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We study asset prices in an economy where investors derive direct utility not
only from consumption but also from fluctuations in the value of their financial
wealth. They are loss averse over these fluctuations, and the degree of loss
aversion depends on their prior investment performance. We find that our frame-
work can help explain the high mean, excess volatility, and predictability of stock
returns, as well as their low correlation with consumption growth. The design of
our model is influenced by prospect theory and by experimental evidence on how
prior outcomes affect risky choice.

I. INTRODUCTION

For many years now, the standard framework for thinking
about aggregate stock market behavior has been the consump-
tion-based approach. As is well-known, this approach presents a
number of difficulties. In its simplest form, it does not come close
to capturing the stock market’s high historical average return
and volatility, nor the striking variation in expected stock returns
over time.! Over the past decade researchers have used ever more
sophisticated specifications for utility over consumption in an
attempt to approximate the data more closely.2 These efforts have

* We are grateful to John Cochrane, George Constantinides, Kent Daniel,
Darrell Duffie, Lars Hansen, Sendhil Mullainathan, Canice Prendergast, Andrei
Shleifer, Kenneth Singleton, Richard Thaler, Stanley Zin, three anonymous ref-
erees, the editor Edward Glaeser, and participants in numerous workshops in the
United States and Great Britain for helpful comments on earlier drafts.

1. See, for example, Hansen and Singleton [1983], Mehra and Prescott
[1985], and Hansen and Jagannathan [1991].

2. Recent papers in this line of research include Abel [1990], Campbell and
Cochrane [1999], Constantinides [1990], Epstein and Zin [1989, 1991], and
Sundaresan [1989]. Another strand of the literature emphasizes market incom-
pleteness due to uninsurable income shocks; see, for example, Heaton and Lucas
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yielded some success. However, some basic features of stock re-
turns, such as their low correlation with consumption growth,
remain hard to understand.

In this paper we make the case for an alternative way of think-
ing about the aggregate stock market. Instead of trying to refine the
consumption-based model further, we propose departing from it in a
particular way. In the model we present below, the investor derives
direct utility not only from consumption but also from changes in the
value of his financial wealth. When deciding how much to invest in
the stock market, he takes both types of utility into account: the
objective function he maximizes includes an extra term reflecting a
direct concern about financial wealth fluctuations. This contrasts
with the traditional approach to asset pricing which holds that the
only thing people take into account when choosing a portfolio is the
future consumption utility that their wealth will bring.

Our specification of this additional source of utility captures
two ideas we think are important for understanding investor
behavior. First, our investor is much more sensitive to reductions
in his financial wealth than to increases, a feature sometimes
known as loss aversion. Second, how loss averse the investor is,
depends on his prior investment performance. After prior gains,
he becomes less loss averse: the prior gains will cushion any
subsequent loss, making it more bearable. Conversely, after a
prior loss, he becomes more loss averse: after being burned by the
initial loss, he is more sensitive to additional setbacks.

By extending the traditional asset pricing framework in this
way, we find that we are able to understand many of the hitherto
perplexing features of aggregate data. In particular, starting from
an underlying consumption growth process with low variance, our
model generates stock returns with a high mean, high volatility,
significant predictability, and low correlation with consumption
growth, while maintaining a low and stable riskless interest rate.

In essence, our story is one of changing risk aversion. After a
run-up in stock prices, our agent is less risk averse because those
gains will cushion any subsequent loss. After a fall in stock prices, he
becomes more wary of further losses and hence more risk averse.
This variation in risk aversion allows returns in our model to be
much more volatile than the underlying dividends: an unusually

[1996] and Constantinides and Duffie [1996]. Cochrane [1998] and Kocherlakota
[1996] provide excellent surveys.



PROSPECT THEORY AND ASSET PRICES 3

good dividend raises prices, but this price increase also makes the
investor less risk averse, driving prices still higher. We also generate
predictability in returns much like that observed in the data: follow-
ing a significant rise in prices, the investor is less risk averse, and
subsequent returns are therefore on average lower.

The model also produces a substantial equity premium: the
high volatility of returns means that stocks often perform poorly,
causing our loss-averse investor considerable discomfort. As a
result, a large premium is required to convince him to hold stocks.

Our framework offers a distinct alternative to consumption-
based models that attempt to understand the high mean, high
volatility, and significant predictability of equity returns. Camp-
bell and Cochrane [1999] explain these empirical features using
an external habit level for consumption which generates time-
varying risk aversion as current consumption moves closer to or
farther from habit. Although our model is also based on changing
risk aversion, we generate it by introducing loss aversion over
financial wealth fluctuations and allowing the degree of loss aver-
sion to be affected by prior investment performance.

The differences between our framework and a consumption-
based approach like Campbell and Cochrane [1999] are highlighted
by the distinct predictions of each. In the consumption-based model,
a large component of stock return volatility comes from changes in
risk aversion that are ultimately driven by consumption. It is there-
fore inevitable that stock returns and consumption are significantly
correlated, although this is not the case in the data. In our frame-
work, changes in risk aversion are driven by past stock market
movements and hence ultimately by news about dividends. Since
dividends are only weakly correlated with consumption, returns in
our model are also only weakly correlated with consumption.

Our approach is also related to the literature on first-order
risk aversion, as introduced using recursive utility by Epstein
and Zin [1990] among others. So far, this literature has not
allowed for time-varying risk aversion and is therefore unable to
account for the high volatility of stock returns, although this
could be incorporated without difficulty. A more basic difference
is that most implementations of first-order risk aversion effec-
tively make the investor loss averse over total wealth fluctuations
as opposed to financial wealth fluctuations, as in this paper. This
distinction is important because it underlies a number of our
predictions, including the low correlation between consumption
growth and stock returns.
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At a more fundamental level, our framework differs from the
consumption-based approach in the way it defines risk. In consump-
tion-based models, assets are only risky to the extent that their
returns covary with consumption growth. In our framework, the
investor cares about fluctuations in financial wealth whether or not
those fluctuations are correlated with consumption growth. Since we
are measuring risk differently, it is not surprising that the level of
risk aversion we need to explain the data is also affected. While we
do assume a substantial level of risk aversion, it is not nearly as
extreme as that required in many consumption-based approaches.

The design of our model draws on two long-standing ideas in the
psychology literature. The idea that people care about changes in
financial wealth and that they are loss averse over these changes is
a central feature of the prospect theory of Kahneman and Tversky
[1979]. Prospect theory is a descriptive model of decision making
under risk, originally developed to help explain the numerous vio-
lations of the expected utility paradigm documented over the years.

The idea that prior outcomes may affect subsequent risk-taking
behavior is supported by another strand of the psychology literature.
Thaler and Johnson [1990], for example, find that when faced with
sequential gambles, people are more willing to take risk if they made
money on prior gambles, than if they lost. They interpret these
findings as revealing that losses are less painful to people if they
occur after prior gains, and more painful if they follow prior losses.
The result that risk aversion goes down after prior gains, confirmed
in other studies, has been labeled the “house money” effect, reflect-
ing gamblers’ increased willingness to bet when ahead.

Our work is related to that of Benartzi and Thaler [1995],
who examine single-period portfolio choice for an investor with
prospect-type utility. They find that loss aversion makes inves-
tors reluctant to invest in stocks, even in the face of a sizable
equity premium. This suggests that bringing prospect theory into
a formal pricing model may help us understand the level of
average returns. While our work confirms this, we find that loss
aversion cannot by itself explain the equity premium; incorporat-
ing the effect of prior outcomes is a critical ingredient as well. To
see this, we also examine a simpler model where prior outcomes
are ignored and hence where the pain of a loss is the same,
regardless of past history. The investor’s risk aversion is then
constant over time, and stock prices lose an important source of
volatility. With less volatile returns and hence less risk, we are no
longer able to produce a substantial equity premium.
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Another set of papers, including Barberis, Shleifer, and Vishny
[1998] and Daniel, Hirshleifer, and Subrahmanyam [1998], explains
some empirical features of asset returns by assuming that investors
exhibit irrationality when making forecasts of quantities such as
cash flows. Other papers, including Hong and Stein [1999], suppose
that investors are only able to process subsets of available informa-
tion. Here, we take a different approach. While we do modify the
investor’s preferences to reflect experimental evidence about the
sources of utility, the investor remains rational and dynamically
consistent throughout.?

In Section IT we show how loss aversion over financial wealth
fluctuations and the effect of prior outcomes can be introduced
into an asset pricing framework. Section III discusses studies in
the psychology literature that we draw on in specifying the model.
Section IV characterizes equilibrium asset prices and presents
intuition for the results. In Section V we investigate the model’s
ability to explain the aggregate data through a detailed numeri-
cal analysis. In Section VI we examine the importance of taking
account of prior outcomes by analyzing a simpler model where
they are ignored. Section VII concludes.

II. INVESTOR PREFERENCES

Our starting point is the traditional consumption-based asset
pricing model of Lucas [1978]. There is a continuum of identical
infinitely lived agents in the economy, with a total mass of one,
and two assets: a risk-free asset in zero net supply, paying a gross
interest rate of R;; between time ¢ and ¢ + 1; and one unit of a
risky asset, paying a gross return of R;, ; between time ¢ and ¢ +
1. In the usual way, the risky asset—stock—is a claim to a stream
of perishable output represented by the dividend sequence {D,},
where dividend growth is given by

(D log(Dy+/D,) = gp + Op€ss 1,

where €,, ; ~ 1.i.d. N(0,1).

Up to this point, our framework is entirely standard. We
depart from the usual setup in the way we model investor pref-
erences. In particular, our agents choose a consumption level C;
and an allocation to the risky asset S; to maximize

3. See Shleifer [1999] for a recent treatment of irrationality in financial
markets.
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The first term in this preference specification, utility over
consumption C;, is a standard feature of asset pricing models.
Although our framework does not require it, we specialize to
power utility, the benchmark case studied in the literature. The
parameter p is the time discount factor, and v > 0 controls the
curvature of utility over consumption.*

The second term represents utility from fluctuations in the
value of financial wealth. The variable X, ; is the gain or loss the
agent experiences on his financial investments between time ¢
and ¢ + 1, a positive value indicating a gain and a negative value,
a loss. The utility the investor receives from this gain or loss is
v( X411, Sy, 2p). It is a function not only of the gain or loss X, 1
itself, but also of S;, the value of the investor’s risky asset hold-
ings at time ¢, and a state variable z; which measures the inves-
tor’s gains or losses prior to time ¢ as a fraction of S;. By including
S; and z, as arguments of v, we allow the investor’s prior invest-
ment performance to affect the way subsequent losses are expe-
rienced, and hence his willingness to take risk. Finally, b, is an
exogenous scaling factor that we specify later.

The utility that comes from fluctuations in financial wealth
can be interpreted in a number of different ways. We prefer to
think of it as capturing feelings unrelated to consumption. After
a big loss in the stock market, an investor may experience a sense
of regret over his decision to invest in stocks; he may interpret his
loss as a sign that he is a second-rate investor, thus dealing his
ego a painful blow; and he may feel humiliation in front of friends
and family when word leaks out.?

