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1 Introduction

A large equity premium is one of the more robust findings in financial eco-
nomics. On US-data, for example, over the period of 1802 to 1998 Siegel
(1998) reports an excess return of U.S. Stocks over U.S. Bonds of about 7%
to 8% p.a.. Similar results have been found for other periods and across other
countries. This empirical finding is usually seen as puzzling because it is hard
to reconcile with the standard consumption based asset pricing model orig-
inating from Lucas (1978) and Breeden (1979). The problem, first pointed
out by Grossman and Shiller (1981) and Mehra and Prescott (1985), is that
the parameter values for agents’ risk aversion that are found to be consistent
with the equity premium are much higher than those found in laboratory
experiments measuring agents‘s risk aversion.

In this paper we argue that the equity premium puzzle stems from a
mismatch of applying mental accounting to experiments on risk aversion but
not to the standard consumption based asset pricing model. If, as we suggest,
one applies mental accounting consistently in both areas the degrees of risk
aversions obtained coincide and the equity premium puzzle is gone.

The behavioral principle of mental accounting goes back to Tversky and
Kahneman (1981) and was first introduced into finance by Thaler and She-
frin (1981). Thaler (1999) defines mental accounting in the abstract of his
paper as ”the set of cognitive operations used by individuals and households
to organize, evaluate, and keep track of financial activities”. One such cog-
nitive operation is ”narrow framing” according to which individuals evaluate
decision objects like assets or lotteries directly by the payoffs they deliver
without integrating these payoffs into their overall wealth situation. Ap-
plying mental accounting to stock markets Thaler and Shefrin (1981) have
pointed out that individuals evaluate stocks by the consumption they can
derive out of the dividends stocks deliver – not integrating this consumption
with the consumption from the overall wealth. Thaler and Shefrin (1981) ar-
gue that this instance mental accounting is done as a rule of self control. The
rule ”Consume from dividends but don‘t dip into capital”, as Shefrin (2002)
has dubbed it, protects the investor from taking a consumption spell that
could erode his capital base. Applying mental accounting to experiments
on risk taking, one argues that individuals evaluate lotteries directly by the
payoff they deliver – not integrating those with their overall wealth.

One should note that mental accounting is in contrast to the expected
utility hypothesis according to which on should judge a lottery prospect or
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a risky asset by the value it contributes to the overall standard of living. On
the other hand mental accounting is an important part of Kahneman and
Tversky‘s (1979) prospect theory according to which lotteries are evaluated
by the gains and losses they deliver independent from the overall wealth of
the individuals.

In this paper we do not want to argue which of the two concepts expected
utility or prospect theory is more appropriate but we show that the equity
premium puzzle arises when one does not apply mental accounting to stock
market data while mental accounting is applied to the determination of risk
aversion in experiments. The intuition of our main result is a follows. Ap-
plying mental accounting considerably reduces the risk aversion one finds in
the interpretation of stock market data and of experimental data. The first
claim is true because dividends are more volatile than consumption. Hence,
evaluating stocks only by the dividends they deliver increases the volatility of
the stochastic discount factor which according to Hansen and Jagannathan
(1991) is an upper bound for the Sharpe-Ratio of Asset Returns. The sec-
ond claim follows because with mental accounting the size of the stakes of
lotteries does not matter in experiments and for a standard utility function
this reduces the risk aversion needed to explain average observed behavior.

The following table shows the degree of risk aversion we finds in stock
market data and in experiments both for the case without and with mental
accounting:

Table 1: Degree of risk aversion found on stock market data (rows) and
experiments (columns) when interpreted with and without mental accounting
(MA).

experiments
w/o MA with MA

stock
market

w/o MA (10-20, 10-20) (10-20, 3.22)
with MA (2.25, 10-20) (2.25, 3.22)

¿From this table we see that the equity premium puzzle arises when one
applies mental accounting in the interpretation of experiments but not in the
interpretation of stock market data. If mental accounting is applied consis-
tently the degree of risk aversion found coincide and if mental accounting is
applied to stock market data but not to experiments then a reverse equity
premium puzzle would arise.
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Going one step further, the degree of mental accounting – all risky assets
in one account or each asset in a separate account – becomes an interesting
consideration. As we show in this paper, the degree of risk aversion needed
to generate the equity premia decreases further the finer the partition of
the mental accounts. Supposing one has a good estimate of the agent‘s risk
aversion one can then infer from the stock market data the degree of mental
accounting that is applied on aggregate.

We do not want to claim that our explanation is the unique reason for
the equity premium. Most likely a combination of several factors is most
realistic. Indeed, the huge number of solutions that have been suggested to
resolve the equity premium puzzle is another puzzling aspect of the equity
premium. It is impossible to review the literature on the equity premium in
a few words without being accused for serious omissions. Therefore we only
highlight those suggested solutions that relate most closely to our paper.
For a recent comprehensive treatment of the equity premium puzzle see the
recent Handbook of Finance on this topic edited by Mehra (2006).

