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Abstract
Over two decades ago, Mehra and Prescott (1985) challenged the
ﬁnance profession with a poser: the historical US equity premium is
an order of magnitude greater than can be rationalized in the context
of the standard neoclassical paradigm of ﬁnancial economics. This regularity, dubbed “the equity premium puzzle,” has spawned a plethora
of research eﬀorts to explain it away. In this review, the author takes a
retrospective look at the original paper and explains the conclusion that
the equity premium is not a premium for bearing non-diversiﬁable risk.

1
Introduction

Over two decades ago, Edward Prescott and I (Mehra and Prescott,
1985) challenged the profession with a poser: the historical US equity
premium, (the return earned by a risky security in excess of that earned
by a relatively risk free US T-bill) is an order of magnitude greater
than can be rationalized in the context of the standard neoclassical
paradigm of ﬁnancial economics. This regularity, dubbed “the equity
premium puzzle,” has spawned a plethora of research eﬀorts to explain
it away. In this review, I take a retrospective look at our original paper
and show why we concluded that the equity premium is not a premium
for bearing non-diversiﬁable risk.1 I provide a birds eye view of the vast
literature spawned by our paper and touch on other issues that may
be of interest to the researcher who did not have a ringside seat over
the last 25 years. The reader is referred to Mehra (2007, 2008) and the
papers therein for a detailed survey.
The year 1978 saw the publication of Robert Lucas’s seminal paper
“Asset Prices in an Exchange Economy.” Its publication transformed
1 This

article draws on material in Mehra (2003), Mehra and Prescott (2003, 2007, 2008a,b),
and Donaldson and Mehra (2008). Some sections of this article closely follow the exposition
in these papers. The acknowledgments in these papers continue to apply.
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asset pricing and substantially raised the level of discussion, providing a
theoretical construct to study issues that could not be addressed within
the dominant paradigm at the time, the Capital Asset Pricing Model.2
A crucial input parameter for using the latter is the equity premium
(the return earned by a broad market index in excess of that earned by
a relatively risk-free security). Lucas’ asset pricing model allowed one
to pose questions about the magnitude of the equity premium. In our
paper “The Equity Premium: A Puzzle”3 we decided to address this
issue.
This review is organized into a further ﬁve sections. Section 2 documents the historical equity premium in the United States and in
selected countries with signiﬁcant capital markets (in terms of market value). Section 3 examines the question, “Is the equity premium a
premium for bearing non-diversiﬁable risk?” Section 4 addresses risk
and preference based explanations of the equity premium. Section 5,
in contrast, reviews the nascent literature that takes as given the ﬁndings in Mehra and Prescott (1985) and tries to account for the equity
premium by factors other than aggregate risk. Section 6 concludes the
review.

2 See

Mossin (1966) for a lucid articulation.
and Prescott (1985).
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Empirical Facts

Historical data provides us with a wealth of evidence documenting
that for over a century, stock returns have been considerably higher
than those for Treasury-bills. This is illustrated in Table 2.1, which
reports the unconditional estimates1 for the US equity premium based
on the various data sets used in the literature, going back to 1802. The
average annual real return, (the inﬂation adjusted return) on the US
stock market over the last 116 years has been about 7.67 percent. Over
the same period, the return on a relatively riskless security was a paltry 1.31 percent. The diﬀerence between these two returns, the “equity
premium,” was 6.36 percent.
Furthermore, this pattern of excess returns to equity holdings is
not unique to the United States but is observed in every country
with a signiﬁcant capital market. The United States together with the

1 To

obtain unconditional estimates we use the entire data set to form our estimate. The
Mehra–Prescott data set spans the longest time period for which both consumption and
stock return data is available; the former is necessary to test the implication of consumption
based asset pricing models. Constantinides (2002) makes a distinction between expected
returns and sample average returns and provides a statistical correction. This turns out
to be minor, thereby reinforcing the puzzle.
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Table 2.1 US equity premium using diﬀerent data sets.

Data set
1802–2004
(Siegel)
1871–2005
(Shiller)
1889–2005
(Mehra–Prescott)
1926–2004
(Ibbotson)

Real return on a
relatively riskless
security (%)
Mean
3.02

Equity
premium (%)
Mean
5.36

8.32

2.68

5.64

7.67

1.31

6.36

9.27

0.64

8.63

Real return on a
market index (%)
Mean
8.38

United Kingdom, Japan, Germany, and France accounts for more than
85 percent of the capitalized global equity value.
The annual return on the British stock market was 7.4 percent over
the last 106 years, an impressive 6.1 percent premium over the average
bond return of 1.3 percent. Similar statistical diﬀerentials are documented for France, Germany, and Japan. Table 2.2 illustrates the equity
premium for these countries.
The dramatic investment implications of this diﬀerential rate of
return can be seen in Table 2.3, which maps the capital appreciation
of $1 invested in diﬀerent assets from 1802 to 2004 and from 1926
to 2004.
One dollar invested in a diversiﬁed stock index yields an ending
wealth of $655,348 versus a value of $293, in real terms, for one dollar invested in a portfolio of T-bills for the period 1802–2004. The
Table 2.2 Equity premium for selected countries.
Mean real return
Country
United Kingdom
Japan
Germany
France
Sweden
Australia
India
Sources: Dimson et

Relatively riskless
Period
Market index (%)
security (%)
1900–2005
7.4
1.3
1900–2005
9.3
−0.5
1900–2005
8.2
−0.9
1900–2005
6.1
−3.2
1900–2005
10.1
2.1
1900–2005
9.2
0.7
1991–2004
12.6
1.3
al. (2002) and Mehra (2007) for India.

Equity
premium (%)
6.1
9.8
9.1
9.3
8.0
8.5
11.3
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Table 2.3 Terminal value of $1 invested in stocks and bonds.
Stocks
Real
Nominal
$655,348
$10,350,077
$238.30
$2,533.43

Investment period
1802–2004
1926–2004

T-bills
Real
Nominal
$293
$4,614
$1.54
$17.87

Sources: Ibbotson (2005) and Siegel (2002)

corresponding values for the 78-year period, 1926–2004, are $238.30
and $1.54. It is assumed that all payments to the underlying asset,
such as dividend payments to stock and interest payments to bonds
are reinvested and that there are no taxes paid.
This long-term perspective underscores the remarkable wealth
building potential of the equity premium. It should come as no surprise
therefore, that the equity premium is of central importance in portfolio
allocation decisions, estimates of the cost of capital and is front and
center in the current debate about the advantages of investing Social
Security Trust funds in the stock market.
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Fig. 2.1 Realized equity risk premium per year: 1926–2004.
Source: Ibbotson (2006).
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Fig. 2.2 Equity risk premium over 20-year periods: 1926–2004.
Source: Ibbotson (2006).

2.1

Variation in the Equity Premium Over Time

The equity premium has varied considerably over time, as illustrated
in Figures 2.1 and 2.2. Furthermore, the variation depends on the time
horizon over which it is measured. There have even been periods when
it has been negative.

3
Is the Equity Premium a Premium for Bearing
Non-diversiﬁable Risk?

Why have stocks been such an attractive investment relative to bonds?
Why has the rate of return on stocks been higher than that on relatively risk-free assets? One intuitive answer is that since stocks are
“riskier” than bonds, investors require a larger premium for bearing
this additional risk; and indeed, the standard deviation of the returns
to stocks (about 20 percent per annum historically) is larger than that
of the returns to T-bills (about 4 percent per annum), so, obviously
they are considerably more risky than bills! But are they?
Figures 3.1 and 3.2 illustrate the variability of the annual real rate
of return on the S&P 500 index and a relatively risk-free security over
the period 1889–2005.1
To enhance and deepen our understanding of the risk-return tradeoﬀ in the pricing of ﬁnancial assets, we take a detour into modern asset
pricing theory and look at why diﬀerent assets yield diﬀerent rates of
return. The deus ex machina of this theory is that assets are priced
such that, ex-ante, the loss in marginal utility incurred by sacriﬁcing
current consumption and buying an asset at a certain price is equal
1 The

index did not consist of 500 stocks for the entire period.
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Fig. 3.1 Real annual return on the S&P 500 index — %: 1889–2005.
Source: Mehra and Prescott (1985). Data updated by the authors.
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Fig. 3.2 Real annual return on T-bills — %: 1889–2005.
Source: Mehra and Prescott (1985). Data updated by the authors.
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to the expected gain in marginal utility, contingent on the anticipated
increase in consumption when the asset pays oﬀ in the future.
The operative emphasis here is the incremental loss or gain of utility of consumption and should be diﬀerentiated from incremental consumption. This is because the same amount of consumption may result
in diﬀerent degrees of well-being at diﬀerent times. As a consequence,
assets that pay oﬀ when times are good and consumption levels are
high — when the marginal utility of consumption is low — are less
desirable than those that pay oﬀ an equivalent amount when times
are bad and additional consumption is more highly valued. Hence consumption in period t has a diﬀerent price if times are good than if times
are bad.
Let us illustrate this principle in the context of the standard, popular paradigm, the Capital Asset Pricing Model (CAPM). The model
postulates a linear relationship between an asset’s “beta,” a measure of
systematic risk, and its expected return. Thus, high-beta stocks yield
a high expected rate of return. That is because in the CAPM, good
times and bad times are captured by the return on the market. The
performance of the market, as captured by a broad-based index, acts as
a surrogate indicator for the relevant state of the economy. A high-beta
security tends to pay oﬀ more when the market return is high — when
times are good and consumption is plentiful; it provides less incremental utility than a security that pays oﬀ when consumption is low, is
less valuable and consequently sells for less. Thus higher beta assets
that pay oﬀ in states of low marginal utility will sell for a lower price
than similar assets that pay oﬀ in states of high marginal utility. Since
rates of return are inversely proportional to asset prices, the lower beta
assets will, on average, give a lower rate of return than the former.
Another perspective on asset pricing emphasizes that economic
agents prefer to smooth patterns of consumption over time. Assets
that pay oﬀ a larger amount at times when consumption is already
high “destabilize” these patterns of consumption, whereas assets that
pay oﬀ when consumption levels are low “smooth” out consumption.
Naturally, the latter are more valuable and thus require a lower rate
of return to induce investors to hold these assets. Insurance policies
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are a classic example of assets that smooth consumption. Individuals
willingly purchase and hold them, despite their low rates of return.
To return to the original question: are stocks that much riskier
than T-bills so as to justify a 7 percentage diﬀerential in their rates of
return?
What came as a surprise to many economists and researchers in
ﬁnance was the conclusion of our paper, written in 1979. Stocks and
bonds pay oﬀ in approximately the same states of nature or economic
scenarios and hence, as argued earlier, they should command approximately the same rate of return. In fact, using standard theory to estimate risk-adjusted returns, we found that stocks on average should
command, at most, a 1 percent return premium over bills. Since, for as
long as we had reliable data (about 100 years), the mean premium on
stocks over bills was considerably and consistently higher, we realized
that we had a puzzle on our hands. It took us six more years to convince a skeptical profession and for our paper “The Equity Premium:
A Puzzle” to be published (Mehra and Prescott, 1985).

3.1

Standard Preferences

The neoclassical growth model and its stochastic variants are a central construct in contemporary ﬁnance, public ﬁnance, and business
cycle theory. It has been used extensively by, among others, Abel et al.
(1989), Auerbach and Kotlikoﬀ (1987), Becker and Barro (1988), Brock
(1979), Cox et al. (1985), Donaldson and Mehra (1984), Kydland and
Prescott (1982), Lucas (1978), and Merton (1971). In fact, much of our
economic intuition is derived from this model class. A key idea of this
framework is that consumption today and consumption in some future
period are treated as diﬀerent goods. Relative prices of these diﬀerent goods are equal to peoples’ willingness to substitute between these
goods and businesses’ ability to transform these goods into each other.
The model has had some remarkable successes when confronted with
empirical data, particularly in the stream of macroeconomic research
referred to as Real Business Cycle Theory, where researchers have
found that it easily replicates the essential macroeconomic features of
the business cycle. See, in particular, Kydland and Prescott (1982).
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Unfortunately, when confronted with ﬁnancial market data on stock
returns, tests of these models have led, without exception, to their
rejection. Perhaps the most striking of these rejections is our 1985
paper.2
To illustrate this we employ a variation of Lucas’ (1978)
pure exchange model rather than the production economy studied in
Prescott and Mehra (1980). This is an appropriate abstraction if we use
the equilibrium relation between the consumption and asset returns to
estimate the premium for bearing non-diversiﬁable risk. Introducing
production would add additional restrictions on the process for consumption. In a production economy, consumption would be endogenously determined, restricting the class of consumption processes that
could be considered; hence the set of equilibria in a production economy will be a subset of those in an exchange economy. It follows that if
the equity premium cannot be accounted for in an exchange economy,
modifying the technology to incorporate production will not alter this
conclusion.3 To examine the role of other factors on mean asset returns,
it would be necessary to introduce other features of reality such as taxes
and intermediation costs as has recently been done.4 If the model had
accounted for diﬀerences in average asset returns, the next step would
have been to use the neoclassical growth model, which has production,
to see if this abstraction accounted for the observed large diﬀerences in
average asset returns.
Since per capita consumption has grown over time, we assume that
the growth rate of the endowment follows a Markov process. This is
in contrast to the assumption in Lucas’ model that the endowment
level follows a Markov process. Our assumption, which requires an
extension of competitive equilibrium theory,5 enables us to capture
the non-stationarity in the consumption series associated with the
large increase in per capita consumption that occurred over the last
century.
2 The

reader is referred to McGrattan and Prescott (2003) and Mehra and Prescott (2007,
2008b) for an alternative perspective.
3 See the Appendix for a proof.
4 See McGrattan and Prescott (2003) and Mehra and Prescott (2007, 2008a)
5 This was accomplished in Mehra (1988).
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We consider a frictionless economy that has a single representative
“stand-in” household. This unit orders its preferences over random consumption paths by
∞


t
β U (ct ) , 0 < β < 1,
(3.1)
E0
t=0

where ct is the per capita consumption and the parameter β is the subjective time discount factor, which describes how impatient households
are to consume. If β is small, people are highly impatient, with a strong
preference for consumption now versus consumption in the future. As
modeled, these households live forever, which implicitly means that
the utility of parents depends on the utility of their children. In the
real world, this is true for some people and not for others. However,
economies with both types of people — those who care about their
children’s utility and those who do not — have essentially the same
implications for asset prices and returns.6
We use this simple abstraction to build quantitative economic intuition about what the returns on equity and debt should be. E0 {·} is the
expectations operator conditional upon information available at time
zero, (which denotes the present time) and U: R+ → R is the increasing,
continuously diﬀerentiable concave utility function. We further restrict
the utility function to be of the constant relative risk aversion (CRRA)
class
U (c, α) =

c1−α
,
1−α

0 < α < ∞,

(3.2)

where the parameter α measures the curvature of the utility function.
When α = 1, the utility function is deﬁned to be logarithmic, which
is the limit of the above representation as α approaches 1. The feature that makes this the “preference function of choice” in much of
the literature in Growth and Real Business Cycle Theory is that it is
scale invariant. This means that a household is more likely to accept
a gamble if both its wealth and the gamble amount are scaled by a
positive factor. Hence, although the level of aggregate variables, such
6 See

