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a b s t r a c t
This paper studies the implications of model uncertainty under
stochastic volatility model for equilibrium asset pricing. We derive
the equilibrium equity premium and risk-free rate in a pureexchange economy with one representative agent who is averse
not only to risk but also to model uncertainty. The results show
that robustness increases the equilibrium equity premium while
lowers the risk-free rate.
Ó 2010 Elsevier Inc. All rights reserved.
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1. Introduction
This paper studies the implications of the presence of any uncertainty about the growth rate process for the asset pricing phenomena by adopting a general equilibrium setting with one representative agent and one perishable good. Model uncertainty, or fear of model misspeciﬁcation, has been
widely studied in portfolio choice and asset pricing, e.g., Epstein and Wang (1994), Anderson et al.
(2003), Uppal and Wang (2003), Maenhout (2004), and Liu et al. (2005). Our approach to model uncertainty follows the line of Anderson et al. (2003) which accounts for the imprecise knowledge about the
probability distribution with respect to the fundamental risks in the economy. Without considering
stochastic volatility, in a pure-exchange economy with one representative agent Maenhout (2004)
studied the implications of model uncertainty for equity premium in a diffusion model, while Liu
et al. (2005) solved the equilibrium asset prices in a jump diffusion model by allowing model
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uncertainty with respect to rare events. The motivation of this study is that stochastic volatility models have been widely used in stock, bond, and currency option pricing. However, the empirical studies
of Pan (2002) using time-series data from both stock and option markets indicated that the pricing
kernel linking the two markets cannot be supported by such an equilibrium derived under a stochastic
volatility model. Under stochastic volatility models, our study shows that, except for the market risk
premium and the stochastic volatility risk premium, the equilibrium equity premium includes a third
part of equity premium which is given by the uncertainty aversion of the investor.
This paper is organized as follows. A continuous time pure-exchange competitive economy with
one representative agent is introduced in Section 2.1. Alternative models with respect to the reference
model are introduced in Section 2.2. The equilibrium model is derived in Section 2.3. Finally, the concluding remarks are given in Section 3.
2. The model
In this section we consider a continuous time pure-exchange competitive economy with a representative agent. Our model is similar to the Lucas (1978) model, except that in this study the agent
has uncertainty about the growth rate of output. Given the closed-form solutions for equilibrium consumption and portfolio decisions, the equilibrium risk-free rate and equity premium can be obtained
explicitly. The treatment and notations of model uncertainty in this section will follow that of Uppal
and Wang (2003) and Maenhout (2004).
2.1. The economy
We study a pure-exchange economy in which the representative agent is endowed with shares in a
production technology that generates a dividend ﬂow Dt. The economy is populated by the agent who
maximizes his/her expected lifetime utility and has access to two ﬁnancial assets: one riskless, paying
an instantaneous rate rt, and the other risky (equities), paying the dividend process Dt.
Consider a probability space ðX; F; PÞ endowed with a standard complete ﬁltration ðFt jt P 0Þ.
We assume that Dt is a Markov process in R with respect to the ﬁltration ðFt Þ in some state space
D  R which follows the stochastic differential equation system

pﬃﬃﬃﬃﬃ
v t Dt dBt ;

pﬃﬃﬃﬃﬃpﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ2
¼ jðh  v t Þdt þ rv v t
1  q dZ t þ qdBt ;

dDt ¼ lDt dt þ

ð1Þ

dv t

ð2Þ

where Bt and Zt are standard independent Brownian motions. This endowment ﬂow model is the standard stochastic volatility model of Heston (1993) with constant mean growth rate l P 0 and local variance vt.1 vt is a square-root mean reverting process with long-run mean h, speed of adjustment j, and
variation coefﬁcient rv of the diffusion volatility vt. The parameters j,h, and rv are assumed to be nonnegative and satisfy 2jh P r2v .
Fixing the time period at D, the agent is assumed to maximize the following intertemporally additive expected utility (in the absence of a preference for robustness)

U t ¼ ln C t D þ edt EP
t ½U tþD ;

ð3Þ

where Ct is the consumption process, and d > 0 is a subjective discount rate.
Under the measure P, the price of the risky security follows

dSt Dt
þ dt ¼ lS dt þ rS ðv t Þ dBt ;
St
St

ð4Þ
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Buraschi and Jiltsov (2006) and Li (2007) considered the stochastic mean growth rate, l, by allowing investors with
heterogeneous beliefs about the structure of a dividend process in a pure-exchange economy. We could also let the mean growth
rate, l, to be stochastic, and the model remains tractable and can be solved analytically. Given that our main objective is to
evaluate the effect of model uncertainty on equity premium under stochastic volatility model by using robust control method, we
maintain the assumption of a constant mean growth rate.