One line of research points out that the Hansen and Jagannathan bound is
increased by choosing more appropriate proxies for consumption that include
fluctuations in financial wealth (Lettau and Ludvigson (2001)), fluctuations
in housing wealth (Piazzesi, Schneider and Tuzel (2005)) or other such prox-
ies. Another line of research uses habit formation which can be associated
with behavioral finance. In essence this argument points out that introducing
more links in the utility function between consumption of different periods
can also resolve the equity premium puzzle. See Campbell and Cochrane
(1989), Epstein and Zin (1989), Sundaresan (1989), Constantinides (1990),
and Constantinides, Donaldson and Mehra (2005), for example. Yet a differ-
ent strategy is to generate extra fluctuations by including behavioral aspects
like myopic loss aversion. This approach goes back to Benartzi and Thaler
(1995) and was subsequently developed by Barberis and Huang (2001), Bar-
beris, Huang and Santos (2001), Gruene and Semmler (2005) and De Giorgi,
Hens and Mayer (2006). See Barberis and Huang (2006) for a survey of the
myopic loss aversion approach. The myopic loss aversion approach also starts
from the observation that gambles are evaluated in isolation instead of inte-
grating them in one account. Barberis et al attribute this effect to narrow
framing. They conclude from it that the standard stochastic discount factor
based on total consumption has to be augmented by a term that captures
loss aversion. This extra term gives sufficient variations in the stochastic
discount factor to explain the equity premium puzzle with a low coefficient
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of risk aversion. Note that our conclusion from the same observation is to
restrict the stochastic discount factor to consumption proxies that are more
specific than the standard notions of consumption taken from national ac-
counting data. Going this way our model does not need to add an extra term
that gives more freedom to pick up otherwise unexplained variations.

Our paper is clearly in the behavioral approach since we apply the behav-
ioral principle of mental accounting. However, we can stay within the stan-
dard asset pricing model and do not need to include loss aversion. We argue
that consumption is not the appropriate variable on which the stochastic dis-
count factor should be defined. Applying the principle of mental accounting
we conclude that consumption should be replaced by payoffs that are more
specific to the assets one wants to value.

In section 2 we derive the stochastic discount factor and the Hansen-
Jagannathan-bounds for the standard Lucas-Breeden asset pricing model
without mental accounting and show that on our data a relative risk aversion
of 10 to 20 is needed to explain the equity premium. In section 3 we question
whether such a degree of risk aversion is really too high. It is argued that this
depends crucially on the way wealth is split into mental accounts. Section 4
presents the Lucas (1978) model with various degrees of mental accounting.
In that section we give the respective estimates of the risk aversion needed
to explain the equity premia. Section 5 concludes.

2 The Consumption Based Asset Pricing Model

Consider a discrete time, t = 1, 2, ..., asset market model with k = 1, .., K
assets. Let pk

t be the price and Dk
t the dividends paid by asset k in period t.

It is well known that absence of arbitrage implies the existence of a strictly
positive random variable, δ, measurable on the information filtration1, such
that

1 = Et

[
δt+1R

k
t+1

] ∀k, (1)

where Rk
t+1 =

(
Dk

t+1+pk
t+1

pk
t

)
is the cum-dividend return of asset k in period

t + 1.

1In order not to overload this note with technicalities we denote the dependence of
expectations and covariances on the information filtration by a sub index t.
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For later reference note that the No-Arbitrage Condition (1), using the
definition of correlation, can be written as

1 = Et(δt+1R
k
t+1) = Et(δt+1)Et(R

k
t+1) + Corrt(δt+1, R

k
t+1)σt(δt+1)σt(R

k
t+1).

(2)
Hence,

Et(R
k
t+1) = Rf

t − Corrt(δt+1, R
k
t+1)

σt(δt+1)

Et(δt+1)
σt(R

k
t+1). (3)

Since the correlation coefficient is bounded between -1 and 1, it is true
that

|Et(R
k
t+1)−Rf

t+1|
σt(Rk

t+1)
≤ σt(δt+1)

Et(δt+1)
. (4)

In a consumption based asset pricing model, as Lucas (1978) or Breeden
(1979), for example, the stochastic discount factor δ is derived from the
utility optimization problem of a representative agent. It is well known that
the following equation, called the Euler-equation,

pk
t = u′(ct)

−1βtEt

[
u′(ct+1)(D

k
t+1 + pk

t+1)
] ∀k, t (5)

follows from the first order condition of a standard dynamic optimization
problem for an expected utility maximizer with discount factor βt. The
stochastic discount factor in this model then is

δt = βt

(
u′(ct+1)

u′(ct)

)
. (6)

For the case of constant relative risk aversion, with degree γ, δt becomes

δt = βt

(
ct+1

ct

)−γ

. (7)

Empirical studies typically use some macroeconomic proxy for aggregate
consumption, ct, and a calibration of βt linked to the average real risk-free
rate. Following this approach, evidence reveals that stochastic discount fac-
tors do co–vary with asset prices. To see this plug in the stochastic discount
factor of the consumption based asset pricing model into the inequality (4)
to obtain the the Hansen–Jagannathan-bounds.
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Et

∣∣∣Rk −Rf
t

∣∣∣
Rf

t σt

[
Rk

t

] ≤ σt

[
β

(
ct+1

ct

)−γ
]

∀ k, (8)

where Rf
t is the risk-free rate and σt denotes the standard deviation based

on the information available at t. Note that in the representative agent
economy of Lucas (1978) and Breeden (1979) Rf

t = β−1
t .