Constantinides et al. (2002, 2005). Constantinides et al. (2007) explicitly model
bequests.
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as capital stock, have increased over time, the resulting equilibrium
return process is stationary. A second attractive feature is that it
is one of only two preference functions that allows for aggregation
and a “stand-in” representative agent formulation that is independent of the initial distribution of endowments. One disadvantage of
this representation is that it links risk preferences with time preferences. With CRRA preferences, agents who like to smooth consumption across various states of nature also prefer to smooth consumption
over time, that is, they dislike growth. Speciﬁcally, the coeﬃcient of
relative risk aversion is the reciprocal of the elasticity of intertemporal substitution. There is no fundamental economic reason why this
must be so.
We assume one productive unit which produces output yt in
period t which is the period dividend. There is one equity share with
price pt that is competitively traded; it is a claim to the stochastic
process {yt }.
Consider the intertemporal choice problem of a typical investor at
time t. He equates the loss in utility associated with buying one additional unit of equity to the discounted expected utility of the resulting
additional consumption in the next period. To carry over one additional
unit of equity pt units of the consumption good must be sacriﬁced and
the resulting loss in utility is pt U  (ct ). By selling this additional unit
of equity in the next period, pt+1 + yt+1 additional units of the consumption good can be consumed and βEt {(pt+1 + yt+1 )U  (ct+1 )} is
the expected value of the incremental utility next period. At an optimum these quantities must be equal. Hence the fundamental relation
that prices assets is pt U  (ct ) = βEt {(pt+1 + yt+1 )U  (ct+1 )}. Versions of
this expression can be found in Rubinstein (1976), Lucas (1978), Breeden (1979), and Prescott and Mehra (1980), among others. Excellent
textbook treatments can be found in Cochrane (2005), Danthine and
Donaldson (2005), Duﬃe (2001), and LeRoy and Werner (2001).
We use it to price both stocks and risk-less one period bonds.
For equity we have

1 = βEt


U  (ct+1 )
Re,t+1 ,
U  (ct )

(3.3)
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where
Re,t+1 =

pt+1 + yt+1
pt

(3.4)

and for the risk-less one period bonds the relevant expression is

 
U (ct+1 )
Rf,t+1 ,
(3.5)
1 = βEt
U  (ct )
where the gross rate of return on the riskless asset is by deﬁnition
1
Rf,t+1 =
(3.6)
qt
with qt being the price of the bond. Since U (c) is assumed to be increasing we can rewrite (3.3) as
1 = βEt {Mt+1 Re,t+1 },

(3.7)

where Mt+1 is a strictly positive stochastic discount factor. This guarantees that the economy will be arbitrage free and the law of one price
will hold. A little algebra shows that


−U  (ct+1 ), Re,t+1
.
(3.8)
Et (Re,t+1 ) = Rf,t+1 + Covt
Et (U  (ct+1 ))
The equity premium Et (Re,t+1 ) − Rf,t+1 can thus be easily computed. Expected asset returns equal the risk-free rate plus a premium
for bearing risk, which depends on the covariance of the asset returns
with the marginal utility of consumption. Assets that co-vary positively
with consumption — that is, they pay oﬀ in states when consumption
is high and marginal utility is low — command a high premium since
these assets “destabilize” consumption.
The question we need to address is the following: is the magnitude
of the covariance between the marginal utility of consumption large
enough to justify the observed 6 percent equity premium in US equity
markets?
To address this issue, we make some additional assumptions. While
they are not necessary and were not, in fact, part of our original paper
on the equity premium, we include them to facilitate exposition and
because they result in closed form solutions.7
7 The

exposition below is based on Abel (1988), his unpublished notes and Mehra (2003).

16 Is the Equity Premium a Premium for Bearing Non-diversiﬁable Risk?
These assumptions are:
(a) the growth rate of consumption xt+1 ≡ ct+1
ct is i.i.d.
yt+1
(b) the growth rate of dividends zt+1 ≡ yt is i.i.d.
(c) (xt , zt ) are jointly log-normally distributed.
The consequences of these assumptions are that the gross return
on equity Re,t (deﬁned above) is i.i.d, and that (xt , Re,t ) are jointly
log-normal.
in the fundamental pricing relation8
Substituting U  (ct ) = c−α
t
pt = βEt {(pt+1 + yt+1 )U  (ct+1 )/U  (ct )}

(3.9)

pt = βEt {(pt+1 + yt+1 )x−α
t+1 }.

(3.10)

we get

As pt is homogeneous of degree one in y we can represent it as
pt = wyt
and hence Re,t+1 can be expressed as
Re,t+1 =

(w + 1) yt+1
w+1
·
· zt+1
=
w
yt
w

(3.11)

It is easily shown that
w=

β Et {zt+1 x−α
t+1 }

1 − β Et {zt+1 x−α
t+1 }

(3.12)

hence
Et {Re,t+1 } =

Et {zt+1 }
.
β Et {zt+1 x−α
t+1 }

(3.13)

Analogously, the gross return on the riskless asset can be written as
Rf,t+1 =
8 In

1
1
.
β Et {x−α
t+1 }

(3.14)

contrast to our approach, which is in the applied general equilibrium tradition, there is
another tradition of testing Euler equations (such as Equation (3.9)) and rejecting them.
Hansen and Singleton (1982) and Grossman and Shiller (1981) exemplify this approach.
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Since we have assumed the growth rate of consumption and dividends
to be log normally distributed,
1

Et {Re,t+1 } =

2

eµz + 2 σz
1

2

βeµz −αµx + 2 (σz +α

2 σ 2 −2ασ
x,z )
x

(3.15)

and
1
ln Et {Re,t+1 } = − ln β + αµx − α2 σx2 + ασx,z ,
2

(3.16)

where µx = E(ln x), σx2 = Var(ln x), σx,z = Cov(ln x, ln z), and ln x is the
continuously compounded growth rate of consumption. The other terms
involving z and Re are deﬁned analogously.
Similarly
Rf =

1
−αµx + 12 α2 σx2

(3.17)

βe

and
1
ln Rf = − ln β + αµx − α2 σx2
2

(3.18)

ln E{Re } − ln Rf = ασx,z .

(3.19)

Therefore,

From (3.11) it also follows that
ln E{Re } − ln Rf = ασx,Re ,

(3.20)

where
σx,Re = Cov(ln x, ln Re ).
The (log) equity premium in this model is the product of the
coeﬃcient of risk aversion and the covariance of the (continuously
compounded) growth rate of consumption with the (continuously
compounded) return on equity or the growth rate of dividends. If we
impose the equilibrium condition that x = z, a consequence of which is
the restriction that the return on equity is perfectly correlated to the
growth rate of consumption, we get
ln E{Re } − ln Rf = ασx2

(3.21)

18 Is the Equity Premium a Premium for Bearing Non-diversiﬁable Risk?
and the equity premium then is the product of the coeﬃcient of relative
risk aversion and the variance of the growth rate of consumption. As
we see below, this variance is 0.001369, so unless the coeﬃcient of risk
aversion α, is large, a high equity premium is impossible. The growth
rate of consumption just does not vary enough!
In Mehra and Prescott (1985) we reported the following sample
statistics for the US economy over the period 1889–1978:
Risk free rate Rf
Mean return on equity E{Re }
Mean growth rate of consumption E{x}
Standard deviation of the growth rate of consumption σ{x}
Mean equity premium E{Re } − Rf

1.008
1.0698
1.018
0.036
0.0618

In our calibration, we were guided by the tenet that model parameters should meet the criteria of cross-model veriﬁcation: not only must
they be consistent with the observations under consideration but they
should not be grossly inconsistent with other observations in growth
theory, business cycle theory, labor market behavior and so on. There
is a wealth of evidence from various studies that the coeﬃcient of risk
aversion α is a small number, certainly less than 10.9 We can then pose
a question: if we set the risk aversion coeﬃcient α to be 10 and β to be
0.99 what are the expected rates of return and the risk premia using
the parameterization above?
Using the expressions derived earlier, we have
1
ln Rf = − ln β + αµx − α2 σx2 = 0.124
2
or
Rf = 1.132
that is, a risk-free rate of 13.2 percent!
Since
ln E{Re } = ln Rf + ασx2 = 0.136
we have
E{Re } = 1.146
9A

number of these studies are documented in Mehra and Prescott (1985).
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or a return on equity of 14.6 percent. This implies an equity risk
premium of 1.4 percent, far lower than the 6.18 percent historically
observed equity premium. In this calculation, we have been liberal in
choosing values for α and β. Most studies indicate a value for α that
is close to 3. If we pick a lower value for β, the risk-free rate will be
even higher and the premium lower. So the 1.4 percent value represents
the maximum equity risk premium that can be obtained in this class
of models given the constraints on α and β. Since the observed equity
premium is over 6 percent, we have a puzzle on our hands that risk
considerations alone cannot account for.

3.2

The Risk-Free Rate Puzzle

Philippe Weil (1989) has dubbed the high risk-free rate obtained above
“the risk-free rate puzzle.” The short-term real rate in the United States
averages less than 1 percent, while the high value of α required to
generate the observed equity premium results in an unacceptably high
risk-free rate. The risk-free rate as shown in Equation (3.18) can be
decomposed into three components.
1
ln Rf = − ln β + αµx − α2 σx2 .
2
The ﬁrst term, − ln β, is a time preference or impatience term. When
β < 1 it reﬂects the fact that agents prefer early consumption to later
consumption. Thus in a world of perfect certainty and no growth in
consumption, the unique interest rate in the economy will be Rf = 1/β.
The second term αµx arises because of growth in consumption. If
consumption is likely to be higher in the future, agents with concave
utility would like to borrow against future consumption in order to
smooth their lifetime consumption. The greater the curvature of the
utility function and the larger the growth rate of consumption, the
greater the desire to smooth consumption. In equilibrium, this will lead
to a higher interest rate since agents in the aggregate cannot simultaneously increase their current consumption.
The third term, 12 α2 σx2 , arises due to a demand for precautionary
saving. In a world of uncertainty, agents would like to hedge against
future unfavorable consumption realizations by building “buﬀer stocks”
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Fig. 3.3 Mean risk-free rate vs. alpha.

of the consumption good. Hence, in equilibrium the interest rate must
fall to counter this enhanced demand for savings.
Figure 3.3, plots ln Rf = − ln β + αµx − 12 α2 σx2 calibrated to the US
historical values with µx = 0.0175 and σx2 = 0.00123 for various values
of β. It shows that the precautionary savings eﬀect is negligible for
reasonable values of α (1 < α < 5).
For α = 3 and β = 0.99, Rf = 1.65, which implies a risk-free rate of
6.5 percent — much higher than the historical mean rate of 0.8 percent.
The economic intuition is straightforward — with consumption growing
at 1.8 percent a year with a standard deviation of 3.6 percent, agents
with isoelastic preferences have a suﬃciently strong desire to borrow to
smooth consumption that it takes a high interest rate to induce them
not to do so.
The late Fischer Black10 proposed that α = 55 would solve the puzzle. Indeed it can be shown that the 1889–1978 US experience reported
above can be reconciled with α = 48 and β = 0.55.
10 Private

communication, 1981.
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To see this, observe that since


var(x)
2
= 0.00123
σx = ln 1 +
[E(x)]2
and
1
µx = ln E(x) − σx2 = 0.0175
2
this implies
α=

ln E(R) − ln RF
= 48.4.
σx2

Since
1
ln β = − ln RF + αµx − α2 σx2 = −0.60
2
this implies
β = 0.55.
Besides postulating an unacceptably high α, another problem is that
this is a “knife edge” solution. No other set of parameters will work, and
a small change in α will lead to an unacceptable risk-free rate as shown
in Figure 3.3. An alternate approach is to experiment with negative
time preferences; however there seems to be no empirical evidence that
agents do have such preferences.11
Figure 3.3 shows that for extremely high α the precautionary savings term dominates and results in a “low” risk-free rate.12 However,
then a small change in the growth rate of consumption will have a
large impact on interest rates. This is inconsistent with a cross-country
comparison of real risk-free rates and their observed variability. For
example, throughout the 1980s, South Korea had a much higher growth
rate than the United States but real rates were not appreciably higher.
Nor does the risk-free rate vary considerably over time, as would be
expected if α was large. In Section 4, we show how alternative preference structures can help resolve the risk-free rate puzzle.
11 In

a model with growth, equilibrium can exist with β > 1. See Mehra (1988) for the
restrictions on the parameters α and β for equilibrium to exist.
12 Kandel and Stambaugh (1991) have suggested this approach.
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3.3

The Eﬀect of Serial Correlation in the Growth Rate
of Consumption

The analysis above has assumed that the growth rate of consumption is
i.i.d over time. However, for the sample period 1889–2004 it is slightly
negative (−0.1353) while for the sample period 1930–2004 the value is
0.45. The eﬀect of this non zero serial correlation on the equity premium
can be analyzed using the framework in Mehra and Prescott (1985).
Figure 3.4 shows the eﬀect of changes in the risk aversion parameter
on the equity premium for diﬀerent serial correlations. When the serial
correlation of consumption is positive, the equity premium actually
declines with increasing risk aversion, further exacerbating the equity
premium puzzle.13

Fig. 3.4 The eﬀect of changes in the risk aversion parameter on the equity premium ﬁr
diﬀerent serial correlations.