In summary, the preference specification in (2) recognizes

4. For Y= 1, we replace C}~Y/(1 — 7) with log(C,).

5. One could potentially also interpret the second term in (2) as capturing
utility over anticipated consumption: when an investor finds out that his wealth
has gone up, he may get utility from savoring the thought of the additional future
consumption that his greater wealth will bring. The difficulty with this interpre-
tation is that it is really only an explanation of why people might get utility from
fluctuations in total wealth. To motivate utility over financial wealth fluctuations,
one would need to argue that investors track different components of their wealth
separately and get utility from fluctuations in each one. It would then be natural
to add to (2) a term reflecting a concern for fluctuations in the value of human
capital, another major source of wealth. In fact, it turns out that doing so does not
affect our results so long as the labor income process underlying human capital is
exogenously specified.
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that people may get direct utility from sources other than con-
sumption, and also says that they anticipate these other sources
of utility when making decisions today. This is a departure from
traditional approaches, which hold that the only thing people
think about when choosing a portfolio is the future consumption
utility that their wealth will bring. While our preferences are
nonstandard, this does not mean that they are irrational in any
sense: it is not irrational for people to get utility from sources
other than consumption, nor is it irrational for them to anticipate
these feelings when making decisions.

Introducing utility over gains and losses in financial wealth
raises a number of issues: (i) how does the investor measure his
gains and losses X;,1? (ii) how does z; track prior gains and
losses? (iii) how does utility v depend on the gains and losses
X;+1? and (iv) how does z; change over time? Subsections A
through D below tackle each of these questions in turn. Finally,
subsection E discusses the scaling factor b,.

A. Measuring Gains and Losses

The gains and losses in our model refer to changes in the value
of the investor’s financial wealth, even if this is only one component
of his overall wealth. For simplicity, we go one step farther. Even
though there are two financial assets, we suppose that the investor
cares only about fluctuations in the value of the risky asset.’

Next, we need to specify the horizon over which gains and
losses are measured. Put differently, how often does the agent
seriously evaluate his investment performance? We follow the
suggestion of Benartzi and Thaler [1995] that the most natural
evaluation period is a year. As they point out, we file taxes once
a year and receive our most comprehensive mutual fund reports
once a year; moreover, institutional investors scrutinize their
money managers’ performance most carefully on an annual basis.
Since this is an important assumption, we will investigate its
impact on our results later in the paper.

Our investor therefore monitors fluctuations in the value of
his stock portfolio from year to year and gets utility from those
fluctuations. To fix ideas, suppose that S;, the time ¢ value of the

6. A simple justification for this is that since the return on the risk-free asset is
known in advance, the investor does not get utility from changes in its value in the
way that he does from changes in risky asset value. We also show later that for one
reasonable way of measuring gains and losses, it makes no difference whether they
are computed over total financial wealth or over the risky asset alone.
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investor’s holdings of the risky asset, is $100. Imagine that by
time ¢ + 1, this value has gone up to S;R;,1 = $120. The exact
way the investor measures this gain depends on the reference
level with which $120 is compared. One possible reference level is
the status quo or initial value S; = $100. The gain would then be
measured as $20, or more generally as X,.1 = S;R;x.1 — S..

This is essentially our approach, but for one modification which
we think is realistic: we take the reference level to be the status quo
scaled up by the risk-free rate, S;Rs;. In our example, and with a
risk-free rate of say 5 percent, this means a reference level of 105. An
end-of-period risky asset value of 120 would then lead the investor to
code a gain of 15, while a value of 100 would generate a loss of —5.
In general terms, the investor will code a gain or loss of

(3) Xi1= SiRu1 — StRf,t-

The idea here is that in an economy offering a riskless return
of 5 percent, the investor is likely to be disappointed if his stock
market investment returns only 4 percent. The riskless return
may not be the investor’s only point of comparison, although we
suggest that it is a reasonable one. We will examine the sensitiv-
ity of our results to this choice later in the paper.”

B. Tracking Prior Investment Outcomes

Now that we have explained how gains and losses are mea-
sured, we need to specify the utility they bring the investor. The
simplest approach is to say that the utility of a gain or loss X}, 1 is
v(X}; 1), in other words, a function of the size of the gain or loss alone.

In our model, we allow the pain of a loss to depend not only
on the size of the loss but also on investment performance prior to
the loss. A loss that comes after substantial prior gains may be
less painful than usual because it is cushioned by those earlier
gains. Put differently, the investor may not care much about a
stock market dip that follows substantial prior gains because he
can still tell himself that he is “up, relative to a year ago,” say.

Conversely, losses that come on the heels of substantial prior
losses may be more painful than average for the investor. If he

7. Note that if the investor does use the risk-free rate as a reference level, it
is irrelevant whether gains and losses are calculated over total financial wealth or
over the risky asset alone: if B, and S; represent the investor’s holdings of the
risk-free asset and the risky asset, respectively, at time ¢, then (B;R;, +
StRH. 1) - (Bt + St)Rfyt is the same as St(RH. 1 Rf,t).
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has been burned by a painful loss, he may be particularly sensi-
tive to additional setbacks.

To capture the influence of prior outcomes, we introduce the
concept of a historical benchmark level Z, for the value of the
risky asset.® We propose that when judging the recent perfor-
mance of a stock, investors compare S;, the value of their stock
holdings today, with some value Z, which represents a price that
they remember the stock trading at in the past. Different inves-
tors will form this benchmark in different ways. For some inves-
tors, it may represent an average of recent stock prices. For
others, it may be the specific stock price at salient moments in the
past, such as the end of a year. Whichever way the benchmark
level is formed, the difference S; — Z;, when positive, is the
investor’s personal measure of how much “he is up” on his invest-
ment at time ¢ and conversely, when negative, how much “he is
down.”

Introducing Z; is helpful in modeling the influence of prior
outcomes on the way subsequent gains and losses are experi-
enced. When S, > Z;, the investor has had prior gains, making
subsequent losses less painful and lowering the investor’s risk
aversion. Conversely, when S; < Z;, the investor has endured
prior losses. Subsequent losses are more painful, and the investor
is more risk averse than usual.

Since S; and Z; summarize how the investor perceives his
past performance, a simple way of capturing the effect of prior
outcomes would be to write the utility of financial wealth fluc-
tuations as v(X;, 1,5¢,Z;). For modeling purposes, we find it more
convenient to write it as v(X;, 1,S:,2;), where z; = Z,/S;.

C. Utility from Gains and Losses

In defining v(X;, 1,S:,2;), we consider three separate cases:
z; = 1, where the investor has neither prior gains nor prior losses
on his investments; z; < 1, the case of prior gains; and z; > 1, the
case of prior losses.

We start with the case of z;, = 1. We want to model the idea
that investors are much more sensitive to reductions in financial

8. We use the term benchmark level to distinguish Z; from the reference
level S;Rft. The reference level determines the size of the gain or loss. The
benchmark level Z; determines the magnitude of the utility received from that
gain or loss, in a way that we soon make precise. While we are careful to stick to
this terminology, some readers may find it helpful to think of Z; as a secondary
reference level that also affects the investor’s decisions.
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FIGURE 1

Utility of Gains and Losses

The dash-dot line represents the case where the investor has prior gains, the
dashed line the case of prior losses, and the solid line the case where he has
neither prior gains nor losses.

wealth than to increases, a feature sometimes known as loss
aversion. We capture this by defining

_ Xt+1 Xt+12 0
(4) U(Xt+17 St’ 1) - { )\Xt+1 for Xt+1 < 0,

with A > 1. This is a piecewise linear function, shown as the solid
line in Figure I. It is kinked at the origin, where the gain equals
Zero.

We now turn to z; < 1, where the investor has accumulated
prior gains in the stock market. The dash-dot line in Figure I
shows the form of v(X;,1,S:z;) in this case. It differs from
v(Xy4 1,54 1) in the way losses are penalized. Small losses are not
penalized very heavily, but once the loss exceeds a certain
amount, it starts being penalized at a more severe rate. The
intuition is that if the investor has built up a cushion of prior
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gains, these gains may soften the blow of small subsequent losses,
although they may not be enough to protect him against larger
losses.

To understand how we formalize this intuition, an example
may be helpful. Suppose that the current stock value is S; =
$100, but that the investor has recently accumulated some gains
on his investments. A reasonable historical benchmark level is
Z;= $90, since the stock must have gone up in value recently. As
discussed above, we can think of $90 as the value of the stock one
year ago, which the investor still remembers. The difference S; —
Z;= $10 represents the cushion, or reserve of prior gains that the
investor has built up. Suppose finally that the risk-free rate is
zZero.

Imagine that over the next year, the value of the stock falls
from S, = $100 down to S;R,.1 = $80. In the case of z, = 1,
where the investor has no prior gains or losses, equations (3) and
(4) show that we measure the pain of this loss as

(80 — 100)(A) = —40

for a A\ of 2.

When the investor has some prior gains, this calculation
probably overstates actual discomfort. We propose a more realis-
tic measure of the pain caused: since the first $10 drop, from S, =
$100 down to Z, = $90, is completely cushioned by the $10
reserve of prior gains, we penalize it at a rate of only 1, rather
than A. The second part of the loss, from Z, = $90 down to
S;R;,1 = $80 will be more painful since all prior gains have
already been depleted, and we penalize it at the higher rate of A.
Using a A of 2 again, the overall disutility of the $20 loss is

(90 — 100)(1) + (80 — 90)(A)
= (90 — 100)(1) + (80 — 90)(2) = —30,
or in general terms
(Z,— S)(1) + (S;Ri1— Z)(N)
=Sz, — 1)(1) + SURH1— z)(N).

Note that if the loss is small enough to be completely cush-
ioned by the prior gain—in other words, if S;R,,1 > Z;, or
equivalently, R;, 1 > z,—there is no need to break the loss up into
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two parts. Rather, the entire loss of S;R;,1 — S; is penalized at
the gentler rate of 1.

In summary, then, we give v(X;,1,S:,2;) the following form
for the case of prior gains, or z; < 1:

(5) U(Xt+ I’Stazt)

_ Sth+1 - St f Rt+1>zt
Silz; — 1) + ASiRu1 — 20 or Ri1<z.

For the more relevant case of a nonzero riskless rate Ry;, we
scale both the reference level S; and the benchmark level Z; up by
the risk-free rate, so that?

(6) U(Xt+ 1,St,2t)

— SRy 1~ StRf,t
St(ZtRf,t - Rf,t) + )\St(Rt+1 - ZtRf,t)

Finally, we turn to z; > 1, where the investor has recently
experienced losses on his investments. The form of v(X,, 1,S;,2;)
in this case is shown as the dashed line in Figure I. It differs from
v(X4 1,54, 1) in that losses are penalized more heavily, capturing
the idea that losses that come on the heels of other losses are
more painful than usual. More formally,

R, ,1>zRy,

for
Rt+ 1 < ZtRf,t'

X1 >0
™ U(XHI’St’Zt):{Mzt)XHl for ¥ <o,

where A(z;) > A. Note that the penalty A(z,) is a function of the
size of prior losses, measured by z,. In the interest of simplicity,
we set

(8) Mz) = A+ Ek(z,— 1),

where &£ > 0. The larger the prior loss, or equivalently, the larger
z; is, the more painful subsequent losses will be.

We illustrate this with another example. Suppose that the
current stock value is S; = $100, and that the investor has
recently experienced losses. A reasonable historical benchmark
level is then Z, = $110, higher than $100 since the stock has
been falling. By definition, z, = 1.1. Suppose for now that A = 2,
k = 3, and that the risk-free rate is zero.