Facing data with the Hansen–Jagannathan bounds (8) and the IV esti-
mation of Hansen and Singleton (1982), the stochastic discount factor is too
smooth to explain the high equity premia with a low value of γ. For the data
used in this paper we find a maximal Sharpe-ration of 0.35 in which case we
would need a risk aversion of about 10-12. See Table 7 given in the Appendix
I. In the next section we discuss whether such a degree of constant relative
risk aversion is too high.

3 The Degree of Risk Aversion

Arrow (1970) argues that relative risk aversion should be around 1 because
otherwise the utility would not be bounded and hence lotteries could be
constructed for which the agent would pay an infinite amount of wealth in
order to participate. As known from the St.Petersburg paradox this would
not be a reasonable prediction of agents‘ behavior. Empirical studies on
the equity premium do not seem to take this theoretical point of Arrow too
seriously. Maybe this is because in any applied study the range of payoffs is
bounded so that going to the limit of extreme payoffs, as Arrow does in his
argument, is out of the range in which the observations are made. Clearly,
consistency with Arrow‘s argument could always be obtained by postulating
a unit relative risk aversion only for extreme payoffs2. But Arrow‘s argument
reminds us that we should give a justification for the degree of risk aversion
so that our model is not in contradiction to observed decisions.

Determining an agent‘s risk aversion is a well researched topic in the psy-
chological literature. It is well know that questions like the following one
get more robust answers than asking for certainty equivalents, or using un-
equal probabilities, for example. For further reference we label this question
Question 1.

2This suggestion was made by Luenberger (1993) and Hellwig (1995) to accommodate
the growth optimal portfolio with minimal assumption in the expected utility framework.
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Question 1: Consider a fair lottery in which you can double your income
with a 50% chance while you can lose a percentage, say x% of your income
in the other 50% cases. What is the highest loss x that you would be willing
to incur to accept playing this lottery?

Similar questions are reported in Barsky et al (1997), Mankiw and Zeldes
(1991), Shefrin (1999) and Gollier (2001).

Barsky et al (1997) report that the average answer in such an experiment
is about x = 23%. What does this answer imply assuming that the partici-
pants are expected utility maximizers with constant relative risk aversion?

Suppose first that the decision problem is perceived as: Find an x such
that

0.5
(2y)1−γ

1− γ
+ 0.5

((1− x)y)1−γ

1− γ
=

(y)1−γ

1− γ
, (9)

where y is the income referred to in Question 1. Then x = 23% would reveal
a relative risk aversion of γ = 3.22. On the other hand, a participant with
unit relative risk aversion would have to answer x = 50%, which is clearly
an outlier in the population of the participants (see for example the results
in Barsky et al (1997)). Hence, the experiment seems to reveal that the
average decision maker is more risk averse than the ideal Arrow (1970) deci-
sion maker. This assertion is commonly found in the literature. Samuelson
(1991), for example, compares the unit relative risk aversion case to the one
with relative risk aversion of 2. The latter he calls the more realistic case.
On the other hand, assuming a constant relative risk aversion of γ in the
range of 10 to 20, which was found necessary to explain the equity premium
as reported in section 2, would lead to an x in the range of 3% to 7%. This
would clearly also be an outlier in the population of participants (see for
example the results in Barsky et al (1997)). From the latter observation She-
frin (1999) and many others conclude that the equity premium is a puzzle
since the needed risk aversion seems far off from the observed risk aversion
in experimental research.

Is this argument really compelling? Taking the expected utility model
literally one would have to evaluate every lottery based on the effect it has
on the total wealth of the decision maker, as Campbell and Viceira (2002,
page 10) made clear:

”More specifically, we believe that any normative model should judge a
portfolio by its total value, rather than by the values of the individual assets
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it contains, and should ultimately be based on the standard of living that the
portfolio supports”.

For this reason some experimenters try to be very explicit that in the
question used to determine the agent‘s risk aversion the term income has
an all encompassing notion. For example Barsky et al (1997) state their
question with the words ”Suppose you are the only income earner in the
family and you have a good job guaranteed to give you your current (family)
income every year for your life. You are given the opportunity to take a new
and equally good job, with a 50-50 chance it will double your (family) income
and a 50-50 chance that it will cut your (family) income by a third. Would
you take the new job?”

In this version of Question 1 one alters the trial value a third, to a quarter
and a half in order to approximate the vale x from Question 1.

There are at least two difficulties that this approach suffers from. First,
it is well known from many experiments that answers based on fictitious
payoffs are not reliable. Doubling a participants‘ life time family income
will certainly be out of range as a reward to such an experiment. Second,
one could argue that – even though stated otherwise – participants answer
the question by having a more narrow notion of income in their mind. It
is hard to believe that the thought experiment in which the experimenter
sets the total life cycle family income at stake is fully encompassed by the
participants.

