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An asset pricing model is developed in which price of consumption good is unknown
and investors have a general time and state nonseparable preference. It is shown that
the expected return on an asset is determined by a weighted average of market risk,
in¯ation risk and consumption risk. The sum of these weights is equal to one. More-
over, a log-linear approximation proposed by Campbell (1993) to budget constraint
is used to substitute out consumption to obtain an asset pricing model with in¯ation
hedging risk. In this setup, expected asset return can be rewritten as a weighted
average of market risk, market hedging risk, in¯ation risk and in¯ation hedging risk.

I . INTRODUCTION

The relationship between expected asset return and in¯a-

tion risk has been widely documented. For example,

Marshall (1992) documents that real stock returns are

negatively correlated with in¯ation, expected or unex-
pected. Moreover, stock price levels are negatively corre-

lated with the price level with consumption. In a recent
paper, Bakshi and Chen (1996) study endogenous determi-

nation of the price level, in¯ation and asset price. But,

investors in these models are assumed to maximize a

time-additive, von Neumann±Morgenstern expected utility

of the life-time consumption function. This implies that
two distinct concepts of intertemporal substitution and

risk aversion are characterized by the same parameter. In

addition, the di� culty of a consumption-based asset pri-

cing model may occur when using aggregate consumption

data, which are measured with error and are time-aggre-

gated. To avoid this di� culty, Campbell (1993) develops an

asset pricing model that does not rely on direct measure-
ments of consumption. He demonstrates that the con-

ditional covariance of any asset return with consumption

growth can be rewritten in terms of conditional covariances

with the return on the market and revisions in expectations

of future returns on the market.

The main goal of this paper is to separate intertemporal

in¯ation hedging risk from in¯ation risk. This is accom-

plished by extending Campbell’s model to a random in¯a-

tion framework in which investor’s utility depends on real

returns rather than nominal returns. Compared to the non-

random in¯ation model, in addition to market risk and

market hedging risk, in¯ation risk and in¯ation hedging
risk are priced in the model. While the market hedging

risk is the covariance of asset returns with news about

the discounted value of all future world market returns,

the in¯ation hedging risk is the covariance of asset return

with news about the discounted value of all future in¯ation

returns.

This study contains several contributions. First, a recur-
sive preference is employed which separates investor’s atti-

tudes towards risk from willingness to substitute future

consumption for present consumption in pricing inter-

national assets. In this setup, it is shown that expected

asset return can be expressed as a weighted average of

consumption risk, in¯ation risk and market risk. Second,
a log-linear approximation to the budget constraint is used

to substitute out consumption from a standard asset pri-

cing model to obtain an asset pricing model with in¯ation

hedging risk in a random in¯ation setting. In this

approach, it is shown that expected asset return is deter-
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mined by a weighted average of market risk, market hed-
ging risk, in¯ation risk and in¯ation hedging risk.
Moreover, these weights are summed up to one.

The remainder of the paper is organized as follows.
Section II derives the model of random in¯ation asset pri-
cing in which investors are endowed with recursive prefer-
ences. Section III uses the log-linear budget constraint to
derive an asset pricing model with in¯ation hedging risk in
random in¯ation framework. Finally, Section IV concludes
the paper.

II . PORTFOLIO CHOICE

In this section, the problem of optimal consumption and
portfolio allocation in a uni®ed capital market with no
taxes or transactions costs is considered. Investors are
assumed to maximize a Kreps±Porteus utility of their life-
time consumption function.

Ct is de®ned as the current nominal consumption level at
time t and Pt is the price level index at time t. In the setup
of the Kreps and Porteus (1978) nonexpected utility, the
aggregator function is parameterized to be homogenous of
degree one in current real consumption and in the value of
future state-dependent real consumption:
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where ¶ is the Arrow±Pratt coe� cient of relative risk aver-
sion, » can be interpreted as the elasticity of intertemporal
substitution, and ¯ 2 …0; 1† is the subjective discount factor.

The representative agent’s dynamic budget constraint in
terms of real variables can be written as:
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where Wt‡1 is the investor’s nominal wealth at time t. The
budget constraint in Equation 2 is nonlinear because of the
interaction between subtraction and multiplication. It is
straightforward to show that the Euler equations can be
derived as:
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where ³ ˆ …1 ¡ ¶†=…1 ¡ »†. These are the real form of Euler
equations which are similar to the nominal form of Euler
equations in Epstein and Zin (1989).