9. Although the formula for v depends on R, as well, we do not make the
return an explicit argument of v since it can be backed out of X;, 1 and S;.
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Imagine that over the next year, the value of the stock falls
from S, = $100 down to S;R,.1 = $90. In the case of z, = 1,
where the investor has no prior gains or losses, equations (3) and
(4) show that we measure the pain of this loss as

(90 — 100)(A) = (90 — 100)(2) = —20.

In our example, though, there has been a prior loss and z; = 1.1.
This means that the pain will now be

(90 — 100)(A + 3(0.1)) = (90 — 100)(2 + 3(0.1)) = —23,

capturing the idea that losses are more painful after prior losses.

D. Dynamics of the Benchmark Level

To complete our description of the model, we need to discuss
how the investor’s cushion of prior gains changes over time. In
formal terms, we have to specify how z, moves over time, or
equivalently how the historical benchmark level Z; reacts to
changes in stock value S;. There are two ways that the value of
the investor’s stock holdings can change. First, it can change at
time ¢ because of an action taken by the investor: he may take out
the dividend and consume it, or he may buy or sell some shares.
For this type of change, we assume that Z; changes in proportion
to S;, so that z, remains constant. For example, suppose that the
initial value of the investor’s stock holdings is S; = $100 and that
Z;= $80, implying that he has accumulated $20 of prior gains. If
he sells $10 of stock for consumption purposes, bringing S; down
to $90, we assume that Z, falls to $72, so that z; remains constant
at 0.8. In other words, when the investor sells stock for consump-
tion, we assume that he uses up some of his prior gains.

The assumption that the investor’s actions do not affect the
evolution of z; is reasonable for transactions of moderate size, or
more precisely, for moderate deviations from a strategy in which
the investor holds a fixed number of shares and consumes the
dividend each period. However, larger deviations—a complete
exit from the stock market, for example—might plausibly affect
the way z; evolves. In supposing that they do not, we make a
strong assumption, but one that is very helpful in keeping our
analysis tractable. We discuss the economic interpretation of this
assumption further in Section IV when we compute equilibrium
prices.

The second way stock value can change is simply through its
return between time ¢ and time ¢ + 1. In this case, the only
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requirement we impose on Z; is that it respond sluggishly to
changes in the value of the risky asset. By this we mean that
when the stock price moves up by a lot, the benchmark level also
moves up, but by less. Conversely, if the stock price falls sharply,
the benchmark level does not adjust downwards by as much.

Sluggishness turns out to be a very intuitive requirement to
impose. To see this, recall that the difference S; — Z; is the
investor’s measure of his reserve of prior gains. How should this
quantity change as a result of a change in the level of the stock
market? If the return on the stock market is particularly good,
investors should feel as though they have increased their reserve
of prior gains. Mathematically, this means that the benchmark
level Z, should move up less than the stock price itself, so that the
cushion at time ¢ + 1, namely S;;; — Z;, 1, be larger than the
cushion at time ¢, S; — Z;. Conversely, if the return on market is
particularly poor, the investor should feel as though his reserves
of prior gains are depleted. For this to happen, Z; must fall less
than S;.

A simple way of modeling the sluggishness of the benchmark
level Z, is to write the dynamics of z; as

( )
9 Ziy V4 )
t+1 th+1

where R is a fixed parameter. This equation then says that if the
return on the risky asset is particularly good, so that R;,; > R,
the state variable z = Z/S falls in value. This is consistent with
the benchmark level Z, behaving sluggishly, rising less than the
stock price itself. Conversely, if the return is poor and R;,; < R,
then z goes up. This is consistent with the benchmark level falling
less than the stock price.!°

R is not a free parameter in our model, but is determined
endogenously by imposing the reasonable requirement that in
equilibrium, the median value of z; be equal to one. In other
words, half the time the investor has prior gains, and the rest of
the time he has prior losses. It turns out that R is typically of
similar magnitude to the average stock return.

We can generalize (9) slightly to allow for varying degrees of

10. The benchmark level dynamics in (9) are one simple way of capturing
sluggishness. More generally, we can assume dynamics of the form z;,; =
g(z4,Rt4 1), where g(z4,R;, 1) is strictly increasing in z; and strictly decreasing in

t+ 1.
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sluggishness in the dynamics of the historical benchmark level.
One way to do this is to write

R
(10) zt+1=ﬂ(2tm)+(1—ﬂ)(1)-

When 1 = 1, this reduces to (9), which represents a sluggish
benchmark level. When n = 0, it reduces to z;.1 = 1, which
means that the benchmark level Z, tracks the stock value S;
one-for-one throughout—a very fast moving benchmark level.

The parameter 1 can be given an interpretation in terms of
the investor’s memory: it measures how far back the investor’s
mind stretches when recalling past gains and losses. When 1 is
near zero, the benchmark level Z, is always close to the value of
the stock S;: prior gains and losses are quickly swallowed up and
are not allowed to affect the investor for long. In effect, the
investor has a short-term memory, recalling only the most recent
prior outcomes. When 1 is closer to one, though, the benchmark
level moves sluggishly, allowing past gains and losses to linger
and affect the investor for a long time; in other words, the inves-
tor has a long memory."

E. The Scaling Term b,

We scale the prospect theory term in the utility function to
ensure that quantities like the price-dividend ratio and risky
asset risk premium remain stationary even as aggregate wealth
increases over time. Without a scaling factor, this will not be the
case because the second term of the objective function will come to
dominate the first as aggregate wealth grows. One reasonable
specification of the scaling term is

(11) b, = bC;",

where C, is the aggregate per capita consumption at time ¢, and
hence exogenous to the investor. By using an exogenous variable,
we ensure that b, simply acts as a neutral scaling factor, without
affecting the economic intuition of the previous paragraphs.
The parameter by is a nonnegative constant that allows us to
control the overall importance of utility from gains and losses in

11. A simple mathematical argument can be used to show that the “half-life”
of the investor’s memory is equal to —0.693/log 1. In other words, after this
amount of time, the investor has lost half of his memory. When n = 0.9, this
quantity is 6.6 years, and when 1 = 0.8, it equals 3.1 years.
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financial wealth relative to utility from consumption. Setting
by = 0 reduces our framework to the much studied consumption-
based model with power utility.

ITI. EVIDENCE FROM PSYCHOLOGY

The design of our model is influenced by some long-standing
ideas from psychology. The idea that people care about changes in
financial wealth and that they are loss averse over these changes
is a central feature of the prospect theory of Kahneman and
Tversky [1979]. Prospect theory is a descriptive model of decision
making under risk that was originally developed to help explain
the numerous violations of the expected utility paradigm docu-
mented over the years.

While our model is influenced by the work of Kahneman and
Tversky [1979], we do not attempt an exhaustive implementation
of all aspects of prospect theory. Figure II shows Kahneman and
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Tversky’s utility function over gains and losses:!?

X0.88 X> 0
(12) w(X) - { _225(_X)088 for X< 0.

It is similar to v(X;,1, S, 1)—the solid line in Figure I—but is
also mildly concave over gains and convex over losses. This cur-
vature is most relevant when choosing between prospects that
involve only gains or between prospects that involve only losses.!®
For gambles that can lead to both gains and losses—such as the
one-year investment in stocks that our agent is evaluating—loss
aversion at the kink is far more important than the degree of
curvature away from the kink. For simplicity then, we make v
linear over both gains and losses.

In our framework the “prospective utility” the investor re-
ceives from gains and losses is computed by taking the expected
value of v, in other words by weighting the value of gains and
losses by their probabilities. As a way of understanding Allais-
type violations of the expected utility paradigm, Kahneman and
Tversky [1979] suggest weighting the value of gains and losses
not with the probabilities themselves but with a nonlinear trans-
formation of those probabilities. Again, for simplicity, we abstract
from this feature of prospect theory, and have no reason to believe
that our results are qualitatively affected by this simplification.

The idea that prior outcomes may affect willingness to take
risk is also supported by recent studies in psychology. Thaler and
Johnson [1990] study risk-taking behavior in an experimental
setting using a large sample of Cornell undergraduate and MBA

12. This functional form is proposed in Tversky and Kahneman [1992] and is
based on experimental findings.

13. Indeed, it is by offering subjects gambles over only losses or only gains
that Kahneman and Tversky [1979] deduce the shape of the value function. They
propose concavity over gains because subjects prefer a gamble that offers $2000
w.p. ¥4, $4000 w.p. ¥+, and $0 w.p. ¥2 to the mean-preserving spread offering
$6000 w.p. ¥4 and $0 otherwise. Preferences switch when the signs are flipped,
suggesting convexity over losses.

14. Two other assumptions inherent in our framework are worth noting.
First, we assume that investors rationally forecast the loss aversion that they will
feel in the future. Loewenstein, O’Donoghue, and Rabin [1999] suggest that
reality is more complex in that people have trouble forecasting how they will feel
about future events. A more complete model would take this evidence into ac-
count, although we do not attempt it here. Second, we assume that investors
rationally forecast future changes in the reference level S, R,. It is sometimes
claimed that such rationality is inconsistent with loss aversion: if people know
they are eventually going to reset their reference level after a stock market drop,
why are they so averse to the loss in the first place? Levy and Wiener [1997]
provide one answer, noting that changing the reference level forces the investor to
confront and accept the loss, and this is the part that is painful.
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students. They offer subjects a sequence of gambles and find that
outcomes in earlier gambles affect subsequent behavior: following
a gain, people appear to be more risk seeking than usual, taking
on bets they would not normally accept. This result has become
known as the “house money” effect, because it is reminiscent of
the expression “playing with the house money” used to describe
gamblers’ increased willingness to bet when ahead. Thaler and
Johnson argue that these results suggest that losses are less
painful after prior gains, perhaps because those gains cushion the
subsequent setback.

Thaler and Johnson also find that after a loss, subjects dis-
play considerable reluctance to accept risky bets. They interpret
this as showing that losses are more painful than usual following
prior losses.®

The stakes used in Thaler and Johnson [1990] are small—the
dollar amounts are typically in double digits. Interestingly, Gert-
ner [1993] obtains similar results in a study involving much
larger stakes. He studies the risk-taking behavior of participants
in the television game show “Card Sharks,” where contestants
place bets on whether a card to be drawn at random from a deck
will be higher or lower than a card currently showing. He finds
that the amount bet is a strongly increasing function of the
contestant’s winnings up to that point in the show. Once again,
this is evidence of more aggressive risk-taking behavior following
substantial gains.

The evidence we have presented suggests that in the context
of a sequence of gains and losses, people are less risk averse
following prior gains and more risk averse after prior losses. This
may initially appear puzzling to readers familiar with Kahneman
and Tversky’s original value function, which is concave in the
region of gains and convex in the region of losses. In particular,
the convexity over losses is occasionally interpreted to mean that
“after a loss, people are risk seeking,” contrary to Thaler and
Johnson’s evidence. Hidden in this interpretation, though, is a
critical assumption, namely that people integrate or “merge” the
outcomes of successive gambles. Suppose that you have just suf-
fered a loss of $1000, and are contemplating a gamble equally

15. It is tempting to explain these results using a utility function where risk
aversion decreases with wealth. However, any utility function with sufficient
curvature to produce lower risk aversion after a $20 gain, regardless of initial
wealth level, inevitably makes counterfactual predictions about attitudes to large-
scale gambles.
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likely to win you $200 as to lose you $200. Integration of outcomes
means that you make the decision about whether to take the
gamble by comparing the average of w(—1200) and w(—800)
with w(—1000), where w is defined in equation (12). Of course,
under this assumption, convexity in the region of losses leads to
risk seeking after a loss.

