing a model which is close to their specification, we
will first explore to what extent the habit formation model estimated in section (3.2.2)
admits different RRA coefficients around a reference level threshold. We therefore explore
the utility specification (45), which yields the following SDF":

Ct:yl1 S;yi;sol[ct+1>5t+1] + )‘C;r’YIZSszWI[Ct+1<St+1]
Cy S 0,5+ AC 282 g,

M1 =6 (64)
We examine whether the investor displays different degrees of risk aversion for outcomes

above and below habit assuming that he is not loss averse (A = 1) or that he has a more

or less marked loss aversion (A = 1.2 and A = 1.5).We first estimate the following Euler

equations for the excess market return and the real risk-free interest rate with A set equal

to 1:

5Ct:Y11 Szi;sol[ct+1>st+1] + C;yf Sszyjliw (1 — I[Ct+1>5't+1])

Ey - — - -
Gy 71St71 ¢I[Ct25t] + G 72*9?2 7 (1 - I[Q?&])

Rppp1| =1, (65)

—Y1 QY1 “V2Q727¢%
C(t+1 St+1 I[Ct+1>st+1] + Ct+1 t+1 (1 - I[Ct+1>st+1])

Cy S ligss) + C; 28 (1 - Iic,8y)

In Table IV, we present comparative results for the cases when the agent is assumed to

=0.

E, (Rayir1 — Rypypy1)

display the same degree of risk aversion for consumption above and below habit (CASE1)
and when this assumption is relaxed (CASE2). The Euler equations for both cases are
estimated exploiting the set of instruments which consists of a constant and the return on
the market portfolio, the real risk-free rate, and the real consumption growth rate lagged
one through four periods.

As the decision maker is assumed to display different degrees of risk aversion for out-
comes above and below habit, the point estimate of the RRA coefficient increases when
consumption declines towards habit. When the adaptive expectations is maintained (model
2), we obtain estimates for the RRA coefficient which are significantly different from zero
(for outcomes below habit, the RRA coefficient estimate is always significant at the 5% level,
whereas for consumption above the subsistence level that estimate is significantly positive

at the 10% level only for model M3). However we cannot reject the null hypothesis y; = ,.
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The null hypothesis Hy : ¢ = 1 is rejected at the 5% level for both models M2 and M3.
In spite of the empirical evidence of local substitutability of consumption, we cannot reject
at the 5% level the null hypothesis that the RRA coefficient significantly differs from the
parameter ¢ only when consumption is above the subsistence level. It follows that the ratio
external habit-formation model is rejected by the data given any specification of the habit
generating process. For consumption above habit, the most plausible assumption is that
the representative consumer derives utility from both consumption relative to habit and
the level of habit. As consumption declines towards the benchmark level, we cannot reject
the assumption that the conventional time- and state-separable utility model well describes
agent’s preferences. When we make the consumer loss averse by increasing A to 1.2 or 1.5,
the main effect is to decrease the point estimate of 6 to nonsensical values.

We now turn to the second type of asymmetry modeled in section (2.3) and estimate

the Euler equations

- t4 - ®
6Ct+11 ‘/‘t+II[RM,t+1>ztRf7t+l] + A(Zt)ct+12‘/:f+1 <1 - I[RM,thl}ZtRf’t_'_l])

Ey
C, " WWI[RM,t>ztRf,t] +AG 72 Vtgo (1 - I[RM't>ZtRf’t]>

Rf,t+1 = 17

(66)
CoivVaL ATV (1- 1,
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|GV, (1 I

RM,t+1>ZtRf,t+1] RM,t+1>ZtRf,t+1])

t (Rp+1— Ryey1)

Ct—”h V?OI[

Rpre>2t Ryt RM,t2ZtRf,t]>

The variable z; = % (where Z; is a value of the stock which happened in the past and

P, is the current stock value) is a benchmark which measures the size of prior losses. It is

modeled as in Barberis, Huang, and Santos (2001):

i )+a-nw. (68)