That is to say, most likely y is not perceived as total wealth and the
decision problem given in Question 1 should be seen as solving:

0.5
(w̄ + 2y)1−γ

1− γ
+ 0.5

(w̄ + (1− x)y)1−γ

1− γ
=

(w̄ + y)1−γ

1− γ
, (10)

where w̄ is the participant‘s background wealth unrelated to the experiment.
Figure 7 in the appendix shows that using this framing of Question 1

the value x =23% is compatible with a risk aversion of γ = 10 − 20 if the
background wealth is in the range of 3 to 6 times the income perceived by
the participants. This size of the background wealth is clearly not outra-
geous. Background wealth should include the participant‘s labor income, the
value of his house, his land, and his human capital. As Figure 7 from the
appendix shows, U.S. households total assets are about 5 to 7 times as high
as their disposable income. And this is only a lower bound to w̄ since in a
representative agent model àla Lucas (1978) and Breeden (1979) the back-
ground wealth should ultimately be the price at which you can buy the whole
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economy! Taking this strict expected utility point of view the representative
agent model loses its empirical testability, similar to the CAPM. This point
for the representative agent model is analogous to the famous critique of Roll
(1977) of the CAPM3.

Any pragmatic use of the Lucas model has to narrow down the degree by
which the payoff from the asset that one wants to value is integrated in the
total wealth of the society. This lack of integration of lottery payoffs to total
wealth is exactly what Kahneman and Tversky (1979) and many others have
observed in laboratory experiments. Participants evaluate lotteries by the
changes in wealth, i.e. the gains and losses, they generate and not by their
effect on total wealth. Secondly they tend to use narrow frames and put dif-
ferent lotteries into different mental accounts. In particular experiments can
then be played with small stakes that get paid off so that the reliability of the
results is increased. Bombardini and Trebbi (2005) confirm this important
finding in the field experiment they study. In the game show they analyzed,
the average answer to Question 1 is independent of the size of the payoffs.
For similar results from game shows see also Post et al (2006).

We do not claim that our critique to analyze experimental data on Ques-
tion 1 in the expected utility framework given by equation (10) is new. Al-
ready Kandel and Stambaugh (1991) observed that altering the size of the
gamble relative to the background wealth raises a problem. Since the av-
erage answer to Question 1 does not depend on the size of the gamble, by
altering the size of the gamble any degree of risk aversion, α in Kandel and
Stambaugh‘s notation, can be rejected. Kandel and Stambaugh (1991) write
on page 68: ”It seems possible in such experiments to choose the size of the
gamble so that any value of α seems unreasonable.” Kandel and Stambaugh
(1991) being deeply rooted in the expected utility framework interpret this
observation as a critique on experimental evidence. Rabin (2000) makes the
same point analytically rigorous. If an expected utility maximizers gives the
answer x = 23% for small stakes, i.e. for a high ratio w̄

y
then this would imply

a high risk aversion coefficient γ, e.g. γ = 10− 20. And applying this value
of γ for lotteries with high stakes, i.e. for a low ratio w̄

y
this would imply an

answer of x = 0.03 − 0.07%, which is unreasonably low. Rabin (2000) does
however derive the opposite conclusion than Kandel and Stambaugh (1991).

3Note that referring to consumption instead of wealth would not solve this fundamental
measurement problem since living in a house or a nice landscape etc would also have to
count as consumption.
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He takes this observation as evidence against expected utility and not against
experiments. In particular he shows that assuming mental accounting, the
experimental data give reasonable degrees of risk aversion for both low and
high stake games.

Applying mental accounting to Question 1, for any notion of income, the
answer x = 23% implies a risk aversion of around 3. This low number does
not match the high risk aversion found to be necessary to explain the equity
premium in the Lucas model without mental accounting. The next section
presents a Lucas model with mental accounting so that the experimental
evidence can be compared with an asset pricing model that matches the
experiment‘s main assumptions.

4 The Lucas Model with Mental Accounting

As in section 2 we consider a discrete time, t = 1, 2, ..., T , asset markets
model with k = 1, .., K assets. Let pk

t be the price and Dk
t the dividends paid

by asset k in period t = 1, 2, . . . , T .
There is a representative investor characterized by her initial endowment

of assets θ̄t ∈ RK , θ̄t > 0, and her exogeneous flow of wealth w̄t, both mea-
surable on the information filtration. The aggregate endowment, hold by
the representative investor, is normalized so that θ̄k = 1 for all k. We
assume that the representative investor has expected utility, i.e. there ex-
ists a von Neumann-Morgenstern utility function u : R+ → R, respectively
u : R++ → R and discount factors βt for all periods t, such that4

Ut(c) = Et

[
T∑

τ=t

βτu(cτ )

]
, for all c ∈ Rn

+ (resp. c ∈ Rn
++). (11)

The expectation is taken with respect to the probability measure on the in-
formation filtration. The dimension of the consumption process, n, is deter-
mined by the number of periods and the number of nodes of the information
filtration.

