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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 by adopting a general
equilibrium setting with a robust agent who has a stochastic differential
utility. The paradox discussed in Ellsberg (1961) illustrated that the be-
havior of investors under uncertainty aversion and standard risk aversion is
inherently different. Therefore, it is very important to distinguish between
uncertainty aversion and risk aversion from both economic and behavioral
point of views. Recently, model uncertainty, or fear of model misspecifica-
tion, has been widely studied in portfolio choice and asset pricing in case
of both multiple priors and robust control, e.g., Epstein and Wang (1994),
Epstein and Chen (2002), Anderson, Hansen, and Sargent (2003), Uppal
and Wang (2003), Maenhout (2004), and Liu, Pan, and Wang (2005), Miao
(2004, 2009), Garlappi, Uppal, and Wang (2007), Liu (2010), among oth-
ers. Wang and Zou (2011) and Zou, Gong, and Zeng (2011) investigated
the monetary growth rate with inflation aversion.

Following Anderson, Hansen, and Sargent (2003), the robust control
framework is adopted in this paper to account 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 im-
plications of model uncertainty for equity premium in a diffusion model,
while Liu, Pan, and Wang (2005) solved the equilibrium asset prices in a
jump diffusion model by allowing for model uncertainty with respect to
rare events. Xu, Wu, and Li (2010) investigated the implications of ambi-
guity for the equity premium in a stochastic volatility model by adopting a
general equilibrium setting. In order to obtain the analytical results with
stochastic volatility risk, the representative agent is assumed to have a
simple log utility in Xu, Wu, and Li (2010). Given that the risk aversion
parameter γ usually does not take the value of 1, we extend the analysis
in Xu, Wu, and Li (2010) to the case of a representative agent with s-
tochastic differential utility. In particular, the agent also worries about the
model uncertainty. The results show that in equilibrium the equity pre-
mium consists of three parts: market risk premium, stochastic volatility
risk premium, and uncertainty aversion premium. Further, the equilibrium
risk-free rate depends on time preference, intertemporal substitution and
growth, and precautionary savings in response to consumption uncertainty,
and the robustness drives down the equilibrium risk-free rate through the
precautionary savings channel.

The rest of the paper is organized as follows. Section 2.1 sets up the
framework of standard control for a representative agent with recursive
preference in a pure-exchange economy. Alternative models with respect
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to the reference model are introduced in Section 2.2. Section 2.3 solves the
optimal portfolio and consumption problem for an investor who exhibits
aversion to both risk and uncertainty. The equilibrium results are derived
in Section 2.4. Finally, the concluding remarks are given in Section 3.

2. THE MODEL

We consider a continuous time pure-exchange economy with a represen-
tative agent who has utility over consumption streams (Lucas, 1978). In
our model, the agent is assumed to be uncertain about the growth rate
of output. Given the agent with a recursive preference, the near-explicit
closed-form solutions of equilibrium risk-free rate and equity premium can
be obtained. The treatment and notations of model uncertainty in this
section will follow those of Anderson, Hansen, and Sargent (2003) and
Maenhout (2004).

2.1. The economy

Similar to Xu, Wu, and Li (2010), 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 (Ω,F ,P) endowed with a standard com-
plete filtration (Ft|t ≥ 0). We assume that Dt is a Markov process in R
with respect to the filtration (Ft) in some state space D ⊂ R solving the
following stochastic differential equations

dDt = µ
D
Dtdt+

√
vtDt(ρdBt +

√
1− ρ2dZt), (1)

dvt = κ(θ − vt)dt+ σv
√
vtdBt, (2)

where Bt and Zt are standard independent Brownian motions. This en-
dowment flow model is the standard stochastic volatility model of Heston
(1993) with constant mean growth rate µ

D
≥ 0 and local variance vt. Here

vt is a square-root mean reverting process with long-run mean θ, speed
of adjustment κ, and variation coefficient σv of the diffusion volatility vt.
The parameters κ, θ, and σv are assumed to be nonnegative and satisfy
2κθ ≥ σ2

v . We assume that the price St of the risky asset which is the claim
to the dividend stream satisfies an Itô process

dSt =
(
StµS −

St
Dt

)
dt+ σ

S
St(ρdBt +

√
1− ρ2dZt), (3)
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where the coefficients µ
S

and σ
S

are determined in the general equilibrium.
The conjecture for risky asset price process (3) implies that the cumulative
return on the risky asset is simply

dSt
St

+
Dt

St
dt = µ

S
dt+ σ

S
(ρdBt +

√
1− ρ2dZt). (4)

Denoting the risk-free return by r, and the fraction of wealth allocated
to the risky asset at time t by πt, the state equation for wealth are

dWt = [Wt(r + πt(µS − r))]dt−Ctdt+ πtσSWt(ρdBt +
√

1− ρ2dZt). (5)

Both control variables {πt, Ct} are nonanticipating and suitably adapted
to the σ-algebra generated by the underlying Brownian motions.