The idea that people integrate the outcomes of sequential
gambles, while appealingly simple, is only a hypothesis. Tversky
and Kahneman [1981] themselves note that prospect theory was
originally developed only for elementary, one-shot gambles and
that any application to a dynamic context must await further
evidence on how people think about sequences of gains and losses.
A number of papers, including Thaler and Johnson [1990], have
taken up this challenge, conducting experiments on whether peo-
ple integrate sequential outcomes, segregate them, or do some-
thing else again. That these experiments have uncovered in-
creased risk aversion after prior losses does not contradict
prospect theory; it simply rejects the hypothesis that people in-
tegrate sequential gambles.1®

Thaler and Johnson [1990] do find some situations where
prior losses lead to risk-seeking behavior. These are situations
where after the prior loss, the subject can take a gamble that
offers a good chance of breaking even and only limited downside.
In conjunction with the other evidence, this suggests that while
losses after prior losses are very painful, gains that enable people
with prior losses to break even are especially sweet. We have not
been able to introduce this break-even effect into our framework
in a tractable way. It is worth noting, though, that outside of the
special situations uncovered by Thaler and Johnson, it is in-
creased risk aversion that appears to be the norm after prior
losses.

IV. EQUILIBRIUM PRICES

We now derive equilibrium asset prices in an economy popu-
lated by investors with preferences of the type described in Sec-

16. There is another sense in which integration of sequential outcomes is an
implausible way to implement prospect theory in a multiperiod context. If inves-
tors did integrate many years of stock market gains and losses, they would
essentially be valuing absolute levels of wealth, and not the changes in wealth
that are so important to prospect theory. We thank J. B. Heaton for this
observation.
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tion II. It may be helpful to summarize those preferences here.
Each investor chooses consumption C, and an allocation to the
risky asset S; to maximize

(o]

(13) E[Z

t=0

1-y
t

C _
pt 1 _ ,y + bOCt_ypH 10(Xt+1aStazt)):|a

subject to the standard budget constraint, where
(14) Xi1= SRi1— SRy,

and where for z; < 1,

(15) v(X,1,S,2))

_ SiRiu1— SRy for Ri.1=zRp;
St(ZtRf,t - Rf,t) + AS Ry 1 — ZtRf,t) R, <zRy,

and for z; > 1,

(16)
_ Sth+1_ StRf,t Rt+1>Rf,t
v X2, Sezd = { Mz)(S. Ry~ S.R) 7 R <Ry,

with
17) Mz) =N+ k(z,— 1).

Equations (15) and (16) are pictured in Figure 1. Finally, the
dynamics of the state variable z; are given by

R
(18) Zt+1=ﬂ(2tm)+(1—ﬂ)(1)-

We calculate the price P; of a dividend claim—in other words,
the stock price—in two different economies. The first economy,
which we call “Economy I,” is the one analyzed by Lucas [1978].
It equates consumption and dividends so that stocks are modeled
as a claim to the future consumption stream.

Due to its simplicity, the first economy is the one typically
studied in the literature. However, we also calculate stock prices
in a more realistic economy—“Economy II"—where consumption
and dividends are modeled as separate processes. We can then
allow the volatility of consumption growth and of dividend growth
to be very different, as they indeed are in the data. We can think
of the difference between consumption and dividends as arising
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from the fact that investors have other sources of income besides
dividends. Equivalently, they have other forms of wealth, such as
human capital, beyond their financial assets.

In our model, changes in risk aversion are caused by changes
in the level of the stock market. In this respect, our approach
differs from consumption-based habit formation models, where
changes in risk aversion are due to changes in the level of con-
sumption. While these are different ideas, it is not easy to illus-
trate their distinct implications in an economy like Economy I,
where consumption and the stock market are driven by a single
shock, and are hence perfectly conditionally correlated. This is
why we emphasize Economy II: since consumption and dividends
do not have to be equal in equilibrium, we can model them as
separate processes, driven by shocks that are only imperfectly
correlated. The contrast between our approach and the consump-
tion-based framework then becomes much clearer.

In both economies, we construct a one-factor Markov equilib-
rium in which the risk-free rate is constant and the Markov state
variable z; determines the distribution of future stock returns.
Specifically, we assume that the price-dividend ratio of the stock
is a function of the state variable z;:

(19) fi=PJ/D,= flz,),

and then show for each economy in turn that there is indeed an
equilibrium satisfying this assumption. Given the one-factor as-
sumption, the distribution of stock returns R, ; is determined by
2z, and the function f(-) using

Pt+1 + Dt+1 — 1+ Pt+1/Dt+1 Dt+1
_ 1 + f(zt+1) Dt+1
flz,) D, -

(20) Ry =

A. Stock Prices in Economy I

In the first economy we consider, consumption and dividends
are modeled as identical processes. We write the process for
aggregate consumption C; as

(21) 10g(ét+ l/ét) = log(D,+/D,) = g¢c + O¢€ 1,

where €, ~ i.i.d. N(0,1). Note from equation (1) that the mean gp
and volatility 0p of dividend growth are constrained to equal g¢
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and O¢, respectively. Together with the one-factor Markov as-
sumption, this means that the stock return is given by

1+ flzyq)
22) Rt+1:%e

gc+ Oc€r+ 1

Intuitively, the value of the risky asset can change because of
news about consumption €;, ; or because the price-dividend ratio
f changes. Changes in f are driven by changes in z;, which mea-
sures past gains and losses: past gains make the investor less risk
averse, raising f, while past losses make him more risk averse,
lowering f.

In equilibrium, and under rational expectations about stock
returns and aggregate consumption levels, the agents in our
economy must find it optimal to consume the dividend stream and
to hold the market supply of zero units of the risk-free asset and
one unit of stock at all times.!” Proposition 1 characterizes the
equilibrium.!8

ProposiTiON 1. For the preferences given in (13)—(18), there exists
an equilibrium in which the gross risk-free interest rate is
constant at

(23) R;= pleYee Vo2

and the stock’s price-dividend ratio f(*), as a function of the
state variable z,, satisfies for all z,:

. 1+ f(2t+ 1)
(24) 1= pEt[—f(Zt) e

(I_Y)(gC+UC€t+1):|

N 1+ f(2t+1) C+ OCE4 1 ):|
+ bOpEt[v (W e? » 2 ) |

where for z, < 1,
(25) ﬁ(RH 15 Zt)

_ R, - Rf,t f R,..= ZtRf,t
(ZtRf,t - Rf,t) + )\(RH 1 ZtRf,t) R, < ZtRf,t,

17. We need to impose rational expectations about aggregate consumption
because the agent’s utility includes aggregate consumption as a scaling term.

18. We assume that log p + (1 — V)ge¢ + 0.5(1 — Y)ZO% < 0 so that the
equilibrium is well behaved at ¢t = oo
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and for z; > 1,
A _ Rt+ 1 Rf,t RH 1 >Rf,t
(26) U(Rt+ 15 Zt) - { )\(Zt)(RHl _ Rf,t) for Rt+1 <Rf,t-

We prove this formally in the Appendix. At a less formal
level, our results follow directly from the agent’s Euler equations
for optimality at equilibrium, derived using standard perturba-
tion arguments:

@7) 1=pRE[(C,,/C)M,
(28) 1= PEIR;1(Cii/C) "1+ bopEL6(R 1, 2]

Readers may find it helpful to compare these equations with
those derived from standard asset pricing models with power
utility over consumption. The Euler equation for the risk-free
rate is the usual one: consuming a little less today and investing
the savings in the risk-free rate does not change the investor’s
exposure to losses on the risky asset. The first term in the Euler
equation for the risky asset is also the familiar one first obtained
by Mehra and Prescott [1985]. However, there is now an addi-
tional term. Consuming less today and investing the proceeds in
the risky asset exposes the investor to the risk of greater losses.
Just how dangerous this is, is determined by the state variable z,.

In constructing the equilibrium in Proposition 1, we follow
the assumption laid out in subsection II.D, namely that buying or
selling on the part of the investor does not affect the evolution of
the state variable z;. Equivalently, the investor believes that his
actions will have no impact on the future evolution of z;. As we
argued earlier, this is a reasonable assumption for many actions
the investor might take, but is less so in the case of a complete
exit from the stock market. In essence, our assumption means
that the investor does not consider using his cushion of prior
gains in a strategic fashion, perhaps by waiting for the cushion to
become large, exiting from the stock market so as to preserve the
cushion and then reentering after a market crash when expected
returns are high.1®

19. Allowing the investor to consider such strategies does not change the
qualitative nature of our results. It may affect our quantitative results depending
on how one specifies the evolution of the investor’s cushion of prior gains after he
leaves the stock market.
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B. Stock Prices in Economy II

In Economy II, consumption and dividends follow distinct
processes. This allows us to model the stock for what it really is,
namely a claim to the dividend stream, rather than as a claim to
consumption. Formally, we assume

(29) 10g(ét+ l/ét) =8ct OcNut1,
and
(30) log(Dy,.+/D;) = gp + Op€s 1,
where

) isan((9) (8 9))
(31) ( Et ~ l.l.d. N 0 5 0) 1 .

This assumption, which makes log C/D, a random walk, allows
us to construct a one-factor Markov equilibrium in which the
risk-free interest rate is constant and the price-dividend ratio of
the stock is a function of the state variable z;.2° The stock return
can then be written as

1 + f(zt+1)
Az ¢

Given that the consumption and dividend processes are dif-
ferent, we need to complete the model specification by assuming
that each agent also receives a stream of nonfinancial income
{Y,}—labor income, say. We assume that {Y;} and {D;} form a
joint Markov process whose distribution gives C; = D; + Y, and
D, the distributions in (29)—(31).

We construct the equilibrium through the Euler equations of
optimality (27) and (28). The risk-free rate is again constant and
given by (27). The one-factor Markov structures of stock prices in
(19) and (32) satisfy the Euler equation (28). The next proposition
characterizes this equilibrium. The Appendix gives more detailed
calculations and proves that the Euler equations indeed charac-
terize optimality.?!

(32) Rt+1 =

8D+ OD€t+ 1

20. Another approach would model C; and D; as cointegrated processes, but
we would then need at least one more factor to characterize equilibrium prices.

21. We assume that log p — vgc + gp + 0.5(y20%2 — 2Y®00cOp + 05), 0 so
that the equilibrium is well behaved at ¢t = <o
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ProrosrTiON 2. In Economy II, the risk-free rate is constant at
(33) Ry = pleme e,
and the stock’s price-dividend ratio f(-) is given by

(34) 1= pesr et YZ"f‘”’ZWEt[%;Z)M)
t

+ b E [”(L(ZHI) 8D+ Op€ty 1 ):l
Op t| U f(zt) e » 2t >

where 0 is defined in Proposition 1.

e(onfvmoc)ml:l

C. Model Intuition

In Section V we solve for the price-dividend ratio numerically
and use simulated data to show that our model provides a way of
understanding a number of puzzling empirical features of aggre-
gate stock returns. In particular, our model is consistent with a
low volatility of consumption growth on the one hand, and a high
mean and volatility of stock returns on the other, while maintain-
ing a low and stable risk-free rate. Moreover, it generates long
horizon predictability in stock returns similar to that observed in
empirical studies and predicts a low correlation between con-
sumption growth and stock returns.