4If the agent has constant relative risk aversion, u(c) = c1−γ

1−γ then for γ = 1 the function
is only defined on strictly positive numbers.
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The budget constraint in any period t can be written as

ct = w̄t +
K∑

k=1

Dk
t θ

k
t−1 +

K∑

k=1

pk
t

(
θk

t−1 − θk
t

)
, (12)

where θt−1 refers to the portfolio formed in the unique node of the information
filtration preceding the node of period t.

In every period t, for given asset prices p, the investor chooses his portfolio
of assets, without short sales constraints, to solve

max Ut(c)

s.t. cτ = w̄τ +
∑K

k=1 Dk
τ θ̄

k
τ−1 +

∑K
k=1 pk

τ

(
θ̄k

τ−1 − θ̄k
τ

)
, τ = 1, . . . , T − 1.

(13)
Note that total consumption equals the sum of the exogenous wealth and

total dividends, ct = w̄t +
∑K

k=1 Dk
t , because in equilibrium in very period

the representative agent‘s asset demand is constant over time since it equals
the constant total supply of assets.

Without assuming mental accounting the first order condition to the op-
timization problem (13) is the Euler-equation (5) given above, in which the
exogeneous consumption mentioned is now of the form ct = w̄t +

∑K
k=1 Dk

t .
Thaler and Shefrin (1981) and Shefrin and Statman (1984) have argued

that even when households‘ wealth exceeds that derived from dividends then
due to self-control problems they are reluctant to integrate the proceeds
from their investments with their total wealth and prefer to follow the rule:
”Consume from dividends but don‘t dip into capital”, as Shefrin (2002) has
dubbed it brilliantly. This suggests a mental accounting which separates
the dividends from the exogenous wealth w̄. To this end, suppose that the
representative agent evaluates the risky assets in a mental account separate
from the rest of the economy. To be precise, split the evaluation of total
consumption, u(ct), into two mental accounts – one for the evaluation of
dividends paying assets, u(cd

t ), and one for the evaluation of all other sources
of income, u(c−d

t ):

u(ct) = u(cd
t ) + u(c−d

t ) (14)
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It follows that in total the relevant consumption which is used to evaluate
the risky dividend stream is5 cd

t = D̄t ∀t, where a¯denotes aggregation over
assets. The Euler-equation then becomes

pk
t = u′(D̄t)

−1βtEt

[
u′(D̄t+1)(D

k
t+1 + pk

t+1)
] ∀k, t (15)

For the case of constant relative risk aversion the stochastic discount
factor on the RHS of the Hansen-Jagannathan-bounds consequently is

δt = βt

(
D̄t+1

D̄t

)−γ

. (16)

As a result the stochastic discount factor becomes more volatile and the
equity premium can be resolved with a risk aversion of about γ = 2.25, see
Table 7 in the Appendix.

If we drive this argument one step further one could also assume that
the representative investor keeps a separate account for each asset. Then the
utility function would be

u(ct) =
K∑

k=1

u(ck
t ) + u(c−d

t ) (17)

It follows that the relevant consumption which is used to evaluate the
risky dividend stream of asset k is ck

t = Dk
t ∀k, t. The Euler-equation then

becomes

pk
t = u′(Dk

t )
−1βtEt

[
u′(Dk

t+1)(D
k
t+1 + pk

t+1)
] ∀k, t (18)

For the case of constant relative risk aversion the stochastic discount
factor on the RHS of the Hansen-Jagannathan-bounds then is

δt = βt

(
Dk

t+1

Dk
t

)−γ

. (19)

Since dividends are not perfectly correlated, the asset specific stochastic
discount factors are more volatile than the stochastic discount factor based

5Note that for our argument one could also assume that individuals consume only a
fraction, say ν of the dividends. This is because the constant ν does not change the
stochastic discount factor.

13



on the sum of the dividends and the equity premium can be resolved with a
risk aversion of not higher than γ = 0.5, as Table 5 of the Appendix shows.

One interpretation of the asset specific mental accounts is based on the
robust observation of underdiversification. It has been observed by Friend
and Blume (1975) based on 17‘056 accounts of individual investors that 34.1%
only hold one stock, 50% hold at most 2 stocks and only 10% of the sample
hold more than 10 stocks. Underdiversification seems to be a very robust
finding. See also Kelly (1995), Odean (1999), Polkovnichenko (2004) and
Goetzman and Kumar (2004). Hence one could view each function u(Dk) as
the evaluation account of all stocks some individual holds.

If we interpret the laboratory evidence on risk aversion assuming mental
accounting then γ = 0.5 would be a less realistic case than γ = 3.22. The
latter value is found to be an upper bound for the mental account in which all
risky assets are in one account that is separated from the rest of the agents‘s
wealth. Hence our data suggests a degree of mental accounting closer to the
account that aggregates the dividends of all assets in one account which is
then separated from the background wealth. The example of a stochastic
discount factor based on the DJIA, see Table 7, shows that an account with
as many assets as in the DJIA may be most appropriate.