We assume that the agent has continuous time Epstein and Zin (1989)
recursive preferences over consumption facing the endowment process Dt

defined in equations (1) and (2). Following the terminology of Duffie and
Epstein (1992a), the agent’s utility is determined by

Jt =

∫ ∞
t

f(Cs, Js)ds (6)

where f(Ct, Jt) is a normalized aggregator of current consumption and
continuation value that takes the form

f(C, J) =
δ

1− 1
ψ

(1− γ)J

{{ C

[(1− γ)J ]
1

1−γ

}1− 1
ψ − 1

}
. (7)

Here δ is the rate of time preference, γ is the agent’s relative risk aversion,
and ψ is the intertemporal elasticity of substitution (IES). An important
special case of this aggregator is γ = 1

ψ , in which case the normalized

aggregator (7) reduces to the standard additive power utility function. The
log utility function can be obtained when γ = ψ = 1. If ψ = 1, the
aggregator f(C, J) takes the following form, see Campbell et al. (2004),

f(C, J) = δ(1− γ)J
[

log(C)− 1

1− γ
log((1− γ)J)

]
. (8)

The case ψ = 1 is important because it allows an exact solution for the
equilibrium risk-free interest rate and equity premium.

For a given probability measure P, the representative agent’s utility is
then given by

Et

[ ∫ ∞
t

f(Cs, Js)ds
]
. (9)
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In the absence of model uncertainty, the Hamilton-Jacobi-Bellman (HJB)
equation for the value function Jt can be obtained following Duffie and
Epstein (1992b)

sup
{Ct,πt}

{f(Ct, Jt) +AJ(Wt, vt)}, (10)

where

AJ(Wt, vt) = [Wt(r + π(µ
S
− r))− Ct]JW + [κ(θ − vt)]Jv +

1

2
π2σ2

S
W 2
t JWW

+
1

2
σ2
vvtJvv + ρπσ

S
Wtσv

√
vtJW v. (11)

Note that J
W v is the second partial derivative with respective to v and W ;

J
W

and J
WW

are its first and second derivatives with respect to W ; and
finally Jv and Jvv are its first and second derivatives with respect to v. Jt
denotes the value of J at time t.

2.2. Alternative models

In this section, we assume that the representative agent does not fully
trust the benchmark or reference economy’s dynamic model described by
equations (1) and (2). Therefore, the model uncertainty leads the agent to
consider a set of alternative models in his/her decision process. We deviate
from the standard approach by considering a representative agent who, in
addition to being risk averse, exhibits uncertainty aversion in the sense of
Knight (1921) and Ellsberg (1961). An alternative model is defined by its
probability measure. Let P be the probability measure associated with
the reference model described by equations (1) and (2). The alternative
model is then defined by a probability measure P(ξ), where ξT = dP(ξ)/dP
is its Radon-Nikodym derivative (likelihood ratio) with respect to P. It is
useful to specify models through their Radon-Nikodym derivative since this
permits a convenient definition of the set of models that are statistically
close to the reference model.

According to the Girsanov theorem, the Radon-Nikodym derivative of
ξ
T

= dP(ξ)/dP is defined by

ξt = exp

{∫ t

0

(−hsdBs − gsdZs)−
1

2

∫ t

0

(h2s + g2s)ds

}
, (12)

where ht and gt are measurable functions such that
∫∞
0
h2s < ∞ a.s. and∫∞

0
h2s < ∞ a.s., respectively; and ξ is a P martingale with ξ0 = 1. Fur-

thermore, by Girsanov’s theorem,

dBξt = htdt+ dBt, (13)

dZξt = gtdt+ dZt (14)
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are Brownian motions under P(ξ), and the alternative model is defined by
equations (15) and (16) below

dSt
St

+
Dt

St
dt = (µ

S
+ ρσ

S
ht +

√
1− ρ2σ

S
gt)dt+ σ

S
(ρdBt +

√
1− ρ2dZt),

(15)

dvt = [κ(θ − vt) + σv
√
vtgt]dt+ σv

√
vtdBt. (16)