It may be helpful to outline the intuition behind these results
before moving to the simulations. Return volatility is a good place
to start: how can our model generate returns that are more
volatile than the underlying dividends? Suppose that there is a
positive dividend innovation this period. This will generate a high
stock return, increasing the investor’s reserve of prior gains. This
makes him less risk averse, since future losses will be cushioned
by the prior gains, which are now larger than before. He therefore
discounts the future dividend stream at a lower rate, giving stock
prices an extra jolt upward. A similar story holds for a negative
dividend innovation. It generates a low stock return, depleting
prior gains or increasing prior losses. The investor is more risk
averse than before, and the increase in risk aversion pushes
prices still lower. The effect of all this is to make returns sub-
stantially more volatile than dividend growth.

The same mechanism also produces long horizon predictabil-
ity. Put simply, since the investor’s risk aversion varies over time
depending on his investment performance, expected returns on
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the risky asset also vary. To understand this in more detail,
suppose once again that there is a positive shock to dividends.
This generates a high stock return, which lowers the investor’s
risk aversion and pushes the stock price still higher, leading to a
higher price-dividend ratio. Since the investor is less risk averse,
subsequent stock returns will be lower on average. Price-dividend
ratios are therefore inversely related to future returns, in exactly
the way that has been documented by numerous studies, includ-
ing Campbell and Shiller [1988] and Fama and French [1988b].

If changing loss aversion can indeed generate volatile stock
prices, then we may also be able to generate a substantial equity
premium. On average, the investor is loss averse, and fears the
frequent drops in the stock market. He may therefore charge a
high premium in return for holding the risky asset. Earlier re-
search provides hope that this will be the case: Benartzi and
Thaler [1995] analyze one-period portfolio choice for loss-averse
investors—a partial equilibrium analysis where the stock mar-
ket’s high historical mean and volatility are exogenous—and find
that these investors are unwilling to invest much of their wealth
in stocks, even in the face of the large historical premium. This
suggests that loss aversion may be a useful ingredient for equi-
librium models trying to understand the equity premium.

Finally, our framework also generates stock returns that are
only weakly correlated with consumption, as in the data.?? To
understand this, note that in our model, stock returns are made
up of two components: one due to news about dividends, and the
other to a change in risk aversion caused by movements in the
stock market. Both components are ultimately driven by shocks
to dividends, and so in our model, the correlation between returns
and consumption is very similar to the correlation between divi-
dends and consumption—a low number. This result distinguishes
our approach from consumption-based habit formation models of
the stock market such as Campbell and Cochrane [1999]. In those
models, changes in risk aversion are caused by changes in con-
sumption levels. This makes it inevitable that returns will be
significantly correlated with consumption shocks, in contrast to
what we find in the data.

Another well-known difficulty with consumption-based mod-
els is that attempts to make them match features of the stock

22. This is a feature that is unique to Economy II, which allows for a
meaningful distinction between consumption and dividends.
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market often lead to counterfactual predictions for the risk-free
rate. For example, these models typically explain the equity
premium with a high curvature v of utility over consumption.
However, this high v also leads to a strong desire to smooth
consumption intertemporally, generating high interest rates.
Furthermore, the habit formation feature that many consump-
tion-based models use to explain stock market volatility can also
make interest rates counterfactually volatile.?

In our framework we use loss aversion over financial wealth
fluctuations rather than a high curvature of utility over consump-
tion to explain the equity premium. We do not therefore generate
a counterfactually high interest rate. Moreover, since changes in
risk aversion are driven by past stock market performance rather
than by consumption, we can maintain a stable, indeed constant
interest rate.

One feature that our model does share with consumption-
based models like that of Campbell and Cochrane [1999] is con-
trarian expectations on the part of investors. Since stock prices in
these models are high when investors are less risk averse, these
are also times when investor require—and expect—lower returns
than on average.

Durell [1999] has examined investor expectations about fu-
ture stock market behavior and found evidence of extrapolative,
rather than contrarian expectations. In other words, some inves-
tors appear to expect higher than average returns precisely at
market peaks. Shiller [1999] presents results of a survey of in-
vestor expectations over the course of the U. S. bull market of the
last few years. He finds no evidence of extrapolative expectations;
but neither does he find evidence of contrarian expectations. It is
not clear whether the samples used by Durell and Shiller are
representative of the investing population, but they do suggest
that the story in this paper—or indeed the consumption-based
story—may not be a complete description of the facts.

D. A Note on Aggregation

The equilibrium pricing equations in subsections IV.A and
IV.B are derived under the assumption that the investors in our

23. Campbell and Cochrane’s paper [1999] is perhaps the only consumption-
based model that avoids problems with the risk-free rate. A clever choice of
functional form for the habit level over consumption enables them to use precau-
tionary saving to counterbalance the strong desire to smooth consumption
intertemporally.
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economy are completely homogeneous. This is certainly a strong
assumption. Investors may be heterogeneous along numerous
dimensions, which raises the question of whether the intuition of
our model still goes through once investor heterogeneity is recog-
nized. For any particular form of heterogeneity, we need to check
that loss aversion remains in the aggregate and, moreover, that
aggregate loss aversion still varies with prior stock market move-
ments. If these two elements are still present, our model should
still be able to generate a high premium, volatility, and
predictability.

One form of heterogeneity does aggregate satisfactorily: this
is the case where investors have different wealth levels, but
identical wealth to income ratios. We can model this by having
several cohorts of investors, each cohort containing a continuum
of equally wealthy investors. Since wealth is not a nontrivial state
variable, all our results go through.?

There is reason to hope that our intuition will also survive
other forms of heterogeneity. For example, it is possible that
investors differ in the extent of their prior gains or losses, perhaps
because they entered the stock market at different times. In other
words, investors may have different z,’s.

Note that even if z; varies across investors, each individual
investor is still more sensitive to losses than to gains, and there
is no reason to believe that this will be lost in the aggregate.
Hence there is no reason to think that the equity premium will be
much reduced in the presence of this kind of heterogeneity. Fur-
thermore, if the stock market experiences a sustained rise, this
will increase prior gains for most investors, making them less risk
averse. Therefore, it is very reasonable to think that risk aversion
will also fall in the aggregate. If aggregate loss aversion still
varies over time, our model should still be able to generate sub-
stantial volatility and predictability.

V. NUMERICAL RESULTS AND FURTHER DISCUSSION

In this section we present price-dividend ratios f(z;) that
solve equations (24) and (34). We then create a long time series of
simulated data and use it to compute various moments of asset

24. The only subtlety is that since aggregate consumption C, enters prefer-
ences, we need to assume that people use the average consumption of a reference
group of people with identical wealth to set C,, rather than average consumption
in the economy as a whole.



PROSPECT THEORY AND ASSET PRICES 29

TABLE 1
PARAMETER VALUES FOR EcoNOMY I
Parameter

8c 1.84%
oc 3.79%
b 1.0
P 0.98
A 2.25
k (range)
bo (range)
n 0.9

returns which can be compared with historical numbers. We do
this for both economies described in Section IV: Economy I, where
stocks are modeled as a claim to the consumption stream; and the
more realistic Economy II where stocks are a claim to dividends,
which are no longer the same as consumption.

A. Parameter Values

Table I summarizes our choice of parameter values for Econ-
omy I. For g¢ and O¢, the mean and standard deviation of log
consumption growth, we follow Cecchetti, Lam, and Mark [1990]
who obtain g¢ = 1.84 percent and 0¢ = 3.79 percent from a time
series of annual data from 1889 to 1985. These numbers are very
similar to those used by Mehra and Prescott [1985] and Constan-
tinides [1990].

The investor’s preference parameters are v, P, A, k£, and bo.
We choose the curvature Y of utility over consumption and the
time discount factor p so as to produce a sensibly low value for the
risk-free rate. Given the values of g¢ and O¢, equation (23) shows
that y= 1.0 and p= 0.98 bring the risk-free interest rate close to
Ry — 1= 3.86 percent.

The value of A determines how keenly losses are felt relative
to gains in the case where the investor has no prior gains or
losses. This is the case that is most frequently studied in the
experimental literature: Tversky and Kahneman [1992] estimate
A = 2.25 by offering subjects isolated gambles, and we use this
value.

The parameter £ determines how much more painful losses
are when they come on the heels of other losses. It is an important
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determinant of the investor’s average degree of loss aversion over
time. In the results that we present, we pick 2 in two different
ways. Our first approach is to choose £ so as to make the inves-
tor’s average loss aversion close to 2.25, where average loss aver-
sion is computed in a way that we make precise in the Appendix.
After prior gains, the investor does not fear losses very much, so
his effective loss aversion is less than 2.25; after prior losses, he
is all the more sensitive to additional losses, so his effective loss
aversion is higher than 2.25, to a degree governed by £. We find
that choosing £ = 3 keeps average loss aversion close to 2.25. To
understand what a % of 3 means, suppose that the state variable
z; is initially equal to 1, and that the stock market then experi-
ences a sharp fall of 10 percent. From equation (10) with n = 1,
this means that z; increases by approximately 0.1, to 1.1. From
(8), any additional losses will now penalized at 2.25 + 3(0.1) =
2.55, a slightly more severe penalty.

Our second approach to picking % is to go to the data for
guidance: we simply look for values of £ that bring the predicted
equity premium close to its empirical value.

The parameter b, determines the relative importance of the
prospect utility term in the investor’s preferences. We do not have
strong priors about what constitutes a reasonable value for b, and
so present results for a range of values.?

The two final parameters, 1 and R, arise in the definition of
the state variable dynamics. R is not a parameter we have any
control over: it is completely determined by the other parameters
and the requirement that the equilibrium median value of z; be
equal to one. The variable 1 controls the persistence of z; and
hence also the persistence of the price-dividend ratio. We find
that an 1 of 0.9 brings the autocorrelation of the price-dividend
ratio that we generate close to its empirical value.

B. Methodology

Before presenting our results, we briefly describe the way
they were obtained. The identical technique is used for both
Economy I and II, so we describe it only for the case of Economy
I. The difficulty in solving equation (24) comes from the fact that

25. One way to think about by is to compare the disutility of losing a dollar in
the stock market with the disutility of having to consume a dollar less. When
computed at equilibrium, the ratio of these two quantities equals bop\. By plug-
ging numbers into this expression, we can see how b, controls the relative
importance of consumption utility and nonconsumption utility.
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2:+11s a function of both €., ; and f(-). In economic terms, our state
variable is endogenous: it tracks prior gains and losses, which
depend on past returns, themselves endogenous. Equation (24) is
therefore self-referential and needs to be solved in conjunction
with

R
(35) Zt+1:n(2tm)+ (1 —m)(1),
and
L+ {241 o+ Oc€s 1
(36) R, = f(T e? .

We use the following technique. We start out by guessing a
solution to (24), f© say. We then construct a function 2© so that
zie1= h'O(z,, €, 1) solves equations (35) and (36) for this f = f©.
The function A® determines the distribution of z,,; conditional
on z;.