5 Conclusion

To explain the equity premium observed in stock markets within the stan-
dard asset pricing model of Lucas (1978)– Breeden (1979), many researchers
suggested to use different utility functions or even to replace the stochastic
discount factor with nonparametric functions (Chapman (1997)).

Here we stayed within the standard Lucas (1978)– Breeden (1979) model
and argued that the equity premium puzzles arises from an inconsistent ap-
plication of mental accounting to stock market data and experimental data.

Table 1 given above summarized this point: If mental accounting is ap-
plied to experimental data but not to stock market data then in the inter-
pretation of the former we obtain a risk aversion in the range of 3 while
the latter needs a risk aversion in the range of 10-20. This observation has
been called the equity premium puzzle. If one does not apply mental to the
interpretation of the experimental data then also there a high risk aversion
would be necessary to explain the data. On the other hand if one applies
mental accounting to stock market data then a low risk aversion would suf-
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fice for the Hansen-Jagannathan-bounds. Hence a consistent application of
mental accounting in both settings resolves the equity premium puzzle. If
each stock is evaluated in a separate account a relative risk aversion of one
half can well explain the data. The degree of risk aversion that is consistent
with laboratory experiments suggests that one mental account of the size of
the DJIA in which all risky assets are bundled should be separated from the
rest of the agent‘s wealth.

We hope that this note encourages further work on mental accounting
and the equity premium. For example other data sets should be considered
and the issue of aggregation across individuals should be addressed in order
to study the effect of heterogeneity in mental accounting.
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7 Appendix (Empirical Findings)
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 The figure illustrates the dependence of the risk aversion ob-
tained from the average answer to Question 1 as a function of
the background wealth represented as the size of the stakes,
i.e. in terms of a multiply to current income of the repre-
sentative household. The horizontal and vertical axis refer to
the background wealth, w̄

y
, and the risk aversion,γ, respec-

tively. E.g. for a background wealth of 550% to 750% the
risk aversion ranges between 18 and 25.

Figure 1: Risk Aversion and Background Wealth.
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The figure illustrates real and financial assets of U.S. house-
holds denoted in percent of their disposable income (source:
OECD, taken from Datastream). Taken real and financial
assets together the representative household has owned be-
tween 550 % and 750 % of its income in the period from 1985
to 2004.

Figure 2: Household data on real and financial assets.
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The figure illustrates the gap between the Sharpe ratios of
the dividend paying single and their bounds arising from div-
idends as reported in Tables 4 and 5. A positive difference
indicates that the bound exceeds the Sharpe ratio. Grey and
black bars refer to constant relative risk aversion of γ = 1 and
γ = 0.5, respectively.

Figure 3: Sharpe ratios and their bounds arising from dividends.
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Table 2: Hansen–Jagannathan-bounds for annual data since 1889.

The first column shows different levels of the risk aversion
while the remaining columns give the associated H–J bounds
on the Sharpe–ratio. The second column shows the bounds
on the Sharpe–ratio imposed by the stochastic discount factor
of the Lucas model with consumption equal to personal con-
sumption expenditures. Consumption is taken as per capita
consumption as calculated by Robert Shiller. The third col-
umn shows the bounds on the Sharpe–ratio imposed by the
stochastic discount factor of the Lucas model with constant
relative risk aversion in which the consumption is equal to
aggregate dividends accruing to the S&P500 (source: Robert
Shiller). Note, that the sample Sharpe-ratio of the S&P500
observed in the data amounts to 0.3459, where the risk–free
rate is the one year interest rate (source: Robert Shiller).

Risk aversion Consumption SDF Dividend SDF (aggregated)
1 0.0358 0.1260

1.5 0.0540 0.2014
2 0.0723 0.2893

2.25 0.0816 0.3391
2.5 0.909 0.3935
2.75 0.1002 0.4530
3 0.1096 0.5181

3.22 0.1180 0.5805
4 0.1479 0.864
5 0.1873 1.3082
10 0.4084 5.2337
15 0.6889 7.4788
20 1.0560 8.1135
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Table 3: Hansen–Jagannathan-bounds for annual data since 1973.

The first column shows different levels of the risk aversion
while the remaining columns give the associated H–J bounds
on the Sharpe–ratio. The second column shows the bounds
on the Sharpe–ratio imposed by the stochastic discount factor
of the Lucas model with consumption equal to personal con-
sumption expenditures. Consumption is taken as per capita
consumption as calculated by Robert Shiller. The third col-
umn shows the bounds on the Sharpe–ratio imposed by the
stochastic discount factor of the Lucas model with constant
relative risk aversion in which the consumption is equal to
aggregate dividends accruing to the S&P500 (source: Robert
Shiller). The fourth column shows the bounds on the Sharpe–
ratio imposed by dividends accruing to the DJIA (source:
Datastream). Note, that the sample Sharpe-ratio observed
in the data amounts to 0.3280 for the S&P500, and 0.4643
for the DJIA, where the risk–free rate is the one year interest
rate (source: Robert Shiller and Datastream).