In the current diffusion setting, by Girsanov’s theorem we can see that
the alternative model focuses on the subclass of alternative models that
only differ in terms of the drift functions. Therefore the general model
uncertainty is reduced to uncertainty about the drift function of the state
variable. The state equation for wealth now becomes

dWt = [Wt(r + πt(µS − r))]dt+WtπtσS (ρht +
√

1− ρ2gt)dt− Ctdt

+WtπtσS (ρdBt +
√

1− ρ2dZt). (17)

Under model uncertainty, the representative agent’s utility function (9)
can be written as

Jt = min
P(ξ)

Eξt

[ ∫ ∞
t

f(Cs, Js)ds
]
. (18)

In this case, the agent chooses optimally a distortion to the reference model
[equations (1) and (2)] in a way that makes his decisions robust to statisti-
cally small model misspecifications. Following Duffie and Epstein (1992b)
and Anderson, Hansen, and Sargent (2003), the Hamilton-Jacobi-Bellman
equation for the value function J is given by

0 = sup
{Ct,πt}

inf
{ht,gt}

{
f(Ct, Jt) +AJ(W, v) + (WtπtσSρht +WtπtσS

√
1− ρ2gt)JW

+ σv
√
vthtJv +

1

2β
(h2t + g2t )

}
, (19)

where

AJ(Wt, vt) = [Wt(r + π(µ
S
− r))− Ct]JW + [κ(θ − vt)]Jv +

1

2
π2σ2

S
W 2
t JWW

+
1

2
σ2
vvtJvv + ρπσ

S
Wtσv

√
vtJW v. (20)

The parameter β measures the magnitude of the desired robustness.
When β is set to 0, any alternative model P(ξ) that deviates from the
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reference model will be penalized heavily and the agent has complete con-
fidence in the reference model, in which case equation (18) reduces to the
standard expected utility in equation (9). In other words, an agent with
higher β exhibits higher aversion to model uncertainty and has more desire
for robustness. For more discussions about the model uncertainty under
continuous time recursive preference expected utility of the form (18), see
Maenhout (2004) and Liu, Pan, and Wang (2005). Compared with the s-
tandard HJB equation (10) for geometric Brownian motion with stochastic
volatility, the HJB equation in (19) has two important modifications. First,
the risk associated with the diffusion shock and stochastic volatility com-
ponents are evaluated at all possible alternative models indexed by (ht, gt),
reflecting the agent’s precaution against substantial uncertainty about the
expected growth drift process and stochastic volatility drift process. Sec-
ond, it incorporates an additional term, 1

2β (h2t + g2t ), penalizing the choice
of the alternative model by its distance from the reference model.

2.3. The optimal consumption and portfolio choice

For the following optimization problem

inf
{ht,gt}

{
f(Ct, Jt) +AJ(W, v) + (WtπtσSρht +WtπtσS

√
1− ρ2gt)JW

+ σv
√
vthtJv +

1

2β
(h2t + g2t )

}
, (21)

the first order conditions with respect to ht and gt are(
ht
gt

)
= −β

(
WtπtσSρJW + σv

√
vtJv

WtπtσS
√

1− ρ2J
W

)
. (22)

Substituting the first order conditions (22) back into the HJB equation
(19), we obtain

0 = sup
{Ct,πt}

{
f(Ct, Jt) +AJ(W, v)

− β

2

(
W 2
t π

2
t σ

2
S
J2
W

+ 2WtπtσSρσv
√
vtJW Jv + σ2

vvtJ
2
v

)}
.

(23)

By the first order conditions, the optimal consumption and portfolio choice
are given by

Ct = J−ψ
W

[(1− γ)J ]
1−γψ
1−γ δψ, if ψ 6= 1, (24)

Ct =
J

J
W

(1− γ)δ, if ψ = 1, (25)
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and

πt =
1

(1− βJ2
W

J
WW

)

−J
W

WtJWW

µ
S
− r
σ2
S

+
1

(1− βJ2
W

J
WW

)

ρσv
√
vt

J
WW

WtσS
(βJ

W
Jv − JW v).

(26)
The first element of the optimal portfolio choice corresponds to a variant

of the usual myopic demand for the risky asset, where

1

1− βJ2
W

J
WW

(27)

is the adjustment coefficient of the usual portfolio weight for risky asset in
Merton (1971). Therefore robustness amounts to an increase in the effec-
tive risk aversion, and pushes down the demand schedule for the risky asset.
The second element is the volatility hedging demand for the risky asset,
which is directly related to the correlation coefficient ρ between instanta-
neous returns on the risky asset and changes in the volatility v. When
this correlation is nonzero, the investor can hedge his/her expected utility
against the shifts in v by taking a position in the risky asset.