13 See

Azeredo (2007) for a detailed discussion.
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Hansen–Jagannathan Bounds

An alternative perspective on the puzzle is provided by Hansen and
Jagannathan (1991). The fundamental pricing equation can be written as


Mt+1 , Re,t+1
.
(3.22)
Et (Re,t+1 ) = Rf,t+1 − Covt
Et (Mt+1 )
This expression also holds unconditionally so that
E(Re,t+1 ) = Rf,t+1 − σ(Mt+1 )σ(Re,t+1 )ρR,M /Et (Mt+1 )

(3.23)

E(Re,t+1 ) − Rf,t+1 /σ(Re,t+1 ) = −σ(Mt+1 )ρR,M /Et (Mt+1 )

(3.24)

or

and since −1 ≤ ρR,M ≤ 1
|E(Re,t+1 ) − Rf,t+1 /σ(Re,t+1 )| ≤ σ(Mt+1 )/E(Mt+1 ).

(3.25)

This inequality is referred to as the Hansen–Jagannathan lower bound
on the pricing kernel.
For the US economy, the Sharpe Ratio, E(Re,t+1 ) − Rf,t+1 /
σ(Re,t+1 ), can be calculated to be 0.37. Since E(Mt+1 ) is the expected
price of a one-period risk-free bond, its value must be close to 1. In fact,
for the parameterization discussed earlier, E(Mt+1 ) = 0.96 when α = 2.
This implies that the lower bound on the standard deviation for the
pricing kernel must be close to 0.3 if the Hansen–Jagannathan bound is
to be satisﬁed. However, when this is calculated in the Mehra–Prescott
framework, we obtain an estimate for σ(Mt+1 ) = 0.002, which is oﬀ by
more than an order of magnitude.
We would like to emphasize that the equity premium puzzle is a
quantitative puzzle; standard theory is consistent with our notion of
risk that, on average, stocks should return more than bonds. The puzzle arises from the fact that the quantitative predictions of the theory
are an order of magnitude diﬀerent from what has been historically
documented. The puzzle cannot be dismissed lightly, since much of our
economic intuition is based on the very class of models that fall short
so dramatically when confronted with ﬁnancial data. It underscores the
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failure of paradigms central to ﬁnancial and economic modeling to capture the characteristic that appears to make stocks comparatively so
risky. Hence the viability of using this class of models for any quantitative assessment, say, for instance, to gauge the welfare implications
of alternative stabilization policies, is thrown open to question.
For this reason, over the last 20 years or so, attempts to resolve the
puzzle have become a major research impetus in ﬁnance and economics.
Several generalizations of key features of the Mehra and Prescott (1985)
model have been proposed to better reconcile observations with theory. These include alternative assumptions on preferences,14 modiﬁed
probability distributions to admit rare but disastrous events,15 survival
bias,16 incomplete markets,17 and market imperfections.18 They also
include attempts at modeling limited participation of consumers in the
stock market,19 and problems of temporal aggregation.20 We examine
some of the research eﬀorts to resolve the puzzle21 in Sections 4 and 5.
Section 4 addresses risk and preference based explanations of the
equity premium. Section 5, in contrast, reviews the nascent literature that takes as given the ﬁndings in Mehra and Prescott (1985)
and tries to account for the equity premium by factors other than
aggregate risk.

14 For

example, Abel (1990), Bansal and Yaron (2004), Benartzi and Thaler (1995), Boldrin
et al. (2001), Campbell and Cochrane (1999), Constantinides (1990), Epstein and Zin
(1991), and Ferson and Constantinides (1991).
15 See, Rietz (1988) and Mehra and Prescott (1988).
16 See Brown et al. (1995)
17 For example, Bewley (1982), Brav et al. (2002), Constantinides and Duﬃe (1996), Heaton
and Lucas (1997, 2000), Lucas (1994), Mankiw (1986), Mehra and Prescott (1985),
Storesletten et al. (2007), and Telmer (1993).
18 For example, Aiyagari and Gertler (1991), Alvarez and Jermann (2000), Bansal and
Coleman (1996), Basak and Cuoco (1998), Constantinides et al. (2002), Danthine et al.
(1992), Daniel and Marshall (1997), He and Modest (1995), Heaton and Lucas (1996),
Luttmer (1996), McGrattan and Prescott (2001), and Storesletten et al. (2004).
19 Attanasio et al. (2002), Brav et al. (2002), Mankiw and Zeldes (1991), and VissingJorgensen (2002).
20 Gabaix and Laibson (2001), Heaton (1995), Lynch (1996).
21 The reader is also referred to the excellent surveys by Narayana Kocherlakota (1996),
John Cochrane (1997) and by John Campbell (1999, 2001).
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Risk Based Explanations of the Equity Premium

4.1
4.1.1

Alternative Preference Structures
Modifying the Conventional Time — And State —
Separable Utility Function

The analysis above shows that the isoelastic preferences used in Mehra
and Prescott (1985) can only be made consistent with the observed
equity premium if the coeﬃcient of relative risk aversion is implausibly
large. One restriction imposed by this class of preferences is that the
coeﬃcient of risk aversion is rigidly linked to the elasticity of intertemporal substitution. One is the reciprocal of the other. What this implies
is that if an individual is averse to variation of consumption across different states at a particular point of time then he will be averse to
consumption variation over time. There is no a priori reason that this
must be so. Since, on average, consumption is growing over time, the
agents in the Mehra and Prescott (1985) setup have little incentive to
save. The demand for bonds is low and as a consequence, the risk-free
rate is counterfactually high. Epstein and Zin (1991) have presented
a class of preferences that they term “Generalized Expected Utility”
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(GEU) which allows independent parameterization for the coeﬃcient
of risk aversion and the elasticity of intertemporal substitution.
In this class of preferences, utility is recursively deﬁned by
ρ

1

α
)} α } ρ ,
Ut = {(1 − β)cρt + β{Et (Ũt+1

(4.1)

1
where 1 − α is the coeﬃcient of relative risk aversion and σ = 1−ρ
is the elasticity of intertemporal substitution. The usual iso-elastic
preferences follow as a special case when ρ = α. In the Epstein and
Zin model, agents’ wealth W evolves as Wt+1 = (Wt − ct )(1 + Rw,t+1 ),
where Rw,t+1 is the return on all invested wealth and is potentially
unobservable. To examine the asset pricing implications of this modiﬁcation we examine the pricing kernel1

kt+1 = β

α
ρ



ct+1
ct

α(ρ−1)
ρ

(1 + Rw,t+1 )

α−ρ
ρ

.

(4.2)

Thus the price pt of an asset with payoﬀ yt+1 at time t + 1 is
pt = Et (kt+1 yt+1 ).

(4.3)

In this framework the asset is priced both by its covariance with the
growth rate of consumption (the ﬁrst term in 4.2) and with the return
on the wealth portfolio. This captures the pricing features of both the
standard consumption CAPM and the traditional static CAPM. To see
this, note that when α = ρ, we get the consumption CAPM and with
logarithmic preferences (α/ρ = 0), the static CAPM.
Another feature of this class of models is that a high coeﬃcient of
risk aversion, 1 − α, does not necessarily imply that agents will want to
smooth consumption over time. However, the main diﬃculty in testing
this alternative preference structure stems from the fact that the counterparts of Equations (3.3) and (3.5) using GEU depend on variables
that are unobservable, and this makes calibration tricky. One needs to
make speciﬁc assumptions on the consumption process to obtain ﬁrstorder conditions in terms of observables. Epstein and Zin (1991) use
1 Epstein

and Zin (1991) use dynamic programming to calculate this. See their Equations 8–13. Although the ﬁnal result is correct, there appear to be errors in the
intermediate steps.
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the “market portfolio” as a proxy for the wealth portfolio and claim
that their framework oﬀers a solution to the equity premium puzzle.
We feel that this proxy overstates the correlation between asset returns
and the wealth portfolio and hence their claim.
This modiﬁcation has the potential to resolve the risk-free rate puzzle. We illustrate this below. Under the log-normality assumptions from
Section 3, and using the market portfolio as a stand in for the wealth
portfolio we have
ln Rf = − ln β +

α/ρ 2 (α/ρ) − 1 2
µx
−
σm .
σ +
σ
2σ 2 x
2

(4.4)

2 is the variance of the return on the “market portfolio” of all
Here σm
invested wealth. Since 1 − α need not equal 1/σ, we can have a large α
without making σ small and hence obtain a reasonable risk-free rate if
one is prepared to assume a large σ. The problem with this is that there
is independent evidence that the elasticity of intertemporal substitution
is small (Campbell, 2001); hence this generality is not very useful when
the model is accurately calibrated.

4.2

Habit Formation

A second approach to modifying preferences was initiated by Constantinides (1990) by incorporating habit formation. This formulation
assumes that utility is aﬀected not only by current consumption but
also by past consumption. It captures a fundamental feature of human
behavior that repeated exposure to a stimulus diminishes the response
to it. The literature distinguishes between two types of habit, “internal” and “external” and two modeling perspectives, “diﬀerence” and
“ratio.” Internal habit formation captures the notion that utility is a
decreasing function of one’s own past consumption and marginal utility
is an increasing function of own past consumption. Models with external habit emphasize that the operative benchmark is not one’s own
past consumption but the consumption relative to other agents in the
economy.
Constantinides (1990) considers a model with internal habit where
utility is deﬁned over the diﬀerence between current consumption and
lagged past consumption. Although the Constantinides (1990) model
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is in continuous time with a general lag structure, we can illustrate the
intuition behind this class of models incorporating “habit” by considering preferences with a one period lag
U (c) = Et

∞


βs

s=0

(ct+s − λct+s−1 )1−α
,
1−α

λ > 0.

(4.5)

If λ = 1 and the subsistence level is ﬁxed, the period utility function
1−α
where x is the ﬁxed subsistence
specializes to the form u(c) = (c−x)
1−α
level.2 The implied local coeﬃcient of relative risk aversion is
−

cu
α
.
=

u
1 − x/c

(4.6)

If x/c = 0.8 then the eﬀective risk aversion is 5α!
This preference ordering makes the agent extremely averse to consumption risk even when the risk aversion is small. For small changes
in consumption, changes in marginal utility can be large. Thus, while
this approach cannot resolve the equity premium puzzle without invoking extreme aversion to consumption risk, it can address the risk-free
rate puzzle since the induced aversion to consumption risk increases the
demand for bonds, thereby reducing the risk-free rate. Furthermore, if
the growth rate of consumption is assumed to be i.i.d., an implication
of this model is that the risk free rate will vary considerably (and counterfactually) over time. Constantinides (1990) gets around this problem
since the growth rate in his model is not i.i.d.3
An alternate approach to circumvent this problem has been
expounded by Campbell and Cochrane (1999). Their model incorporates the possibility of recession as a state variable so that risk aversion
varies in a highly nonlinear manner.4 The risk aversion of investors
rises dramatically when the chances of a recession become larger and
thus the model can generate a high equity premium. Since risk aversion
2 See

also the discussion in Weil (1989).
fact, a number of studies suggest that there is a small serial correlation in the growth
rate.
4 If we linearize the “surplus consumption ratio” in the Campbell and Cochrane (1999)
model, we get the same variation in the risk-free rate as in the standard habit model. The
nonlinear “surplus consumption ratio” is essential to reducing this variation.
3 In
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increases precisely when consumption is low, it generates a precautionary demand for bonds that helps lower the risk-free rate. This model
is consistent with both consumption and asset market data. However,
it is an open question whether investors actually have the huge
time varying counter-cyclical variations in risk aversion postulated in
the model.
Another modiﬁcation of the Constantinides (1990) approach is to
deﬁne utility of consumption relative to average per capita consumption. This is an external habit model where preferences are deﬁned
over the ratio of consumption to lagged5 aggregate consumption. Abel
(1990) terms his model “Catching up with the Joneses.” The idea is
that one’s utility depends not on the absolute level of consumption, but
on how one is doing relative to others. The eﬀect is that, once again, an
individual can become extremely sensitive and averse to consumption
variation. Equity may have a negative rate of return and this can result
in personal consumption falling relative to others. Equity thus becomes
an undesirable asset relative to bonds. Since average per capita consumption is rising over time, the induced demand for bonds with this
modiﬁcation helps in mitigating the risk-free rate puzzle.
Abel (1990) deﬁnes utility as the ratio of consumption relative to
average per capita consumption rather than the diﬀerence between the
two. It can be shown that this is not a trivial modiﬁcation.6 While
“diﬀerence” habit models can, in principle, generate a high equity premium, ratio models generate a premium that is similar to that obtained
with standard preferences.
To illustrate, consider the framework in Abel (1990) specialized to
the “catching up with the Joneses” case. At time t, the representative
agent in the economy chooses the level of consumption ct to maximize
U (c) = Et

∞

t=0

β

γ
1−α
t (ct /Ct−1 )

1−α

,

α > 0,

(4.7)

where Ct−1 is the lagged aggregate consumption. In equilibrium
of course Ct = ct , a fact we use in writing the counter parts of
5 Hence

“Catching up with the Joneses” rather than “keeping up with the Joneses.” Abel
(1990) footnote 1.
6 See Campbell (2001) for a detailed discussion.
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Equations (3.3) and (3.5) below.
γ(α−1) −α
xt+1 }

(4.8)

γ(α−1) −α
xt+1 },

(4.9)

1 = βEt {Re,t+1 xt

1 = βRf,t+1 Et {xt

where xt+1 ≡ ct+1
is the growth rate of consumption. Under the
ct
assumptions made in Section 3.1 we can write
γ(α−1)

Rf,t+1 = Et {xt+1

}/βEt {x−α
t+1 }

(4.10)

and


A .
(4.11)
1 2 2
We see that in the expression ln Rf = − ln β + αµx − 2 α σx −
γ(1 − α)µx , the equity premium is ln E{Re } − ln Rf = ασx,z , which is
exactly the same as what was obtained earlier. Hence the equity premium is unchanged! However when γ > 0, a high α does not lead to
the risk-free rate puzzle.
The statement, “External habit simply adds a term to the Euler
Equation 60 which is known at time t, and this does not aﬀect the premium” in Campbell (2001) appears to be inconsistent with the results
in Table 1 Panel B, in Abel (1990).
γ(α−1)

Et {Re,t+1 } = Et {xt+1

4.3

}

1+γ(α−1)

Et {xt+1 } + AEt {xt+1

}

Resolution

Although the “set up” in Abel (1990) and Campbell (2001) is similar,
Campbell’s result is based on the assumption that asset returns and
the growth rate of consumption are jointly log-normally distributed
in both the “standard time additive” case and the “Joneses” case. In
Abel (1990) the return distributions are endogenously determined and
Campbell’s assumption is internally inconsistent in the context of that
model.
In Abel (1990), with “standard time additive” preferences, if consumption growth is log-normally distributed, gross asset returns will
also be lognormal. However, this is not the case with the “Joneses” pref(xt+1 + Axαt+1 )/A,
erences. In the latter case, since 1 + Ri,t+1 = x1−α
t
log-normality of x will not induce log-normality in 1 + Ri,t+1 .
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Abel (1990) reports expressions for E(1 + Ri,t+1 ) and E(1 + Rf,t+1 )
in Equations 17 and 18.