Risk aversion Consumption SDF Dividend SDF S&P500 Dividend SDF DJIA
1 0.0165 0.0396 0.0966

2.5 0.0415 0.0993 0.2672
5 0.0844 0.2007 0.6748
8 0.1376 0.3272 1.4681
10 0.1743 0.4154 2.1724
18 0.3311 0.8098 4.5739
20 0.3730 0.9199 4.8430
30 0.5987 1.5284 5.2532
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Table 4: Sharpe ratios and HJ-Bounds for cash–dividend
paying single stocks in the S&P100 based on annual data
ranging from 1973 to 2005. The second column lists the
firms that pay cash dividends to their investors. The
third column reports the Sharpe ratio with respect to the
one year interest rate as taken by Robert Shiller. The last
column gives the bounds on the Sharpe–ratio imposed by
the stochastic discount factor of the Lucas model with
constant relative risk aversion in which the consumption
is equal to individual firm‘s dividends accruing to the
single stocks. The risk aversion is γ = 1 for the first
HJ-Bounds column. Data is taken from Datastream.

Firm Sharpe ratio HJ-Bound (γ = 1)
ALCOA 0.149561993 2.175014331
ALLEGHENY TECHS. 0.257678157 1.813825049
ALTRIA GROUP INCO. 0.071664507 1.80825836
AMER.ELEC.PWR. 0.260550756 7.403398477
AMERICAN EXPRESS -0.051800581 2.756918615
AMERICAN INTL.GP. 0.166626647 4.113174134
ANHEUSER-BUSCH COS. 0.311318774 2.332203253
AT&T DEAD - DELIST.21/11/05 0.174070282 3.309775673
AVON PRODUCTS -0.109135236 2.738259596
BAKER HUGHES 0.091246097 4.821633412
BANK OF AMERICA -0.168536148 2.973720142
BAXTER INTL. 0.353153584 3.469134828
BLACK & DECKER 0.195914686 2.284233419
BOEING 0.046004088 2.280201523
BRISTOL MYERS SQUIBB 0.24611582 2.673174307
BURL.NTHN.SANTA FE C 0.301662289 1.977995281
CAMPBELL SOUP 0.210218763 2.732849415
CIGNA 0.139986182 2.17382618
CITIGROUP 0.368736637 2.023625381
COCA COLA 0.385048773 2.474429772
COLGATE-PALM. 0.243613569 3.133674774
DELTA AIR LINES 0.281894986 2.529275795
DOW CHEMICALS 0.032900314 1.722476693
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DU PONT E I DE NEMOURS 0.119894509 2.181928475
EASTMAN KODAK 0.185118289 4.770341582
ENTERGY 0.293498794 5.930310745
EXELON -0.15470632 2.583474438
EXXON MOBIL 0.131360831 3.075946837
FORD MOTOR 0.320514176 1.912622526
GENERAL DYNAMICS 0.182232991 2.037189698
GENERAL ELECTRIC 0.189568226 2.356499254
GENERAL MOTORS 0.266324404 2.758505027
GILLETTE DEAD - DELIST.20/10/05 -0.221124436 2.749848245
HALLIBURTON 0.243440911 2.026273414
HEINZ HJ 0.153194283 3.327644405
HEWLETT-PACKARD 0.211575229 2.041835221
HOME DEPOT 0.354835308 2.482963201
HONEYWELL INTL. 0.473620947 2.645698525
INTEL 0.008222419 2.013874352
INTERNATIONAL BUS.MACH. 0.562894092 1.671041638
INTL.PAPER 0.130967394 3.065532873
JOHNSON & JOHNSON 0.114311062 2.143200894
JP MORGAN CHASE & CO. 0.259631324 2.317553261
LIMITED BRANDS 0.361075023 2.041482981
MAY DEPT.STORES DEAD - DELIST.14/09/05 0.410961682 2.218118388
MCDONALDS 0.169699353 3.287838346
MEDTRONIC 0.174006535 2.626045204
MERCK & CO. 0.392157621 1.649948489
MERRILL LYNCH & CO. 0.212314448 2.931831594
OFFICEMAX 0.091295547 4.190306297
PEPSICO 0.463675659 1.859811595
PFIZER 0.267165503 2.372484352
PROCTER & GAMBLE 0.321742497 3.22350941
RADIOSHACK 0.16509824 3.278606778
RAYTHEON ’B’ 0.177192241 2.805627761
ROCKWELL AUTOMATION 0.235666944 3.31193401
SARA LEE 0.065068254 2.700319666
AT&T 0.23181463 2.290799942
SCHLUMBERGER 0.225666128 2.909061629
SEARS ROEBUCK DEAD - MERGER W/27020T 0.173518984 3.825541824
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SOUTHERN -0.251374265 4.97321301
TEXAS INSTS. 0.067986703 1.822304068
TYCO INTL. 0.23206747 2.95989289
UNISYS 0.247905034 1.671433016
UNITED TECHNOLOGIES 0.15397585 3.120024566
VERIZON COMMS. 0.274886702 3.008839491
WAL MART STORES 0.193158281 1.998065052
WELLS FARGO & CO 0.247990434 2.781745883
WEYERHAEUSER 0.363848061 2.364265173
XEROX 0.268429876 2.051514998
3M 0.108088532 3.150503752
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Table 5: Sharpe ratios and HJ-Bounds for cash–dividend
paying single stocks in the S&P100 based on annual data
ranging from 1973 to 2005. The second column lists the
firms that pay cash dividends to their investors. The
third column reports the Sharpe ratio with respect to the
one year interest rate as taken by Robert Shiller. The last
column gives the bounds on the Sharpe–ratio imposed by
the stochastic discount factor of the Lucas model with
constant relative risk aversion in which the consumption
is equal to individual firm‘s dividends accruing to the
single stocks. The risk aversion is γ = 0.5 for the HJ-
Bounds column. Data is taken from Datastream.