The closed form solution for the above model can be obtained for the
representative agent with simple log utility, see, Xu, Wu, and Li (2010).
To explicitly solve the model with stochastic differential utility, following
Maenhout (2004) we replace the robust preference parameter β by a state-

dependent version of β̂(W, v) which scales β by a value function:

β̂(W, v) =
β

(1− γ)J(W, v)
. (28)

Then the HJB equation becomes

0 = sup
{Ct,πt}

{
f(Ct, Jt) +AJ(W, v)−

( β

2(1− γ)

W 2
t π

2
t σ

2
S
J2
W

J

+
β

(1− γ)

WtπtσSρσv
√
vtJWJv

J
+

β

2(1− γ)

σ2
vvtJ

2
v

J

)}
. (29)

For different IES (ψ = 1 or ψ 6= 1), this equation results in different forms
of partial differential equations by using different normalized aggregators
(7) or (8). According to different values of ψ, the optimal consumption and
portfolio choice are obtained in Propositions 1 and 2, respectively.

Proposition 2.1. When ψ = 1 and γ 6= 1, the solution to HJB equation
(29) is given by

J(Wt, vt) = I(vt)
1−γW

1−γ
t

1− γ
(30)
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where I(vt) = exp{A0+B0vt}, and A0 and B0 are functions of the primitive
parameters of the model describing investment opportunities and preference
and satisfy the following recursive equation

0 = δ
(
log(δ)−A0 −B0vt

)
+

(
r +

(µS − r)
2

(γ + β)σ2
S

+
1− γ − β
γ + β

ρσv
√
vt

σS
(µS − r)B0 − δ

)
− 1

2
γσ2

S

( µS − r
(γ + β)σ2

S

+
1− γ − β
γ + β

ρσv
√
vt

σS
B0

)2

+B0κ(θ − vt) +
1

2
σ2
vvt(1− γ)B2

0

+ ρσSσv
√
vt(1− γ)B0

( µS − r
(γ + β)σ2

S

+
1− γ − β
γ + β

ρσv
√
vt

σS
B0

)
− β

2
σ2
vvtB

2
0

− β

2
σ2
S

( µS − r
(γ + β)σ2

S

+
1− γ − β
γ + β

ρσv
√
vt

σS
B0

)2

− βσSρσv
√
vtB0

( µS − r
(γ + β)σ2

S

+
1− γ − β
γ + β

ρσv
√
vt

σS
B0

)
. (31)

The optimal consumption and portfolio choice are given by

Ct = δWt, (32)

and

πt =
µ
S
− r

(γ + β)σ2
S

+
1− γ − β
γ + β

ρσv
√
vt

σ
S

B0. (33)

Specially, when ψ = 1 and γ = 1, the solution to HJB equation (29) is
given by

J(Wt, vt) = log(Wt) + Â0 + B̂0vt (34)

where Â0 and B̂0 satisfy the recursive equation given in (31) with γ = 1.
The optimal consumption is given by equation (32) and the optimal portfolio
choice is given by equation (33) with γ = 1.

Proof. Substitution of equations (25), (26), and (30) into the HJB e-
quation (29) leads, after some simplification, to equation (31). The optimal
consumption and portfolio choice can be obtained by using equations (30)
and (31) from the first order conditions (25) and (26). For the special case

of ψ = 1 and γ = 1, we notice that the robust preference parameter β̂(W, v)
reduces to constant beta

lim
γ→1

β̂(W, v) = lim
γ→1

β

W 1−r
t exp{(1− γ)(A0 +B0vt)}

= β. (35)

Then we can show that the Bellman equation (29) can be solved by equation
(34) and the parameters Â0 and B̂0 satisfy the recursive equation given in
(31) with γ = 1.
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In a more general case of ψ 6= 1, there is no exact analytical solution to
the Bellman equation (29). However, we can use a log-linear approximate
method introduced in Campbell et al. (2004) to find an approximate ana-

lytical solution.