Zt41 =1 (Zt Rt
+

When 1 = 0, the benchmark level tracks the stock value one-for-one and moves therefore
very fast. When 1 = 1, the benchmark level moves sluggishly.?® Moreover, the agent is loss

averse and the degree of loss aversion is a function of z, as follows:
AMze) = A+ k(2 —1). (69)

The larger the prior losses (the larger z; is), the more painful subsequent losses will be.
Barberis, Huang, and Santos (2001) illustrate the effects of loss aversion and prior losses
by choosing parameter values, simulating the model and ultimately comparing moments of
asset returns with historical figures. Although our model is different from theirs, we have

kept the same features regarding loss aversion and the effects of prior losses on this loss

30f the return on the asset is good (Ri+1 > R), 2 falls in value, as the benchmark rises less than the
stock price. In case of a poor return, z; rises as the benchmark level falls less than the stock price.
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aversion. Consistently with the rest of the paper we will however estimate the preference
parameters (y;, Yy, , and §) by GMM for various configurations of the parameters A, s,
and 7. Representative results are presented in Table V. Point estimates for the v are often
negative, especially when 7 is different from 1, but they are not significantly different from
zero. It is only when 7 is equal to 1 that we find positive and significant values for the
risk aversion parameters but they are generally quite large. The estimate for ¢ is also
positive, very large and significantly different from zero. The estimate for 6 is greater than
1. Results similar to the latter results have been obtained for several values of A and x as
long as 7 is equal to 1. The parameter 7 controls the persistence of z; and hence also the
persistence of the price-dividend ratio. We can see that results are highly sensitive to this
parameter. Although our model is different from the original model of Barberis, Huang, and
Santos (2001), the results illustrate that when sensible values of the preference parameters
are obtained, albeit high, the parameter ¢ is significantly different from zero and therefore
the reference level seems to play a role in the utility function of the agent over and above

current consumption.

4 Concluding Remarks

In this paper, we propose an expected utility model in which a representative agent is
assumed to derive utility from both the ratio of consumption to some reference level of
consumption and this benchmark level itself. We have explored several specifications for the
dynamics of this reference level along the lines of the prominent models in the asset pricing
literature. Our main conclusion is that there is ample evidence for the presence of such
a reference level in the utility function of the representative agent. Following Alvarez and
Jermann (2002), we can rationalize the confirmed presence of this benchmark consumption
level by the fact that it adds persistence to the pricing kernel.

Our approach has also led to the generalization of current models in the literature. We
succeed in associating habit formation preferences, either in ratio or in difference form,
together with so-called Epstein-Zin preferences. In terms of pricing models, we obtained a
SDF which is a geometric average of a habit-formation CCAPM and of a CAPM, whereas
in Epstein and Zin (1991) it was an average of the standard CCAPM and of the CAPM.

A main feature of our approach is to estimate an additional equation to model the
growth rate of this reference level. We have mainly concentrated our analysis on the return
of the financial wealth but other possibilities are open here. An obvious one is to make it
depend on the return of human capital as in Jagannathan and Wang (1996).

This paper raises a central issue: is this reference level a genuine reflection of individual

preferences or is it a feature of aggregation? This is all the more relevant since habit
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formation has not received yet strong support in micro data (see Dynan, 2000). Recently,

Guvenen (2002) proposed a model where there is limited participation in the stock market

and heterogeneity in the elasticity of intertemporal substitutions. He shows that this model

with heterogeneous agents has a reduced form which is extremely similar to Campbell and

Cochrane’s (1999) framework. The only way to put some light on these issues is to estimate

and test the various models proposed in this paper with individual data. This constitutes

an exciting agenda for future research.
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Table 1.
Estimation and Test Results for the Reference Level Model with Past State
Variables