Let
Abel = ln(E(1 + Ri,t+1 )) − ln(E(1 + Rf,t+1 )). In the Abel
model with θ = 0 (the “standard time additive” case), if the growth

rate of consumption is assumed to be log-normally distributed, Abel
can be written as:

= E(ln(1 + Ri,t+1 )) + 0.5Var(ln(1 + Ri,t+1 ))
Abel

− E(ln(1 + Rf,t+1 )) − 0.5Var(ln(1 + Rf,t+1 ))
or



=

Abel



(4.12)

+ 0.5[Var(ln(1 + Ri,t+1 )) − Var(ln(1 + Rf,t+1 ))]

Campbell

(4.13)
or




Abel

=



+ 0.5Var(ln(x)),

(4.14)

Campbell

where Campbell = E(ln(1 + Ri,t+1 )) − E(ln(1 + Rf,t+1 )), is the deﬁnition of the equity premium in Campbell (2001).
With “standard time additive” preferences and log-normally distributed returns, the analysis in Abel and Campbell are equivalent.

Indeed, a direct evaluation of Abel from Equations 17 and 18 in

Abel (1990) yields Abel = αCov(ln x, ln(1 + Ri )). This is identical
to that obtained by adjusting Equation 62 in Campbell by adding
0.5Var(ln(x)).
However, in Abel (1990) with “Joneses” preferences, if the growth
rate of consumption is log-normally distributed, asset returns will not
be lognormal, hence the analysis in Campbell (2001) after Equation 60
will not apply.
In Abel (1990), as preferences change, return distributions will
change; hence if the counterpart of Equation 16 (in Campbell) represents the equity premium in the “standard time additive” framework
then Equation 62 will not be the relevant expression for the premium in
the “Joneses” case. Counterparts of Equations 16 and 62 in Campbell
(2001) will not both hold simultaneously in Abel (1990).
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4.4

The Campbell and Cochrane (1999) Mechanism

Campbell and Cochrane (1999) postulate a process on an external
habit, Xt , and a period utility function of the simple CRRA form:
u(Ct , Xt ) =

(Ct − St )1−γ
,
1−γ

(4.15)

where Ct in this case denotes the individual agent’s consumption
t
his surplus consumption habit. Note that from the
and St = CtC−X
t
agent’s perspective, St is exogenous although in equilibrium this will
not be so. They next postulate
(i) consumption growth follows an i.i.d. log-normal process,
∆ ct+1 = log Ct+1 − log Ct ≡ g + ν̃t
where ν̃t ∼ i.i.d. N (0, σν2 ) and

(4.16)

(ii) the log of the surplus consumption ratio log St = st also follows a log-normal process to be consistent with (i)
st+1 = (1 − φ)s̄ + φ st + λ(st ) (∆ ct+1 − g),

(4.17)

where φ, s̄, and g are parameters, s̄ = log S̄ (S̄ denotes the
steady state surplus consumption ratio), and λ(st ) is a prespeciﬁed sensitivity function. As a result, the period t, t + 1
pricing kernel is of the form:

St+1 Ct+1 −γ
u1 (Ct+1 , St+1 )
=β
·
MRSt, t+1 = β
U1 (Ct , St )
St
Ct
= βe−γ

[(1−φ)(s̄−st )+(1+λ(st ))∆ct+1 −λ(st )g]

= βe−γ

[(φ−1)(st −s̄)+[1+λ(st )] ν̃t+1 ]

(4.18)

by identiﬁcation (i) above. Under this speciﬁcation, it is
apparent that the standard deviation of the MRS, as well
as its correlation with consumption growth (both important
determinants of the premium) will be determined by the form
of the sensitivity function. Campbell and Cochrane (1999) go

4.4 The Campbell and Cochrane (1999) Mechanism

33

on to make the following assumption on the form of λ(st ),
 
1
1 − 2(st − s̄) − 1 st ≤ smax
(4.19)
λ(st ) = S̄
0
st ≥ smax ,

where S̄ = σ β/(1 − φ), and smax = s̄ + (1/2)(1 − S̄ 2 ).
These requirements allow the habit formulation not only to reﬂect
certain key features of the data but also to generate a plausible habit
process. In doing so the authors attempt to set an upper bound on
what can be achieved with a habit model in an exchange setting;
that is, they seek to provide a sort of “performance standard” that
other competing habit formulations must exceed. No axiomatic foundations for the postulated surplus consumption process are proposed,
however.
Finally, an i.i.d. process on dividend growth is postulated, one that
is imperfectly correlated with growth in consumption:
∆ dt+1 = g + ω̃t+1 ,

ω̃t+1 ∼ i.i.d. N (0, σω2 ) with corr(ω̃t , ν̃t ) = ρ.
(4.20)

As before, dt denotes the log of the actual period t dividend, Dt . With
an independently speciﬁed dividend process, the Ct = Yt identity characteristic of Mehra and Prescott (1985) is broken, allowing an implicit
wage process, levered capital structure, etc. The parameters ρ and σω
remain to be speciﬁed.
The model — and, in particular, the surplus consumption process —
is designed to replicate the observed low risk-free rate volatility. Taking
advantage of the well-known properties of the log-normal return process
in conjunction with model speciﬁcations (4.15)–(4.18), it becomes a
matter of straightforward manipulation to derive the implied expression
for log rtf :
ln rtf = − ln β + γg − γ(1 − φ) (st − s̄) −

γ 2σ2
(1 + λ(st ))2 .
2

(4.21)

Substituting Equation (4.17), Equation (4.21) can be written as
ln rtf = − ln β + γg −

γ
(1 − φ),
2

(4.22)
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a constant. This clearly is an extreme case of low volatility, and Campbell and Cochrane (1999) oﬀer generalizations by which the precise real
risk-free rate volatility can be matched as well.
Plausibility dictates that the habit should not be predetermined,
except possibly at the steady state, and formulation (4.17), (4.19) also
satisﬁes this requirement. Indeed the fact that ∆ ct+1 appears in the
expression for the period t + 1 surplus consumption ratio st+1 dictates
that current consumption growth has some inﬂuence on the habit.7
Since the habit is external, it represents the inﬂuence on an individual’s preference ordering of the average consumption plan of others in
the society. Even in an environment of instant communication, it is perhaps unreasonable to presume an immediate and fully external habit
adjustment process.
The sensitivity parameter λ(st ) is also increasing in st by construction. This guarantees countercyclical risk aversion and, as the authors
demonstrate, a countercyclical market price of risk. By making the
agent very risk averse when consumption is already low, this feature
accentuates the perceived riskiness of a variable consumption stream.
Table 4.1 presents some sample results of this elaborate exercise.
From these results it is clear that habit formation as articulated by
Campbell and Cochrane (1999) is a powerful mechanism for inﬂuencing
Table 4.1 Equilibrium security returns and the premium in a Campbell–Cochrane model
rates of return, growth rates annualized in percent.
Erf
σr f
Ere
σr e
Erp
σr p
E∆ct
σ∆ct

Postwar data
0.94
(not reported)
7.58
(not reported)
6.69
15.7
1.89
1.22

Simulated moments
0.094
0
7.63
15.2
6.64
15.2
1.89
1.22

Notes: g = 1.89, σ = 1.50, nrf = 0.94, φ = 0.87, ρ = 0.20, σω = 11.2, β = 0.89, S̄ = 0.057,
Smax = 0.094.
Source: Campbell and Cochrane (1999), various tables.
7 Including

current consumption as a part of the habit formation process may be used to
ensure that period t’s consumption never falls below period t’s habit. Otherwise period
utility may not be well deﬁned.
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security returns in a dynamic stochastic general equilibrium model. Its
ﬂexibility is even greater than what Table 4.1 suggests since Campbell
and Cochrane (1999) subject the model to other tests (e.g., predictability) which it easily transcends. Yet we remain uneasy, as there is no
empirical evidence to support the assertion that surplus consumption
habits evolve in the way proposed. Furthermore, for the reported simulation, the agent’s eﬀective CRRA varies between one and one hundred,
which is arguably extreme.
The surplus consumption habit process in Campbell and Cochrane
(1999) is highly specialized in other ways. Ljungqvist and Uhlig (1999),
in particular, point out that under their speciﬁcation, the representative agent would experience substantial welfare gains if 10 percent
of his endowment were periodically destroyed. The basic intuition is
straightforward: while utility is diminished in the period in which consumption endowment is destroyed, future utility gains result since the
habit is correspondingly lower. If the former loss is more than compensated by the latter gains, the overall result is welfare enhancing.
While this is never the case under standard linear habit evolution,
it is possible under the Campbell and Cochrane (1999) construct.8
These anomalies suggest the need for an axiomatic treatment of habit
formation.
To summarize, models with habit formation and relative or subsistence consumption have had success in addressing the risk-free rate
puzzle but only limited success with resolving the equity premium puzzle, since in these models eﬀective risk aversion and prudence become
implausibly large.
8 These

observations are notas general as would initially appear. Consider the representative agent utility function
β t {g(xt ) + v(ct , xt )}, where xt is the aggregate consumption
history, ct is the agent’s time-t consumption and v(ct , xt ) is increasing and concave in ct ;
g(xt ) and v(ct , xt ) together constitute the agent’s period utility function. With an external habit, marginal utility is given by ∂v(ct , xt )/∂ct , independent of g(xt ). The class of
utility functions with common v(ct , xt ) but diﬀerent g(xt ) support the same equilibrium
but may, in general, have diﬀerent welfare implications. Campbell and Cochrane indeed
focus on equilibrium implications driven exclusively by marginal utility ∂v(ct , xt )/∂ct .
It is not the case that all utility functions in the class will necessarily exhibit identical
welfare implications and therefore the criticism leveled by Ljungquist and Uhlig (1999)
against Campbell–Cochrane cannot be viewed as a general statement. We thank George
Constantinides for pointing this out to us.
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4.5

Idiosyncratic and Uninsurable Income Risk

At a theoretical level, aggregate consumption is a meaningful economic construct if the market is complete, or eﬀectively so.9 Market completeness is implicitly incorporated into asset pricing models
in ﬁnance and neoclassical macroeconomics through the assumption of the existence of a representative household. In complete
markets, heterogeneous households are able to equalize, state by
state, their marginal rate of substitution. The equilibrium in a
heterogeneous full-information economy is isomorphic in its pricing
implications to the equilibrium in a representative-household, fullinformation economy, if households have von Neumann–Morgenstern
preferences.
Bewley (1982), Mankiw (1986), and Mehra and Prescott (1985)
suggest the potential of enriching the asset-pricing implications of the
representative-household paradigm, by relaxing the assumption of complete markets.10
Current ﬁnancial paradigms postulate that idiosyncratic income
shocks must exhibit three properties in order to explain the returns
on ﬁnancial assets: uninsurability, persistence heteroscedasticity, and
counter cyclical conditional variance. In inﬁnite horizon models,
agents faced with uninsurable income shocks will dynamically selfinsure, eﬀectively smoothing consumption. Hence the diﬀerence in
the equity premium in incomplete markets and complete markets is
small.11
Constantinides and Duﬃe (1996), propose a model incorporating heterogeneity that captures the notion that consumers are subject to idiosyncratic income shocks that cannot be insured away. For
9 This

section draws on Constantinides (2002).
is an extensive literature on the hypothesis of complete consumption insurance.
See, Altonji et al. (1992), Attanasio and Davis (1997), Cochrane (1991), and Mace (1991).
11 Lucas (1994) and Telmer (1993) calibrate economies in which consumers face uninsurable
income risk and borrowing or short-selling constraints. They conclude that consumers
come close to the complete-markets rule of complete risk sharing, although consumers
are allowed to trade in just one security in a frictionless market. Aiyagari and Gertler
(1991) and Heaton and Lucas (1996) add transaction costs and/or borrowing costs and
reach a similar negative conclusion, provided that the supply of bonds is not restricted
to an unrealistically low level.
10 There
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instance, consumers face the risk of job loss, or other major personal disasters that cannot be hedged away or insured against.12
Equities and related pro-cyclical investments exhibit the undesirable
feature that they drop in value when the probability of job loss
increases, as, for instance, in recessions. In economic downturns, consumers thus need an extra incentive to hold equities and other similar
investment instruments; the equity premium can then be rationalized as the added inducement needed to make equities palatable to
investors.
The model provides an explanation of the counter-cyclical behavior
of the equity risk premium: the risk premium is highest in a recession
because the stock is the poorest hedge to job loss in a recession. It also
provides an explanation of the unconditional equity premium puzzle:
even though per capita consumption growth is poorly correlated with
stocks returns, investors require a hefty premium to hold stocks over
short-term bonds because stocks perform poorly in recessions, when an
investor is more likely to be laid oﬀ.
Since the proposition demonstrates the existence of equilibrium
in frictionless markets, it implies that the Euler equations of household (but not necessarily of per capita) consumption must hold. Furthermore, since the given price processes have embedded in them
whatever predictability of returns of the dividend-price ratios and
other instruments that the researcher cares to ascribe to them, the
equilibrium price processes have this predictability built into them
by construction.
Constantinides and Duﬃe (1996), point out that periods with frequent and large uninsurable idiosyncratic income shocks are associated
with both dispersed cross-sectional distribution of the household consumption growth and low stock returns. Brav et al. (2002) provide
empirical evidence of the impact of uninsurable idiosyncratic income
risk on pricing. They estimate the relative risk aversion (RRA) coefﬁcient and test the set of Euler equations of household consumption
12 Storesletten

et al. (2004, 2007) provide empirical evidence from the Panel Study on
Income Dynamics (PSID) that idiosyncratic income shocks are persistent and have
counter cyclical conditional variance and corroborate this evidence by studying household
consumption over the life cycle.
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on the premium of the value-weighted and the equally weighted market portfolio return over the risk-free rate, and on the premium of
value stocks over growth stocks.13 They do not reject the Euler equations of household consumption with an economically plausible RRA
coeﬃcient of between two and four, although they reject the Euler
equations of per capita consumption with any value of the RRA
coeﬃcient.
Krebs (2000) extends the Constantinides and Duﬃe (1996) model
by introducing rare idiosyncratic income shocks that drive consumption
close to zero. In his model, the conditional variance and skewness of
the idiosyncratic income shocks are nearly constant over time. He provides a theoretical justiﬁcation of the diﬃculty of empirically assessing
the contribution of these catastrophic shocks in the low-order crosssectional moments.