Proposition 2.2. When ψ 6= 1, the solution to HJB equation (29) is
given by

J(Wt, vt) = H(vt)
− 1−γ

1−ψ
W 1−γ
t

1− γ
(36)

where H(vt) = exp{A1 +B1vt}, and A1 and B1 are functions of the primi-
tive parameters of the model describing investment opportunities and pref-
erence and satisfy the following recursive equation

0 =
1

1− 1
ψ

(
h0 + h1(ψ log(β)− ht)− β

)
+

(
r +

(µS − r)
2

(γ + β)σ2
S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σS
(µS − r)B1 − h0 − h1(ψ log(β)− ht)

)
− 1

2

( µS − r
(γ + β)σ2

S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σS
B1

)2

σ2
S
γ

− 1

1− ψB1κ(θ − vt) +
1

2

1− γ
(1− ψ)2 σ

2
vvtB

2
1

− ρσSσv
√
vt

1− γ
1− ψB1

( µS − r
(γ + β)σ2

S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σS
B1

)
− β

2
σ2
S

( µS − r
(γ + β)σ2

S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σS
B1

)2

+
β

1− ψρσSσv
√
vtB1

( µS − r
(γ + β)σ2

S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σS
B1

)
− β

2

1

(1− ψ)2 σ
2
vvtB

2
1 . (37)

By the log-linear approximate method described in Campbell et al. (2004),
the parameters h0, h1, and ht are defined by h1 = exp{E[ct − wt]}, h0 =
h1(1 − log(h1)), and ht = log(exp{A1 + B1vt}), respectively, where ct =
log(Ct), and wt = log(Wt).

The optimal consumption and portfolio choice are given by

Ct = exp{−A1 −B1vt}Wtδ
ψ, (38)

and

πt =
µ
S
− r

(γ + β)σ2
S

− 1− γ − β
(1− ψ)(γ + β)

ρσv
√
vt

σ
S

B1. (39)
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Proof. The optimal consumption (38) and portfolio choice (39) can be
directly obtained by substituting equation (36) into the first order condi-
tions (24) and (26) after some simplification. At the same time, substi-
tution of equation (36) into the Bellman equation (29) gives, after some
simplification, the following ordinary differential equation:

0 =
1

1− 1
ψ

(H(vt)
−1βψ − β) +

(
r + πt(µS − r)−H(vt)

−1βψ
)
− 1

2
π2
t σ

2
S
γ

− 1

1− ψ
B1κ(θ − vt) +

1

2

1− γ
(1− ψ)2

σ2
vvtB

2
1 − ρσSσv

√
vt

1− γ
1− ψ

B1

− β

2
σ2
S
π2
t +

β

1− ψ
ρσ

S
σv
√
vtB1πt −

β

2

1

(1− ψ)2
σ2
vvtB

2
1 . (40)

This ordinary differential equation does not have an exact analytical solu-
tion, unless ψ = 1. We notice that the first order condition for consumption
(38) gives

Ct
Wt

= H(vt)
−1δψ. (41)

Following Campbell et al. (2004), we can now use the unconditional mean
of the log consumption-wealth ratio to approximate H(vt)

−1βψ:

H(vt)
−1δψ = exp{ct − wt} ≈ h0 + h1(ψ log(δ)− ht) (42)

where ct = log(Ct), wt = log(Wt), ht = log(H(vt)), and

h1 = exp{E[ct − wt]}, (43)

h0 = h1(1− log(h1)). (44)

Now substitution of approximation (42) and optimal portfolio choice (39)
into equation (40) gives, after some simplification, the recursive equation

(37).

2.4. Market equilibrium

In a robust equilibrium model, the representative agent invests all his/her
wealth in the stock market (πt = 1) and consumes the aggregate endowment
Ct = Dt at any time t ≤ T . Given the closed-form solutions for equilibrium
consumption-investment decisions, the equilibrium risk-free rate and the
equity premium are obtained by the following propositions1. According
to the different values of ψ, the equilibrium risk-free rate and the equity
premium are obtained in Propositions 3 and 4, respectively.

1Without stochastic volatility considerations, Maenhout (2004) derived the equilibri-
um risk-free rate and the equity premium in a pure-exchange economy with a robust
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Proposition 2.3. In equilibrium, for ψ = 1, the total (cum-dividend)
equity premium is

µ
S
− r = [γ + β + (γ + β − 1)ρσvB0]σ

CS
(45)

where σ
CS

= cov(dCC , dSS ), and the parameter B0 is the solution to the
following equations:

δ log(δ) + µ
D
− δA0 +B0kθ = 0 (46)

1

2
σ2
v(1− γ − β)B2

0 − (δ + κ− ρσv + ρσvγ) + βρσv)B0 −
1

2
γ − 1

2
β = 0

(47)