The sampling period is from 1960:3 to 1996:12, for a total of 442 observations. An iterated
GMM approach is used to test Euler equations and estimate model parameters. Our benchmark
model is the standard time- and state-separable CRRA utility function (model M1). In order to
estimate habit as a function of past consumption levels, we assume that habit evolves according to
the adaptive expectations hypothesis (model M2 (the disturbance term in (51) is an innovation in
Ci+1) and model M3 (the disturbance term in (51) is allowed to be an AR(1)). In a first stage,
we estimate habit, Siy1, as a function of past consumption levels. In a second stage, we estimate
the Euler equations (50) for the excess market return and the real risk-free interest rate with habit
replaced with its estimate obtained in a first stage. For each preference specification, the Euler
equations for the excess market return and the real risk-free interest rate are estimated jointly
exploiting two sets of instruments. The first instrument set (INS1) has a constant, the real market
return lagged, the real risk-free rate lagged, and the real consumption growth rate lagged. As our
second set (INS2), we use the first set of instruments adjusted by the same variables lagged an
additional period. The J statistic is Hansen’s test of the overidentifying restrictions. The P value
is the marginal significance level associated with the J statistic. In Panel A, we report the values of
the parameters estimated directly from the Euler equations. The values of the parameters estimated
indirectly are presented in Panel B. The standard errors for the parameters estimated indirectly are
calculated by using the delta method.

1. Time- and state-separable preferences:

model M1:

INS1 INS2
Param. Estim. SE t stat.  Estim. SE t stat.
¥ -0.1706  0.0790 -2.1595  -0.2072  0.0647 -3.2025
) 0.9995 0.0002 4997.500  0.9994 0.0002 4997.0000
J statistic  12.9925 13.6788
P value 0.0432 0.3217

2. Habit formation approach:
model M2

INS1 INS2
Param. Estim. SE t stat.  Estim. SE t stat.
Panel A:
¥ 1.4735 0.5068 2.9075  1.1369 0.2889 3.9353
] 2.0369 0.6659 3.0589 1.6306 0.3737 4.3634
1) 1.0028 0.0013 771.3846  1.0020 0.0008 1252.5000
J statistic  9.5268 12.3438
P value 0.0898 0.3384
Panel B:
) -0.5634 0.1754 -3.2121  -0.4937  0.0999 -4.9419
11— -1.0369 0.6659 -1.5571  -0.6306 0.3737 -1.6874
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Panel A:

v

¥
0

J statistic
P value
Panel B:
Y=®
I—¢

1.4581
2.0633
1.0028
9.5182
0.0901

-0.6052
-1.0633

Table I (continued)

0.5011
0.6716
0.0014

0.1882
0.6716

model M3

2.9098
3.0722
716.2857

-3.2157
-1.5832
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1.1001
1.6266
1.0020
12.4464
0.3310

-0.5265
-0.6266

0.2785
0.3670
0.0008

0.1047
0.3670

3.9501
4.4322
1252.5000

-5.0287
-1.7074



Table II.
Estimation and Test Results for the Epstein-Zin and Generalized Epstein-Zin
and Habit Formation Specifications

The sampling period is from 1960:3 to 1996:12, for a total of 442 observations. An iterated
GMM approach is used. First, we set a; = 0 (¢ = 1,...,n) and estimate the Euler equations (54)
for the excess market portfolio return and the risk-free rate jointly with equation (55). This is the
case of the Epstein-Zin (1989, 1991) SDF, the results for which are presented in Column EZ. Second,
we set @; = 0 (i = 2,...,n) and estimate the Euler equations (56) for the excess market portfolio
return and the risk-free rate jointly with equation (57). For each preference specification, the Euler
equations are estimated using as instruments a constant, the real market return, the real risk-free
rate, and the real consumption growth rate. All these variables are lagged one and two periods.
The set of instruments used to test the equation for the log consumption growth rate consists of a
constant, the log real market return lagged two periods, and the log consumption growth rate lagged
two periods. The J statistic is Hansen’s test of the overidentifying restrictions. The P value is the
marginal significance level associated with the J statistic. In Panel A, we report the values of the
parameters estimated directly. The values of the parameters estimated indirectly are presented in
Panel B. The standard errors for the parameters estimated indirectly are calculated by using the
delta method.