4.6

Models Incorporating a Disaster State
and Survivorship Bias

Rietz (1988) has proposed a solution to the puzzle that incorporates a
very small probability of a very large drop in consumption. He ﬁnds that
in such a scenario the risk-free rate is much lower than the return on an
equity security. This model requires a 1-in-100 chance of a 25 percent
decline in consumption to reconcile the equity premium with a risk
aversion parameter of 10. Such a scenario has not been observed in the
United States for the last 100 years, for which we have economic data.
Nevertheless, one can evaluate the implications of the model. One implication is that the real interest rate and the probability of the occurrence
of the extreme event move inversely. For example, the perceived probability of a recurrence of a depression was probably very high just after
World War II and subsequently declined over time. If real interest rates
had risen signiﬁcantly as the war years receded, that would have provided evidence in support of the Rietz hypothesis. Similarly, if the low
13 In

related studies, Jacobs (1999) studies the PSID database on food consumption; Cogley
(1999) and Vissing-Jorgensen (2002) study the CEX database on broad measures of
consumption; Jacobs and Wang (2004) study the CEX database by constructing synthetic
cohorts; and Ait-Sahalia et al. (2001) measure household consumption by the purchases
of certain luxury goods.
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probability event precipitating the large decline in consumption were a
nuclear war, the perceived probability of such an event has surely varied
over the last 100 years. It must have been low before 1945, the ﬁrst and
only year the atom bomb was used; and it must have been higher before
the Cuban Missile Crisis than after it. If real interest rates had moved
as predicted, that would support Rietz’s disaster scenario. But they
did not.
Barro (2006) presents a model in the same spirit as Rietz (1988)
but in a context where more attention may be given to calibration and
the historical record. The historical justiﬁcation for his calibration is,
in fact, fascinating to read. The point of departure of the paper is the
postulation of a stochastic process for aggregate output growth which
allows for rare events in a generalized Rietz setting. Speciﬁcally, he
models aggregate output growth as a random walk with drift, whose
innovations are of three possible types:
(a) “diﬀusive” shocks (i.i.d. normal shocks),
(b) jump shocks of “type v” — shocks which represent situations
where output contracts sharply but there is no occurrence of
a default on debt, and
(c) jump shocks of “type w” — shocks which represent situations where output contracts sharply and a default on debt
ensues.14
In particular, Barro assumes that the log of output Yt ≡ Ct grows
according to the random walk with drift process
log Yt+1 = log Yt + ḡ + ũt+1 + ṽt+1 ,

(4.23)

where ũt+1 is an i.i.d random variable distributed N(0,σu2 ) and ṽt+1
(jump shock “type v”) captures low probability downward jumps in
GDP. If a disaster occurs, with probability p, output declines by the
fraction b. Very roughly speaking, a reasonable calibration requires b
to be large and p small.
14 Barro

(2006) does not explicitly deﬁne a type w shock. We introduce it here as an aid to
exposition.
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More formally,
ṽt+1 =



0,
with probability e−p
log(1 − b̃), with probability 1 − e−p .

(4.24)

In his calibration exercise, b̃ is a random variable whose probability
density function coincides with the frequency distribution reﬂecting the
size of contractions in 35 countries in the 20th century (b̃ ranges from
0.17 to 0.62). Barro also admits the possibility of default on government
debt of proportion d, with probability q whenever a “type v” jump
occurs. In other words, whenever a jump shock of “type v” occurs there
is a probability q of a “type w” jump. Table 4.2 presents a sample of
˜ In all cases, preferences are
results for the calibration exercises (b̃ = d).
as in Mehra and Prescott (1985) with CRRA = 4 and time preferences
parameter β = e−ρ = e−0.03 = 0.9704.
The results presented here are intriguing and lend support to a
resurrection of the disaster scenario as a viable justiﬁcation for the
premium.
The distinction between “type v” events and “type w” events is
theoretically appealing in terms of their diﬀerent implications for quantities and prices. However, we feel this distinction is largely a consequence of the speciﬁc functional forms used to model the two types of
rare events and the assumption that they are independent–something
we intuitively think is not very plausible.
To support the observed equity premium (in the baseline model)
a decline in GDP growth of 50 percent is needed. The plausibility of
such a substantial decline in per capita GDP growth is justiﬁed by the
ﬁgures in Barro (2006), Table 1 where this decline is shown to be 64
percent in Germany and Greece (during World War II) or 31 percent in
Table 4.2 Financial statistics: Barro’s (2006) model (all rates of return annualized in
percent).

Ere
Erf
Erp

ḡ = 0.025
p = 0.017
7.1
3.5
3.6

ḡ = 0.025
p = 0.025
4.4
−0.7
5.2

ḡ = 0.020
p = 0.017
5.1
1.5
3.6

ḡ = 0.025
p = 0.017
6.1
2.5
3.6

Notes: Data used for calculation: All cases θ = 4, σu = 0.02, q = 0.4, Time preference e−ρ ,
ρ = 0.03.
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the United States (during the Great Depression). These observations
however, are not at an annual frequency.15 Looking at data at an annual
frequency, we see little evidence of such a substantial decline either
in GDP growth or in the growth rate of consumption. If the equity
premium is estimated at an annual frequency, then the relevant growth
rates should also be at annual frequencies. We argue that calibrations
should be done at the same frequency as observations.
As is standard in the equity premium literature, Barro calibrates
his model using output growth rates rather than consumption growth
rates since in a pure exchange setting they are identical. While this distinction may not matter in a stylized economy without disaster states,
the two quantities might empirically be quite diﬀerent in the event of
an extreme disaster. Consumption per capita will probably be a much
smoother series than GDP per capita. In the event that such states
occur, consumption is unlikely to remain a constant proportion of the
output. Capital investment and capital utilization rates will change
and act as channels to absorb the negative productivity shocks (see
also Section 3) enabling consumption smoothing over time and across
states. For this reason, since we do live in a production economy, it
would be interesting to explore the robustness of Barro’s (2006) results
using cross-country data on the growth rates of per capita consumption
instead of output within that more general context.
Another attempt at resolving the puzzle, proposed by Brown et al.
(1995), focuses on survival bias.
The central thesis here is that the ex-post measured returns reﬂect
the premium, in the United States, on a stock market that has successfully weathered the vicissitudes of ﬂuctuating ﬁnancial fortunes. Many
other exchanges were unsuccessful and hence the ex-ante equity premium was low. Since it was not known a priori which exchanges would
survive, for this explanation to work, stock and bond markets must be
diﬀerentially impacted by a ﬁnancial crisis. Governments have expropriated much of the real value of nominal debt by the mechanism of
unanticipated inﬂation. Five historical instances come readily to mind:
15 In

a sense the results are obtained using the four-year drop in consumption as if it is a oneyear eﬀect. The claimed equity premium should be compared to the observed four-year
eﬀect 4 × 6 = 24 percent and not the one-year (6 percent).
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During the German hyperinﬂation, holders of bonds denominated in
Reich marks lost virtually all the value invested in those assets. During
the Poincaré administration in France during the 1920s, bond holders
lost nearly 90 percent of the value invested in nominal debt. And in
the 1980s, Mexican holders of dollar-denominated debt lost a sizable
fraction of its value when the Mexican government, in a period of rapid
inﬂation, converted the debt to pesos and limited the rate at which
these funds could be withdrawn. Czarist bonds in Russia and Chinese
debt holdings (subsequent to the fall of the Nationalists) suﬀered a
similar fate under communist regimes.
The above examples demonstrate that in times of ﬁnancial crisis,
bonds are as likely to lose value as stocks. Although a survival bias
may impact on the levels of both the return on equity and debt, there
is no evidence to support the assertion that these crises impact differentially on the returns to stocks and bonds; hence the equity premium is not impacted. In every instance where trading equity has
been suspended, due to political upheavals, etc., governments have
either reneged on their debt obligations or expropriated much of the
real value of nominal debt through the mechanism of unanticipated
inﬂation.

4.7

Behavioral Models

Behavioral models are ones for which the postulated agents are not
“fully rational.” While this can mean that they do not have rational
expectations16 or that they do not update their beliefs using Bayes’
rule, in the context of this paper it will be taken to mean that the agents
make decisions in accordance with preferences which are not expected
utility deﬁned over consumption or wealth (indirect utility). In this
sense “habit formation” preferences are behavioral, although their successful use in explaining a wide class of phenomena has given them a
degree of acceptance not typical of the broader behavioral ﬁnance literature. While the proposed family of behavioral preference structures
16 By

this we mean, in the context of this paper, that agents know the exact probability
distribution governing all random outcomes — returns, consumption, etc. — driving the
model.
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is otherwise quite large, most have not been applied to the study of the
“equity premium” and associated puzzles.17 For this reason we restrict
our attention to (1) “Disappointment Aversion” and “Generalized Disappointment Aversion” of Gul (1991) and Routledge and Zin (2004)
and (2) to the “Prospect Theory” of Kahneman and Tervsky (1979) as
applied, most especially, by Barberis et al. (2001). A more extensive
discussion can be found in Donaldson and Mehra (2008).

4.8

Generalized Disappointment Aversion

Disappointment averse preferences place a greater utility weight on
outcomes that disappoint. For Gul (1991), this threshold is to be identiﬁed with consumption realizations that lie below the (conditional)
certainty equivalent consumption level while for Routledge and Zin
(2004) outcomes more distant from the certainty equivalent are given
special weighting.18
As in the Epstein and Zin (1989) utility construct, time and risk
preferences are separated. Their recursive intertemporal utility function
U (Ct , CEt+1 ) has the form:
 1/γ

1
1
γ
γ
Ct +
CEt+1
1−
,
(4.25)
U (Ct , CEt+1 ) =
1+ρ
1+ρ
where CEt+1 is the certainty equivalent pertaining to random consumption in the following period. In functional form (4.25), ρ is the
1
the elasticity of intertempomarginal rate of time preference and 1−γ
ral substitution.
Risk preferences and the certainty equivalent computation are speciﬁed as follows. Let us presume a pure Mehra and Prescott (1985)
setting with a ﬁnite number of states and suppose in some period t,
the output level is Yti = Y i . Temporal risk preferences are repreα
sented as a period utility function of the form u(C) = Cα (α = 0) or
17 For

the wider classes that have been used for macroeconomic studies, see Backus et al.
(2004).
18 Gul (1991) Disappointment Aversion (DA) preferences in a standard Mehra–Prescott
(1985) economy do not per se resolve the premium. Bonomo and Garcia (1993) enhance
the construct by incorporating a joint process on consumption and dividends that follow
a Markov switching model — in addition to (DA) preferences. They are able to match
the risk-free rate and the ﬁrst two moments of the premium.
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u(C) = log C(α = 0). The period t + 1 certainty equivalent consumption level CEt+1 = CEt+1 (Ỹ i ) is then endogenously determined as the
solution to the following deﬁnitional equation:
(CEt+1 (Y i ))α
α

(Y j )α
−θ
πi j
=
α

u(CEt+1 (Ỹ i )) =

j

×



Y j ≤δCEt+1 (Y i )


πi j

(Y j )α
(δCEt+1 (Y i ))α
−
α
α



(4.26)
If θ = 0, structure (4.26) reduces to the deﬁnition of a certainty equivalent in a pure expected utility context.19 Otherwise, there is a penalty,
proportional to θ, for consumption realizations that lie suﬃciently
below the endogenously determined certainty equivalent as deﬁned in
(4.8). If δ = 1, the certainty equivalent computation follows according
to Gul (1991); if δ < 1 the context is that of Routledge and Zin (2004).
Note that there is no mention of any external reference point as in the
(external) habit formation literature.
Nevertheless, the model generates counter-cyclical risk aversion,
a feature which bodes well for its asset pricing characteristics. Furthermore, GDA preferences are homothetic, linear in probabilities, and
have the same aggregation properties as CRRA expected utility structures. They admit consistent planning and Routledge and Zin (2004)
provide the axiomatic underpinnings.
Table 4.3 gives a quantitative idea of how well GDA preferences
perform in the standard Mehra and Prescott (1985) environment.
A number of these results are worthy of explicit mention. When
dividend volatility is low, GDA preferences give only modest premia; they become quite large only when σ(Yt ) = 0.10. For the data
period underlying the empirical background to the article, de-trended
19 When

θ = 0, the Gul–Routledge–Zin structures relax the independence assumption that
underlies the expected utility representation. Independence fails because mixing in some
arbitrary payoﬀ lottery with two lotteries under comparison may fundamentally change
the tail properties of each.
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Table 4.3 Equilibrium security returns and the premium: GDA preferences, various parameter combinations (all returns in percent).
A
B
Parameter choices
α
1
1
γ
1
1
θ
9
24
δ
0.9692
0.9692
ρ
0.03
0.03