Firm Sharpe ratio HJ-Bound (γ = 0.5)
ALCOA 0.149561993 1.474792979
ALLEGHENY TECHS. 0.257678157 1.346783223
ALTRIA GROUP INCO. 0.071664507 1.344714973
AMER.ELEC.PWR. 0.260550756 2.720918683
AMERICAN EXPRESS -0.051800581 1.660397126
AMERICAN INTL.GP. 0.166626647 2.028096184
ANHEUSER-BUSCH COS. 0.311318774 1.527155281
AT&T DEAD - DELIST.21/11/05 0.174070282 1.819278888
AVON PRODUCTS -0.109135236 1.654768744
BAKER HUGHES 0.091246097 2.195821808
BANK OF AMERICA -0.168536148 1.724447779
BAXTER INTL. 0.353153584 1.862561362
BLACK & DECKER 0.195914686 1.511368062
BOEING 0.046004088 1.510033616
BRISTOL MYERS SQUIBB 0.24611582 1.634984498
BURL.NTHN.SANTA FE C 0.301662289 1.406412202
CAMPBELL SOUP 0.210218763 1.653133212
CIGNA 0.139986182 1.474390104
CITIGROUP 0.368736637 1.422541873
COCA COLA 0.385048773 1.573032031
COLGATE-PALM. 0.243613569 1.770218849
DELTA AIR LINES 0.281894986 1.590369704
DOW CHEMICALS 0.032900314 1.312431596
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DU PONT E I DE NEMOURS 0.119894509 1.477135226
EASTMAN KODAK 0.185118289 2.184111165
ENTERGY 0.293498794 2.435222935
EXELON -0.15470632 1.607319022
EXXON MOBIL 0.131360831 1.753837745
FORD MOTOR 0.320514176 1.382975967
GENERAL DYNAMICS 0.182232991 1.427301544
GENERAL ELECTRIC 0.189568226 1.535089331
GENERAL MOTORS 0.266324404 1.660874778
GILLETTE DEAD - DELIST.20/10/05 -0.221124436 1.658266639
HALLIBURTON 0.243440911 1.423472309
HEINZ HJ 0.153194283 1.824183216
HEWLETT-PACKARD 0.211575229 1.428927997
HOME DEPOT 0.354835308 1.575742111
HONEYWELL INTL. 0.473620947 1.626560336
INTEL 0.008222419 1.419110409
INTERNATIONAL BUS.MACH. 0.562894092 1.292687757
INTL.PAPER 0.130967394 1.750866321
JOHNSON & JOHNSON 0.114311062 1.463967518
JP MORGAN CHASE & CO. 0.259631324 1.522351228
LIMITED BRANDS 0.361075023 1.428804738
MAY DEPT.STORES DEAD - DELIST.14/09/05 0.410961682 1.489334881
MCDONALDS 0.169699353 1.813239737
MEDTRONIC 0.174006535 1.6205077
MERCK & CO. 0.392157621 1.284503207
MERRILL LYNCH & CO. 0.212314448 1.712259208
OFFICEMAX 0.091295547 2.047023766
PEPSICO 0.463675659 1.363749095
PFIZER 0.267165503 1.5402871
PROCTER & GAMBLE 0.321742497 1.795413437
RADIOSHACK 0.16509824 1.810692348
RAYTHEON ’B’ 0.177192241 1.675000824
ROCKWELL AUTOMATION 0.235666944 1.819871976
SARA LEE 0.065068254 1.643264941
AT&T 0.23181463 1.51353888
SCHLUMBERGER 0.225666128 1.705597147
SEARS ROEBUCK DEAD - MERGER W/27020T 0.173518984 1.955899237
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SOUTHERN -0.251374265 2.230070181
TEXAS INSTS. 0.067986703 1.349927431
TYCO INTL. 0.23206747 1.720433925
UNISYS 0.247905034 1.29283913
UNITED TECHNOLOGIES 0.15397585 1.766359127
VERIZON COMMS. 0.274886702 1.734600672
WAL MART STORES 0.193158281 1.413529289
WELLS FARGO & CO 0.247990434 1.667856673
WEYERHAEUSER 0.363848061 1.537616718
XEROX 0.268429876 1.432311069
3M 0.108088532 1.774965845

30