The equilibrium risk-free rate is

r = µ
D

+ δ + ρσvvtB0 − (γ + β)(vt + ρσvvtB0). (48)

Proposition 2.4. In equilibrium, for ψ 6= 1, the total (cum-dividend)
equity premium is

µs − r =
(
γ + β +

1− γ − β
1− ψ

ρσvB1

)
σ
CS

(49)

where σ
CS

= cov(dCC , dSS ), and the parameter B1 is the solution to the
following equations:

ψ

ψ − 1
(h0 + h1ψ log(δ)− δ) + µ

D
− ψ

ψ − 1
k1A1 −

1

1− ψ
κθB1 = 0, (50)

σ2
v

2(1− ψ)2
(1− γ − β)B2

1 +
1

1− ψ

(
κ+ ψh1 −

1− γ
1− ψ

ρσv +
β

1− ψ
ρσv

)
B1

+
1

2
(1− γ − β) = 0. (51)

The equilibrium risk-free rate is

r = µ
D

+ h0 + h1(ψ log(δ)− ht)− (γ + β)vt

[
1 +

1− γ − β
(1− ψ)(γ + β)

ρσvB1

]
.

(52)

representative agent that has Duffile-Epstein-Zin preference. By modelling rare events
as jumps in the aggregate endowment, Liu, Pan, and Wang (2005) also obtained the
equilibrium risk-free rate and the equity premium in a pure-exchange economy with a
robust representative agent who has a Duffile-Epstein-Zin preference.
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The proof of Proposition 3 is similar to that of Proposition 4. Therefore,
in the following we only give the proof of Proposition 4.

Proof. The equilibrium condition in the goods market implies that
Ct = Dt = [h0 + h1(ψ log(δ) − ht)]Wt, where the last identity can be
obtained by equations (41) and (42). Further the equilibrium condition in
the equity market implies that St = Wt. Combining these two conditions,
we have St = 1

aDt, where a = h0+h1(ψ log(δ)−ht). In addition, St = 1
aDt,

implies immediately that µ
S

= µ
D

+ a and σ
S

= σ
D

. Now by applying
these results and the equity market equilibrium to equation (37), after
some simplifications, we can obtain equations (50) and (51) by collecting
terms in vt and the constant terms. Using equation (39) and equations
(50) and (51), it is straightforward to show that the equilibrium risk-free

rate and total equity premium are as given in equations (49) and (52).

Similar to Maenhout (2004), the equilibrium equity premium is also giv-
en by a CCAPM result [Breeden (1979)] due to the fact that consumption
growth and equity returns are by construction perfectly correlated. In the
stochastic volatility model, the excess risk premium is given by three com-
ponents: the market risk premium, the stochastic volatility risk premium,
and the model uncertainty risk premium. The second term is the stochastic
volatility risk premium and usually takes a positive value due to the nega-
tive correlation between volatility and asset returns [Black (1976)] and risk
aversion γ > 1. Equation (49) also shows that the higher the degree of
robustness (i.e., the higher the parameter β), the higher the equilibrium e-
quity premium. Therefore, a key empirical prediction of our robust general
equilibrium model under stochastic volatility environment is therefore that
the price of risk is higher than what would be expected based on both the
market risk and the stochastic volatility risk. As in Maenhout (2004), the
equilibrium risk-free rate in the stochastic volatility model also depends on
time preference, intertemporal substitution and growth, and precautionary
savings in response to consumption uncertainty, except that at this time
the stochastic volatility risk occurs in the consumption uncertainty. Equa-
tion (52) shows that robustness drives down the equilibrium risk-free rate
through the precautionary savings channel. Without stochastic volatility,
the intuitions for model uncertainty underlying the equilibrium equity pre-
mium and the risk-free rate are consistent with the diffusion model with
recursive preference in Maenhut (2004).

3. CONCLUSIONS

The discussion about model uncertainty in the expected equity returns
and output growth becomes the subject of major disagreement and dispute,



230 WEIDONG XU, HONGYI LI, AND CHONGFENG WU

because investors’ behavior under uncertainty aversion and standard risk
aversion exhibits fundamental differences. This paper studies the implica-
tions of model uncertainty for the equity premium in a stochastic volatility
model by adopting a general equilibrium setting with one representative
agent who has a stochastic differential utility. The results show that un-
certainty aversion has a contribution to the equilibrium equity premium.
In addition, robustness can increase the equilibrium equity premium while
lowering the risk-free rate.
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