C

D

E

0.5
1
9
0.9692
0.03

−2
1
9
0.9692
0.03

1
0.5
9
0.9692
0.03

F
1
−0.5
9
0.9692
0.03

σ(Yt ) = 0.05
Erf
σr e
Er e
σr e
Er p
σr p

1.74
1.26
4.30
5.72
2.56

1.56
1.44
4.68
6.14
3.12

1.72
1.62
1.25
1.23
4.33
4.46
5.68
5.52
2.61
3.84
not reported

2.45
1.21
5.07
5.86
3.86

3.89
1.11
6.63
6.14
2.74

1.56
1.44
9.66
16.26
8.10

1.72
1.62
1.25
1.23
8.17
8.59
14.27
13.80
6.45
6.97
not reported

2.45
1.21
8.86
14.55
6.65

3.89
1.11
10.46
14.91
9.35

σ(Yt ) = 0.10
Erf
σr e
Er e
σr e
Er p
σr p

1.74
1.26
8.07
14.37
6.33

Source: Table 4.3 is an amalgamation of selected results reported in Tables 1 and 2 in
Routledge and Zin (2004).
Note: The return statistics for the risk-free rate are identical for the σ(Yt ) = 0.05 and 0.10
cases because risk-free securities do not result in disappointments.

dividend volatility is on the order of 12 percent which advocates
for the model with σ(Yt ) = 0.10; Campbell (1999) argues that the
standard deviation of the dividend should be as high as 28 percent. Qualitative results generally match intuition; comparing columns
(A) and (B), the result of a greater penalty is to raise risk-free
asset prices and lower equity ones: risky securities are less desirable and the premium rises. Comparing columns (B) and (D), the
representative agent becomes atemporally more risk averse and the
premium naturally increases. In general, equity volatilities (σ(Yt ) =
0.10 case) match the data quite well; risk-free rate volatilities are
generally too small. Although not part of Table 4.3, it can also
be shown that the risk-free rate is procyclical. Overall, the results
are very good, and the model is advantaged by retaining a utility speciﬁcation deﬁned only over the agent’s consumption. Note
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also that countercyclical risk aversion is generated endogenously
within the (GDA) construct. To see this, consider the cases of
columns A and B: disappointment aversion is the only source of risk
aversion (α = 1). As a result, the pricing kernel is risk neutral in the
high growth states (no disappointing outcomes) but substantially risk
averse in the low growth states (see Routledge and Zin (2004) for a
more detailed analysis).
There is one other major structure that provides countercyclical risk
aversion: prospect theory as applied to asset pricing.

4.9

Prospect Theories

The major reference is Barberis et al. (2001). See also the work by
Barberis and Huang (2008). The idea is to postulate investors who
derive utility not only from their period-by-period real consumption,
but also over equity portfolio gains and losses relative to a plausible
benchmark.20 Roughly speaking, these investors max U (c) + V (G/L)
where G/L denotes gains or losses. That utility is deﬁned over only
equity gains/losses rather than over aggregate gains and losses to total
wealth is an illustration of the notion of “narrow framing.”
Furthermore, investors are more sensitive to losses than to gains
(this is the essence of the notion of “loss aversion”), with the extent of
the loss sensitivity depending on the agent’s prior portfolio experience.
Equity gains and losses are measured with respect to a benchmark,
and if the investor’s past experience has been to sustain losses relative
to his benchmark, then he is modeled as being more acutely sensitive
to further ones. If his recent experience has been one of equity portfolio gains, then the agent is modeled as being less sensitive to losses
(provided they are not so severe as to negate past gains). These requirements lead to a kink in the agent’s utility curve at gain = loss = 0.
Roughly speaking, loss aversion as captured in Barberis et al. (2001)
implies linear utility over gains and losses to the equity portion of an
20 See

also Benartzi and Thaler (1995). These authors postulated investors with loss averse
preferences over variations in their ﬁnancial wealth only. Without any direct connection
to consumption it is impossible to ascertain how their model might describe the joint
processes on equilibrium returns and consumption growth, for example.
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V (Xt+1 , St , zt ) =

Xt+1
λ(zt )Xt+1
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Xt+1 ≥ 0
Xt+1 < 0,

where
e
− Rtf St .
Xt+1 = St Rt+1
e
Following our customary notation, Rt+1
and Rtf , designate, respectively, the gross rates of return on stock and risk-free bonds
from period t to t + 1 and St the value of the stock portion of the
investor’s portfolio. The latter is subscripted by t alone as the riskfree rate from period t to t + 1 is solely determined by the risk-free
bond’s price in period t. Gains or losses are thus measured relative to
what would have been earned had the stock portion St of his portfolio
been invested in risk-free assets. The slope parameter λ(zt ) measures
the degree of loss sensitivity as dependent on a variable, zt , that recalls
past portfolio experience, where zt = 1 captures a case of no prior gains
or losses, zt < 1 prior gains and zt > 1 prior losses. A representative
graphical portrayal is found in Figure 4.1.
More formally, in a discrete time asset pricing context, the representative agent undertakes to assemble portfolios of the stock market index
with value St in conjunction with an aggregate valuation of risk-free

45°

V(Xt+1,St,zt)
zt<1

zt=1

Xt+1<0

zt>1

Xt+1=0

Xt+1>0

Fig. 4.1 V (Xt+1 , St , zt ): utility of equity portfolio gains or losses.
Source: From Barberis et al. (2001).

Xt+1
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bonds, Bt , so as to solve:

∞
 C 1−γ
+ bt β t+1 V (Xt+1 , St , zt ) ,
βt t
max E
1−γ

(4.27)

t=0

where the ﬁrst term is the standard discounted utility of consumption
under CRRA utility, and the second, V (), captures the utility/disutility
of gains and losses, Xt+1 , in the stock market portion of the optimal
portfolio, St ; the zt term is as indicated above. The standard period t
budget constraint and the constraint governing the evolution of wealth
are, respectively,
Ct + St + Bt ≤ Wt

(4.28)

e
Wt+1 = St Rt+1
+ Bt Rtf ,

(4.29)

where Wt represents period t wealth and St , Bt the amounts of it
allocated to stock and risk-free bonds post consumption, Ct , in period t.
It remains to detail the precise form of V (). Barberis et al. (2001)
postulate

e
Xt+1
Rt+1
≥ zt Rtf , and zt ≤ 1



f
f

e

Rt+1
< zt Rtf , and zt ≤ 1
St (zt Rt − Rt )
e
V (Xt+1 , St , z)t =
− zt Rtf ),
+ λSt (Rt+1


e

Rt+1
≥ Rtf , and zt > 1
Xt+1



e
Rt+1
< Rtf , and zt > 1,
λ(zt )Xt+1
(4.30)
where λ(zt ) and zt+1 evolve according to
λ(zt ) = λ + k(zt − 1),
and


zt+1 = η zt

R̄e
e
Rt+1

+ (1 − η)1,

(4.31)

(4.32)

where λ > 1, η > 0, k > 0 are constants and zt is an index which captures whether the investor has recently experienced gains (zt ≤ 1) or
losses (zt > 1).
Some careful interpretation is in order. Equation (4.32) describes the
evolution of the historical experience variable, zt , where R̄e amounts
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to the average stock return and η is a parameter which captures the
memory in the adjustment process.21 If equity returns are much less
e
> 1), this experience tends to increase zt+1 > zt
than average (R̄e /Rt+1
since η ≥ 0. If η = 0, Equation (4.30) suggests that zt ≈ 1 or that prior
gains and losses have an immediate eﬀect on the investor’s risk attitude. If η = 1 then the benchmark adjusts slowly. Note that λ(zt ), the
loss sensitivity, is increasing in zt . Otherwise, bt = b0 C̄ −γ , where C̄ −γ
is purely a scaling factor which is included to maintain stationarity in
the equilibrium asset return distributions and b0 determines the relative utility of gains and losses vs. the utility of consumption. There is,
however, no formal proof that investor preferences of this type survive
aggregation and no axiomatic foundation for their existence.
It remains to close the economy by specifying the exogenous dividend and consumption processes (as in any exchange model there is
one equity security outstanding, and risk-free bonds are priced in zero
net supply). Barberis et al. (2001) consider a number of scenarios. We
ﬁrst report the one which is in the spirit of a pure Mehra and Prescott
(1985) setting.


Dt+1
=
log
= gc + σc ε̃t+1 , where ε̃t+1 ∼ i.i.d. N(1, 0),
log CCt+1
Dt
t
where gc = 1.84 and σc = 3.79 (both expressed in percent) as estimated from data for the period 1926–1995. The results are presented
in Table 4.4.
Table 4.4 The equity premium in a model with loss aversion (annualized returns in percent).
b0 = 0.7 b0 = 2 b0 = 100 b0 = 7
b0 = 2 b0 = 100
k=3
k=3
k=3
k = 150 k = 100 k = 50
log r f
0.58
3.79
3.79
3.79
3.79
3.79
3.79
E log rP
6.03
0.63
0.88
1.26
3.50
3.66
3.28
20.02
4.77
5.17
5.62
10.43
10.22
9.35
σ log r P
Sharpe Ratio
0.3
0.13
0.17
0.22
0.34
0.36
0.35
Average Loss Aversion
2.25
2.25
2.25
10.7
7.5
4.4
Source: This is Table II of Barberis et al. (2001).
Notes: γ = 1, β = 0.98, λ = 2.25, η = 0.9, gc = 1.84%, σc = 3.79%; Under their speciﬁcation,
it can be shown that log rf is constant.

21 R̄e

is actually determined within the model in order that, at equilibrium, the median
value of Zt ≡ 1. This turns out, not surprisingly, to be approximately the average equity
return.
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Note that for very large k — which leads via Equation (4.29) to very
high loss aversion in some states of the world, the premium can rise
to a level of 3.50 percent in conjunction with about half (10.4 percent)
the observed historical equity return volatility. Increases in the value
of the parameter b0 , which place greater overall relative weight on the
utility of gains and losses also lend to increase the premium but only to
1.26 percent when b0 = 100. Clearly, it is the loss aversion parameter
that has the power.
Table 4.5 presents results when the consumption and dividend processes are speciﬁed independently:

Ct+1
= gc + σc ξ˜t+1
log
Ct

Dt+1
= gD + σD ε̃t+1
log
Dt


ξt
εt


∼ i.i.d. N


0
1
,
0
w

w
1

.

Comparing Tables 4.4 and 4.5, it is apparent that separating consumption from dividends has a substantial eﬀect on raising the premium, and on increasing return volatilities. This is not qualitatively
entirely surprising, since there is now much greater dividend volatility — which makes equities more volatile — and this in turn aﬀects
an agent’s V () utility much more signiﬁcantly. Although stock returns
Table 4.5 The equity premium in a model with loss aversion and distinct consumption and
dividend processes (all return measures in percent).

log r f
E log rP
σ log r P
Sharpe
ratio 

Ct+1
P
ρ C
, rt+1
t

b0 = 0.7
k=3
0.58
3.79
6.03
1.3
20.02 17.39
0.3
0.07
0.10

0.15

b0 = 2
k=3
3.79
2.62
20.87
0.13

b0 = 100
k=3
3.79
3.68
20.47
0.18

b0 = 0.7
k = 20
3.79
5.17
25.85
0.20

b0 = 2
k = 10
3.79
5.02
23.84
0.21

0.15

0.15

0.15

0.15

b0 = 100
k=8
3.79
5.88
24.04
0.24
0.15

Average loss aversion
2.25
2.25
2.25
5.8
3.5
3.2
Notes: gD = gC = 1.84, σC = 3.79, σD = 0.12, w = 0.15, η = 0.9, γ = 1, β = 0.98, λ = 2.25.
Source: This table is drawn from Table III in Barberis et al. (2001).
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are now less highly correlated with consumption (Table 4.5), this does
not matter since the investor is concerned about stock market volatility per se. This latter fact more than compensates for the correlation
diminution. By way of contrast, this feature is relatively unproductive in habit style models as the increased volatility of returns is oﬀset
by its reduced correlation with consumption; the net consequence is
very little change in the premium. An increase in the parameter k, by
increasing loss aversion, has a similarly salutary eﬀect on the premium
as in Table 4.4.
Loss aversion/narrow framing is an appealing idea, and Barberis
et al. (2001) analyze its equilibrium asset pricing implications in a careful and thorough way. There is, however, a sense in which their study is
premature. In particular, we as yet lack choice theoretic underpinnings
and the aggregation properties are as yet unconﬁrmed (strict aggregation will not hold).
The diﬃculty that several model classes have collectively had in
explaining the equity premium as a compensation for bearing risk leads
us to conclude that perhaps it is not a “risk premium” but rather due
to other factors. We consider these in the next section.

5
Non-Risk Based Explanations of the Equity
Premium

In this section we review the literature that takes as given the ﬁndings in
Mehra and Prescott (1985) and tries to account for the equity premium
by factors other than aggregate risk. Much of this literature re-examines
the appropriateness of the abstractions and assumptions made in our
original paper. In particular, borrowing constraints, the appropriateness of using T-bills as a proxy for the intertemporal marginal rate
of substitution of consumption, the abstraction from taxes, diversiﬁcation and intermediation costs, regulations and agent heterogeneity. We
consider each in turn and examine the impact on the equity premium.