Given the function ~?, we get a new candidate solution f@
through the following recursion:

(@)
(37) 1= pE [% (1~ Y)(gc+0'c£z+1)]

1+ fz,1)
+b0pEt|: (T(tl eser e, Zt)]a ~z.

With f@ in hand, we can calculate a new A = AV that solves
equations (35) and (36) for f = fY. This A gives us a new
candidate f = f® from (37). We continue this process until
convergence occurs: f& — f, and h® — h.

C. Stock Prices in Economy I

Figure III presents price-dividend ratios f(z,) that solve
equation (24) for three different values of b,: 0.7, 2, and 100, and
with % fixed at 3. Note that f(z,) is a decreasing function of z; in
all cases. The intuition for this is straightforward: a low value of
z; means that recent returns on the asset have been high, giving
the investor a reserve of prior gains. These gains cushion subse-
quent losses, making the investor less risk averse. He therefore
discounts future dividends at a lower rate, raising the price-
dividend ratio. Conversely, a high value of z; means that the
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FI1GURE III
Price-Dividend Ratios in Economy I

The price-dividend ratios are plotted against z;, which measures prior gains and
losses: a low z; indicates prior gains. The parameter by controls how much the
investor cares about financial wealth fluctuations. We fix the parameter % at 3,
bringing average loss aversion close to 2.25 in all cases.

investor has recently experienced a spate of painful losses; he is
now especially sensitive to further losses which makes him more
risk averse and leads to lower price-dividend ratios.

Figure III by itself does not tell us the range of price-dividend
ratios we are likely to see in equilibrium. For that, we need to
know the equilibrium distribution of the state variable z;. Figure
IV shows this distribution for one case that we will consider in
more detail later: b= 2, £ = 3. To obtain it, we draw a long time
series {€)7°7°° of 50,000 independent draws from the standard
normal distribution and starting with zo = 1, use the function
zir1 = h(z;, €. 1) described in subsection V.B to generate a time
series for z;. Note from the graph that the average z; is close to
one, and this is no accident. The value of R in equation (10) is
chosen precisely to make the median value of z; as close to one as
possible.
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FIGURE IV
Distribution of the State Variable z,
The distribution is based on Economy I with by = 2 and £ = 3.

As we generate the time series for z; period by period, we also
compute the returns along the way using equation (20). We now
present sample moments computed from these simulated re-
turns. The time series is long enough that sample moments
should serve as good approximations to population moments.

Table II presents the important moments of stock returns for
different values of by and %. In the top panel, we vary by and set
k to 3, which keeps average loss aversion over time close to 2.25.
At one extreme we have by = 0, the classic case considered by
Mehra and Prescott [1985]. As we push b, up, the asset return
moments eventually reach a limit that is well approximated with
a by of 100. The table also reports the investor’s average loss
aversion, calculated in the way described in the Appendix.

Note that as we raise by while keeping % fixed, the equity
premium goes up. There are two forces at work here. As b, gets
larger, prior outcomes affect the investor more, causing his risk
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TABLE II
ASSET RETURNS IN EcONOMY I

bo =0 bo = 0.7 bo = 2 bo = 100 Empirical
k=3 k=3 k=3 value

Log risk-free rate 3.79 3.79 3.79 3.79 0.58
Log excess stock return
Mean 0.07 0.63 0.88 1.26 6.03
Standard deviation 3.79 4.77 5.17 5.62 20.02
Sharpe ratio 0.02 0.13 0.17 0.22 0.3
Average loss aversion 2.25 2.25 2.25

bo= 0.7 bo= 2 bo = 100
k= 150 k=100 k= 50

Log risk-free rate 3.79 3.79 3.79
Log excess stock return
Mean 3.50 3.66 3.28
Standard deviation 10.43 10.22 9.35
Sharpe ratio 0.34 0.36 0.35
Average loss aversion 10.7 7.5 44

Moments of asset returns are expressed as annual percentages. Empirical values are based on Treasury
Bill and NYSE data from 1926-1995. The parameter b, controls how much the investor cares about financial
wealth fluctuations, while % controls the increase in loss aversion after a prior loss.

aversion to vary more, and hence generating more volatile stock
returns. Moreover, as b, grows, loss aversion becomes a more
important feature of the investor’s preferences, pushing up the
Sharpe ratio. The higher volatility and higher Sharpe ratio com-
bine to raise the equity premium.

Although the results in Table II are encouraging from a
qualitative standpoint, the magnitudes are not impressive.
Changes in risk aversion do give returns a volatility higher than
the 3.79 percent volatility assumed for dividend growth, but this
effect is not nearly large enough to match historical volatility.
Since the investor does not observe any particularly large market
crashes, he does not charge a particularly high equity premium
either. The highest equity premium we can possibly generate for
this value of k£ is 1.28 percent.

The bottom panel of Table II shows that we can come closer
to matching the historical equity premium by increasing the
value of . Since the investor is now extremely loss averse in some
states of the world, average loss aversion also climbs steeply.
Note, however, that return volatility here is still far too low.
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TABLE III

PARAMETER VALUES FOR EcoNoMmy II
Parameter Economy II Economy I
gc 1.84% 1.84%
&D 1.84% —
Oc 3.79% 3.79%
Op 12.0% —
[0 0.15 —
Y 1.0 1.0
p 0.98 0.98
A 2.25 2.25
k (range) (range)
by (range) (range)
ll 0.9 0.9

The parameter values used for Economy I and shown in
Table I are repeated here for ease of comparison.

An unrealistic feature of Economy I is that consumption and
dividends are constrained to follow the same process. This means
that we are modeling stocks as a claim to a very smooth consump-
tion stream, rather than as what they really are, namely a claim
to a far more volatile dividend stream. We therefore turn to
Economy II which allows us to relax this constraint.

D. Stock Prices in Economy II

We now calculate stock prices in a more general economy
where consumption and dividends are modeled as distinct pro-
cesses. Table III presents our choice of parameters in this econ-
omy. To make comparison easier, we also show the parameters
used for Economy I alongside.

Allowing consumption and dividends to follow different pro-
cesses introduces three new parameters: gp, the mean dividend
growth rate; Op, the volatility of dividend growth; and ®, the
correlation of shocks to dividend growth and consumption
growth. For simplicity, we set gp = g¢ = 0.0184. Using NYSE
data from 1926-1995 from CRSP, we find 0p = 0.12. Campbell
[2000] estimates ®in a time series of U. S. data spanning the past
century, and based on his results, we set ® = 0.15. As the table
shows, we keep all other parameters fixed at the values discussed
in subsection V.A.

Figure V presents price-dividend ratios that solve equation
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FIGURE V
Price-Dividend Ratios in Economy II

The price-dividend ratios are plotted against z;, which measures prior gains and
losses: a low z; indicates prior gains. The parameter by controls how much the
investor cares about financial wealth fluctuations. We fix the parameter % at 3,
bringing average loss aversion close to 2.25 in all cases.

(34) for three different values of by: 0.7, 2, and 100, with £ fixed
at 3. Unconditional moments of stock returns are shown in Table
IV for various values of by and k. The top panel keeps % fixed at
3, bringing the average degree of loss aversion close to 2.25. A
quick comparison with Table IT shows that separating consump-
tion and dividends improves the results significantly. The vola-
tility of returns is now much higher than what we obtained in
Economy I because dividend growth volatility is now 12 percent
rather than just 3.79 percent. The equity premium is also much
higher: the investor now sees far more severe downturns in the
stock market and charges a much larger premium as
compensation.

Modeling consumption and dividends separately also leads to
higher return volatility in consumption-based models such as
that of Campbell and Cochrane [1999]. However, the fact that the
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TABLE IV
ASSET PRICES AND RETURNS IN EcoNomy II

bo= 0 bo= 0.7 bp= 2 bo= 100 Empirical
k=3 k=3 k=3 value

Log risk-free rate 3.79 3.79 3.79 3.79 0.58
Log excess stock return
Mean —0.65 1.3 2.62 3.68 6.03
Standard deviation 12.0 17.39 20.87 20.47 20.02
Sharpe ratio —0.05 0.07 0.13 0.18 0.3
Correlation w/consumption
growth 0.15 0.15 0.15 0.15 0.1
Price-dividend ratio
Mean 76.6 29.8 22.1 17.5 25.5
Standard deviation 0 2.9 2.7 2.4 7.1
Average loss aversion 2.25 2.25 2.25

bo= 0.7 bop= 2 bo= 100
k=20 k=10 k=38

Log risk-free rate 3.79 3.79 3.79
Log excess stock return
Mean 5.17 5.02 5.88
Standard deviation 25.85 23.84 24.04
Sharpe ratio 0.2 0.21 0.24
Correlation w/consumption
growth 0.15 0.15 0.15
Price-dividend ratio
Mean 14.0 14.6 12.7
Standard deviation 2.6 2.5 2.2
Average loss aversion 5.8 3.5 3.2

Moments of asset returns are expressed as annual percentages. Empirical values are based on Treasury
Bill and NYSE data from 1926-1995. The parameter b, controls how much the investor cares about financial
wealth fluctuations, while % controls the increase in loss aversion after a prior loss.

equity premium goes up is unique to our model: as Campbell and
Cochrane demonstrate, separating consumption and dividends
has no effect on the equity premium in a consumption-based
model. The reason is that in a consumption-based model, the
canonical measure of a stock’s risk is its covariance with con-
sumption growth. By separating consumption and dividends, the
volatility of stock returns goes up, but the correlation of stock
returns with consumption goes down, since dividends are poorly
correlated with consumption. Overall, the covariance with con-
sumption remains unaffected, and the equity premium remains
as hard to explain as before.
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The investor in our model cares not only about consumption
but also about fluctuations in the value of his investments. An
increase in dividend volatility makes stocks more volatile, scaring
the investor into charging a higher equity premium. It is true that
stocks are now less correlated with consumption, but this does not
matter in our model, since the investor cares about fluctuations in
the stock market per se, not merely about how those fluctuations
covary with consumption growth.

Table IV confirms that stock returns are only weakly corre-
lated with consumption growth in our model. As discussed ear-
lier, this prediction is unique to our framework: since consump-
tion-based models ascribe a significant fraction of price volatility
to changes in consumption, stock returns are inevitably highly
correlated with consumption growth.

We also report the mean and standard deviation of the
simulated price-dividend ratio. It is striking that while we are
successful at matching the volatility of returns, we significantly
underpredict the volatility of the price-dividend ratio. To under-
stand how this can be, it is helpful to consider the following
approximate relationship, derived by Campbell, Lo, and MacKin-
lay [1997] with the help of a log-linear approximation?5:

re1~A +logfi1— log fi + Op€su1.

In words, up to a constant A, the log return r;, ; is approximately
equal to the change in the log price-dividend ratio plus the inno-
vation to dividend growth Op€;, ;. This gives

var(r, 1) =~ Var<log ]ﬁ) + 05+ 2 cov(log %, 0‘D€t+1).
t t

Our simulated price-dividend ratio is not sufficiently volatile,
making var(log( f;, 1/f;) too low in our model relative to what it is
in the data. The reason we are still able to match the volatility of
returns var(r,, 1) is that cov(log( f;. 1/f:), Op€:, 1) is too high in our
model relative to what it is in the data: in our framework, changes
in price-dividend ratios are perfectly conditionally correlated
with dividend shocks.