EZ GRS GRS Deciles

Param. Estim. SE t stat.  Estim. SE  tstat. Estim. SE t stat.
Panel A:

agp 0.0074 0.0008 9.2500  0.0022 0.0003 7.3333  0.0026 0.0001  26.0000
ay -0.2273  0.0597 -3.8074 -0.4564 0.0354 -12.8927
b -0.6309 0.0722  -8.7382 -0.1202 0.0461 -2.6074  0.3257 0.0200 16.2850
¥ 3.5275  2.8954 1.2183  0.9847 0.3017 3.2638  2.7965 0.1830  15.2814
K -7.8611 0.3514 -22.3708 -0.1552 0.0400 -3.8800 0.8972 0.0416 21.5673
6* 1.0424 0.0050 208.48  1.0017 0.0006 1669.5  1.0047 0.0004 2511.75
J statistic  12.1338 12.2398 21.2106

P value 0.4350 0.3459 1.0000

Panel B:

o -1.9450 1.6151 -1.2043 0.8580 0.2427  3.5352 0.6784  0.0392 17.3061
© -8.9329 2.2761  -3.9247 -0.3059 0.2378 -1.2864  0.0414  0.2409 0.1719
1—¢ 9.9329 2.2761 4.3640  1.3059 0.2378  5.4916  0.9586  0.2409 3.9792
Y= 12.4604 1.1194 11.1313 1.2906 0.3251  3.9699 2.7551  0.0844  32.6434
) 0.9506 0.0059 161.11  0.9988 0.0004 2497.0 0.9975 0.0005 1995.00
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Estimation and test results for the Campbell-Cochrane SDF specification

The sampling period is from 1960:3 to 1996:12, for a total of 442 observations. An iterated GMM
approach is used to test Euler equations and estimate model parameters. The Euler equations for
the excess market return and the real risk-free interest rate are estimated jointly with equations (41)
and (42) using as instruments a constant, the real market return, the real risk-free rate, and the
real consumption growth rate. All these variables are lagged one and two periods. The J statistic
is Hansen’s test of the overidentifying restrictions. The P value is the marginal significance level
associated with the J statistic. In Panel A, we report the values of the parameters estimated directly
from the Euler equations. The values of the parameters estimated indirectly are presented in Panel
B. The standard errors for the parameters estimated indirectly are calculated by using the delta

method.

Table III.

CASE1 CASE2
Param. Estim. SE t stat.  Estim. SE t stat.
Panel A:
¥ 0.0122 0.0046 2.6522  0.0115 0.0046  2.5000
© -0.2034 0.0830 2.4506
1) 0.9994 0.0002 4997.0 0.9993 0.0002  4996.5
J statistic  15.2328 13.9361
P value 0.2290 0.2366
Panel B:
Y= 0.2149 0.0834  2.5767
1—¢ 1.2034 0.0830 14.4988
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Table IV.
Estimation and Test Results for the Reference Level Habit Formation Model
with Asymmetric Preferences

The sampling period is 1960:3 to 1996:12, for a total of 442 observations. An iterated GMM
approach is used to test Euler equations and estimate model parameters. In order to estimate habit
as a function of past consumption levels, we assume that habit evolves according to the adaptive
expectations hypothesis (model M2 (the disturbance term in (51) is an innovation in Cyy1) and
model M3 (the disturbance term in (51) is allowed to be an AR(1)). In a first stage, we estimate
habit, Si+1, as a function of past consumption levels. In a second stage, we estimate the Euler
equations (65) for the excess market return and the real risk-free interest rate with habit replaced
with its estimate obtained in a first stage. We present the comparative analysis of the cases when the
agent is assumed to display the same degree of risk aversion for consumption above and below habit
(CASE1) and when this assumption is relaxed (CASE2). In both cases, the Euler equations for the
excess market return and the real risk-free interest rate are estimated jointly exploiting the set of
instruments, which consists of a constant and the return on market portfolio, the real risk-free rate,
and the real consumption growth rate lagged one through four periods. The J statistic is Hansen’s
test of the overidentifying restrictions. The P value is the marginal significance level associated
with the J statistic. In Panel A, we report the values of the parameters estimated directly from the
Euler equations. The values of the parameters estimated indirectly are presented in Panel B. The
standard errors for the parameters estimated indirectly are calculated by using the delta method.