5.1

Borrowing Constraints

In models with borrowing constraints and transaction costs, the eﬀect is
to force investors to hold an inventory of bonds (precautionary demand)
to smooth consumption. Hence in inﬁnite horizon with borrowing constraints, agents come close to equalizing their marginal rates of substitution with little eﬀect on the equity premium.1 Some recent attempts
to resolve the puzzle incorporating both borrowing constraints and con1 This

is true unless the supply of bonds is unrealistically low. See Aiyagari and Gertler
(1991).
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sumer heterogeneity appear promising. One approach, which departs
from the representative agent model, has been proposed in Constantinides et al. (2002).
In order to systematically illustrate these ideas, the authors construct an overlapping-generations (OLG) exchange economy in which
consumers live for three periods. In the ﬁrst period, a period of human
capital acquisition, the consumer receives a relatively low endowment
income. In the second period, the consumer is employed and receives
wage income subject to large uncertainty. In the third period, the
consumer retires and consumes the assets accumulated in the second
period.
The authors explore the implications of a borrowing constraint by
deriving and contrasting the stationary equilibria in two versions of
the economy. In the borrowing-constrained version, the young are prohibited from borrowing and from selling equity short. The borrowingunconstrained economy diﬀers from the borrowing-constrained one only
in that the borrowing constraint and the short-sale constraint are
absent.
An unconstrained representative agent’s maximization problem is
formulated as follows. An agent born in period t solves:
max E

e , zb
{zt,i
t,i }

 2



β i U (Ct,i )

(5.1)

i=0

s.t.
e
b
+ qtb zt,0
≤ w0
ct,0 + qte zt,0

(5.2)

 e

 b
 b
e ze + qb zb ≤ qe
1
ct,1 + qt+1
t,1
t+1 t,1
t+1 + dt+1 zt,0 + qt+1 + b zt,0 + wt+1
(5.3)
 e
 e
 b
 b
ct,2 ≤ qt+2
+ dt+2 zt,1
+ qt+2
+ b zt,1
ct,j is the consumption in period t + j (j = 0, 1, 2) of a consumer born
in period t. There are two types of securities in the model, bonds, and
equity with ex-coupon and ex-dividend prices qtb and qte respectively.
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Bonds are a claim to a coupon payment b every period, while the
equity is a claim to the dividend stream {dt }. The consumer born in
period t receives deterministic wage income w0 > 0 in period t, when
1
> 0 in period t + 1, when middleyoung; stochastic wage income wt+1
aged; and zero wage income in period t + 2, when old. The consumer
e shares of stock and z b bonds when young. The consumer
purchases zt,0
t,0
e and z b , respectively, when middle-aged.
adjusts these holdings to zt,1
t,1
e =0
The consumer liquidates his/her entire portfolio when old. Thus zt,2
b
and zt,2 = 0.
When considering the borrowing constrained equilibrium the fole = 0 and z b = 0.
lowing additional constraints are imposed: zt,0
t,0
The model introduces two forms of market incompleteness. First,
consumers of one generation are prohibited from trading claims against
their future wage income with consumers of another generation.2 Second, consumers of one generation are prohibited from trading bonds
and equity with consumers of an unborn generation. They build on the
observation that absent a complete set of contingent claims, consumer
heterogeneity in the form of uninsurable, persistent and heteroscedastic idiosyncratic income shocks, with counter-cyclical conditional variance, can potentially resolve empirical diﬃculties encountered by
representative-consumer models.3
The novelty of their paper lies in incorporating a life-cycle feature
to study asset pricing. The idea is appealingly simple. As discussed earlier, the attractiveness of equity as an asset depends on the correlation
between consumption and equity income. If equity pays oﬀ in states of
high marginal utility of consumption, it will command a higher price,
(and consequently a lower rate of return), than if its payoﬀ is in states
where marginal utility is low. Since the marginal utility of consumption
varies inversely with consumption, equity will command a high rate of
return if it pays oﬀ in states when consumption is high, and vice versa.4
2 Being

homogeneous within their generation, consumers have no incentive to trade claims
with consumers of their own generation.
3 See Mankiw (1986) and Constantinides and Duﬃe (1996).
4 This is precisely the reason why high-beta stocks in the simple CAPM framework have a
high rate of return. In that model, the return on the market is a proxy for consumption.
High-beta stocks pay oﬀ when the market return is high, i.e., when marginal utility is low,
hence their price is (relatively) low and their rate of return is high.
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A key insight of their paper is that as the correlation of equity
income with consumption changes over the life cycle of an individual,
so does the attractiveness of equity as an asset. Consumption can be
decomposed into the sum of wages and equity income. A young person
looking forward at his life has uncertain future wage and equity income;
furthermore, the correlation of equity income with consumption will not
be particularly high, as long as stock and wage income are not highly
correlated. This is empirically the case, as documented by Davis and
Willen (2000). Equity will thus be a hedge against ﬂuctuations in wages
and a “desirable” asset to hold as far as the young are concerned.
The same asset (equity) has a very diﬀerent characteristic for the
middle-aged. Their wage uncertainty has largely been resolved. Their
future retirement wage income is either zero or deterministic and the
innovations (ﬂuctuations) in their consumption occur from ﬂuctuations
in equity income. At this stage of the life cycle, equity income is highly
correlated with consumption. Consumption is high when equity income
is high, and equity is no longer a hedge against ﬂuctuations in consumption; hence, for this group, it requires a higher rate of return.
The characteristics of equity as an asset therefore change, depending on who the predominant holder of the equity is. Life cycle
considerations thus become crucial for asset pricing. If equity is a “desirable” asset for the marginal investor in the economy, then the observed
equity premium will be low, relative to an economy where the marginal
investor ﬁnds it unattractive to hold equity. The deus ex machina is
the stage in the life cycle of the marginal investor.
The authors argue that the young, who should be holding equity
in an economy without frictions and with complete contraction, are
eﬀectively shut out of this market because of borrowing constraints.
The young are characterized by low wages; ideally they would like to
smooth lifetime consumption by borrowing against future wage income
(consuming a part of the loan and investing the rest in higher return
equity). However, they are prevented from doing so because human
capital alone does not collateralize major loans in modern economies
for reasons of moral hazard and adverse selection.
In the presence of borrowing constraints, equity is thus exclusively
priced by the middle-aged investors, since the young are eﬀectively
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excluded from the equity markets and we observe a high equity premium. If the borrowing constraint is relaxed, the young will borrow
to purchase equity, thereby raising the bond yield. The increase in the
bond yield induces the middle-aged to shift their portfolio holdings from
equity to bonds. The increase in demand for equity by the young and
the decrease in the demand for equity by the middle-aged work in opposite directions. On balance, the eﬀect is to increase both the equity and
the bond return while simultaneously shrinking the equity premium.
Furthermore, the relaxation of the borrowing constraint reduces the
net demand for bonds and the risk-free rate puzzle re-emerges.

5.2

The Choice of a Riskless Asset

In the two decades since “The Equity Premium: A Puzzle” was published, the way we think about economic phenomena has undergone a
fundamental change, inﬂuenced in large measure by the development of
Real Business Cycle theory by Kydland and Prescott (1982). One ﬁnding of the real business cycle literature is that the real after-tax return
on capital, that is the after tax capital income divided by the cost of
reproducing the tangible capital stock averages 4.5 percent with modest
variation over time. A key question is: what is the empirical counterpart
to the household’s real interest rate? Mehra and Prescott (1985) used
the highly liquid T-bill rate, corrected for expected inﬂation as a proxy
for the return on the riskless asset that is used by agents to smooth
consumption. The appropriateness of this assumption was questioned
by McGrattan and Prescott (2003) and more recently by Mehra and
Prescott (2008a). The remainder of this section closely follows the discussion in these papers.
An assumption implicit in Mehra and Prescott (1985) is that agents
use both equity and the riskless asset to intertemporally smooth consumption. This is a direct consequence of the ﬁrst-order condition
(below) for the representative household in their model, which saves
by optimally allocating resources between equity and riskless debt.

0 = Et


Uc (ct+s ) e
d
(r
− rt,t+s ) .
Uc (ct ) t,t+s

(5.4)
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Equation (5.4) is the standard asset pricing equation in macroeconomics and ﬁnance. Uc (ct+s ) is the marginal utility of consumption
e
d
, and rt,t+s
are, respectively, the return on equity
at time t + s, rt,t+s
and the riskless asset over the period t, t + s, and Et is the expectation
conditional on the agent’s information set at time t.
Is it reasonable to assume that the return on T-bills is equal to
the real interest rate that households’ use to save for retirement and
smooth consumption? Do households actually hold T-bills to ﬁnance
their retirement? If this were empirically true, it would be reasonable
to equate their expected marginal rate of substitution of consumption
to the rate of return on T-bills.
This question cannot be answered in the abstract, without reference
to the asset holdings of households. A natural next step then is to examine the assets held by households. Table 5.1 details these holdings for
American households. The four big asset-holding categories of households are tangible assets, pension and life insurance holdings, equity
(both corporate and non corporate), and debt assets.
In the year 2000, privately held government debt was only 0.30 GDP,
a third of which was held by foreigners. The amount of interest bearing
government debt with maturity less than a year was only 0.085 GDP,
which is a small fraction of the total household net worth. Virtually
no T-bills are directly owned by households.5 Approximately one-third
of the outstanding T-bills are held by foreigners, in particular foreign
central banks, and two-thirds by American ﬁnancial institutions.
Although there are large amounts of debt assets held, most of these
are in the form of pension fund and life insurance reserves. Some are
Table 5.1 Household assets and liabilities (average of 2000 and 2005).
Assets (GDP)
Tangible household assets
Corporate equity
Non corporate equity
Pension and life insurance reserves
Debt assets

1.65
0.85
0.5
1.0
0.85

Total

4.85

5 Table

B-89, Economic Report of the President (2005).

Liabilities (GDP)
Liabilities
0.7
Net worth
4.15

Total

4.85
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in the form of demand deposits for which free services are provided.
Most of the government debt is held indirectly, though some is in form
of savings bonds that people gift to their grandchildren.
Thus, much of intertemporal savings done in the form of debt assets,
is in assets such as annuities and mortgage debt held in retirement
accounts and as pension fund reserves. Other assets, not T-bills are
held to ﬁnance consumption when old.
A natural question then is who holds T-bills and do the holders use
them to intertemporally smooth consumption? A large fraction of the
stock of short-term US T-bills are held by foreign central banks and
are used to smooth exchange rates. These central banks are not using
these assets to equate the marginal utility of consumption today to the
expected discounted marginal utility of consumption tomorrow.
US households do hold a sizable quantity of close substitutes for
T-bills. These including checking accounts, money market accounts,
and bank CDs with maturity of a year or less. They are of the order of
magnitude of 0.50 times GDP. However, these short-term liquid assets
with low expected return are held, in most part, for reasons other than
saving for retirement. These include:
5.2.1

Liquidity

A part of these assets are held for liquidity purposes and as precautionary balances. The latter serve as a substitute for insurance against
idiosyncratic risk, which is both large and very costly to insure against
because of the associated moral hazard.
When this is the case, in the household’s maximization problem
there is a Lagrange multiplier that is not zero and as a result the
expected returns are less than that predicted by a theory that abstracts
from the holding of liquid assets as a substitute for insurance against
idiosyncratic risk.
One of the ﬁrst attempts to quantify this liquidity premium was
the work of Bansal and Coleman (1996). In their model, some assets
other than money play a key feature by facilitating transactions. This
aﬀects the rate of return they oﬀer in equilibrium. Considering the role
of a variety of assets in facilitating transactions, they argue that, on
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the margin, the transaction service return of money relative to interest
bearing checking accounts should be the interest rate paid on these
accounts. They estimate this to be 6 percent based on the rate oﬀered
on NOW accounts for the period they analyze. Since this is a substantial number, they suggest that other money-like assets may also implicitly include a transaction service component to their return. Insofar as
T-bills and equity have a diﬀerent service component built into their
returns, this may oﬀer an explanation for the observed equity premium.
5.2.2

Transaction Balances

There are large transaction costs associated with moving into and out of
high yielding assets. A large component is record keeping. With assets
whose price varies, there are capital gains or loses with every sale of
these assets. Every gain or loss must be reported on the annual tax
form. This is why money market accounts hold debt securities until
they mature. Hence there are no capital gains or loses associated when
an individual buys or sells shares in his money market account. All that
the money market mutual fund need report to its shareholders is an
annual statement of the interest they received on the 1099 form. This
is a major reason that sizable quantities of currency and non-interest
bearing demand deposits are held. We note that Ml is about 15 percent
of GDP.
Brokerage charges were (and perhaps continue to be for some)
another signiﬁcant cost associated with getting into and out of higher
yielding securities such as stocks and bonds. It is true that discount
brokers now exist, but gaining the prerequisite knowledge is costly in
terms of time. If the holding period is short, even for a risk neutral
investor it makes no sense for the investor to buy and later sell stocks
unless the expected return on stocks is huge.
Based on the above insights, both McGrattan and Prescott (2003)
and Mehra (2007), Mehra and Prescott (2007, 2008b) conclude that
T-bills and short-term debt are not a reasonable empirical counterpart
of the household interest rate in Equation (5.4). Hence, it would be
inappropriate to equate the return on these assets to the marginal rate
of substitution for an important group of agents.

60 Non-Risk Based Explanations of the Equity Premium
McGrattan and Prescott (2003), who are concerned with diﬀerences in the return on debt and equity held to ﬁnance retirement,
use long term high grade municipal bonds as their measure of the
long term household interest rate during the Gold Standard period
1880–1934. They note that as these bonds were tax exempt and were
held directly by individuals, no further adjustment for taxes and intermediation costs is required. They not adjust for inﬂationary expectations arguing that prices were expected to be stable during this period.
For the post World War II and Korean War period 1960–2002, they
use “the highest grade corporate bonds which were held primarily in
tax-deferred pension funds.” To account for inﬂationary expectations
they subtract the inﬂation rate for the previous 10 years. Since there
were government regulations during the inter war years that impact
upon bond returns (see below), they used NIPA capital returns for
these years. Their results are plotted in Figure 5.1. The returns for the
entire period are seen to be remarkably close to 4 percent, considerably
higher than the 0.8 percent return for T-bills reported by Mehra and
Prescott (1985).
Mehra and Prescott (2007, 2008a,b) argue that an inﬂation indexed
default free bond portfolio that has a similar duration to a welldiversiﬁed equity portfolio would be a reasonable proxy for a risk-free

Fig. 5.1
Source: McGrattan and Prescott (2003).
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asset used for consumption smoothing. For most of the 20th century,
equity has had an implied duration of about 25 years so a portfolio
of TIPS of a similar duration would be a reasonable proxy, but TIPS
have only relatively recently (1997) been introduced in the US capital
markets, and it is diﬃcult to get accurate estimates of the mean return
on this asset class. The average return for the 1997–2005 period was
3.7 percent. As an alternative (though imperfect) proxy, McGrattan
and Prescott suggest the use of returns on indexed mortgages guaranteed by Ginnie Mae or issued by Fannie Mae. Using these indexed
default free securities as a benchmark reduces the magnitude of the
equity premium to something in the range of 2%–4%, depending on the
benchmark used.
Recent work by Krishnamurthy and Vissing-Jorgensen (2007) provides evidence for a convenience yield on all treasury securities (not
limited to T-bills). They document that the Debt/GDP ratio in the
United States is negatively correlated with the spread between corporate bond yields and treasury bond yields and claim that the result
holds even when controlling for the default risk of corporate bonds.
They argue that the corporate bond spread reﬂects a convenience yield
that investors attribute to Treasury debt. This yield, which varies with
the Debt/GDP ratio, is in range of 0.2–1.6 percent.
This ﬁnding, if it holds up, provides additional evidence that returns
on even long dated treasury securities probably underestimate the
marginal rate of intertemporal substitution of consumption and further strengthen the arguments in McGrattan and Prescott (2003) and
Mehra and Prescott (2007, 2008a,b).