Since our model relies on only one factor to generate move-
ment in the price-dividend ratio, it is not surprising that we

26. More specifically, this follows from equation 7.1.19 in Chapter 7 of the
book.
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FIGURE VI
Conditional Moments of Stock Returns

The conditional stock return mean and volatility are plotted against z;, which
measures prior gains and losses: a low z, indicates prior gains. The results are for
Economy II with b9 = 2 and £ = 3. The dashed line in the left-hand panel
indicates the level of the risk-free rate.

underpredict its volatility. In a more realistic model, other factors
will also affect the price-dividend ratio: consumption relative to
habit is one possible factor suggested by the habit formation
literature. Adding such factors will increase the volatility of the
price-dividend ratio and decrease its correlation with dividend
shocks, improving the model’s fit with the data. It is worth em-
phasizing, though, that a purely consumption-based approach
will not fare well, since it will predict that changes in price-
dividend ratios are perfectly conditionally correlated with con-
sumption shocks, and that returns are highly correlated with
consumption. A model that merges habit formation over con-
sumption with a direct concern about financial wealth fluctua-
tions may be much more fruitful.

The bottom panel in Table IV shows that we can significantly
improve our results by increasing %k, which increases investors’
loss aversion after prior losses. In Economy I, we had to make the
investor extraordinarily loss averse in some states of the world to
even come close to matching the equity premium. Interestingly,
the increases in £ we need now are much more modest. For b, =
2, for example, a & of 10 is enough to give a premium of 5.02
percent and a volatility of 23.84 percent; note also that this
corresponds to an average loss aversion of only 3.5; this is not a
small level of risk aversion, but neither is it extreme.

Figure VI presents some additional results of interest. The
left panel plots the conditional expected stock return as a function
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TABLE V
AUTOCORRELATIONS OF LOG RETURNS AND PRICE-DIVIDEND RATIOS IN EcoONOMY II
bo= 2 bo= 2 Empirical
k=3 k=10 value
corr(ry, ri—j)
j=1 —0.07 —0.12 0.07
j=2 —0.05 —0.09 —0.17
j=3 —0.04 —0.06 —0.05
j=4 —0.04 —0.04 —0.11
j=5 —0.02 —0.03 —0.04
corr((P/D);, (P/D);-;)
j=1 0.81 0.72 0.70
j=2 0.66 0.52 0.50
j=3 0.53 0.38 0.45
j=4 0.43 0.28 0.43
j=5 0.35 0.20 0.40

Empirical values are based on NYSE data from 1926-1995.

of z,, obtained by numerically integrating the return equation
(32) over the conditional distribution of z,,; given by z,1 =
h(z:,€.1). The value of by here is 2 and % is 3. The conditional
expected return is an increasing function of the state variable.
Low values of z; mean that the investor has accumulated prior
gains that will cushion future losses. He is therefore less risk
averse, leading to a lower expected return in equilibrium. The
dashed line shows the level of the constant risk-free rate for
comparison.

The right panel in Figure VI graphs the conditional volatility
of returns as a function of the state variable. Since much of the
return volatility in our model is generated by changing risk
aversion, the conditional volatility in any state depends on how
sensitive the investor’s risk aversion in that state is to dividend
shocks. Empirically, volatility has been found to be higher after
market crashes than booms, which in our context would mean an
upward sloping conditional volatility curve. For much of the
range of the state variable, this is exactly what we find. However,
this result is sensitive to how we make the degree of loss aversion
depend on prior outcomes, so we do not attach too much weight
to it.

Table V presents autocorrelations of log returns and of the
price-dividend ratio. As expected, our model produces negatively
autocorrelated returns at all lags: high prices lower risk aversion
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TABLE VI
RETURN PREDICTABILITY REGRESSIONS IN EcoNoMmY II
bo= 2 by = 2 Empirical

B, R2(j) k=3 k=10 value
B1 46 4.4 42
B 8.3 7.5 8.7
Bs 11.6 9.7 12.1
Ba 13.7 11.5 15.9
R%(1) 2% 6% 7%
R2%(2) 4% 10% 16%
R2(3) 5% 12% 22%
R?(4) 6% 14% 30%

Coefficients and R? in regressions of j-year cumulative log returns on the lagged dividend-price ratio,
;gglﬁtlgég + ...+ ru;= o+ B(D,/P,) + €, Empirical values are based on annual NYSE data from

and lead to lower returns on average. These negative autocorre-
lations imply long horizon mean reversion of the kind docu-
mented by Poterba and Summers [1988] and Fama and French
[1988a]. Moreover, the price-dividend ratio is highly autocorre-
lated in our model, closely matching its actual behavior.

Since the investor’s risk aversion changes over time, ex-
pected returns also vary, and hence returns are predictable. To
demonstrate this, we use our simulated data to run regressions of
cumulative log returns over a j-year horizon on the lagged divi-
dend-price ratio for j = 1, 2, 3, and 4:

(38) 1T o+ 0 .+rt+j=(xj+ Bj(Dt/Pt)+€j,t'

where r; is the log return. Table VI presents the slope coefficients
B, and R%(j) obtained from our simulated data alongside the
empirical values. Note that our simulated results capture the
main features of the empirical findings, including an R? that
increases with the return horizon.

E. Sensitivity Analysis

We now analyze the sensitivity of our results to various
parameters of interest. For each parameter that we vary, the
other parameters are kept fixed at the values given in Table III.

Table VII shows the effect of varying k£, which governs how
much loss aversion goes up after prior losses. Raising £ has a
large effect on the equity premium since it raises average loss
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TABLE VII
SENSITIVITY OF ASSET RETURNS TO k&
Empirical
k=3 k=15 k=10 value
Log excess stock return
Mean 2.62 3.15 5.02 6.03
Standard deviation 20.87 20.93 23.84 20.02
Sharpe ratio 0.13 0.15 0.21 0.3

Average loss aversion 2.25 2.6 3.5

The parameter % controls how much loss aversion increases after a prior loss. Moments of asset returns
are expressed as annual percentages. The results are for Economy II with b, = 2; other parameters are fixed
at the values in Table III.

aversion. It also raises volatility somewhat because a higher %
means more rapid changes in risk aversion.

Throughout our analysis we have fixed A at 2.25 since many
independent experimental studies have estimated it at around
this level. Table VIII shows how the results change as we vary A.
An increase in A raises the equity premium because average loss
aversion is now higher.

Table IX examines the effect of varying 1. This parameter
determines how far into the future the investor will be affected by
a substantial gain or loss this year. The primary effect of 1 is on
volatility: if 1 is high, a loss this year will make the investor more
loss averse for many years to come, leading him to discount cash
flows at a higher rate many years into the future, and causing a
more dramatic price drop today. More directly, n affects the

TABLE VIII
SENSITIVITY OF ASSET RETURNS TO A
Empirical
A= 15 A= 225 A=3 value
Log excess stock return
Mean 3.8 5.02 5.6 6.03
Standard deviation 25.68 23.84 23.21 20.02
Sharpe ratio 0.15 0.21 0.24 0.3

Average loss aversion 3.2 3.5 3.9

The parameter A controls the investor’s loss aversion. Moments of asset returns are expressed as annual
percentages. The results are for Economy II with b, = 2 and 2 = 10; other parameters are fixed at the values
in Table III.
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TABLE IX
SENSITIVITY OF ASSET RETURNS TO 7

Empirical
n=1 n= 0.9 n= 0.8 value

Log excess stock return

Mean 7.68 5.02 3.91 6.03
Standard deviation 34.54 23.84 19.12 20.02
Sharpe ratio 0.22 0.21 0.2 0.3
Autocorrelation of price-
dividend ratio 0.81 0.72 0.65 0.7
Average loss aversion 4.5 3.5 3.0

The parameter 1 governs how long-lasting the effects of prior gains and losses are. Moments of asset
returns are expressed as annual percentages. The results are for Economy II with b, = 2 and 2 = 10; other
parameters are fixed at the values in Table IIL

persistence of the state variable and hence the autocorrelation of
the price-dividend ratio.

So far in our analysis, we have taken the length of the period
over which the investor evaluates gains and losses to be one year.
Table X analyzes the effect of changing this. It shows that the
length of the evaluation period mainly affects the equity pre-
mium: if the investor evaluates more frequently, he is more likely
to experience losses, and since he is averse to losses, he will
charge a higher premium.

As described in Section II, we suppose that the investor uses
the risk-free rate as a reference level when calculating gains and
losses. Table XI studies the sensitivity of our results to that

TABLE X
SENSITIVITY OF ASSET RETURNS TO THE EVALUATION PERIOD
Empirical
6 months 1 year 2 years value
Log excess stock return
Mean 7.63 5.02 2.85 6.03
Standard deviation 27.78 23.84 20.15 20.02
Sharpe ratio 0.27 0.21 0.14 0.3

Average loss aversion 3.5 3.5 3.6

The evaluation period is the length of time over which the investor measures his gains and losses.
Moments of asset returns are expressed as annual percentages. The results are for Economy II with b, = 2
and & = 10; other parameters are fixed at the values in Table III.
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TABLE XI
SENSITIVITY OF ASSET RETURNS TO THE REFERENCE LEVEL
Empirical
0% —1% —2% value
Log excess stock return
Mean 5.02 4.11 3.43 6.03
Standard deviation 23.84 24.25 25.20 20.02
Sharpe ratio 0.21 0.17 0.14 0.3

Average loss aversion 3.5 3.5 3.7

A “0%” reference level means that the investor compares the stock return with the risk-free rate when
measuring gains and losses. “—1%” means a reference level one percent lower than the risk-free rate.
Moments of asset returns are expressed as annual percentages. The results are for Economy II with b, = 2
and & = 10; other parameters are fixed at the values in Table III.

assumption. Given the parameter values in Table III, the risk-
free rate is By — 1 = 3.86 percent. The table shows the effect of
using a reference level that is one or two percentage points lower
than this. Note that the equity premium falls as we use a lower
reference level: a lower reference point means that the investor is
less likely to code stock market movements as losses, and hence
less inclined to charge a high premium for holding stocks.

VI. THE IMPORTANCE OF PRIOR QOUTCOMES

The model in Section IT makes use of both loss aversion and
the effect of prior outcomes to match asset prices. The reader may
wonder whether both these ingredients are truly necessary. After
all, Benartzi and Thaler [1995] show that a loss-averse investor is
very reluctant to allocate much of his portfolio to stocks even
when faced with the large historical equity premium. This sug-
gests that perhaps an equilibrium model with loss aversion alone
would be enough to understand the data. Is it really necessary to
incorporate the effect of prior outcomes?

We answer this by examining the predictions of a version of
the model of Section II which ignores the effect of prior outcomes.
In particular, we make the utility v of a gain or loss a function of
the gain or loss X,,; alone, and remove the dependence on the
state variable z,;. In this model, the degree of loss aversion is the
same in all circumstances, regardless of the investor’s prior in-
vestment performance.

More formally, the investor chooses consumption C; and an
allocation to the risky asset S; to maximize
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(o) Cl—‘y
(39) E[Z P - S+ btpt”v(Xm))],

t=0

subject to the standard budget constraint, where

(40) Xi1= SiRu1 — StRf,ta
and

_ Xt+1 Xt+1 =0
(41) v(X, 1) = { AX,. | for X,.,<0.