Model M2

CASE1 CASE2
Param. Estim. SE t stat.  Estim. SE t stat.
Panel A:
y 0.3052 0.0876 3.4840
Y1 0.2180 0.1295 1.6834
Yo 0.3541 0.1613 2.1953
© 0.5379 0.1239 4.3414 0.4921 0.1278 3.8505
) 1.0001 0.0003 3333.6667 1.0000 0.0003 3333.3333
J statistic  27.8911 27.9608
P value 0.2199 0.1770
Panel B:
N— -0.2327  0.0410  -5.6756
1—¢ 0.4621 0.1239 3.7296 0.5079 0.1278 3.9742
Y1 — s 01361 02293 -0.5935
Y1 — @ -0.2741  0.1259 -2.1771
— 201380 0.1181  -1.1685
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Panel A:
Y

71

Y2

2

1)

J statistic
P value
Panel B:
Y@
L=
Y12
Y1~ @
Yo — P

0.3081

0.5660
1.0001
27.7686
0.2247

-0.2580
0.4340

Table IV (continued)

0.0862

0.1254
0.0003

0.0444
0.1254

Model M3

3.5742

4.5136
3333.6667

-5.8108
3.4609
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0.2049
0.3622
0.5072
1.0000
27.8292
0.1814

0.4928
-0.1573
-0.3023
-0.1450

0.1278
0.1600
0.1291
0.0003

0.1291
0.2281
0.1274
0.1179

1.6033
2.2638
3.9287
3333.3333

3.8172
-0.6896
-2.3728
-1.2299



Table V.

Estimation and Test Results for the Loss Aversion Model

The sampling period is 1960:3 to 1996:12, for a total of 442 observations. An iterated GMM
approach is used to test Euler equations and estimate model parameters. We chose several sets of
values for the parameters A, k, and 7) according more or less to the values chosen by Barberis, Huang,
and Santos (2001). Given these values we estimate the preference parameters y; 79, ¢, and § based
on the Euler equations for the excess market return and the real risk-free interest rate. Equations
are estimated jointly exploiting the set of instruments, which consists of a constant and the return
on market portfolio, the real risk-free rate, and the real consumption growth rate lagged one through
two periods. The P value is the marginal significance level associated with the J statistic which is

Hansen’s test of the overidentifying restrictions.

A=2.50
n=20.9
Param.
71

Y2

‘2

1)

P value
k=3
n=1
Param.
71

Y2

2

1)

P value
k=3
A=3
Param.
71

Y2

¥

6

P value

k=1

Estim.
-0.94
-0.53

4.59
1.03
0.86

Estim.
-1.59
-1.43
-4.62

0.98
0.77

Estim.
8.69
9.17

15.33
1.06
0.88

k=3

t stat. Estim.

-0.14 -0.79
-0.08 -0.36
0.68 4.26
84.67 1.02
0.85

A=2

t stat. Estim.

-2.92 -2.34
-2.65 -2.07
-7.45 -4.72
671.43 0.98
0.80

n=0.9

t stat. Estim.

4.05 -0.94
4.28 -0.43
6.45 4.45
160.56 1.02
0.86
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t stat.
-0.12
-0.05

0.62
82.83

t stat.
-4.73
-4.23

-8.43
696.86

t stat.
-0.12
-0.06

0.56
71.65

k=4

Estim.
-0.67
-0.24

4.17
1.02
0.84

A=3

Estim.
8.69
9.17

15.33
1.06
0.88

Estim.
-1.26
-0.76

5.02
1.02
0.88

t stat.
-0.10
-0.04

0.61
81.24

t stat.
4.05
4.28
6.45

160.56

t stat.
-0.17
-0.10

0.67
71.27