5.3

The Eﬀect of Government Regulations and Rules

McGrattan and Prescott (2003) argue that the estimated average
return on debt assets in United States (including T-bills) over the
period 1926–2000 is biased downwards because of various regulations
(speciﬁcally W and X) that helped the treasury keep nominal rates
below 2.5 percent during the 1941–1954 period. Table 5.2 shows that
the return on debt securities during the 1941–1954 period was considerably lower than their long-term average value. This serves as a reminder
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Table 5.2 US Inﬂation adjusted average return on debt.
Period
US treasury bills
Intermediate-term government bonds
Long-term government bonds
Long-term corporate bonds
Source: Ibbotson Associates (2006).

1926–2000 (%)
0.8
2.4
2.7
3.0

1926–1940 +
1955–2000 (%)
1.8
3.6
3.8
4.1

1941–1954 (%)
−3.6
−2.7
−1.9
−1.9

that governments can pursue regulatory policies that result in negative
interest rates over an extended period of time. Clearly these rates have
little to do with an agent’s marginal rate of substitution that would be
inferred were there no regulations. Such regulatory periods should be
excluded in estimating the long-term average rates on debt securities.
The third column in Table 5.2 shows how the conventionally
used numbers (in column two) change when the 1941–1954 period is
excluded. The estimated average rates increase by about 1 percent for
all asset classes.
Mehra and Prescott (2007, 2008a,b) point out that in the case of
T-bills a further adjustment needs to be made to the returns in the
1930s. During that period, in some states, T-bills were exempt from
personal property taxes while cash was not. This created an excess
demand for the T-bills and they sold at a premium. Again, these rates
of return have little to do with the marginal rate of substitution of
consumption over time. The eﬀect of these adjustments is to further
reduce the magnitude of the equity premium relative to T-bills.
To summarize: using the return on a risk-free asset that is used for
saving as a proxy for the intertemporal marginal rate of substitution
of consumption (instead of a T-bill return) can signiﬁcantly reduce the
equity premium. Adjusting debt returns for government regulations
further reduces the premium by 1 percent irrespective of the debt asset
used as a benchmark.

5.4

Taxes

McGrattan and Prescott (2003) point out that although taxes on equity
income were low until the mid 30s they rose dramatically during the
war years. They argue that equity returns should be adjusted to reﬂect
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Fig. 5.2 The marginal tax rates on equity income distributions.
Source: McGrattan and Prescott (2003).

this, specially because of regulations that discouraged insurance companies and pension funds from holding equity in tax deferred accounts.
They use IRS data to compute the marginal tax rates on equity income
distributions. Figure 5.2 is a plot of the marginal tax rates on equity.
These rates peaked at about 50 percent.
Consider the case where the tax on corporate distributions is
increased from 0 percent to 50 percent and the additional revenue
collected is lump summed back to households. If all investments are
ﬁnanced by retained earnings, as is nearly always the case, the value
of the stock will be twice as high when the distribution tax rate is
zero as when this tax rate is 50 percent. A consequence of this is that
the return on equity computed in the standard way will be twice as
high when the tax on distribution is 50 percent. This is important
because there have been large changes in the tax rate on corporate distributions to owners. Figure 5.2 plots the distribution tax rate for the
United States.
McGrattan and Prescott use this to compute the after tax equity
returns to households after making a number of other adjustments to
account for inﬂation, diversiﬁcation costs and the fact that some equity
was not taxed or was tax deferred. Figure 5.3 is a plot of their estimate
of the after tax return on equity.

64 Non-Risk Based Explanations of the Equity Premium

Fig. 5.3 Estimation of the after tax return on equity.
Source: McGrattan and Prescott (2003).

An interesting question that arises from their analysis is, why
was the return on corporate equity so high in the 1960–2000 period?
McGrattan and Prescott (2003, 2005) answer this question in the process of estimating the fundamental value of the stock market in 1962
and 2000. They chose these two points in time because, relative to
GDP, after-tax corporate earnings, net corporate debt, and corporate
tangible capital stock were approximately the same and the tax system
had been stable for a number of years. Further, at neither point in time
was there any fear of full or partial expropriation of capital.
What diﬀered was that the value of the stock market relative to
GDP in 2000 was nearly twice as large as in 1962.
What changed between 1962 and 2000 were the tax and legalregulatory systems. The marginal tax rate on corporate distributions
was 43 percent in the 1955–1962 period and only 17 percent in the 1987–
2000. This marginal tax rate on dividends does not have consequences
for steady-state after-tax earnings or steady-state corporate capital, if
tax revenues are returned as a lump sum to households. This tax rate
does however have consequences for the value of corporate equity.
The important changes in the legal-regulatory system, most of
which occurred in the late 1970s and early 1980s, were that corporate equity was permitted to be held as pension fund reserves and
that people could invest on a before tax basis in individual retirement
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accounts that could include equity. The threat of a lawsuit is why debt
assets and not equity with higher returns were held as pension fund
reserves in 1962. At that time, little equity was held in deﬁned contribution plans retirement accounts because the total assets in these
accounts were then a small number. Thus, debt and not equity could
be held tax free in 1962. In 2000, both could be held tax-free in deﬁned
beneﬁt and deﬁned contribution pension funds and in individual retirement accounts. Not surprisingly, the assets held in untaxed retirement
accounts are large in 2000, being approximately 1.3 GDP (McGrattan
and Prescott, 2000).
McGrattan and Prescott (2000, 2005) in determining whether the
stock market was overvalued or undervalued vis-à-vis standard growth
theory exploit the fact that the value of a set of real assets is the sum
of the values of the individual assets in the set. They develop a method
for estimating the value of intangible corporate capital, something that
is not reported on balance sheets and, like tangible capital, adds to the
value of corporations. Their method uses only national account data
and the equilibrium condition that after-tax returns are equated across
assets. They also incorporate the most important features of the US
tax system into the model they use to determine the value of corporate
equity, in particular, the fact that capital gains are only taxed upon
realization.
The formula they develop for the fundamental value of corporate
equities V is
V = (1 − τd )KT + (1 − τd ) (1 − τc ) KI

(5.5)

where
τd is the tax rate on distributions,
τc is the tax rate on corporate income,
KT is the end-of-period tangible corporate capital stock at reproduction cost, and

KI is the end-of-period intangible corporate capital stock at
reproduction cost.
The reasons for the tax factors are as follows. Corporate earnings
signiﬁcantly exceed corporate investment, and as a result, aggregate
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corporate distributions are large and positive. Historically these distributions have been in the form of dividends. Therefore, the cost of a
unit of tangible capital on the margin is only 1 − τd units of forgone
consumption. In the case of intangible capital, the consumption cost
of a unit of capital is even smaller because investments in intangible
capital reduce corporate tax liabilities.6
The tricky part of the calculation is in constructing a measure of
intangible capital. These investments reduce current accounting profits and the returns on the existing stock of intangible capital but
increase future accounting proﬁts. The formula for steady-state, pre-tax
accounting proﬁts is
π=

i
KT + i KI − g KI ,
1 − τc

(5.6)

where g is the steady-state growth rate of the economy and the interest rate i, the steady-state after-tax real interest rate. Note that g KI
is steady-state net investment in intangible capital, which reduces
accounting proﬁts because it is expensed. Note also, all the variables
in formula (5.6) are reported in the system of national accounts with
the exception of i and KI .
McGrattan and Prescott (2005) estimate i using national income
data. Their estimate of i is the after-tax real return on capital in the
non corporate sector, which has as much capital as the corporate sector.
They ﬁnd that the stock market was neither overvalued nor undervalued in 1962 and 2000. The primary reason for the low valuation in 1962
relative to GDP and high valuation in 2000 relative to GDP is that τd
was much higher in 1962 than it was in 2000. The secondary reason
is that the value of foreign subsidiaries of US corporations grew in the
period. An increase in the size of the corporate intangible capital stock
was also a contributing factor.
McGrattan and Prescott (2005) ﬁnd that in the economically and
politically stable 1960–2000 period, the after-tax real return on holding corporate equity was as predicted by theory if the changes in the
6 In

fact, formula (5.5) must be adjusted if economic depreciation and accounting depreciation are not equal and if there is an investment tax credit. See McGrattan and Prescott
(2005).
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tax and regulatory system were not anticipated. These unanticipated
changes led to a large unanticipated capital gain on holding corporate
equity. Evidence of the importance of these changes is that the share
of corporate equity held in retirement accounts and as pension fund
reserves increased from essentially zero in 1962 to slightly over 50 percent in 2000. This is important because it means that half of corporate
dividends are now subject to zero taxation.
In periods of economic uncertainty, such as those that prevailed in
the 1930–1955 period with the Great Depression, World War II, and the
fear of another great depression, the survival of the capitalistic system
was in doubt. In such times, low equity prices and high real returns
on holding equity are not surprising. This is the Brown et al. (1995)
explanation of the equity premium. By 1960, the fears of another great
depression and of an abandonment of the capitalistic system in the
United States had vanished, and clearly other factors gave rise to the
high return on equity in the 1960–2000 period.

5.5

Agent Heterogeneity and Intermediation Costs

A limitation of the homogenous household construct is that it precludes
the modeling of borrowing and lending amongst agents. In equilibrium,
the shadow price of consumption at date t + 1 in terms of consumption at date t is such that the amount of borrowing and lending is
zero. Homogenous household models are thus incapable of matching
the quantities of assets held and intermediated.
To address this issue, Mehra and Prescott (2008b) construct a model
economy that incorporates agent heterogeneity in the form of diﬀerences in the strength of the bequest motive. In light of their earlier
ﬁnding (1985) that the premium for bearing non-diversiﬁable aggregate risk is small, their analysis abstracts from aggregate risk. The only
uncertainty that agents face is idiosyncratic risk about the duration
of their lifetime after retirement. Agents enter the retirement phase of
their life cycle with wealth accumulated during their working years.
They have identical preferences for consumption; however, they diﬀer
with respect to their intensity for bequests. In equilibrium, those with a
strong bequest motive accumulate equity assets and, when retired, live
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oﬀ the income of these assets. The households with no bequest motive
buy annuities during their working years and consume the annuity beneﬁts over their retirement years.
The incorporation of agent heterogeneity allows them to capture
a key empirical fact — that there is a large amount of borrowing
and lending between households, in particular, between older households. This borrowing is done either directly, by issuing mortgages to
ﬁnance owner occupied housing or indirectly, by owning partially debt
ﬁnanced rental properties through direct or limited partnerships or
REITS. They abstract from the small amount of borrowing and lending
directly between households and assume that all of it is intermediated
through ﬁnancial institutions such as banks and pension funds. For the
United States, in 2005 the amount intermediated was approximately
1.6 times the GDP.
The intermediation technology is constant returns to scale with
intermediation costs being proportional to the amount intermediated.
To calibrate the constant of proportionality, they use Flow of Funds
statistics and data from National Income and Product Accounts. The
calibrated value of this parameter equals the net interest income of
ﬁnancial intermediaries, divided by the quantity of intermediated debt
and is a little over 2 percent.
In the absence of aggregate uncertainty, the return on equity and
the borrowing rate are identical, since the agents who borrow are also
marginal in equity markets. In their framework, government debt is
not intermediated and thus its return is equal to the lending rate.
The equity premium relative to government debt is the intermediation spread. The divergence between borrowing and lending rates gives
rise to a 2 percent equity premium even in a world without aggregate
uncertainty.

6
Concluding Comments

In this review, we have provided a glimpse of the vast literature on the
equity premium puzzle. As a result of these research eﬀorts, we have
a deeper understanding of the role and importance of the abstractions
that contribute to the puzzle. While no single explanation has fully
resolved the anomaly, considerable progress has been made and the
equity premium is a lesser puzzle today than it was 25 years ago.
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Appendix

Expanding the set of technologies in a pure exchange, Arrow–Debreu
economy to admit capital accumulation and production as in Brock
(1979), Prescott and Mehra (1980) or Donaldson and Mehra (1984)
does not increase the set of joint equilibrium processes on consumption
and asset prices. Since the set of equilibria in a production company is
a subset of those in an exchange economy, it follows immediately that if
the equity premium cannot be accounted for in an exchange economy,
modifying the technology to incorporate production will not alter this
conclusion.1
To see this, let θ denote preferences, τ technologies, E the set of
the exogenous processes on the aggregate consumption good, P the set
of technologies with production opportunities, and m(θ, τ ) the set of
equilibria for economy (θ, τ ).
Theorem


m(θ, τ ) ⊃

τ εE
1 The


τ εP

discussion below is based on Mehra (1998).
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Proof. For θ0 ∈ θ, and τ0 ∈ P , let (a0 , c0 ) be a joint equilibrium process on asset prices and consumption. A necessary condition for equilibrium is that the asset prices a0 be consistent with c0 , the optimal
consumption for the household with preferences θ0 . Thus, if (a0 , c0 ) is
an equilibrium then
a0 = g(c0 , θ),
where g is deﬁned by the ﬁrst-order necessary conditions for household maximization. This functional relation must hold for all equilibria, regardless of whether they are for a pure exchange or a production
economy.
Let (a0 , c0 ) be an equilibrium for some economy (θ0 , τ0 ) with τ0 ∈ P .
Consider the pure exchange economy with θ1 = θ0 and τ1 = c0 . Our
contention is that (a0 , c0 ) is a joint equilibrium process for asset prices
and consumption for the pure exchange economy (θ1 , τ1 ). For all pure
exchange economies, the equilibrium consumption process is τ , so
c1 = τ1 = c0 , given more is preferred to less. If c0 is the equilibrium
process, the corresponding asset price must be g(c0 , θ1 ). But θ1 = θ0
so g(c0 , θ1 ) = g(c0 , θ0 ) = a0 . Hence a0 is the equilibrium for the pure
exchange economy (θ1 , τ1 ), proving the theorem.
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