45

The next proposition presents the equations that govern
equilibrium prices in an economy like Economy II where con-
sumption and dividends are separated out. We show that there is
an equilibrium in which the risk-free rate and the stock’s price-

dividend ratio are both constant and stock returns are i.i.d.

ProrosiTiON 3. For the preferences given by (39)—(41), there exists
an equilibrium in which the gross risk-free interest rate is

constant at
(42) Ri=p~ 1Y V02

and the stock’s price-dividend ratio, f;, is constant at f and

given by
1+f

(43) 1= peso Yecr Y202 (1-w?)/2 T Et[e((’r“’”cm”]

1+
+ bOpEt[z}(

where
A _ Rt+ 1 Rf,t RH 1 >Rf’t
(44) U(Rt+ 1) - { )\(RHI _ Rf,t) for Rt+1 <Rf,t-

f egD+ Op€ts+1 ):l,

That returns are i.i.d. is a direct consequence of the fact that
the price-dividend ratio is constant. To see this, note that the
stock return is related to the stock’s price-dividend ratio, denoted

by f; = PJ/D,, as follows:
Pt+1 + Dt+1 . 1+ Pt+1/Dt+1 Dt+1

(45) Ryy1=

_ 1 +ft+1 Dt+1

fe

Dt ’
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TABLE XII

PARAMETER VALUES FOR A MODEL WHERE PRIOR OUTCOMES HAVE NO EFFECT
Parameter Section VI Subsection V.D
gc 1.84% 1.84%
Fg2) 1.84% 1.84%
Oc 3.79% 3.79%
Op 12.0% 12.0%
Y 1.0 1.0
P 0.98 0.98
A 2.25 2.25
k — (range)
bo (range) (range)
n — 0.9

Parameter values used for Economy II in subsection V.D are presented alongside for comparison.

Given the assumption that the dividend growth is i.i.d. (see (1)),
a constant price-dividend ratio f; = f implies that stock returns
are i.i.d.

Table XIT summarizes our choices of parameter values. Many
of the parameters of the earlier model now no longer play a role.
The parameters that remain are g¢, gp, Oc, Op, V, P, A, and b,
and we assign them exactly the same values as those chosen
earlier. For comparison, we list the earlier parameters alongside.

Figure VII presents the implied values of the price-dividend
ratio and equity premium for different values of b, and Table XIII
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FIGURE VII

Stock Prices and Returns When Prior Outcomes Have No Effect

The price-dividend ratio and the equity premium are plotted against by, which
controls how much the investor cares about financial wealth fluctuations.
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TABLE XIII
ASSET RETURNS WHEN PRIOR OUTCOMES HAVE NO EFFECT

Empirical
bo =0 bo = 0.7 bo = 2 bo = 100 value

Log risk-free rate 3.79 3.79 3.79 3.79 0.58
Log excess stock return
Mean —0.65 1.30 2.17 2.88 6.03
Standard deviation 12.0 12.0 12.0 12.0 20.02
Sharpe ratio —0.05 0.11 0.18 0.24 0.3

Moments of asset returns are expressed as annual percentages. Empirical values are based on Treasury
Bill and NYSE data from 1926-1995. The parameter b, controls how much the investor cares about financial
wealth fluctuations.

reports unconditional moments of returns. By comparing the
results in Table XIII with those in the bottom panel of Table IV,
we can isolate the impact of prior outcomes.

Our results suggest that a model which relies on loss aver-
sion alone cannot provide a complete description of aggregate
stock market behavior. The fundamental weakness of such a
model comes in explaining volatility: the standard deviations of
returns in Table XIII are much lower than both the empirical
value and the values in Table IV. The reason for this failure is
straightforward. Since

Pt+1+Dt+1: 1+ft+1Dt+1: 1+fe
P, fi D, f

the volatility of log returns in this model is equal to the volatility
of log dividend growth, namely 12 percent. This problem is not
unique to the model of this section, but is shared by all consump-
tion-based models with constant discount rates.?’

The unrealistically low stock return volatility generated by
the model also hampers its ability to explain the equity premium:
the average stock returns in Table XIII are considerably lower
than the empirical value. Intuitively, even though our investor is
loss averse, the stock market fluctuations are not large enough to
scare him into demanding a high equity premium as compensa-
tion. More generally, our results show that loss aversion can be
helpful in understanding the equity premium, but only in con-

(46) Ryp1=

8D+ ODE&t+ 1
b

27. This category includes papers that use first-order risk-aversion, such as
Epstein and Zin [1990]. See Campbell [2000] for a discussion of this issue.
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junction with a mechanism that makes stock returns more vola-
tile than underlying cash flows. In our model, this mechanism is
a changing degree of loss aversion, but it could also be based on
changing perceptions of risk, or excessive extrapolation of cash
flows into the future.

VII. CONCLUSION

In this paper we study asset prices in an economy where
investors derive direct utility not only from consumption but also
from fluctuations in the value of their financial wealth. They are
loss averse over these fluctuations and how loss averse they are,
depends on their prior investment performance.

Our main finding is that in such an economy, asset prices
exhibit phenomena very similar to what has been observed in
historical data. In particular, stock returns have a high mean, are
excessively volatile, and are significantly predictable in the time
series. They are also only weakly correlated with consumption
growth.

The analysis in this paper raises a number of questions for
further investigation. For the sake of simplicity, we have studied
an economy containing a single risky asset. In a more realistic
economy with many risky assets, it is not immediately clear what
investors are loss averse about: do they feel loss averse over
changes in the value of individual securities that they own, or
only over portfolio fluctuations? In essence, this is a question
about how people summarize and think about their investment
performance, or about how they do their “mental accounting,” in
the language of psychology. How mental accounting affects asset
prices is as yet an unexplored topic.

Another question that may warrant further study asks to
what extent our preferences can explain not only financial data
but also experimental evidence on attitudes to risky gambles. In
order to explain the high equity premium, consumption-based
models typically assume a high curvature of utility over consump-
tion. As is well-known, this high curvature is consistent with
attitudes to small-scale gambles, but unfortunately also predicts
that people will reject extremely attractive large-scale gambles.?
In our model, we do not use a high curvature of utility of con-

28. See, for example, Epstein and Zin [1990] and Kandel and Stambaugh
[1991].
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sumption, and the loss aversion we assume is not far from that
estimated from experimental evidence. This offers the intriguing
possibility that preferences of the kind studied here may be able
to reconcile attitudes to both large- and small-scale gambles with
the empirical facts about stock returns.

APPENDIX

Proof of Proposition 1. Proposition 1 is a special case of
Proposition 2 with Y, = 0 and C, = D, for all ¢.

Proof of Proposition 2. We first show that if the risk-free
interest rate is given by (33) and stock returns are determined by
(18), (19), (32), and (34), then the strategy of consuming C, = C;=
D, + Y, and holding the market supply of financial securities
indeed satisfies the Euler equations of optimality (27) and (28).
We then show that these Euler equations are necessary and
sufficient conditions for optimality.

Given (29), the interest rate Rr in (33) satisfies the Euler
equation (27). For Euler equation (28), note that z,,; is deter-
mined only by z; and €, 1 through (18) and (32), so we have

é+ Y 1+ (z+ )
t

€t+ l]eo—DEH !

1+ f(2t+1)]
f(zt)

1+ f(zt+ 1)
Az) €

Applying this, we find that the strategy of consuming C; and
holding the market securities indeed satisfies Euler equation
(28).

Euler equations are necessary conditions for optimality. To
prove that they are sufficient conditions as well, we apply a
method used by Duffie and Skiadas [1994] and Constantinides
and Duffie [1996]. B

To simplify notation, let u,(C,) = p!C}~¥(1 — V) and b, =
p*1b,. Assume that the strategy (C*,S*) satisfies the Euler
equations,

(47) u/C?) = R/E [u1(CH)],

= p8PTYECE t[ E [eYoenst

— 8P YECH v202(1 - uﬂ)/QEt[ (op - ymc)em]_
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(48) uC¥) = B[R, 1ui1(C% 1)1+ BE DR, 1, 2)).

Consider any alternative strategy (C* + 06C, S* + 0S) that
satisfies the budget constraint

(49) 8Wt+1 = (8Wt - SCt) Rf+ SSt(Rt+1 - Rf).

The increase in expected utility from using the alternative strat-
egy is

(50) E[ 2 [udC¥+ 8C) — ulC*) + b85S (Rt+1,zt)]]

t=0

(51) =A(8C,58) = E[Z [u)(CHSC, + I;tSStﬁ(RHl,zt)]],

t=0

where we have made use of the concavity of u,(-) and the linearity
of the prospect utility term with respect to S;. It is therefore
enough to show that A(6C,3S) = 0 under budget constraint (49).

Multiplying u;, 1(C%, 1) with (49) and applying Euler equa-
tions (47) and (48), we have

(52) EuiCHSC, + b3SH(Ryu1, 2,)]
= ut'(CZk)SWt - Et[u£+1(C>f+ 1)8Wt+ 1].

Summing up (52) for all ¢ and taking expectations, we have

A(3C, 3S) = uo(CHdW, — lim E[ur(C%)SW,l.

T—x»

The budget constraint implies that dWy = 0. By requiring feasi-
ble strategies to use bounded units of financial securities, and
with a unit of the risk-free security priced at one, we can show
that the limiting term also goes to zero if our model parameters
satisfy log p — Ygc + gp + 0.5(V20% — 2Yw0c0p + 0p) < 0, a
condition which we already noted in footnote 21.29 So A(8C, 8S) =
0 for any feasible alternative to (C*, S*).

We have thus shown that any other budget feasible strategy
cannot increase utility. The Euler equations are therefore neces-
sary and sufficient conditions of optimality.

29. The proof of this last step is available upon request.
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Proof of Proposition 3. This is a special case of Proposition 1
with 1= 0 and z, = 1 for all ¢, which is in turn a special case of
Proposition 2, proved above.

Computation of Average Loss Aversion. Many of the tables
present the investor’s average loss aversion over time. There is
only one difficulty in computing this quantity: when z; < 1—in
other words, when the investor has prior gains—part of any
subsequent loss is penalized at a rate of one, and part of it is
penalized at a rate of 2.25. Therefore, it is not obvious what single
number should be used to describe the investor’s loss aversion in
this case. When z; = 1, there is no such problem because losses
are penalized at a single rate: 2.25 for z; = 1, and higher than
2.25 for z, > 1.

We adopt the following technique for dealing with the case of
z; = 1: we take the loss aversion component of the investor’s
utility, namely

v(Xu1, S, 20

_ SR 1 — StRf,t for R, = ZtRﬁt
St(ZtRﬁt - Rﬁt) + )\St(Rt+1 - ztRf,t) Rt+1 < ztRf,t’

and for S; = 1 and a risk-free rate of Ry, = 3.86 percent, we
compute E(v), the expected loss aversion when the excess stock
return is distributed as

log R,.1 — log Ry~ N(0.06, 0.2%),

a good approximation to the historical distribution of the excess
stock return. We then compute the quantity A for which an
investor with utility function

— _ SuR;1— Ryy) R, 1 =Ry,
U(Xt+17 St) - { )\St(Rt+1 _ Rﬁt) fOI’ Rt+1 < Rﬁt

would have exactly the same expected loss aversion for this dis-
tribution of the excess stock return, again with S; = 1. This A is
our measure of the investor’s effective loss aversion for any par-
ticular z, < 1.
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