Assume that asset prices and consumption are jointly
lognormal or use a second order Taylor expansion to the
Euler equation when it is assumed that asset prices and
consumption are conditional homoscedastic . Then, the

log-version of the real Euler Equation 3 can be represented
as:
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where Vcc denotes Vart…ct‡1†, Vjj denotes
Varl…rj;t‡1†8j ˆ i; m, Vcj denotes Covt…ct‡1; rj;t‡1†8j ˆ i; m,
Vim denotes Covt…ri;t‡1; rm;t‡1†, Viº ˆ Covt…ri;t‡1; ºt‡1†, and

ºt‡1 ˆ d ln…Pt‡1† ˆ …dPt‡1=Pt‡1†:
When we subtract the risk free version of (4) is sub-

tracted from the general version:
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is obtained where rf ;t‡1 is a log riskless real interest rate.
This result is similar to Campbell (1993) except for the
in¯ation term. Equation 5 shows that the expected excess
log return on an asset is a linear combination of its own
variance, which is produced by Jensen’s inequality, and by
a weighted average of three covariances. The weights on
the consumption, in¯ation and market are ³», …³ ¡ ³»† and
…1 ¡ ³†, respectively. Moreover, the weights are summed up
to 1. This is one of the most important diVerences between
Campbell’s model and the present model.

III . INFLATION HEDGING RISK

In order to substitute out consumption and get a pricing
formula with in¯ation hedging risk, the technique of
Campbell (1993) is applied. Campbell (1993) suggests to
linearize the budget constraint by dividing the nominal
form of Equation 2 by Wt, taking the log, and then using
a ®rst-order Taylor approximation around the mean log
consumption/wealth ratio log…C=W†. Following his
approach, the conditional covariance of any asset return
with consumption can be rewritten in terms of covariance
with the return on the market and revisions in expectations
of future return on the market:

covt…ri;t‡1; ¢ct‡1† ² Vic ˆ Vim ‡ 1 ¡ 1

»

³ ´
Vih

¡ 1 ¡
1

»

³ ´
Vihº

…6†

where

242 J.-R. Chang and M.-W. Hung



vih ˆ Covt ri;t‡1; E
t‡1

¡ E
t

³ ´ X1

jˆ1

»jrm;t‡1‡j

Á !

and

Vihº ˆ Covt ri;t‡1; E
t‡1

¡ E
t

³ ´ X1

jˆ1

» jºt‡1‡j

Á !

Substituting Equation 6 into Equation 5, gives an asset
pricing model, which is not related to consumption and
contains an in¯ation hedging risk:
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The only preference parameter that enters Equation 7 is the
coe� cient of relative risk aversion ¶. The elasticity of inter-
temporal substitution » has disappeared in this pricing
model. Equation 7 states that the expected excess log return
of an asset, adjusted for Jensen’s inequality eVect, is a
weighted average of four covariances. These are the covar-
iance with the return from the market portfolio, the covar-
iance with news about future returns on invested wealth,
the covariance with the return from in¯ation, and the cov-
ariance with news about future in¯ation. These results dif-
fer from those documented in Campbell (1993). Since
Campbell’s intertemporal model is a nonrandom in¯ation
model, it does not deal with the issues of in¯ation that are
emphasized in the asset pricing model with random in¯a-
tion. Therefore, neither Viº or Vihº appears in his pricing
formula.

IV. CONCLUSION

This paper develops an asset pricing model in which in¯a-
tion is random in each time period and investors have a

general time and state nonseparable preference. In order to
overcome the measurement error problem of aggregate
consumption, the technique of log-linearing the budget
constraint proposed by Campbell (1993) to obtain an
asset pricing model with in¯ation hedging risk is explored.

Some interesting results are obtained which have not
been documented in previous studies. First, the pricing
formula shows that expected asset return can be expressed
as a weighted average of three covariances: market risk,
consumption risk, and in¯ation risk. The weights of these
three covariances are summed up to one. Second, the ran-
dom in¯ation asset pricing model with in¯ation hedging
risk proposes that the expected asset return is determined
by market risk, market hedging risk, in¯ation risk, and
in¯ation hedging risk. The weights are related only to the
coe� cient of relative risk aversion. Moreover, the weights
are summed up to one. This model extends the results
documented in Adler and Dumas (1983), who assume a
constant investment opportunity set, and hence their
model is not capable of explaining market hedging risk
and in¯ation hedging risk.
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